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Preface
Early-onset scoliosis (EOS) is a deformity of 
the growing spine in children, usually 10 years 
of age and younger, with potentially life-threat-
ening consequences if left untreated. Over the 
past 2 decades, EOS management has evolved to 
try to understand the cause, identify coexisting 
problems and morbidities, and surgically man-
age the issue while maintaining the growth of 
the spine and lung. Numerous protocols have 
been established within a multidisciplinary 
framework, and growth-friendly implants have 
been developed to achieve the best results with 
the fewest complications.

Unfortunately, the science of EOS manage-
ment has centred on case studies in advanced 
economies and has largely sidestepped the par-
ticular issues of regions with limited resources, 
where many, if not most, children with EOS 
cannot access treatment because of a lack of 
experts and weak organisational frameworks. 
This book is a humble effort to provide guide-
lines to implement this important service 
within a limited-resources setting, by high-
lighting realistic, on-the-ground experiences 
of pioneering spine surgeons from developing 
and developed countries who have succeeded 
in establishing EOS programmes that not only 
serve patients directly, but also educate young 
spine surgeons and promote EOS research in 
developing countries. Besides addressing sur-
geons, the book will also provide guidelines 
to global organisations interested in paediat-
ric spine deformity programmes and highlight 
the issues that must be prioritied and tackled 
to enable the development of sustainable EOS 

programmes in limited-resources economies. It 
will explain the difference between short-term 
volunteer missions and long-term educational 
programmes and advocate for the latter as an 
important vessel of EOS service provision in 
developing countries.

The book is not meant to provide formulaic 
solutions for all problems related to the spine 
in regions with limited resources but, rather, 
to draw attention to the particular problems 
facing developing countries in this regard and 
to provide rough roadmaps based on previous 
successful experiences for interested actors. It 
is meant to promote an understanding of the 
clinical, educational, and organisational prob-
lems for the surgeons, global organisations, and 
local governments dealing with paediatric spine 
deformity in limited-resources regions, as well 
as an appreciation for the importance of context-
based solutions to these problems.

This book is possible owing to the valuable 
contributions of our authors, from various parts 
of the world, who are drawing on their knowl-
edge and experience to explain how to best over-
come the difficulties of promoting EOS service 
in developing regions. In these times that high-
light the connectivity of global public health, as 
well as the importance of equal rights for all, 
it is our collective hope that this book contrib-
utes to a more egalitarian world where children 
from all social and economic backgrounds can 
receive quality care and where surgeons and 
organisations, especially in the advanced econo-
mies, use their various privileges to help materi-
alise such a vision.
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1 Introduction

Alaaeldin Azmi Ahmad

INTRODUCTION

Early onset scoliosis (EOS) includes all scoliotic 
deformity for children under 10 years of age. It 
is a life-threatening disease, unlike adolescent 
idiopathic scoliosis, which makes early interven-
tion crucial. Most of the patients in this category 
have complex spine problems with associated 
comorbidities. These patients require a multidis-
ciplinary approach in a resource abundant facil-
ity with management subspecialised in spine 
deformity. Ironically, the incidences of EOS are 
higher and more widespread in countries with 
limited resources (CLRs), and except for a very 
sporadic provision of exemplary management of 
such patients in Asia, Africa, and Latin America, 
these patients have no access to solutions with 
which developed nations are equipped. None of 
the previously published books on EOS has a 
theme dedicated to this problem and the accom-
panying solutions to this vacuum. This book 
will be the first to give guidelines based on the 
successful programmes run by the most experi-
enced doctors and global thinkers. The upcom-
ing chapters will lay out a roadmap on how to 
implement this service within the context of a 
limited-resource region, unlike the past publica-
tions dealing with the assumption that you have 
all the resources within your reach and the only 
missing link is the surgical technique; clearly 
this is not the case here. Below are several rea-
sons explaining why there is a lack of publica-
tions about EOS services in CLRs.

	 1.	The treatment two decades ago for 
EOS was similar to the management 
undertaken for adolescent deformity, 
i.e. correction and fusion under the 
concept that a straight, shorter spine 
is better than a long, crooked spine. 
Accordingly, there was no need to 
explore and write about EOS as a sepa-
rate problem that demands a specific 
management, until it became known 
that pulmonary function would be 
compromised unless certain nonfusion 
techniques were employed.

	 2.	The heterogenicity of this population 
with different etiological backgrounds 
presented unique challenges in man-
agement for these patients. Many 
authors refrained from writing about 
the management of this particular 
problem because there is still a lack of 
consensus as too few evidence-based 
studies have been conducted.

	 3.	A long-standing myth that a very small 
number of children suffer from this 
problem; we know now that 20% of 
adolescent children with scoliosis had 
juvenile idiopathic scoliosis, which is a 
part of EOS. If we now calculate 20% 
of adolescent idiopathic scoliosis cases 
in the United States, for example, juve-
nile idiopathic scoliosis refers to 20% 
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of 6 million or 1.2 million cases. We 
would think this magnitude of occur-
rence needs more attention, especially 
when management is a life saving 
measure.

	 4.	Surgery was relegated as a low-priority 
status in global health and was viewed 
as an expensive measure that would 
compromise other large-scale global 
health initiatives.

	 5.	Many short-term missions were used as 
an alternate (excuse) to not implement 
permanent EOS management services 
and thus EOS management were dis-
counted from the aegis of global health 
initiatives.

	 6.	Misconception of high per unit cost of 
pedicle screws making surgery infea-
sible, inability of local surgeons to learn 
and implement the treatment, wait and 
watch approach, and reduced relative 
priority in the spine training programs, 
from surgeons or organisations that deal 
with spine surgery across the globe.

All these factors were a reason for the unavail-
ability of a book focussing on implementing this 
service in low- and middle-income countries 
(LMICs). Even with the evolved interest in this 
service, most of the publications were about the 
updated management for EOS concerning devel-
oped countries and written mostly by experts in 
these countries. This is the first book that will 
give guidelines for the surgeons and global 
organisations that are interested in improving 
global health concerning EOS in LMICs.

DISCUSSION

Why Is This Book Necessary Now?

	 1.	An increased awareness of the impor-
tance of the problem, experiencing a 
higher rate of than was thought, and the 
benefits of early management in these 
cases and thus reducing complexities 
and complications of late intervention 
is evidenced in the increase in sym-
posiums related to EOS in the annual 
international congresses, such as the 
Scoliosis Research Society (SRS), 

the North American Spine Society 
(NASS), AO Spine, Eurospine, etc.

	 2.	The added advantage of the nonfusion 
techniques on adolescent idiopathic 
scoliosis and the role of tethering in 
preserving spine mobility has attracted 
attention to the nonfusion techniques, 
which are now a mainstay principle for 
the management of EOS.

	 3.	The epidemiological shift with the 
global industrialisation gave impor-
tance to surgery as an important health 
factor. In addition, people living in 
LMICs are now less likely to die from 
communicable diseases, and they live to 
an age at which cancer and cardiovascu-
lar problems are more prevalent [1].

	 4.	Recently, international societies have 
shifted their attention, making surgi-
cal care a fundamental component of 
global health [2].

	 5.	Global activity has changed from short-
term missions with a focus on service 
to capacity building through long-term 
sustainable programmes with special 
focus on education.

	 6.	The change of perception of highly spe-
cialised surgery has changed. Whereas 
such procedures were considered to 
be cost-inefficient global activity, they 
are now viewed as a necessary activ-
ity that augments other health facilities 
(such as laboratory services, radiology 
development, blood banking services, 
anaesthesia services, etc.).

	 7.	Awareness of the effects of globali-
sation, especially with coronavirus 
affecting the world, developed coun-
tries fear that the vulnerable health 
systems in the developing world would 
increase the chance of reemergence of 
infectious diseases. This necessitates 
the global community to uniformly 
improve the health system for develop-
ing countries and approaches for sub-
specialised surgeries.

What Makes This Book Important?

This book will provide guidelines instead of 
a prescription because we are dealing with a 
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complicated and heterogenous health problem 
within a context of limited resources that var-
ies from region to region. We were keen to look 
at the problem holistically, and any discussion 
on the surgical aspect is futile without under-
standing the capabilities of individual regions. 
Furthermore, aspects such as industry and its 
relationship with the facility, economic status, 
education, and training process are pertinent to 
this subject matter. This book shares experiences 
of the pioneers who have worked in LMICs, 
making the information relevant to the read-
ers working in LMICs around the world. Most 
of the chapters are from authors practising in 
Asia, Africa, Latin America, and a few selected 
surgeons from developed countries working to 
implement this programme in developing coun-
tries. An important thing to be discussed is the 
training process to improve the surgical skills 
of the local surgeons through newly evolved 
teaching methods that include artificial intelli-
gence (AI). With the spread of digital education 
and worldwide internet access, we have new 
training tools that were not established before, 
such as YouTube videos, webinars, discussion 
groups, and blended learning, that efficiently 
share knowledge without financial burden in 
limited-resource settings. Recently, there has 
been a move toward using augmented simula-
tion and virtual-reality training programmes, 
though they are still expensive for most lim-
ited-resource regions. However, given its poten-
tial, companies are trying to make these new 
learning tools accessible to surgeons in lim-
ited-resource settings, thereby exposing them 
to pre-, intra-, and postoperative protocols and 
eliminating the need for frequent travel. Also, 
the readers will be informed of legal issues 
related to the licenses that are of a concern to 
surgeons and organisations dealing with these 
programmes. We think this book is mandatory 
for any surgeon, health worker, nongovern-
mental organisation, and other health officials 
in developing countries who are interested in 
implementing this important service. If you are 
based in an LMIC, this book will provide you 
with a holistic guideline to assist in building 
a road map toward implementing this service 
within the region of interest. It will provide you 
with necessary platform and background infor-
mation to further customise an execution plan, 

such as the hospital plan, access to instruments, 
relations with international organisations, and 
the impact of this service on the health system 
in your area. If you are a surgeon or an officer 
in a global organisation interested in imple-
menting surgical services in LMICs, this book 
will give you an overview of the problem that 
doctors and health workers involved in this 
activity face, the auxiliary factors in play, and 
the limitations within their practices. This will 
give you realistic guidelines that will overcome 
many problems during implementation of this 
service and will help to avoid duplication of ser-
vices and unnecessary efforts toward manage-
ment of EOS in LMICs. With these guidelines, 
we hope that the dynamics of the relationships 
between the surgeons from developed countries 
and LMICs will evolve, from being a one-sided 
exchange to a two-way street of positive feed-
back and comprehension. This will help to posi-
tion local orthopaedic surgeons as a central part 
of the planning and execution of global EOS 
surgery initiatives. This requires durable train-
ing programmes that help surgeons relegate 
increasing responsibilities to local doctors with 
each visit [3].

CONCLUSION

This book is the first to address the challenges 
involved in the management of EOS services in 
a limited-resource setting, i.e. LMICs. It pro-
vides guidelines for the local surgeon on how 
to deal with the EOS cases effectively while 
overcoming specific preoperative, operative, 
and postoperative difficulties that come with the 
dearth of financial and organisational resources. 
It aims not only to enhance the medical and sur-
gical skill of the local surgeon in this challeng-
ing setting, but also to boost the self-confidence 
necessary for overcoming the numerous insti-
tutional barriers. This book also addresses sur-
geons travelling to these countries, explaining 
how to best understand this challenging logisti-
cal, legal, and organisational context and how to 
most effectively contribute to the elevation and 
support of local surgeons through sustainable 
mentoring and other partnership programmes. 
By providing the various guidelines based 
on real-life experiences and successful pro-
grammes, this book ultimately aims to facilitate 
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the improvement and expansion of paediatric 
spine deformity service in these underserved 
communities.
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2a Economics and Implementing 
Early-Onset Scoliosis in 
Limited-Resources Facilities

Ahmed Shawky Abdelgawaad

INTRODUCTION

Tremendous challenges present themselves 
in developing countries throughout the world 
in which infrastructure for healthcare is lim-
ited. Two-thirds of the world’s population live 
in developing countries, however, 80% of all 
orthopaedic surgeons reside in the 26 developed 
nations in the world [1, 2].

Management of early-onset scoliosis (EOS) 
is associated with particular psychological, 
social, and economic burdens for patients and 
families as well as economic costs for the soci-
ety itself. Treatment evaluation must be con-
cerned with this total cost effectiveness. While 
this applies to developed as well as developing 
countries, developing nations are in need of 
assistance on many fronts in order to address 
current healthcare needs and to prepare for the 
health problems of the near future. Spinal defor-
mity surgeons have the ability to assist in direct 
care of EOS patients and, more importantly, 
educate and train existing surgeons and medi-
cal personnel and help establish infrastructure 
by which patients can be evaluated and subse-
quently treated [3].

The total cost of paediatric spinal deformity 
in developing countries is difficult to determine 
because both direct (hospital expenditures) and 

indirect expenditures are not available in the 
databases. These countries usually even lack 
databases. In addition to direct and indirect 
costs, children afflicted with spinal deformity 
experience a reduced quality of life, which may 
include major constraints on their mobility, 
activity, and quality of life.

PROBLEMS IN MANAGEMENT OF 
EOS WITH LIMITED RESOURCES

Limited resources (LR) is defined as a basic 
condition in which the quantity of available 
labour, capital, land, and entrepreneurship used 
for services are finite. It means that the economy 
has only so many resources that can be used at 
any given time to produce services [4].

EOS represents a challenge to developed 
countries, but this challenge heightened for 
countries or facilities with limited resources. 
The availability of experienced surgeons, capi-
tal, infrastructure, and entrepreneurship is lim-
ited. The most common problems include:

	 1.	Limited human resources:
•	 Lack of experienced medi-

cal teams; not limited to sur-
geons but also anaesthesiologists, 
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neuromonitoring technicians, 
nursing staff, and physiotherapists.

•	 The low educational level of par-
ents and children in rural, under-
served areas is responsible in part 
for late presentation and causes 
difficulty with shared decision-
making (SDM) (Figure 2a.1).

	 2.	Limited financial resources:
•	 Deficient infrastructure of health 

providers; lack of well-equipped 
hospitals, scarcity of intensive care 
unit beds, lack of cell-savers and 
intraoperative neuromonitoring 
devices.

•	 Unavailability of high-quality 
recent implant systems:

•	 Geographical scarcity of special-
ised centres also contributes to 
late presentations and more severe 
deformities. It also adds to the 
transportation costs of the children 
and their families.

The geographical placement of hospitals is par-
ticularly crucial in the context of the consider-
able financial burdens imposed on families 
required to visit patients at a typically distant 
specialist hospital. Many patients live in distant 
rural areas where public transport is inadequate. 
Even relatively moderate distances could entail 
high financial costs when visiting is regular and 
frequent over a long period. Distances of more 
than 100 kilometres are quite common. Added 
to these difficulties are the problems of finding 
time for visiting without losing wages and of 
providing alternative care for other children in 
the family. Parents typically make great sacri-
fices to stay with or visit their children regularly, 
usually daily. The greater the effort to support 
the patient by visiting, the greater the costs 
incurred.

For the vast majority of patients and families, 
financial aid for visiting is nonexistent and dif-
ficult to obtain even in extreme cases. In princi-
ple, patients may be directed to distant hospitals 
and admitted for prolonged hospital stay, but 

FIGURE 2A.1  Two children with late presentation of severe EOS.
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the government or insurance (if present) take no 
responsibility for the financial burden imposed 
on the family. The idea that hospital treatment is 
‘free’, therefore, requires considerable reevalu-
ation [3, 4].

Other aspects of treatment evaluation rel-
evant to long- vs. short-stay alternatives include 
the problem of how scarce hospital resources 
should be most efficiently employed, taking into 
account the effects on the rate of patient through-
put. Consultants commonly report waiting lists 
for scoliosis treatment.

Limited resources also lead to longer waiting 
lists. A recently published study on international 
disease severity that included data from Ghana, 
Egypt, and Pakistan concluded that larger curve 
magnitudes for patients living in countries with 
the least access to orthopaedic care correlated 
to a higher number of levels fused, longer occu-
pational therapy (OT), and greater estimated 
blood loss (EBL), indicating that an increased 
curve magnitude at the time of surgery could 
explain the difference in operative morbidity 
between countries with low and high access to 
orthopaedic care. With OT as the prevailing 
predictive factor of complications, we suggest 
that increased curve magnitude leads to longer 
OT and more complications. A lack of access to 
orthopaedic care may be the largest contributor 
to the postponement of treatment [5].
	 3.	Deficient entrepreneurship:

•	 Deficient administrative experiences.
•	 Deficient national registries and 

databases.
•	 Lack of regular public health 

screening programmes for early 
detection.

•	 Nongovernmental organisations 
(NGOs) commonly overtake 
responsibilities of the govern-
ment to organise missions or even 
develop specialised centres for 
treatment.

COSTS OF EOS MANAGEMENT

Costs of EOS management can be classified in 
two main categories: direct costs and indirect 
costs.

•	 Direct costs [6]
•	 Hospital stays: Most limited-

resources facilities in developing 
countries do not follow a stan-
dard International Classification 
of Diseases (ICD) or Diagnosis-
Related Groups (DRGs). Commonly, 
there is no official Diagnosis-
Related Groups (DGRs) tariff 
for scoliosis surgery (i.e. cost of 
standard hospital stay with a low-
grade of severity, cost of standard 
hospital stay with a mid-grade of 
severity).

•	 Implantable medical devices: 
Costs are estimated based on 
official fares that differ from one 
country to another, knowing that 
conventional devices are some-
times reimbursed in addition to 
hospital stay tariffs, depending 
on the type of construct (e.g. rod, 
screw, hook, connector). For spe-
cial implants such as VEPTER or 
MCGR, tariffs are also variable 
(tariffs for MAGEC system single 
MCGR, and dual MGCGs include 
the provision of the external remote 
controller by the local distributor). 
Many developing countries do not 
have these recent implants; they 
depend on locally produced modi-
fied systems that sometimes lack 
optimal quality.

•	 Spinal bracing: For orthosis and 
the moulding.

•	 Medical and physiotherapy visits.
•	 Full spine radiographs.
•	 Medical transportation: Cost is 

estimated taking into account the 
most frequently observed pro-
portion of transportation modes 
(ambulance – sanitary vehicle – 
taxi – or other) [6].

•	 Indirect costs
•	 Transportation costs: This means 

the nonmedical transportation. 
Also, transportation of parents if 
they accompany the child.

•	 Lost wages: If one or both parents 
accompany the child to the hospital 
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visit or during the hospital stay. 
This can be calculated accord-
ing to the following equation: 
Maternal Lost Wages = [(Driving 
time) + (Wayfinding time) + 
(Length of Clinic Appointment)] × 
(Mother’s hourly wage estimate) × 
(Probability mother was present at 
the appointment).

•	 Clinic or hospital overhead costs [7].

MANAGED CARE CONCEPTS 
AND IMPLEMENTATION OF 
EOS MANAGEMENT

Although managed care (MC) has its pros and 
cons in the developed countries, applying its 
quality-control instruments to the problems 
of EOS in LR countries may be of the utmost 
value. The principles of MC quality-control 
instruments help to improve management of 
EOS in limited-resources countries. MC could 
improve costs of the medical service in many 
developed countries, and applying the same 
principles may improve costs in developing 
nations [8, 9]. MC Quality-control instruments 
include structure quality, process quality, and 
results quality. 

	 1.	Structure Quality. Indicators of 
structure quality include, for example, 
training level of the medical person-
nel and preventive measures. Limited-
resources countries lack experienced 
surgeons trained to manage EOS. 
Treatment is mainly concentrated in 
main cities. Frequently, deficiency 
in trained teams is managed by mis-
sions of international organisations 
or through surgeons travelling from 
their home countries to help during 
short visits. Examples of international 
organisations supporting global out-
reach programmes are the Scoliosis 
Research Society, Setting Scoliosis 
Straight, and Doctors without Borders 
•	 Preventive measures for EOS may 

be primary, secondary, or ter-
tiary. Primary prevention includes 
all measures taken to prevent the 

disease itself. As EOS is mostly 
genetic, primary prevention should 
include premarital screening pro-
grammes. These are still not rou-
tine and not obligatory in many 
countries. Secondary prevention 
includes early diagnosis and man-
agement of EOS in children. Under 
this category include measure such 
as screening programmes for chil-
dren at school and by primary care 
physicians. Tertiary prevention 
involves mainly minimising com-
plications and long-term negative 
effects of EOS on those children.

•	 All the three forms of prevention 
are deficient in limited-resources 
countries because of:

•	 The infrastructure and equipment 
of clinics and hospitals.

•	 Availability of documentation sys-
tems and databases. Databases and 
national registries are of utmost 
importance to collect, retrieve, 
analyse, and report data. They 
are also very important for future 
publications.

•	 The availability and safety of 
treatment.

	 2.	Process Quality. Process quality 
means delivering high-quality medical 
service to children with EOS. The focus 
of process quality is the adherence to 
known medical standards. Indicators 
of process quality include the quality 
of the diagnostic procedures and the 
length of the hospital stay.

		  One of the problems with EOS is 
that the treatment and follow-up plan is 
usually tailored for each child. There 
are no universally available guidelines 
to follow. Even globally available pro-
tocols may be difficult to follow in 
limited-resources facilities. Frequency 
of follow-up visits and X-ray images 
are not standard. Patients need to travel 
long distances to reach a specialised 
hospital, which they commonly pay out 
of their own pockets.

		  In limited-resources countries, 
waiting for the surgical procedure 
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in a specialised hospital commonly 
exceeds 6 months. Delaying surgery 
for more than six months for adoles-
cent idiopathic scoliosis (AIS) patients 
who are premenarchal, TRC (triradiate 
cartilage) open, or Risser 0 are at risk 
of clinically significant Cobb angle 
progression, which is statistically 
greater than their more mature peers. 
Skeletally mature patients do not prog-
ress rapidly, allowing elective timing 
of surgical intervention [10].

		  The length of hospital stay is also 
influenced by many other factors. 
Availability of experienced surgeons, 
availability of intensive care beds, even 
availability of implants and neuro-
monitoring teams. Managing all these 
interdisciplinary issues is sometimes 
very difficult. If these are not well-
coordinated, the hospital stay will be 
lengthened.

		  Shared Decision-Making (SDM). 
EOS is a condition in which SDM plays 
a very important role because chil-
dren are legally vulnerable subjects. 
Commonly, parents decide on diagnos-
tic and surgical procedures to be done. 
The surgeons are sometimes foreign 
and do not speak the local language. 
The information is propagated from 
the doctor to the family and the child. 
Modality, frequency, and importance 
of diagnostic measures should be dis-
cussed as well as the short- and long-
term goals of treatment. Goals include 
partial correction of the curve, main-
tenance of vertebral and trunk growth, 
and maintenance of lung development. 
The follow up protocols, frequency of 
hospital visits and possibly frequent 
anaesthesia are important concerns. 
Graduation and definitive fusion or 
implant removal after skeletal maturity 
should be discussed. Data regarding 
graduation after skeletal maturity after 
recent implants are still scarce.

		  Positive effects of SDM include 
tailored patient-specific management, 
higher compliance, better treatment 
results, rapid recovery, better informed 

family and children where realistic 
expectations and reduced fears are 
supported. Ensuring good communica-
tion is important because the longer the 
child (and family) become adjusted to 
living with the deformity, the weaker 
may become the incentive to accept a 
costly and stressful hospital treatment 
when offered [3]

		  Guidelines and Evidence-Based 
Medicine. Globally accepted guide-
lines for EOS do not exist. Even man-
agement protocols and algorithms 
applied in developed countries may 
not be applicable in developing ones. 
This is usually due to different cul-
tural, social, and economic issues. 
Guidelines are developed in quality 
circles and focus on medical service 
with less interest in the economic and 
financial side. Adapted protocols and 
management plans should be devel-
oped for limited-resources countries 
and facilities that take into consider-
ation the best available evidence, sur-
gical experience, patient and family 
expectations, and available resources. 
Evidence-based medicine (EBM) is 
also adapted to available resources. 
For example, evidence strongly rec-
ommends the use of intraoperative 
neuromonitoring (IOM), however, 
such equipment is in short supply in 
limited-resources facilities. The pool 
of patients for which surgeries are 
performed requires the most complex 
procedures. Spinal cord injuries are 
certain to happen give enough opera-
tions. Complex surgical procedures in 
paediatric deformities should be done 
under IOM even in underserved coun-
tries. This can be organised through 
global outreach programmes (GOPs) 
or mobile IOM devices [11].

		  IOM is of the utmost importance 
to provide safety to complex surgi-
cal procedures. This is especially true 
for missions and GOPs in situations 
in which there is insufficient time for 
staged procedures, the full instru-
ments or implants are unavailable 
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(ad hoc surgical team), and surgeons 
are operating in a foreign theatre and 
communicating with local nurses and 
anaesthesiologists is suboptimal.

		  Many technicians are interested 
in being involved in an outreach pro-
gramme. Most of them would be 
delighted to cover some or all of the 
cost of their trips as part of their phil-
anthropic endeavours. Often their 
employer is willing to cover their activ-
ity. Salaries and expenses are sometimes 
covered for global outreach services.

		  The value of IOM was high-
lighted in the recently published 
study ‘Comprehensive Assessment of 
Outcomes from Patients with Severe 
Early-onset Scoliosis Treated with a 
Vertebral Column Resection: Results 
from an SRS Global Outreach Site 
(FOCOS) in Ghana’. The authors con-
cluded that vertebral column resec-
tion (VCR) in the setting of EOS has 
excellent radiographic outcomes but a 
high complication profile. Half of their 
cases had intraoperative neuromoni-
toring changes that improved without 
lasting neurological deficit [12].

	 3.	Results Quality. The quality of the 
results is the evaluation scale of the 
whole medical service process. Short- 
and long-term treatment goals should 
be determined in the early manage-
ment process. They should be pre-
sented in a target-performance manner. 
Radiographic, functional, and patient-
reported outcomes measures (PROMs) 
should be identified. For PROMs and 
quality of life questionnaires, cross-
culture translated and validated ver-
sions should be used.

		  In many limited-resources coun-
tries, translated cross-cultural vali-
dated outcome measures for EOS are 
not available. This makes the validity 
of the used instrument questionable.

POSSIBLE SOLUTIONS

	 1.	Global outreach programmes (GOPs) 
and missions organised by NGOs:

 		  Regular visits are organised 
through international organisations 
in coordination with local doctors. 
Patients requiring surgery are asked to 
pay a relatively nominal fee if they are 
able, and spinal implant manufacturers 
donate implants. Surgeons with appro-
priate expertise volunteer their time 
and often their financial resources, 
while local orthopaedic surgeons 
observe and participate in operations. 
Local clinics are established to evalu-
ate patients and determine surgical 
candidates for subsequent visits [13].

	 2.	Governments should build geographi-
cally well-distributed healthcare facili-
ties to treat these children. Political 
and economic stability is mandatory 
for this development.

	 3.	 Increased public awareness about the 
value of early intervention and compli-
ance to reduce possible complications.

	 4.	Surgeons adapt techniques and 
implants to manage these cases. Also 
planning intervals between elongations 
of expandable implants to the lon-
gest possible to minimise exposure to 
anaesthetics and hospital admissions.

	 5.	Adoption of screening programmes: 
Many studies support the efficacy 
and cost effectiveness of public health 
screening for scoliosis. Early inter-
vention sometimes with casting and 
bracing may reduce the complexity of 
surgical intervention and possibly sub-
sequent complications.

	 6.	Building specialised teams includ-
ing orthopaedic specialists, spinal 
surgeons, anaesthesiologists, neuro-
monitoring physicians and technicians, 
orthotists, operative room and ward 
nurses, and physiotherapists.

CONCLUSION

The economic burden related to management of 
EOS on the health systems in limited-resources 
countries should not be underestimated. The 
best scenario is to develop the health systems 
in these countries as a part of national pro-
grammes aiming at education, health, and 
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economy development. Implementation of man-
aged care concepts may be a helpful solution to 
decrease and justify costs of EOS management. 
International global outreach programmes and 
building local specialised teams is mandatory to 
help in the current situation.
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2b Mismatch in Expectations 
between Industry 
and Countries with 
Limited Resources

Aakash Agarwal

INTRODUCTION

Early-onset scoliosis (EOS) is not a new spinal 
pathology, yet countries with limited resources 
are left with yesterday’s solutions. The root of 
this problem lies in a mismatch of expecta-
tions between healthcare providers in countries 
with limited resources and the industries whose 
innovations are focused on the reimbursement 
available in developed nations. Further exacer-
bating the issue is the relatively smaller market 
opportunity in EOS for orthopaedic and spinal 
industry members than other comparative areas, 
making the competition slower.

However, unlike many speculative 1–2 
level spinal fusion procedures conducted in 
adult patients with nonspecific low back pain, 
the problem of EOS is distinct and well iden-
tified in candidates for surgical intervention. 
Nevertheless, the point of care where the surgi-
cal intervention fails in the field of EOS is the 

regulatory impasse for newer technology, which 
takes decades of development and validation, 
and the economic unattainability of such tech-
nologies in countries with limited resources. 
However, this could be used to the advantage 
of emerging economies via reduced burden of 
proof for manufacturers to conduct a clinical 
trial, thus choosing the lesser of two evils.

Furthermore, the healthcare field is burgeon-
ing with several new technologies and methods. 
It represents advancement in medicine, but it also 
makes choices and applicability from a user’s 
standpoint very obscure. More often than not its 
a result of lopsided marketing, in which one or 
more technologies are well known and advertised 
whereas its direct and indirect substitutes are not. 
It presents an obvious disadvantage for countries 
with limited resources, as the limited resources 
that exist regionally may very well be misspent 
on technologies that are commonplace and do not 
require a larger allotment for procurement.
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Cost of Doing Business

The medical device industry funnels a lot of 
resources into research and development (R&D), 
distribution channels and commissions, pat-
ents protection, legal and regulatory undertak-
ing, and marketing. The cost of these activities 
defines the final cost of the device, eventually 
making the selling price of medical devices 
ten- to thirtyfold the cost of manufacturing. The 
other factor that is equally important in deter-
mining final cost is the production volume, i.e. 
the real-life usage of the device in question. If 
the device is used in high volume, a lower profit 
margin may still justify long-term profitability. 
However, the problem persists if the device is a 
low-volume product. In such cases the cost must 
be offset via a much higher mark up to justify its 
continued supply; sometimes, such devices are 
auxiliary products and are sustained via higher 
mark ups on the main products. The average 
selling, general, and administrative (or SG&A) 
expenses incurred by medical device manufac-
turers are a vast majority of the total revenues, 
and thus also the reason for higher final device 
prices. Figure 2b.1 shows a pie chart distribu-
tion of the total revenue for Nuvasive, and it is 

evident that SG&A is significantly higher than 
other cost brackets. This is typical for high-vol-
ume companies with relatively lower expense 
on R&D activities. Alternatively, for startups, 
technology and innovation are differentiating 
factors, and thus R&D expenses remain a signif-
icant cost component. However, to balance the 
equation, at the successful maturity of technol-
ogy or commercial availability, it most likely is 
acquired by large medical device manufacturers 
with lower internal R&D cost and higher SG&A 
cost. Lately, there has been a push to reduce 
SG&A for long-term productivity with a few 
medical device manufacturers launching sales 
models in which trained hospital staff replaces 
the medical device manufacturer’s sales repre-
sentatives. These trained hospital staff members 
are often present at the physician’s invitation in 
the operating room during procedures and may 
help the physician make a final decision about 
which devices to use [1, 2]. This has enabled sig-
nificant SG&A expense reduction, although the 
majority of medical devices have yet to go that 
direction. Such changes would definitely help 
countries with limited resources.

Poor Competition Due to ‘Make-
Believe’ Product Differentiation

Contrary to popular belief, the degree of compe-
tition between manufacturers in the spine indus-
try is often limited. Manufacturers of devices 
that can demonstrate clinical superiority over 
competing products may be in a stronger posi-
tion to increase prices or at least keep them 
stable. In contrast, prices for a specific model 
can decline over time if other manufacturers 
enter the market or launch newer versions of 
existing products [3]. Manufacturers also have 
an incentive to lower prices and reduce their 
inventory of devices that will soon be replaced 
by a newer model. The manufacturer then typi-
cally launches the new model at a higher price. 
Manufacturers of implants differentiate their 
devices from those made by competing firms. 
For example, one manufacturer’s spinal implant 
may have features or capabilities (more often 
than not, clinically unproven) different from 
a competitor’s spinal implant, and physicians 
may need to use different techniques to implant 

FIGURE 2B.1  A pie chart distribution of total reve-
nue for Nuvasive (a publicly traded orthopaedic com-
pany) in the years A. 2019, B. 2018, C. 2017, and D. 
2016. The graphs show that SG&A has consistently 
been significantly higher than other cost brackets.
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each device. The short life cycles that are com-
mon in the medical device industry help man-
ufacturers keep their products differentiated 
over time. Some differences among competing 
devices may have a clinical or therapeutic ben-
efit, but in most cases, the benefits are unclear. 
However, because of the time required to learn 
how to use a new device properly, this kind of 
product differentiation makes it harder for phy-
sicians to switch suppliers and helps limit the 
extent to which manufacturers have to compete 
on price. Physician preferences can also reduce 
competition. Although hospitals are the entities 
that actually purchase implants, physicians have 
traditionally had significant influence on their 
purchasing decisions. Most physicians prefer to 
use a particular manufacturer’s devices in their 
procedures, and hospitals have been willing to 
accommodate those preferences because of phy-
sicians’ ability to control where their patients are 
admitted and the profitability of surgical lines 
such as orthopaedic procedures [4]. Physicians 
typically have had little incentive to consider 
differences in cost when deciding which devices 
to use because the hospital bears the cost [5].

Financial Relationship between 
Practising Surgeons and Industry

The medical device industry is particularly 
notable for the substantial relationships that 
often exist between manufacturers and physi-
cians. These ties are often deeper and more 
extensive than those between physicians and 
drug makers [6]. These relationships can take 

many different forms, such as royalty payments, 
consulting fees, funding for research, and medi-
cal education activities. In many instances, 
these relationships can benefit the public by fos-
tering the development and improvement of new 
medical devices and educating physicians about 
how medical devices can be used safely and 
effectively. However, physicians have substan-
tial influence over the purchase and use of many 
medical devices, and device manufacturers have 
a strong incentive to cultivate close relationships 
with physicians and encourage the use of their 
products. Manufacturers can also use their rela-
tionships with physicians to implicitly reward 
physicians for using their products, which has 
led to persistent concerns that these relation-
ships may affect physicians’ judgment about the 
best way to treat their patients [4, 7].

Figure 2b.2 shows the analyses of open pay-
ments (under the Sunshine Act), i.e. the payments 
received by physicians and teaching hospitals in 
the year 2018 across categories such as general, 
research, and in form of ownership across the 
United States. More specifically, Figure 2b.3 
shows payments made by Nuvasive Specialized 
Orthopedics, a division of Nuvasive focussed on 
the design and innovation of disruptive ortho-
paedic solutions, including its proprietary plat-
form of magnetically adjustable implant systems 
(e.g. MAGEC). These general payments include 
consulting fees, royalty or license, travel and 
lodging, food and beverage, education, and ser-
vices other than consulting (such as noncontin-
ued educational speaking arrangements) in the 
years 2016–18. These data show the existence of 

FIGURE 2B.2  The aggregate analyses of open payments (under the Sunshine Act), i.e. the payments received 
by physicians and teaching hospitals in the year 2018 across categories such as general, research, and in the 
form of ownership across the United States.
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extensive financial relationships between prac-
tising surgeons and industry. [8, 9].

Changing Landscape

Purchase prices for medical devices could equal 
30%–80% of an insurer’s payment to a hospital 
for a procedure [6]. Furthermore, as explained 
in an earlier section, because of reduced compe-
tition and higher ‘make-believe’ product differ-
entiation, each manufacturer has some degree of 
control over the prices it charges for its products 
[10]. However, this landscape is now changing 
because of mergers and acquisitions in recent 
years, and many individual US hospital systems 
now control a very large volume of purchases 
and employ numerous physicians [11, 12]. The 
shift toward hospital employment has reduced 
the influence of physician preferences and given 
hospitals greater control over device purchases. 

Hospitals are increasingly trying to negotiate 
lower prices on implants by purchasing from 
only two or three manufacturers. These efforts 
are often overseen by a ‘value analysis com-
mittee’ composed of hospital management and 
physicians from the relevant specialties that 
consider both cost of purchase and the per-
ceived clinical benefit in their decision-making. 
Hospitals are more likely to negotiate favourable 
prices when they can promise significant sales 
in return. Hospitals have typically tried to do 
this by negotiating longer contracts and limiting 
the number of suppliers they use for a particular 
device, but the latter strategy may not be feasible 
for hospitals where physicians still have strong 
preferences. This shift may help reduce prices 
on many spinal technologies through manufac-
turer’s incentive to uphold their profit margin 
and dissolution of make-believe product differ-
entiation [13].

FIGURE 2B.3  The analyses from open payments (under the Sunshine Act) made by Nuvasive Specialized 
Orthopedics, which include consulting fees, royalty or license, travel and lodging, food and beverage, educa-
tion, and services other than consulting (such as noncontinued educational speaking arrangements) in the 
years 2016–2018.
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Need for Patient Advocacy in 
Countries with Limited Resources

As described in previous sections, work on new 
spinal product development in developed coun-
tries such as the United States is driven by the 
possibility of reimbursement from a third party 
(public or private insurer) that pays the health-
care provider for costs or payments the provider 
incurred while using a medical device or per-
forming a surgical procedure. Unfortunately, 
herein lies the problem in using these devices 
in countries with limited resources, regions that 
were not the focus when developing the device. 
Although new ways to reduce costs are always 
on the horizon because of rekindled competition 
in the medical device industry, there still exist 
problems concerning the medical devices used 
for EOS. EOS accounts for a very small percent-
age of all paediatric scoliosis cases, and scolio-
sis, by itself, is a small subsection of the massive 
number of 1–2 level spine surgeries being per-
formed these days [14–16]. Consequently, the 
vast majority of resources from the industry 
members are focussed on other spine surgeries 
[17–21].

A ground up approach is needed to make 
sure the countries with limited resources do not 
fall behind in access to healthcare. Although 
scoliosis screening has helped reduce surgi-
cal intervention in developed countries, the 
countries with limited resources seldom have 
a regular scoliosis screening embedded in the 
school or healthcare curriculum. As a result, the 
majority of clinical presentations have already 
progressed to a point where surgical interven-
tion becomes necessary. The most practical 
solution would be to establish regular screening 
procedures for children via advocacy of local 
surgeons and local, national, and international 
scoliosis societies. Such patients should be given 
appropriate attention and education to stay 
compliant with bracing and various aspects of 
physiotherapy. Ability for patients to share expe-
riences directly or through indirect means also 
helps them remain focussed on this preventative 
measure. Nevertheless, there will be patients 
who will eventually be considered for surgical 
intervention [22].

In this regard, EOS surgeons should consider 
versatility in following any surgical philosophy 

for EOS, so as to not limit themselves and their 
patients to fewer options when cost is a real fac-
tor. For example, limitations to only distrac-
tion-based surgeries would reduce the choice 
to traditional growth rods, when MAGEC 
(MAGnetic Expansion Control, Nuvasive) rods 
are not available for economic reasons. However, 
if the surgeon is versatile, he or she could use a 
guided-growth technique that is cost efficient, 
i.e. SHILLA (performed using domino and not 
the proprietary screws) or a hybrid of multiple 
surgical philosophies, such as active apex cor-
rection (APC) (a hybrid of guided-growth and 
compression-based system) or spring distraction 
system (SDS) (a hybrid of guided-growth and 
distraction-based system). Practise in all pos-
sible techniques also allows the surgeon to make 
other patient-specific choices. For example, for a 
very stiff patient, distraction-based growth rods 
are more likely to result in fracture, autofusion, 
and clinically unsatisfactory results. In such 
patients, principles of guided-growth and com-
pression-based systems should be considered.

Sponsorship, Collaborative Effort, 
and Regional Innovation

A long-held view of innovation is that produc-
ers are motivated to innovate by the expectation 
of profits. These profits will disappear if anyone 
can simply copy producers’ innovations, and, 
therefore, producers must be granted subsidies 
or intellectual property rights that give them 
exclusive control over their innovations for some 
period of time. However, the producers’ model 
is only one mode of innovation; there are sev-
eral alternatives to this model, as exemplified 
by single-user firms, individuals, and open col-
laborative innovation. Each of these three forms 
represents a different way to organise human 
effort and investments aimed at generating valu-
able new innovations [23, 24]. Approaching the 
respective industry member supplying the device 
for sponsorship or subsidy for patients who are 
unable to afford it seem like an impasse. If it is 
a multinational organisation (e.g. Nuvasive for 
MAGEC rods, Medtronic for SHILLA screws), 
it can easily afford to serve such patients and 
use it as a marketing tool to enhance their mis-
sion in advancement and availability of quality 
healthcare throughout the world. Another way 
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to demonstrate value for the industry member 
is to begin a prospective study involving these 
patients, giving the industry member access to 
long-term clinical data in exchange for spon-
soring such patients. In resource-limited set-
tings such as India, public sector employees, 
private sector employees with health insurance, 
and upper middle class (out-of-pocket expense) 
constitutes 30% of all the patients who undergo 
MAGEC rod distraction-based surgery. The 
other 70% of patients undergoing traditional 
rod distraction-based surgery are people who 
cannot afford MAGEC and/or have congenital 
scoliosis, which is not covered by most medical 
policies. There lies an acceptance of traditional 
growth rod surgery among the people who have 
no means to afford surgeries or rely on medical 
loans, nongovernmental organisations, welfare 
funding, etc. This reflects the misunderstand-
ing that MAGEC is a premium (i.e. unneces-
sary) product, and because traditional growth 
rods have been used in the past, underprivileged 
patients do not deserve any better. It is unknown 
why SHILLA (using domino-rod interface) or 
APC etc. have not be used instead of traditional 
growth rods in this majority of underprivileged 
patients. One may argue that there could be 
long-term complications with use of SHILLA 
leading to one or two revision surgeries, how-
ever repeated surgeries (5–15) with traditional 
growth rods is a bigger source of morbidity for 
patients with EOS.

There exists a gap between advancement 
in growth rod technology and affordability of 
such in developing countries. An ideal solution 
would be to provide the advanced technology at 
a lower cost, through government subsidies and 
affordable healthcare insurance. However, in 
the absence of such a programme or subsidies, 
a pragmatic approach should at least include 
provision of a bridging technology. A regional 
or locally developed source of such devices 
would avoid this problem because the develop-
ment of such devices will, by design, consider 
the economy of the region. An opportunity 
exists to either innovate a distinct technology 
with the freedom to operate commercially or 
reproduce and build upon an existing technol-
ogy when the parent industry or inventors does 
not deem it worthy of protection in a given eco-
nomic system. By law, a disclosed technology is 

public knowledge when not protected as per the 
countries’ patent regulations within a given time 
frame. Efforts should also be directed toward 
collaborative work with the industry member to 
develop a bridging technology. Many external 
grants exist from large industry members, such 
as Medtronic, who support individual research 
conducted by surgeons.

When fostering innovation, surgeons should 
be careful of companies (nonpractising enti-
ties) that find ways to make money on patent-
infringement lawsuits. These are entities who 
buy cheap patents from bankrupt companies, 
universities, and researchers affiliated to these 
institutions through superficially appealing 
agreements; however, they never actually pro-
duce anything. Instead, they find companies or 
individuals who appear to have infringed upon a 
patent they own and exploit them. They exploit 
the patent-infringers by demanding licensing 
fees and then threaten them with lawsuits if they 
will not comply [25].

Reducing Regulatory Hurdles

Exacting regulatory processes fosters micro-
innovation (mini-innovation) to such a great 
extent that patients are exposed to passive forms 
of medical abuse. The model regulatory envi-
ronment that exists today in developed nations, 
and is gradually being adopted in developing 
nations, penalises technological advancement 
in the form of delay and capital investment. 
Although it is necessary to guard public inter-
est by governing bodies, such a stringent 
method also harms the public by reducing the 
rate of access to newer medical treatments and 
technologies [26, 27]. The regulation should be 
limited to a framework necessary to carry inno-
vation with precision and safety without stifling 
the rate at which it is undertaken. Unlike a sys-
tematic drug development process, most spinal 
medical instrumentation achieves its objective 
via a mechanical mode of action. Most material 
and the wear particulates from these materi-
als do pose a biological response, however, the 
focus of device development and the improve-
ment cycle should be on reducing it rather than 
on drawing a hard line of acceptance and rejec-
tion. Nevertheless, this climate in developed 
nations could drive industry members to conduct 
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clinical trials of their latest medical technology 
in countries with limited resources where there 
are fewer regulatory hurdles. The utmost safety 
and affordability may not coexist in countries 
with limited resources and thus remain open 
to new technologies in pursuit of better clinical 
data, which may provide a backdoor entrance to 
long-term clinical trials without the question of 
affordability. Just as Europe is well-known for 
conducting clinical trials of new technology, the 
cost of which are fully funded by the industry 
seeking long-term data, countries with limited 
resources could also encourage this with proper 
patient consent and the existence of credible 
preliminary data.

Comparing Value of Medical Technologies

This section serves to provide a systemic tool 
to identify key parameters that distinguish and 
quantify the absolute value of a new technology 
or methodology. This could also be employed 
for comparison among various technologies or 
methods, either in the same category or differ-
ent. Above all, it helps the healthcare profes-
sionals in countries with limited resources make 
a conscientious and judicious use of current best 
evidence, technologies, and methods for eco-
nomical clinical care. Understanding the value 
or impact of a technology requires the collection 
of discretised parameters, such as the severity 
of the problem, the affected population, efficacy 
of the technology or the method in question, 
and its adoption and relative viability over other 
substitute technologies produced regionally or 
in developed nations [28–30]. The key and the 
traditional identifier of the impact of an innova-
tion has always been the problem it solves, or the 
severity it reduces, with population of affected 
people being a close second. The problem and 
severity can be classified using different met-
rics such as rate of mortality, reduced quality 
of life, progression of disease, etc. The popula-
tion considered here should be representative 
of the actual subset that are candidates for the 
technology and not the entire population which 
is affected by the disease or pathology. For 
example, scoliosis in children by itself affects a 
larger population, however they can further be 
divided into patient populations who will suc-
cessfully be treated with conservative methods 

such as bracing, while the remaining may have 
to undergo surgery. Therefore, if the technol-
ogy under consideration is a growth rod system 
(surgical correction), then the population size 
should only account for the patients undergo-
ing surgery instead of the entire population of 
children with scoliosis. In contrast, a bracing 
technology may consider the entire population 
of children with scoliosis as its affected popula-
tion because surgery remains the second choice 
of treatment. Thus, consideration should be 
given to where the technology lies in terms of 
its applicability in the current diagnostics and 
treatment philosophy. Nevertheless, this data 
will never be accurate, but the sensitivity toward 
this data (along with adoption, cost of undertak-
ing, and compliance to the technology) will help 
to guide the comparison between two very simi-
lar technologies or methodologies.

An equally important identifier is the effect 
of size, or the observed difference due to the 
technology’s implementation. The technology 
or method in question should exemplify its effi-
cacy via controlled studies, real-life studies, case 
series either employing the exact technology or 
appropriate analogous sources, and expert opin-
ion where reasonable. Expert opinion should be 
in a form of an objectively answered question-
naire from multiple sources, however, its scope 
and usefulness are limited to ergonomic tools or 
methodology. Risks and side effects should also 
be part of efficacy evaluation for a technology 
or method. Based on current evidence, risk and 
benefit are very sensitive to the patient selection 
criteria employed [31]. For example, many cli-
nicians and researchers would argue that more 
spinal fusion surgeries are being performed 
than needed. For evaluation purposes, one can 
choose to reduce the affected population (via 
more stringent patient selection criteria or con-
sidering the appropriate diagnoses and progno-
sis), thereby increasing the clinical efficacy or 
increasing the affected population (by generali-
sation) and reducing average efficacy. A slightly 
different approach may consider varying clini-
cal efficacy parameters over many subsets of a 
population to find a balance of mass applicabil-
ity and clinical efficacy.

Quantifying the problem, severity, affected 
population, and clinical efficacy as described 
above is relatively straightforward when 
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compared to understanding the adoption of the 
technology. The adoption discussed here consid-
ers only the socioeconomical and legal aspects 
inherent to the technology and does not delve 
into the matter of awareness (marketing and 
advertisement), economics (micro and macro), 
management (execution and leadership) etc. 
Understanding the adoption helps in account-
ing for an auxiliary error in overestimation of 
the affected population, reduced because of 
economic, legal, or regulatory barriers. In past 
5 years, MAGEC rod was considered the best, 
technically advanced option for most patients 
with scoliosis. The technology was approved 
by the US Federal Drug Administration (FDA) 
in 2014 and became the only distraction-based 
device used in the United States; however, this 
same technology was used less than 30% of 
time in countries with limited resources. Most 
patients, in lieu of the high upfront cost of the 
device, had to undergo traditional growth rod 
surgery. The cost assessment in countries with 
limited resources shows that the magnetic 
growth rod was at least 65% more expensive 
than the traditional growth rod and at the most 
310% more expensive than traditional growth 
rods [32]. During the assessment, it was also 
found that the cost of treating EOS is substan-
tially higher than the cost of a late-onset sco-
liosis with magnetic growth rod. This scenario 
does not affect the developed nations because 
of the availability of initial funds or credit from 
insurance or other healthcare programmes [33]. 
In such countries, repeated outpatient distrac-
tion compared to invasive procedures levels the 
economic ground long term, though a high rate 
of noninvasive distraction failure, up to 50%, is 
resurfacing the clinical and economic concerns, 
even for developed nations [34]. Like adoption 
but more varied, is the cost of establishing use 
and gaining patient compliance for the tech-
nology. Many technologies or methods would 
require the user to be trained in the appropri-
ate use of the technology or technique or provi-
sion of resources for realising its potential. This 
is what the cost of establishing use entails. For 
example, the unavailability of well-trained endo-
scopic surgeons in a region requires an influx 
of resources for training [35]. Related, but more 
process- and design-based, is the patient compli-
ance to the technology or method, i.e. how easy, 

effortless, independent, error-proof, accountable 
etc. is the technology or method for the patient 
to use effectively. For example, traditional brac-
ing technology shows moderate to poor results, 
which some experts and researchers claim is 
because of poor patient compliance [36, 37].

Conclusion

A vigilant approach to cost and technology 
procurement is the key to sustainable use of 
resources in developing nations. The method 
described here underlines the key principles 
required for a clinician to quickly evaluate an 
existing technology or ask relevant questions to 
themselves or the presenter. The impact being 
determined is specific to the problem being 
addressed. Sometimes a technology may solve 
multiple problems or could be used in different 
ways, and thus each should be assessed sepa-
rately. Understanding the changing landscape in 
the field of healthcare may also play a crucial 
role in addition to the above-presented ratio-
nale and methodical evaluation of the impact. 
Furthermore, assessing the role of complemen-
tary tools and techniques that are under develop-
ment or currently exist may also help determine 
the favorability or lack of thereof toward adop-
tion of a technology. Nevertheless, quantified 
differentiation is the key to understanding the 
impact of a technology or tool.

A lot of disadvantages exist in a resource-
limited setting, and thus providing optimal 
patient care in such a region requires multi-
faceted approach, such as early intervention, 
up-to-date training on all possible modes of 
surgical intervention (e.g. distraction-based, 
guided-growth, and compression-based) and the 
hybrids, regionally appropriate innovation, col-
laborative work, and sponsorship programmes.
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2c Organisational Deficiencies 
in Developing Countries and 
the Role of Global Surgery

Amal Ahmad

INTRODUCTION

Surgical care in developing countries faces the 
dual challenge of limited financial and organ-
isational resources. Limited financial resources 
imply a dearth of funds for necessary materi-
als, such as surgical equipment, while limited 
organisational resources imply a limited ability 
to best combine and utilise existing material and 
human resources.

The predominant view, at least in advanced 
economies, is that the financial needs of devel-
oping countries are dire, without equally appre-
ciating other institutional and organisational 
deficiencies that characterise economic under-
development. As a result, largely financial fixes, 
such as material donations and doctors from 
developed countries volunteering to perform 
surgeries for free, are popular. However, in the 
absence of a more holistic vision, such assistance 
remains temporary, operating more as a stopgap 
measure than a purveyor of structural change. 
Donor- and volunteer-exhaustion is not uncom-
mon, and when funds dry up, it becomes clear 
that the local surgical system is still stagnant, 

with little lasting improvement to surgical care 
quality or outcomes.

This chapter offers a different viewpoint, 
which is that a big part of the problem stems 
from the underutilisation and poor organisa-
tion of the most valuable medical resource in 
any country – human capital – and that while 
additional funding can help, it cannot automati-
cally or mechanistically fix this problem. The 
reality for many local doctors in developing 
countries is that they must perform their stan-
dard medical duties in a healthcare system that 
offers them little support. This involves not just 
material support in the form of equipment and 
other necessities, but also organisational sup-
port in the form of incentivised and effective 
training; equipped nursing and assisting staff; 
clear guidelines and protocols regarding medi-
cal error, accountability, and liability protec-
tion; clear protocols about communication with 
different healthcare institutions; incentives for 
data collection and research; and many more.

This weak organisational environment 
imposes numerous burdens on the local surgeon, 
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a primary one of which relates to training and 
learning. Surgeons are unlikely to be motivated 
or able to engage in high-risk surgeries, such as 
spine surgeries, or to keep up with continually 
evolving global best practices, and surgical care 
quality is likely to remain poor. Funding and 
sporadic international volunteer missions do not 
fix this problem either, as some of the skills fun-
damental to improving surgical outcomes must 
be learned by actively and consistently engaging 
and supporting the local doctor.

For this particular need, global surgery can 
make a lasting difference: missions that not 
only provide clinical service but also train doc-
tors and advance their long-term capabilities 
would work around some of the local organ-
isational deficiencies, thereby facilitating struc-
tural change in a challenging environment and 
complementing financial assistance. This chap-
ter focusses on why these programs matter and 
what they could look like.

The chapter is structured as follows. The 
‘Organisational Challenges in Developing 
Countries’ section expands on the concept of 
‘organisational deficiency’ in healthcare sys-
tems and argues that this has been not been at 
the forefront of global surgery concerns in deal-
ing with developing countries. The ‘Learning 
and the Local Surgeon’ section explains why 
and how limited organisational resources 
impede learning and training, especially in 
highly demanding surgical fields, such as spine 
and early-onset scoliosis (EOS) surgery, and the 
repercussions for the local surgeon. The ‘Role of 
Global Surgery’ section argues that, while local 
institutional shortfalls are likely to be rigid, 
global surgery can alleviate part of the problem 
by training sets of local surgeons and enhancing 
their incentives and capacities to learn, innovate, 
and conduct research. Therefore, global surgery 
can circumscribe at least some of the challenges 
associated with limited organisational resources 
and help promote services such as spine surgery. 
The ‘Conclusion’ section summarises and con-
cludes the chapter’s arguments.

ORGANISATIONAL CHALLENGES 
IN DEVELOPING COUNTRIES

In the simplest terms, organisational efficiency 
refers to the ability to combine and use (i.e. 

organise) resources efficiently, hence to make 
the most out of existing resources. This includes 
the organisation of material resources, such 
as (in a medical setting) from whom to buy 
medical equipment, how to distribute it across 
departments, how to market and expand the 
hospital’s reach, and so on. It also includes the 
organisation of personnel resources, such as 
overseeing hiring and training and managing, 
facilitating, and supporting the work of doctors, 
nurses, administrators, and others. Because 
organisational efficiency is tied to the strength 
of the institutions that oversee material and per-
sonnel, it can also be referred to as institutional 
efficiency.

Therefore, whereas financial constraints 
imply there is a limited total amount of resources 
available (small pie), organisational constraints 
imply there is a limited ability, due to weak insti-
tutions, to manage these resources successfully 
(to make the most out of the existing pie). These 
are two related but distinct concepts. Greater 
resources (a bigger pie) may ease organisational 
constraints, but this will not happen if insti-
tutional quality remains poor and if there is a 
lack of streamlined and efficient bureaucracy to 
manage finances and personnel. Organisational 
inefficiency within an institution may also cre-
ate organisational inefficiency between institu-
tions, as it becomes more difficult to coordinate 
tasks and communicate with each other.

The difference is stark between advanced 
and developing countries both in the size of 
their resources and the strength of the institu-
tions that manage these resources. In developed 
countries, resources are relatively abundant 
and institutions are strong, with streamlined 
bureaucracy and relatively transparent rules and 
chains of command. In developing countries, by 
contrast, resources are, by definition, limited, 
institutions are generally weak, bureaucracy is 
more haphazard, and rules are less transparent 
[1]. This also makes coordination between dif-
ferent institutions difficult, slow, and potentially 
chaotic [2]. For these reasons, it is more diffi-
cult, in developing countries, to set expectations 
and plan forward in almost all settings (not just 
the healthcare sector). Therefore, when we talk 
about ‘resource-limited’ countries, it signifies 
that there are limitations on both financial and 
organisational resources.
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In developed countries, because institutions 
are relatively strong and bureaucracy is stream-
lined, it is easy to overlook the problems that 
could arise organisationally, and the distinction 
between themselves and developing countries 
has been understood, at least historically and 
in popular discourse, in terms of the extent of 
financial resources (as exemplified by the preva-
lent language of ‘rich’ versus ‘poor’ countries). 
The fact that development requires much more 
than just having more resources is exemplified 
by the vastly different outcomes of resource-rich 
developing economies. For example, in 2019, 
the top two oil-rich countries in West Africa – 
Angola and Nigeria – had a combined average 
gross domestic product (GDP) per capita of 
$3,000 while the top two oil-rich countries in 
the Persian Gulf – Saudi Arabia and the United 
Arab Emirates – had a combined average GDP 
per capita of about $30,000. Similarly, many 
countries receive aid and financial assistance 
from the West, but this aid is not equally suc-
cessful across the board in promoting develop-
ment, owing in part to institutional differences 
that influence how the funds are utilised [3].

Because global surgery programs are pre-
dominantly developed and organised by health-
care institutions and surgeons from the United 
States and Europe, the viewpoints of global sur-
gery are largely informed by this perspective. 
Financial or quasi-financial assistance via dona-
tions or short-term volunteer missions are the 
primary concern of a majority of programs; see 
for example Gutnik et al. [4] on estimated finan-
cial contributions and Shrime et al. [5] on short-
term surgical missions. (Volunteer missions are 
quasi-financial because they are equivalent to 
providing funding for those surgeries, with the 
funding source being the international surgeons 
who forgo their standard fees.)

Financial and quasi-financial assistance cer-
tainly alleviate short-term supply problems but 
cannot, on their own, address long-term prob-
lems. Providing funds for equipment and other 
purchases is of limited helpfulness if the domes-
tic workforce is unable to utilise these resources 
effectively. Similarly, volunteering to conduct 
surgeries offers a short-term service that can-
not be sustained nor replicated if local surgeons 
do not eventually learn how to provide this ser-
vice themselves. In turn, as will be discussed in 

the ‘Learning and the Local Surgeon’ section, 
improving the ability of medical personnel to 
utilise resources effectively and to learn best 
practices is highly demanding on organisations. 
Therefore, the effectiveness of global surgery’s 
financial assistance to developing countries is 
tied to complementary organisational improve-
ments that allow local healthcare providers 
to learn and adapt some of those fundamental 
skills brought by global surgeons.

Of course, global surgery and the contri-
butions of international surgeons cannot and 
would not be able to fix a developing country’s 
healthcare system. Institutions are historically 
rooted and difficult to change except in the very 
long term, and, even then, institutional change is 
the outcome of the interaction of domestic polit-
ical and economic factors [6]. In fact, part of the 
appeal of limited programs such as donations or 
volunteer surgeries is that they are doable and 
pragmatic in their goal of offering short-term 
relief. Nonetheless, while global surgery cannot 
be expected to change a country’s institutions, 
there are ways it can use its resources to allow 
local surgeons to work around some of these 
organisational problems that are likely to persist 
in the long run.

In particular, global surgery – through its 
administrative bodies and networks of surgeons 
– can work with local institutions to offer space, 
skilled surgeons, and logistical support to train 
sets of local doctors on global best practices; in 
turn, as suggested above, this also supports the 
efficacy of financial and quasi-financial assis-
tance to developing countries. The next section 
addresses more closely the concept of learning 
and innovation in developing countries, using 
EOS surgical training as an example. It will 
elaborate why training is not an automatic out-
come of greater funding and needs to be organ-
ised and supported strategically, thereby paving 
the way for a discussion of the role of global sur-
gery in this area.

LEARNING AND THE 
LOCAL SURGEON

The Learning Process

To set the stage for a discussion on the training 
of local surgeons, a useful starting point is the 
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distinction between information and knowledge. 
Per economists who study how people learn in 
different settings, information describes a set 
of ‘blueprints’ that can be easily codified and 
freely transferred to a person who reads them 
[7]. For example, a simple set of instructions for 
putting together a child’s toy constitutes infor-
mation in that the full instructions can be writ-
ten out, and the person who reads it will, with 
little effort, understand how to carry out the 
instructions perfectly.

By contrast, knowledge may incorporate 
components that are tacit, or hidden, because 
they are difficult to codify because of com-
plexity and context specificity; acquiring this 
knowledge involves solving problems that are 
‘ill-structured’, for which no automatic solution 
is available [8, 9]. As a result, knowledge cannot 
be fully transferred to another person through 
a manual or a blueprint, and the recipient must 
actively exert effort to uncover the tacit compo-
nents and solve the relevant problem. For exam-
ple, suppose the problem is how to design a large 
building. One cannot learn how to become an 
architect only by reading books because design-
ing buildings is highly complex and depends 
on terrain, weather, building materials, zoning 
laws, etc. Extensive hands-on experience is nec-
essary to fully acquire that knowledge. This is 
the reason architects must not only complete 
schooling in which they read books (codifi-
able information) but also apply themselves in 
internships and other projects before they are 
licensed. In the United States, for example, one 
must complete a 3-year internship before being 
licensed.

How and where does the ‘uncovering’ of 
the tacit components of knowledge take place? 
Because much of the tacitness is due to con-
text specificity, the uncovering largely takes 
place through trial and error on the job itself. 
Attempting to solve the problem in a controlled 
setting, such as an architecture internships with 
supervision, enables people to figure out what 
works and what does not in the target context 
and to use that experience to gradually improve 
their ability to deal with the problem at hand. 
In that way, the knowledge-acquisition process 
involves (among other things) solving problems 
for which no codified solution exists, largely 
through trial and error on the job. This type of 

learning process is aptly named ‘learning by 
doing’.

The nature of the learning process implies 
that, in fields for which problems are highly 
complex, ill-structured, and context specific, 
a lot of hands-on experience is necessary, and 
simply transferring equipment and information 
is not enough for building local expertise. This 
is because information transfer is not the same 
as knowledge transfer. It is critical that the tar-
get personnel are afforded the opportunity to get 
involved directly through guided learning by 
doing. For this to be successful, it must involve 
appropriate mentoring, supervision, guidance, 
assessment, and feedback, and this must be  
planned on a time frame that is long enough to 
sufficiently enable learning from experience and 
from trial and error.

To sum, learning in highly complex fields is 
not only potentially financially costly but also 
highly organisationally demanding [10].

The Surgeon in Developing Countries

Surgical intervention is a prime example of a 
problem that is highly complex, ill-structured, 
and context specific. For this reason, surgeons 
must acquire extensive hands-on experience 
before they are qualified to operate on patients, 
through rotations, multiyear residency programs, 
and potentially further training. Paediatric spi-
nal surgery, particularly the treatment of EOS, 
is especially challenging. It is continually evolv-
ing and requires training in addition to standard 
orthopaedic surgical training. It is also highly 
context specific, with the most appropriate pro-
cedure varying with the child’s medical history, 
the equipment available locally, and experience 
necessary for making critical on-the-spot deci-
sions during the surgery itself.

In line with the above discussion, this implies 
that building local capacity for the management 
of EOS requires a great deal of organisational 
resources and that developing countries are at a 
significant disadvantage in this regard. Building 
capacity requires experienced surgeons to act as 
mentors for learning by doing, as well as insti-
tutional support in the form of planning and 
organising the training; patient outreach; equip-
ping the nursing and other auxiliary staff; set-
ting clear expectations about surgical outcomes 
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and quality; and structuring appropriate intake, 
follow-up, and accountability procedures. It also 
requires extensive and transparent coordination 
between the different relevant institutions of a 
country, including its healthcare ministry, medi-
cal schools, training hospitals, and other hospi-
tals. These organisational facets are somewhat 
or extremely deficient in countries with limited 
resources. Added to the existing financial bur-
den of procuring often expensive equipment, 
this paints a bleak picture for surgical capacity 
in those countries

What does this mean at the individual level, 
for prospective spinal or EOS surgeons in a 
developing country? First, they face significantly 
more hurdles toward intellectual and clinical 
development than their counterparts operating in 
a streamlined bureaucratic system in the United 
States or Europe. Lack of institutional support 
also means they have little incentive to enter this 
highly complex, time-consuming, and risky sur-
gical field, particularly given the high incidence 
of postoperative complications and unclear ways 
to protect the surgeon from medical negligence 
claims. The availability of an untapped market 
for spine and EOS surgery may motivate doc-
tors, offsetting some of the incentive problem, 
but here, too, surgeons may encounter a wary 
population and will need to exert effort to dis-
play credibility to build a reputation.

As a result, often only the very ambitious 
individuals are able to move forward and essen-
tially train themselves. They have to bear much 
of the burden of finding mentors and scouring 
training opportunities, coordinating the require-
ments and opportunities of different healthcare 
organisations, reaching out to patients, and 
building a skilled auxiliary team, all while 
bearing significant risk on the financial and 
medical side. Instead of institutions fostering 
medical talent (as in the advanced economies) 
the result is medical talent arising despite insti-
tutional hurdles and inefficiencies. Of course, 
this means too few spine and EOS surgeons 
and lack of provision of an important service 
to spine patients in developing countries. At the 
turn of the twenty-first century, about 80% of all 
orthopaedic surgeons in the world resided in 26 
advanced economies, and the concentration was 
likely even higher for orthopaedic spine special-
ists [11].

This discussion also highlights the comple-
mentarity between financial and organisational 
resources. Procuring the right equipment is a 
financial hurdle for many countries, but even 
with funding for the right equipment, lack of 
a skilled staff that knows how to operate this 
equipment makes the tools more or less useless. 
Moreover, unlike equipment for which acquisi-
tion is largely a financial and operational prob-
lem, the acquisition of a skilled staff is much 
more complex and organisationally demanding. 
The next section expands on how global sur-
geons can realistically help promote progress in 
this challenging and institutionally constrained 
context, with continued focus on spinal and 
EOS surgery.

THE ROLE OF GLOBAL SURGERY

Long-Term Training Programs

The most important healthcare resource in any 
country is the knowledge and skill of its medi-
cal staff, but, as discussed above, the nature 
of the problem of improving surgical training 
in countries with limited resources is twofold. 
First, training personnel to solve complex, ill-
structured, and context-specific problems, such 
as spine and EOS surgery, is not only costly 
equipment-wise, but also highly organisation-
ally demanding. Second, healthcare institutions 
that would usually be responsible for such train-
ing, including teaching hospitals, are usually 
organisationally weak (to varying extents) in 
countries with limited resources. They may have 
limited capability or experience in planning and 
coordinating who can train medical students 
and local surgeons, where and how often this 
training will take place, how it can be funded 
in the long term, what auxiliary staff is needed, 
and the set of outcomes/metrics expected and 
accounted for at the end, among other things. 
This creates an unfortunate situation in which 
the regions that need significant improvements 
in surgical outcomes remain the most in need, 
even as they occasionally receive financial or 
quasi-financial assistance from global health 
organisations.

Laying out the root of the problem clearly 
is important for thinking about solutions. It is 
hardly controversial to suggest that the nature 
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of the learning process itself – and the fact that 
it is highly organisationally demanding – can-
not be changed. Even though there are ongoing 
advancements in virtual reality (VR) surgical 
intervention, it is unclear how quickly these 
advancements will become mainstream in sur-
gical training institutions. Moreover, even if or 
once VR training becomes widespread, effective 
use of it to train doctors in developing countries 
would still require significant organisational 
effort, albeit in a different capacity.

Therefore, the way forward is to somehow 
overcome the organisational weakness in coun-
tries with limited resources so that training, 
especially for highly complex surgeries, can be 
accommodated. While it is almost impossible 
for global surgery to make drastic changes to a 
country’s domestic institutions, it can support 
existing arrangements, or offer new ones, for 
meeting certain realistic training goals.

What would such an involvement of global 
surgery look like? Though the exact program 
would be context specific, the main function of 
global surgery (specifically, the training or edu-
cation committees of its associations) would be 
to coordinate between international surgeons, 
local healthcare systems, and local surgeons:

•	 International surgeons. Global sur-
gery associations can draw systemati-
cally on the thousands of members they 
have and, without too much difficulty, 
elicit the enthusiastic participation of a 
sizable number of spinal and EOS sur-
geons for volunteer training missions. 
The participating surgeons would be 
highly experienced in training and 
mentoring and would be comfortable 
committing to a program that involves 
consistent travel (for example, once 
every 3 months) for a number of years 
to a specific country or region. They 
would also be financially comfortable 
doing this on a volunteer basis but with 
the understanding that their flights and 
basic accommodations are provided 
for. Follow-up and consistency over a 
sufficiently long time frame is key to 
generating learning results, for the rea-
sons listed above, and is the primary 
differentiator between a program like 

this and the existing popular short-
term missions.

•	 Local healthcare systems. Global 
surgery associations can reach out 
to various contacts in each poten-
tial country of choice to see if there 
is agreement and enthusiasm among 
key local actors, such as health min-
isters and heads of training hospitals, 
about the desirability of an externally 
organised multiyear spine/EOS train-
ing program. After narrowing down 
a list of host countries, the difficult 
but important job is to negotiate key 
logistics such as where these train-
ing programs would take place, how 
often, what the appropriate metrics 
who be and how regularly they would 
be assessed (this is crucial), who would 
provide the equipment and/or cover the 
cost of hosting the international sur-
geons. Ironing out the details is con-
text specific, but it might be important 
to ask that the local healthcare system 
bear part of the financial cost if pos-
sible. This increases the stakes of the 
program succeeding and provides an 
incentive for local administrators to 
manage and monitor progress closely.

•	 Local surgeons. Though local sur-
geons’ main points of contact will be 
their own local healthcare adminis-
trators and the (visiting) international 
surgeons, it is beneficial for the global 
surgery logistics team to also establish 
some direct contact. Before training, 
a first step would be to ask surgeons 
from that country who are involved 
in global surgery networks what they 
think the major needs and challenges 
are of surgeons in their community and 
their view of the relationship between 
surgeons and local healthcare institu-
tions. Once the training program is 
underway, it is important to receive and 
incorporate feedback from the group of 
surgeons being trained about the effi-
cacy of training, the areas they need 
more focus on, and how the training 
is translating into results in their own 
local surgical practice.
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This type of work would involve some financial 
costs (though not prohibitive because much of it 
would be done on a volunteer basis by the rel-
evant committees), but, more importantly, it is 
highly organisationally demanding. Effectively, 
the institutions and networks of global surgery 
would be using their power and resources to 
ease some of the organisational burden on the 
healthcare system of the country in question, 
thereby facilitating the achievement of certain 
important targets. In a sense, this is parallel to 
financial assistance (in which funds ease the 
budget constraints of poor countries) and, as 
argued above, equally important but more often 
neglected.

Logistically and strategically, it is very 
important that long-term does not mean infinite 
or having a vague end date. Though some flex-
ibility may be necessary as the programs get 
underway, it is imperative to have an end date in 
mind at the outset (such as 2 or 3 years). It is also 
necessary to have a protocol from the beginning 
specifying what the final goals are and how to 
assess progress in terms of these goals at regular 
intervals. This will increase transparency, help 
avoid complacency in the program, and encour-
age international surgeons to volunteer their 
time and effort, knowing that there is a specific 
desired outcome and end date in mind.

Collaboration over Hierarchy

It is clear from the above discussion that global 
surgery institutes and networks would not (and 
cannot) supplant local healthcare institutions 
but, rather, would collaborate with them to ease 
some of the underlying constraints and facili-
tate the achievement of concrete targets. The 
organisational burden, though in part borne by 
the international institute owing to its resources, 
would be shared by the local organisations (such 
as health ministries and training hospitals), and 
two-way communication would be essential 
to continually assess and improve the training 
programs.

In parallel, the relationship of the interna-
tional surgeon to the local surgeon should reflect 
a collaboration rather than a top-down chain of 
command. International surgeons are there to 
offer a resource (experience in highly complex 
surgeries) to ease the learning constraints on 

local surgeons. Though there is some power 
dynamic inherent in the mentor-mentee relation-
ship, it is critical to be aware of this and mitigate 
the hierarchical dynamic to the extent possible.

Fostering a collaborative, versus a hierar-
chical, approach between the international and 
local surgeon is important not only because 
it can aid the working relationship but also 
because it is imperative for the success of the 
learning process. As discussed in the ‘Learning 
and the Local Surgeon’ section, learning often 
involves components that are context specific 
and that must be uncovered with experience 
and trial and error on the job. This includes how 
to adapt existing technologies or techniques 
to best fit the local environment, which is not 
something that can be known ex ante and is 
uncovered actively as the technology is being 
used in the target context. In fact, while develop-
ing countries often innovate by producing new 
technologies at the frontier of science, people in 
developing countries also innovate when they 
adapt existing technologies to best fit a complex 
local context.

With surgical intervention, while interna-
tional surgeons brings their skills and experi-
ence in global best practices, local surgeons 
bring their intimate familiarity with the local 
context and a superior ability to gauge how to 
best adapt these standard practices to that con-
text. For example, the surgeon being trained may 
figure out, with experience, how to create mod-
erate adjustments in technique that utilise fewer 
expensive surgical materials, improving the 
accessibility of this surgery in an environment 
with limited financial resources (see Ahmad et 
al. [12] and the innovation of the four-rib con-
struct for EOS treatment as an example). For 
this reason, the optimal learning process would 
combine insight from and feedback between 
both the international and local surgeon.

From the international surgeons, such a col-
laborative approach would require a dose of 
humility and an understanding of their role in 
perspective, including what they do not know 
and what they rely on the local surgeon for help 
with. It requires that international surgeons 
are cognisant of and work proactively to over-
come the ego problems embedded in volun-
teer missions (for a discussion of this problem, 
see Ahmad [13]). They should be comfortable 
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acting as temporarily senior colleagues who are 
training surgeons in less developed countries to 
eventually become their peers. There needs to 
be an active effort to elevate local surgeons to 
the status of a peer, and to not view them as a 
perennial mentee, because that is the point and 
hallmark of successful training.

From the local surgeons, though in the long 
run it is in their best interest to form an active 
part of the surgical intervention and acquire the 
skill, there may be strong initial reluctance to 
get involved and potentially be held accountable 
for the outcomes of complex and risky surger-
ies. A clear understanding for these surgeons 
about what constitutes a medical error in these 
surgeries is helpful as is a measured and grad-
ual approach in which local surgeons become 
more involved over successive training sessions. 
A protocol of expected outcomes and frequent 
assessment of performance would also incen-
tivise local surgeons to exert effort and improve 
their performance confidence through succes-
sive rounds of feedback.

Data Collection

Data supports learning, progress, and innovation 
in all scientific fields, and surgery is no excep-
tion. The collection of data on the outcomes of 
different surgical techniques is at the heart of 
understanding what constitutes best practices. 
In addition, data on the distribution and correla-
tion of different variables – for example, relating 
to patient characteristics, medical history, and 
ex post complications – would help surgeons 
better gauge the local context in which they are 
operating and innovate accordingly.

Unfortunately, the collection of aggregate 
medical data in developing countries is difficult 
[14], which is unsurprising given that it requires 
both financial and organisational resources. 
Global surgery cannot suddenly overturn or fix 
these problems; however, it can facilitate the col-
lection of surgical data on the individual level 
by the local doctors it trains. Therefore, though 
macroanalysis of medical outcomes based on 
large data sets or experimental trials would 
remain elusive, more micro data sets, building on 
individual surgeon’s experiences, can be encour-
aged, leading as well to potential research and 
publication outlets for these surgeons.

Accordingly, training programs provide a 
valuable venue to not only teach surgical best 
practices, but also to demonstrate data collec-
tion practices to the surgeons in training. The 
good news is that with surgery, data collection 
involves the somewhat time-consuming but 
not too complicated task of documenting key 
variables relating to patient characteristics and 
medical history preoperatively, and key surgical 
outcomes and complications ex post. Here, too, 
the sustainability of the training program makes 
a difference: because training would be organ-
ised on a relatively long-term basis with numer-
ous follow-ups for each patient, the local surgeon 
would be able to use the follow-ups to apply the 
data collection skills learned in training.

In addition to training, global surgery may 
also be able to aid the microcollection of sur-
gical data by creating the templates of relevant 
questions the local doctors would ask, and the 
observations they would document in the pro-
cess. These templates can be standardised or 
somewhat differentiated by region. Such an 
endeavour would not require a great deal of 
financial resources, but it would be important to 
digitise this template, to disseminate it through 
various local networks, and potentially organise 
target training sessions for surgeons on the use 
and long-term adoption of such templates.

CONCLUSION

Healthcare systems in developing countries 
grapple with limited financial and organisational 
resources. Whereas the financial constraints are 
common knowledge, the organisational con-
straints these countries’ institutions face are 
less well understood; these relate to the ability 
to utilise existing material and human resources 
effectively and to coordinate among differ-
ent institutions to achieve shared objectives. 
Organisational constraints impede, among other 
things, effective training of the surgical cadre, 
especially on highly complex interventions such 
as spine and EOS surgery. This limits the ability 
of local surgeons to learn best practices and to 
refine existing techniques to best fit their local 
environment and keeps these interventions out 
of reach for much of the population.

Global surgery, with its organisational 
resources and network of skilled surgeons, can 
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help partially offset these problems in target 
surgical fields by organising long-term training 
programs, fostering collaboration between inter-
national and local surgeons, and facilitating the 
collection of clinical data at the local level. Such 
programs would likely be more organisationally 
demanding than financially burdensome and 
would go much further in facilitating improve-
ments to surgical care and access in developing 
countries than only financial assistance and/or 
short-term volunteer surgical missions.
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3a Blended Learning in Training 
Paediatric Deformity Surgeons

Emre Acaroglu and Alpaslan Senkoylu

INTRODUCTION

Arguably the most important novelty in the 
twenty-first century has been the development 
and recognition of a new generation of internet 
(the so-called Web 2.0), which enabled ordinary 
people to communicate and produce and share 
content through it. Education is probably one of 
the most affected fields, as it has embraced these 
changes and the new paradigms being devel-
oped along with them. This chapter will provide 
a summary of the applications of education via 
the internet, defined as ‘online learning’ (OL) 
and its advantages and disadvantages.

WHAT IS ONLINE LEARNING?

OL is a form of e-learning that primarily uses 
the internet as the learning environment. In this 
regard, not all e-learning types are online, as 
learning through any electronic media, such as 
television, cassette players, CDs, may also be con-
sidered e-learning but not OL. OL provides several 
distinct advantages over the more traditional edu-
cational contexts, such as the traditional schools, 
and as may be expected, some disadvantages as 
well. Firstly, the advantages include [1, 2, 3]:

•	 It affords flexibility to the learners in 
using their time. In this regard, OL 

does not necessarily have to be syn-
chronous, i.e. the learner does not 
have to attend the learning activity as 
it happens but, rather, at any time that 
is convenient. This is a contrast to the 
mandated synchronousness of schools.

•	 It allows and promotes users to use a 
wide range of educational resources.

•	 It is easy to update.
•	 It provides learners with a deeper and 

more prolonged exposure to the course 
materials. Learners are free to visit any 
content available in the learning man-
agement system (LMS) and interact 
with their instructors and peers at any 
time during their learning.

•	 It creates an economy of scale in 
that, once the LMS is developed and 
populated with content, expansion of 
the learning materials/courses can 
be realised with marginal costs. This 
quality makes OL particularly suitable 
for learning in underdeveloped areas of 
the world.

In this regard, a transition to making OL one of 
the primary educational contexts may also allow 
educators to be able to change the current pre-
dominant educational paradigm in schools. That 
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is, instead of conceiving of learning as teach-
ers instructing students to think and behave in 
certain ways, OL may allow education to adapt 
into more state-of-the-art conceptions of learn-
ing and teaching such as:

•	 Learning as a conscious process, fueled 
by personal interests and directed 
toward changing as a person [4], and

•	 Teaching as bringing about conceptual 
understanding and intellectual devel-
opment in students [5].

As can be seen, these conceptions exclude the 
idea of unidirectional information flow and, 
instead, embrace the notion of the learner and 
teacher combining efforts to create new mean-
ings that may be used in life. OL provides an 
excellent medium for such a conception of 
education.

On the other hand, its main disadvantage 
appears to be the inability to provide adequate 
learning on manual and technical skills as com-
pared to cognitive skills. Basically, it is a great 
tool for cognitive learning but not necessarily 
so for technical learning. Learners still need to 
be embedded in learning environments, such as 
medical schools or residency programmes, to be 
able to train them on technical skills.

WHAT IS BLENDED LEARNING (BL)?

Blended learning (BL) is a term that refers to 
a blend of OL and face-to-face (F2F) learning. 
As mentioned above, OL offers exceptional 
opportunities for cognitive learning, such as 
memorising the anatomical parts of the human 
body or understanding the conceptual basis 
of the treatment for paediatric deformity, but 
it falls short in providing learners with guided 
practise inserting pedicle screws. So, BL is a 
mix of an OL component, in which the learner 
works on cognitive abilities, and a practical 
F2F component, in which the technical skills 
are practised.

BL not only translates theory into practise 
[6], but also enables adaptive and collaborative 
learning and transforms the teacher’s role from 
transmitting knowledge to facilitating learning. 
Medicine has been reported as a suitable disci-
pline for BL [7, 8]. Studies indicate that medical 

students reported that they were satisfied with 
e-learning [9, 10], but they did not think of it as 
a strategy to replace traditional teacher-centred 
education. Another advantage of OL for clinical 
medical disciplines is that training can be done 
at any time and be tailored to the individual’s 
learning needs [11]. BL provides flexibility in 
teaching and learning processes using adult 
learning principles [8] and potentially elimi-
nates problems of crowded classrooms with 
little real teacher-learner interaction [9]. The 
integration of technology into educational meth-
ods enables flexible, learner-centred learning, as 
well as asynchronous communication and col-
laboration, while providing interaction between 
the student and the instructor [10].

BL is highly dependent on content as well 
as context, and interdisciplinary transitions are 
controversial; therefore, there is no guarantee 
that a successful BL application in one field 
will be equally successful in another domain. 
BL requires the use of computers and the 
internet, but it should not be forgotten that the 
focus is not technology. The educator should 
first determine how best to teach the subject 
and then decide how to integrate technology 
into instruction [10]. OL environments are 
characterised by the autonomy of the learner; 
therefore, self-regulation is a critical factor for 
students. To support this prediction, research-
ers demonstrate self-regulated learning as a 
predictor of academic achievement for technol-
ogy-mediated learning environments [12]. In 
2003, the American Society for Training and 
Development identified BL as one of the top ten 
areas of development and advancement in the 
information industry [13].

BL aims to improve the development of qual-
ity educational activities on vertical and hori-
zontal planes using different tools. It facilitates 
learning under the learning strategy in the hori-
zontal plane, maintains a deep analysis of learn-
ing on a vertical plane, and provides a better 
understanding of the educational material [14].

BL is also on the rise in subspecialty medi-
cal education [3, 7, 9, 10, 15, 16]. A study on BL 
found that allowing students to participate in a 
course before it began and after it had completed 
increased student satisfaction of BL as student 
age increased [16]. The BL technique used for 
training in maxillofacial surgery demonstrated 
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that participants preferred the OL programme 
over the traditional alternative and were very 
satisfied [17]. BL has been shown to be effec-
tive in reducing obstetric anal sphincter injuries 
in a programme attended by doctors and mid-
wives [18]. In family planning education, it has 
been reported that participation in BL education 
results in the highest gains of acquiring infor-
mation when compared to OL alone [19]. In 
another study, it was shown that this method is 
valuable in terms of cost for spine surgeons with 
limited time because of intensive work [20].

HOW BL COULD BE APPLIED 
TO THE TRAINING OF 
DEFORMITY SURGEONS

In regard to the specific area of paediatric spi-
nal deformity, we recently conducted a study 
to investigate the efficacy of BL as a learning/
teaching tool [21]. This study will be sum-
marised here briefly to provide an example 
of how BL may be used in deformity surgery 
training.

To construct the course in our study, the top-
ics to be covered and faculty members to cover 
these topics were decided first. Then, two or 
three learning outcomes (LO) for each topic 
were generated with the assistance and super-
vision of the medical educator members of the 
team. The team then developed a modified needs 
assessment (NA) questionnaire and a quiz. The 
NA survey served as the self-assessment of 
needs, whereas the quiz provided a more objec-
tive measure of the baseline at the beginning of 
the course and at several other points during the 
course.

The NA was based on the LO, and partici-
pants were to mark three of the questions on an 
analogue scale from zero to 10 with 0.5 incre-
ments, in which zero indicated ‘none’ and 10 
indicated ‘perfect’. Students were asked:

	 1.	How do you rate your current level on 
this LO?

	 2.	How do you rate your desired level on 
this LO?

	 3.	How do you rate the likelihood of 
using your learning on this LO in your 
practice?

For the quiz, faculty members were assigned 
to specific topics and instructed to prepare two 
questions (multiple choice or open book) per the 
LO relevant to that topic. These questions were 
then pooled and canvassed on a blueprint table 
based on the LO and difficulty (attained by the 
faculty member). Based on this blueprint, a quiz 
was constructed consisting of ten questions (two 
per four topics, one per two topics), six of which 
were classified as difficult. Of the ten, eight 
questions were multiple choice and two allowed 
students to use their notes.

An LMS was used as the educational frame-
work for the online part of the course. An open 
invitation was emailed to a group of spine sur-
geons, orthopaedic surgeons, and neurosur-
geons inviting participants to register for the 
course, which included the mandatory NA and 
quiz to be taken for completion. Twenty-nine 
participants who took the quiz and filled the NA 
form were admitted to the course and formed 
the population of this study. Thirteen of them 
(Group A) completed both online and F2F parts, 
whereas 16 of them (Group B) attended only the 
online part.

Online Part 

The online portion of this course took 3 weeks. 
Within this 3-week period, participants had 
access to the course content online, which 
included PowerPoint presentations with or 
without voice-over recordings, video lectures, 
operation videos, supplementary text, and sci-
entific articles related to the topics presented. 
Moreover, participants were also encouraged 
to participate in a discussion forum, which was 
specifically created for this course and facili-
tated by the faculty members. After allowing 
the participants some time to study the learn-
ing objects for the specified week and topics, 
faculty members asked the participants open-
ended questions or gave small practical assign-
ments, such as classifying scoliosis cases and 
sharing with the group, in the class discussion 
forum. Every topic of the course is designed in 
such a way that, upon completion, a set of LOs 
is satisfied. These LO were listed at the begin-
ning of each topic so that participants knew 
what to expect from that section. Participants 
and the faculty were monitored for their active 
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participation in this part of the course by two 
mechanisms. Firstly, faculty members were pre-
sented with information on the login times of the 
participants (and other faculty members) so that 
they were aware of the amount of participation 
by individuals; and secondly, by a discussion 
forum facilitated by faculty that encouraged and 
promoted peer discussion amongst the group of 
learners. One week after completion of online 
portion of the course, participants were asked 
to complete the quiz and the NA again before 
proceeding with the F2F portion of the course.

Face to Face Part

Attending the online part of the course was a 
prerequisite for the F2F portion. Amongst those 
eligible, 13 attended this part and were divided 
into three groups, each of which was supervised 
by a faculty member who was there to facili-
tate and maintain the discussions. The F2F part 
consisted only of case discussions, one case per 
topic, one hour per case. This hour was divided 
into parts consisting of:

•	 Presentation of the case (by faculty) 
and questions:� 10 mins.

•	 Discussion of the case within groups:
� 15 mins.

•	 Discussion of the case and each groups’ 
solutions:� 20 mins.

•	 Case solution (by faculty) and discus-
sion of the solution:� 10 mins. 

•	 Reflection:� 5 mins.

During the discussions, participants were able 
to exchange their ideas regarding the cases with 
each other and learn about the experiences of 
their peers and faculty to arrive at conclusions 
as to what to do regarding each particular case. 
After the discussions, each group nominated a 
spokesman to communicate the decisions of that 
the particular group to other groups. After these 
discussions were over, the faculty member who 
had presented the case presented his/her solution 
as well, which the participants also discussed. 
At the end, participants were asked to prepare a 
question or 2–3 tweets on what they had learned 
during the case discussion as a means of reflec-
tion. At the end of the day, after all cases were 
presented and discussed, participants were 

asked to take the same quiz and NA before the 
course was adjourned (Table 3a.1).

Participants were also asked to complete the 
quiz and NA three months after the course had 
ended, but as only three participants responded 
to the invitation, those results were not included 
in the analysis. Results of quiz scores at differ-
ent time points (i.e., enrolment, end of online 
portion, end of F2F portion) were analysed.

Although the learning analytics data on login 
times was too scattered to provide concrete con-
clusions, in general, the active participants who 
had spent more time on the OL portion of the 
course and engaged in the discussion forum who 
went on to participate in the F2F part. The fac-
ulty and participants used the discussion forum 
for 18 separate discussion threads (12 by par-
ticipants and six by faculty) which generated 34 
replies. Faculty members were active in these 
forums, the last entry to 16/18 chains were by 
faculty members.

For the analysis of efficacy in learning, 
quiz scores of the participants were compared. 
Group A was composed of participants who 
attended both online and F2F parts, and Group 
B consists of those who attended only the online 
part. Basically, participants in Group A took 
the quiz three times (before and after online 
and after F2F), whereas participants in Group 
B completed the quiz twice (before and after 
online). The precourse quiz scores for both 

TABLE 3A.1
A Summary of the Concept and Programme 
of a BL Course
Item Timeline

Needs Assessment for 
Planning Events

Prior to the induction of 
an education 
programme

Once Planned

Assignment of Faculty, 
Development of LOs, and 
Programme

2–3 months prior

Prepare/Curate content and 
Upload

1–2 months prior

Perform Needs Assessment,
Start an Online Part

3–6 weeks prior

Start F2F Part
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groups are quite similar, with a p value of 0.368 
(Table 3a.2). Both groups improved their scores 
in the prelearning quiz significantly (p = 0.014). 
Further improvement can be seen for Group A 
at the end of F2F learning session (p = 0.023).

In summary, this study demonstrated that 
BL may be used very effectively in training sur-
geons on deformity surgery. It may be useful to 
recognise that, although skills training was not a 
part of this study, the F2F component could eas-
ily have been designed to incorporate training 
on models, recorded or live surgeries, or even 
virtual or augmented reality tools to provide 
skills training as well.

FUTURE OF EDUCATION 
IN PAEDIATRIC SPINAL 
DEFORMITY SURGERY

The pace of technological change is accelerating 
so fast, which is bringing about many emerg-
ing opportunities in healthcare and medical 
education. New technologies such as machine 
learning, artificial intelligence, and simula-
tions, including virtual and augmented reality, 
have been utilised at different levels of medical 
education. Conventional teaching methods are 
becoming automated, and these newer tech-
niques are increasing patient safety. They also 
allow for efficient skill assessment by chunking 
complex tasks into small components that can 
be easily evaluated via artificial intelligence or 
machine learning [22, 23].

Minimally invasive spine surgery is one of 
the first application areas of the simulation-
based teaching because of its steep learning 

curve and cost. Different kinds of procedures, 
including percutaneous endoscopic discec-
tomy, vertebroplasty, percutaneous pedicle 
screw fixation, and tumor ablation can be prac-
tised by using virtual, augmented, or mixed 
reality [24].

Simulators may also allow trainees to acquire 
key competencies in a secure environment, 
important in a subspecialty such as paediatric 
spine deformity in which technical mistakes 
can cause devastating complications [25]. In 
addition to surgical skills, BL can also assist in 
teaching preoperative planning and decision-
making in paediatric spine deformity education. 
A combination of OL and simulators should 
permit distance education for key competen-
cies of complex surgical procedures. This is a 
promising educational method, especially for 
the junior surgeons from underdeveloped coun-
tries who have financial difficulties obtaining 
standard paediatric deformity education.

However, the aforementioned emerging tech-
nologies have some drawbacks, including cost 
and not providing an optimal tactile sensation 
during practise. No doubt, they need optimisa-
tion for common use.

CONCLUSION

BL is a feasible and effective tool for paediatric 
spinal deformity education if applied in a spe-
cific format. While it calls for relatively low cost, 
BL can facilitate the training of the junior defor-
mity surgeons from underdeveloped countries. 
Combining BL with newer technologies such as 
simulators, which still require optimisation, will 

TABLE 3A.2
Median Quiz Scores of Participants at Time Points
[Median (min–max)] Group A Group B P Value

Before Online Part (1) 5.4 (0.0–9.2) 5.4 (0.0–7.9) >0.05

After Online Part (2) 6.8 (4.2–9.6)* 6.8 (5.1–9.3) * >0.05

After F2F Part (3) 7.9 (6.8–8.9)** N/A N/A

P Value *0.014
**0.023

0.014

*Represents statistical significance of After Online Part (2) when compared to Before Online Part (1).
**Represents statistical significance of After F2F Part (3) when compared to After Online Part (2).
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provide an even more robust educational tool for 
this subspecialty.
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INTRODUCTION TO EVIDENCE-
BASED MEDICINE AND 
EVIDENCE-BASED SURGERY

The evidence-based movement in medicine 
began in the early 1990s as a response to a 
call from the medical community to under-
stand how best to utilise published evidence to 
advance patient care [1]. The initial doctrines 
of evidence-based medicine (EBM) sought to 
teach clinicians the role of critical appraisal and 
to develop a hierarchy of evidence on which to 
base such appraisals. EBM progressed from the 
initial goal of educating clinicians in critical 
appraisal of the medical literature to increas-
ingly stressing the role of incorporating patient 
values through shared decision-making. The 
first decade of this movement demonstrated that 
efforts to teach EBM to medical trainees would 
likely fail, as few clinicians would neither have 
the skills nor possess the time to conduct sophis-
ticated analysis of the evidence relevant to their 
practise [2]. This process is further complicated 
by the explosion of information from publica-
tions, with estimates of greater than 6 million 
academic journal articles being published in 
more than 22,000 journals each year [3]. By 
the mid-2000s, EBM had evolved to form the 

essential background of young clinician training 
to consistently stress the importance of critical 
appraisal of the medical literature, while further 
improving the practise of medicine by develop-
ing methods and techniques to create system-
atic reviews and guidelines to inform clinical 
practise [1–3]. EBM has further contributed to 
a sophisticated hierarchy of evidence, empha-
sising the need for the best evidence and sys-
tematic summaries to guide patient care with 
the requirement of considering patient values in 
important clinical decision-making [1, 3].

Surgeons are often criticised for falling 
behind their medicine colleagues in incorporat-
ing EBM and utilising higher quality evidence 
[4]. Unlike EBM in nonoperative practise, evi-
dence-based surgical practise is hampered by 
inherent problems and obstacles by virtue of 
the ethics of some surgical trials. This difficulty 
has led to a slower adoption and advancement of 
EBM within surgery. Nevertheless, much prog-
ress has been seen in the advancement of EBM 
in surgery, and orthopaedic surgery has been at 
the forefront of progressing this movement over 
the past quarter century.

Often lost in this movement, has been the 
contributions and standardisation of EBM in 
low- and middle-income countries (LMICs). 
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LMICs are herein defined by the 2015 World 
Bank definition: low-income economies are 
those with a gross national income (GNI) per 
capita of US$1,025, lower middle-income econ-
omies with a GNI per capita from US$1,026 
to US$4,035 and upper middle-income econo-
mies with a GNI per capita from US$4,036 to 
US$12,475 [5]. While non-LMICs have seen 
dramatic increases in the quality and sheer vol-
ume of disseminated evidence during the EBM 
movement, there has not been equitable devel-
opment among LMICs.

Developing the research capacity of LMICs 
has repeatedly been shown to be a key way for 
international health research to effect sustained 
benefit in these countries [6]. As a means to 
highlight this discrepancy, Kelaher et al. [6] 
sought to quantify the contributions of LMICs’ 
researchers from 1990 to 2013, conducting stud-
ies on randomised controlled trials (RCTs) on 
HIV/AIDS, malaria, and tuberculosis. While an 
absolute increased number of publications was 
shown throughout the study period, there was 
only a modest increase in LMIC first authorship 
against a much larger increase in first author-
ship from non-LMIC authors [6]. Similarly, 
Sinha et al. analysed a total of 669 Cochrane 
systematic reviews, noting a low proportion of 
Cochrane authors from LMICs [7]. The authors 
subsequently conclude that capacity-building in 
systematic reviews and good quality, primary 
research throughout LMICs is warranted and 
necessary. Certainly, adoption of more inclusive 
policies to transfer research control to clinical 
researchers in LMICs is an important compo-
nent of the engagement of healthcare providers 
in LMICs in the EBM movement [8].

EVIDENCE-BASED MEDICINE IN 
LOW- AND MIDDLE-INCOME 
COUNTRIES: A FOCUS ON THE 
ORTHOPAEDIC LITERATURE

Given the nature of the difficulties with estab-
lishing large banks of data, there remains sig-
nificant uncertainty surrounding incidence/
prevalence, aetiology, management and prog-
nosis of many conditions among patients in 
LMICs. Such uncertainty reduces our ability to 
appropriately intervene in an effective manner 

for these patients and highlights the importance 
of conducting research to guide clinical care in 
countries in which cultural and resource differ-
ences are profoundly discrepant from those of 
high-income nations. Certainly, it is important 
to establish the evidence base on which barriers 
and facilitators to health information exchange 
exist in LMICs [8, 9]. A key principle of EBM, 
and one of the most important strategies to get 
effective interventions into routine clinical prac-
tise, is to develop and implement evidence-based 
clinical practise guidelines [10]. It is increas-
ingly recognised that for guideline implemen-
tation strategies to be effective, it is important 
to understand why some guidelines are ineffec-
tive. It is important to develop guidelines with 
an understanding that, within different cultures 
and resource settings, context-specific barriers 
may exist to limit the effect of changes in treat-
ments [10].

Understanding the inherent difficulties with 
creating EBM models of care in LMICs is 
important when critically appraising the best 
method to treat patients in LMICs. Recent 
efforts to apply increased attention to prag-
matic trials is a response to address contextually 
sensitive and important clinical care decisions 
in multiple routine care settings with interven-
tions compared with the existing standard of 
care [9, 11]. Improvement of health outcomes 
will require timely delivery of interventions that 
are not only effective but feasible to implement 
in LMICs [11]. Regrettably many clinical care 
decision-making guidelines within surgery con-
tinue to draw upon low-level evidence. Global 
efforts are needed to support pragmatic research 
trials to complement current evidence-based 
guidelines [10, 11].

As a starting point for EBM in orthopaedic 
surgical care, efforts within LMICs have been 
made to quantify and understand the burden 
of musculoskeletal conditions. Joshipura et 
al. [12] attempted to identify the surgical bur-
den of musculoskeletal conditions in LMICs. 
This first-of-its-kind publication highlights the 
uncertainty of establishing a global burden of 
musculoskeletal conditions within LMICs given 
the paucity of credible and vetted databanks 
[12]. The authors concluded that LMICs account 
for more than 70% of the world population, 
however, they account for only a quarter of the 
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volume of major surgery. In contrast, only 15% 
of the global population in high-income coun-
tries accounts for approximately 60% of mus-
culoskeletal surgeries; a staggering figure [12]. 
While it is indeed difficult to establish a true 
numerical burden of musculoskeletal conditions 
within LMICs, the aggregate number of patients 
globally within LMICs who may benefit from 
enhanced nonoperative or surgical intervention 
is undoubtedly continuing to increase.

Much recent work in orthopaedic surgery 
evidence in LMICs has highlighted attempts 
to establish an understanding of not only the 
current burden of pathology faced by clini-
cians but also to understand their current treat-
ment practises. Curran et al. [13] conducted a 
survey of 413 surgeons from 83 countries, 53 
of which were low to LMICs to understand 
current paediatric femur fracture management 
[13]. Unsurprisingly, decreasing socioeconomic 
status was associated with increased rates of 
nonoperative treatment. From low and LMICs 
respondents 63%–65% of all paediatric femur 
fractures, regardless of age and fracture type, 
were routinely treated with bed rest and trac-
tion. The authors concluded that future studies 
should investigate the value of treatment options 
in resource-limited settings, a recurring theme 
in all surgical literature involving LMICs [13].

While orthopaedic trauma literature has 
largely been a prime focus among emerging 
EBM publications focussing on LMICs, little 
is known about common paediatric pathologies 
and their management in these countries. Owen 
et al. [14] attempted to provide some global 
perspective to clubfoot management in LMICs. 
Clubfoot occurs in an estimated incidence of 
1.24/1000 live births, affecting upwards of 
174,000 children born annually, with approxi-
mately 90% of these children born in LMICs 
[14]. Untreated, clubfoot has lifelong impair-
ment, deformity, and long-term consequences 
on overall health and function. With a primar-
ily nonsurgical approach adopted globally after 
the popularisation of the Ponseti serial casting 
method, Owen et al. [14] reported on the diffi-
culties of incorporating such a care practise to 
LMICs. A cross-sectional survey of clinicians 
treating clubfoot was conducted with respon-
dents from 55 countries comprising an estimated 
coverage of nations with up to 79% of predicted 

clubfoot cases. Compiled responses revealed low 
coverage for these patients with less than 15% of 
children born with clubfoot in LMICs receiv-
ing treatment [14]. Importantly, however, the 
authors noted that responses indicate increased 
coverage since 2005 when Ponseti treatment 
became more widely known and accepted. The 
importance of early intervention to prevent 
or diminish lifelong deformity and functional 
impairment in these patients cannot be over-
stated. With an understanding of the difficulties 
of quantifying the burden of orthopaedic pathol-
ogy in LMICs and trying to establish an under-
standing of the type of care being provided, we 
can now begin to better understand the difficul-
ties with approaching evidence-based spine care 
in LMICs with a focus on the paediatric spine.

EVIDENCE-BASED MEDICINE IN 
SPINE SURGERY IN LOW- AND 
MIDDLE-INCOME COUNTRIES

In the resource-limited setting, decisions for 
healthcare interventions need to consider 
increased patient volume and demands, as well 
as infrastructure and budgetary limitations 
that may render higher cost interventions that 
are impractical in a given setting. Guidelines, 
such as those outlined by the 2016 International 
Scientific Society on Scoliosis Orthopaedic and 
Rehabilitation Treatment (SOSORT), on conser-
vative management of scoliosis during growth 
are critical to the care of patients in LMICs 
[15]. These guidelines serve as expert opinion 
regarding which patients can be managed con-
servatively and which are predicted to fail with 
conservative management. The prevalence of 
both EOS and adolescent idiopathic scoliosis 
(AIS) changes according to latitude and varies 
from 0.93% to 12% of the paediatric popula-
tion; however, only 0.1% to 0.3% of AIS cases 
will require surgical correction [15]. Thus, the 
importance, both for the patient and budget, of 
appropriately identifying and intervening upon 
the remaining population who may only require 
conservative management during growth is clear.

The recurring theme in assessing the avail-
able evidence to inform best paediatric spinal 
deformity management is that it is sparse and of 
low quality. Low-grade evidence in the form of 
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Level 4 case reports and retrospective Level 3 
cohort studies form the bulk of the best available 
management decisions. With such uncertainty, 
there is a need for a degree of synthesis nuanced 
with expert opinion and consensus agreements 
to standardise practises and identify areas of 
uncertainty. With such low-quality available 
evidence in the paediatric spinal deformity lit-
erature, and even worse evidence for EOS, it is 
no surprise that there is a paucity of paediatric 
spinal deformity evidence from LMICs.

It is important to first highlight the efforts 
currently being made to address and impact spi-
nal care in LMICs, which, until very recently, 
has largely focussed on adult spine patients. A 
discussion will then follow regarding paediatric 
spine research that is available from LMICs.

Spinal disorders are increasingly being rec-
ognised as a major cause of disability, morbidity, 
and economic hardship in LMICs [16]. While the 
available evidence is sparse, it is expected that the 
burden of spinal disorders among the adult and 
young adult populations in LMICs is just as, if not 
more, significant than in high-income countries 
[16–18]. To be able to respond to this predicted 
growing burden of disability, inability to work, 
and associated economic hardships, intervention 
must be effective in LMICs as has been discussed 
above. Guidelines need to be readily and cultur-
ally adaptable, evidence-based, financially sus-
tainable, easily accessible and neither ineffective, 
harmful, nor wasteful. In response to this, World 
Spine Care (WSC) was established in 2008 with 
the mission to ‘improve lives in underserved 
communities by providing sustainable, integrated 
and evidence-based spine care … a world in 
which everyone has access to the highest quality 
spine care possible’ [16–18]. Sixty-eight leading 
spine clinicians from 24 countries, representing 
all aspects of allied, primary, and specialist-level 
spine care were involved in developing guidelines 
for this project [16–18]. The mandate of this pro-
gramme reflects admirable goals that, hopefully 
in the future, can be applied to paediatric spine 
care in LMICs. The tenants of the programme 
include a low-cost and efficient model of care, 
ability to be taught to providers with varying 
levels of education/training, evidence-based; and 
transferrable applicability to any existing health-
care system in LMICs. As part of the Global 
Spine Care Initiative (GSCI) through the World 

Spine Care group, the global burden of spinal 
pathology was better elicited [17]. An example 
of this is a study showing the prevalence of low 
back pain increased in adult women, particularly 
those with less education; psychological factors, 
such as depression/anxiety; and increased alco-
hol consumption [17]. They concluded that a call 
to action to devote increased resources to address 
the gaps in medically underserved areas in 
LMICs for patients with chronic low back pain is 
imperative [17]. As part of the GSCI publication 
series, Cedraschi et al. [19] published a narrative 
review of 29 cohort, cross-sectional, qualitative, 
and mixed-methods studies investigating adults 
with low back pain. The authors concluded that 
few studies evaluate the psychological and social 
factors associated with back pain in LMICs thus 
limiting the adaptation of such recommenda-
tions to this population. Furthermore, the authors 
stressed that instruments need to be developed 
for people with low literacy in medically under-
served areas in LMICs, especially where psycho-
logical and social factors are poorly understood 
and difficult to address [19].

From the GSCI review, the primary doctrines 
of their intervention protocols were established 
with a strong emphasis on prevention of first-
presentation and prevention of worsening spi-
nal conditions regardless of pathology. Through 
WSC, spinal programmes have been initiated in 
the Dominican Republic, India, and Ghana and 
are supported by government agencies, local, 
and international university volunteers and are 
integrated into existing healthcare systems [5]. 
One of the first Level 4 evidence studies of spine 
patients within an LMIC population resulted 
from this project. The authors provided a case 
report outlining the demographics and pathol-
ogy type of patients presenting to the WSC 
clinics in the Dominican Republic for care and 
further highlight the issues that researchers face 
when attempting to conduct research and ethics 
board reviews within LMICs [5].

EVIDENCE-BASED MEDICINE IN 
PAEDIATRIC SPINE CARE IN LOW- 
AND MIDDLE-INCOME COUNTRIES

The overt prevalence of low-quality data makes 
the utilisation of evidence-based decision-mak-
ing on scoliosis history, available treatment 
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options, and outcome projections difficult [20]. 
Currently, much of EBM in paediatric spinal 
deformity management is employed in conjunc-
tion with patient’s values and individual clini-
cian expertise. Negrini et al. [21] demonstrated 
through their Cochrane review that brace treat-
ment in AIS does not change patient quality of 
life, with low-grade evidence supporting brace 
treatment preventing deformity progression [21]. 
As better evidence continues to evolve support-
ing brace treatment for AIS management, the 
impetus to disseminate and optimise this prac-
tise globally and to LMICs is emphasised.

At the time of publication of this chapter, 
only a few research studies, all primarily case 
reports or retrospective cohort studies, on the 
LMICs paediatric spinal deformity population 
exist. Of the available evidence-based publica-
tions on paediatric spine deformity in LMICs, 
most studies focus on outreach groups and their 
associated surgical results.

Verma et al. [22] provided insights into the 
discriminate validity of the Scoliosis Research 
Society Questionnaire (SRS-22r) in Ghana 
between adolescents with and without AIS 
and compared these with matched cohorts 
in the United States. In Ghana, 84 healthy, 
mean age of 13 years (healthy-G), and 61 AIS 
patients of a mean age of 15 years (AIS-G) 
were included. Comparatively, from New York 
City, 450 healthy adolescents (healthy-US) of a 
mean age 16 years, and 302 patients with AIS 
(AIS-US) and a mean age of 15 years were 
included. When controlling for curve magni-
tude, a significant difference between all four 
study groups was found in all domains and 
total score (P<0.01). AIS-G showed signifi-
cantly lower scores in activity, image, pain, and 
mental health domains (P<0.01), reaching the 
minimum clinically important difference for 
these domains. AIS-G patients initially pre-
sented with a larger curve magnitude compared 
to the American cohort (67° vs. 52°), likely a 
representation of resource access in Ghana for 
conservative management. Overall Ghanaian 
adolescents with AIS had significantly worse 
health-related quality of life compared to their 
AIS American counterparts [22].

When conservative management efforts are 
either not indicated or fail in the paediatric spi-
nal deformity population, surgical correction 

is recommended. Poor access to appropriate 
resources for children with spinal deformity in 
LMICs over represents the number of patients 
who would benefit from surgical correction to 
minimise adulthood dysfunction and morbid-
ity. Furthermore, scoliosis correction surgery is 
expensive and highly specialised.

The Scoliosis Research Society Global 
Outreach Mission Programs (SRS-GOP) are 
medical missions endorsed by the Scoliosis 
Research Society (SRS) with the goal of provid-
ing spinal deformity care for children in LMICs 
[23]. Boachei-Adjei O et al. [24] provided the 
largest comprehensive review of major peri-
operative complications from an SRS global 
outreach programme site from 1998 to 2015. 
Overall, a total of 427 patients were included in 
the study with 60% females of an average age of 
15 at the time of surgery. Forty-seven percent of 
surgical indications were AIS. The overall com-
plication rate within the study was 19.9% with 
a 2.3% rate of permanent neurological deficit. 
Furthermore, three-column osteotomies were 
identified as an independent risk factor for post-
operative complication as was surgical treat-
ment of curves greater than 100° [24].

Halo-gravity traction also has promise for 
reducing the severity of preoperative defor-
mity in paediatric spinal deformity, poten-
tially lowering morbidity during surgical 
intervention (Figure 3b.1). Nemani et al. [25] 
reported a single-centre retrospective cohort 
study on the use of a modified halo-gravity 
traction protocol for patients with severe spi-
nal deformities in Ghana. The authors’ ratio-
nale for undertaking the study was to assess 
the amount of possible correction that could 
be obtained with halo-gravity traction before 
surgical intervention to minimise the number 
of three-column osteotomies they would be 
required to perform to decrease the associated 
operative risks. A total of 29 patients under-
went halo-gravity traction beginning at 20% of 
body weight and increasing 10% weekly until 
50% of total body weight. The average time for 
traction was 107 days with an average 131° to 
90° preoperative curve correction (31% curve 
correction), ultimately achieving an average 
postoperative curve of 57° (56% overall cor-
rection). They found halo-gravity traction to 
be highly effective, with few complications, 
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and indicated that it may reduce the number of 
three-column osteotomies required at time of 
surgery [25].

Despite 20 approved SRS surgical outreach 
sites, reported studies from these sites are 
extremely limited. Fletcher et al. [23] reported 
on spinal deformity surgical correction in a low-
income country, Ecuador. In the Ecuador Spine 
Deformity Program project, 28 of 38 children 
(74%), with an average age of 14 at the time of 
surgery, and 18 at follow-ups were available for 
review. The mean total score on the SRS 22r 
was 4.3, with a mean percentage major curve 
correction of 57%, no infections and only two 
revision surgeries were required for pseudar-
throsis and delayed paraplegia, both of which 
were resolved. It was concluded that the Ecuador 
Spine Deformity Program demonstrated that the 
SRS global outreach programme goals of self-
sufficient spine centres to provide care to chil-
dren in LMICs is possible [23].

The Fletcher [23] study also demonstrated 
some of the barriers and challenges with imple-
menting successful paediatric spinal deformity 
surgery programmes in LMICs. A cooperative 
effort is required between the country receiving 
care and the volunteers attending from higher 
income nations until the programme gains self-
sufficiency. Higher income nations need to help 
coordinate clinical scheduling and plan for pro-
vision of the necessary supplies, nursing, anaes-
thesia, surgical skill, neurologic monitoring, and 
appropriate postoperative intensive care [23].

CONCLUSION

Paediatric spinal deformity is a highly prevalent 
pathology in LMICs. Access to appropriate and 
timely care is imperative in preventing progres-
sion to a surgical pathology in many instances 
within this population. Furthermore, creating a 
healthcare delivery model for paediatric spine 

FIGURE 3B.1  A and B – pretraction images of a 12-year old patient with early onset spinal deformity caused 
by neurofibromatosis. C and D – traction film after multiple weeks of halo-gravity traction used prior to defini-
tive surgery. E – simple traction setup using a hospital wheelchair, traction equipment used for femur fractures, 
a fish scale, and other products purchased at a local hardware store.
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deformity in LMICs is fraught with many bar-
riers, including resource limitations, expertise 
limitations, and difficult generalisability of pub-
lished findings on this population when the bulk 
of the literature comes from the data of higher 
income nations.

Recent interest has centred on the optimisa-
tion of bracing therapy and other conservative 
management strategies (Figure 3b.2) for paedi-
atric scoliosis. With this impetus, care of these 
complex patients in LMICs has a higher likeli-
hood of being implemented. This will require 
collaboration with experts from higher income 
nations who are willing and able to help teach 
and develop sustainable programmes to deliver 
this care in LMICs. Furthermore, it will also be 
important to create large databanks on the out-
comes of these patients. Only through this col-
laborative approach, emphasising and supporting 

not only quality provision of resource-conscious 
care to these patients but also emphasising the 
importance of further evidence generation, will 
we be able to optimise global paediatric spinal 
deformity care for all children.

REFERENCES

	 1. 	Djulbegovic B, Guyatt G. Progress in evidence-
based medicine: A quarter century on. Lancet. 
2017;390(10092):415–423.

	 2. 	Guyatt G, Meade M, Jaeschke R, et al. 
Practitioners of evidence based care. Not 
all clinicians need to appraise evidence 
from scratch but all need some skills. BMJ. 
2000;320(7240):954–955.

	 3. 	Djulbegovic B, Elqayam S, Dale W. Rational 
decision making in medicine: Implications 
for overuse and underuse. J Eval Clin Pract. 
2018;24(3):655–665.

FIGURE 3B.2  A – precasting of a 31-month-old with EOS. B – Postcasting under general anaesthesia



48 ﻿Early-Onset Scoliosis

	 4. 	Evidence MA. 0based surgery: The obstacles 
and solutions. Int J Surg. 2005;18:159–162.

	 5. 	Brady O, Nordin M, Hondraw M, et al. 
Global forum: Spine research and train-
ing in underserved, low and middle-income, 
culturally unique communities: The world 
spine care charity research program’s chal-
lenges and facilitators. J Bone Joint Surg Am. 
2016;98(24):e110:1–9.

	 6. 	Kelaher M, Ng L, Knight K, et al. Equity in 
global health research in the new millennium: 
Trends in first-authorship for randomized 
controlled trials among low- and middle-
income country researchers 1990–2013. Int J 
Epidemiol. 2016;45(6):2174–2183.

	 7. 	Sinha A, Ovelman C, Pradhan A. Profile of 
published Cochrane systematic reviews in 
child health From low- and middle-income 
countries. Indian Pediatr. 2019;56(1):45–48.

	 8. 	Akhlaq A, Sheikh A, Pagliari C. Barriers and 
facilitators to health information exchange in 
low- and middle-income country settings: A 
systematic review protocol. J Innov Health 
Inform. 2015;22(2):284–292.

	 9. 	Hunt A, Saenz C, Littler K. The global forum 
on bioethics in research meeting, “ethics of 
alternative clinical trial designs and methods 
in low- and middle-income country research”: 
Emerging themes and outputs. Trials. 
2019;20(Suppl 2):701.

	 10. 	Stokes T, Shaw E, Camosso-Stefinovic J, et 
al. Barriers and enablers to guideline imple-
mentation strategies to improve obstetric care 
practice in low- and middle-income countries: 
A systematic review of qualitative evidence. 
Implement Sci. 2016;11(1):144.

	 11. 	English M, Karumbi J, Maina M, et al. The 
need for pragmatic clinical trials in low and 
middle income settings – Taking essential neo-
natal interventions delivered as part of inpa-
tient care as an illustrative example. BMC Med. 
2016;14:5.

	 12. 	Joshipura M, Gosselin R. Surgical burden 
of musculoskeletal conditions in low- and 
middle-income countries. World J Surg. 
2020;Apr;44(4):1026–1032.

	 13. 	Curran P, Albright P, Ibrahim J, et al. Practice 
patterns for management of pediatric femur 
fractures in low- and middle-income countries. 
J Pediatr Orthop. 2020;May 12;40(5):251-8..

	 14. 	Owen R, Capper B, Lavy C. Clubfoot treat-
ment in 2015: A global perspective. BMJ Glob 
Health. 2018;3(4):e000852.

	 15. 	Negrini S, Donzelli S, Aulisa A. SOSORT 
guidelines: Orthopaedic and rehabilitation 
treatment of idiopathic scoliosis during growth. 
Scoliosis Spinal Disord. 2016;13:3.

	 16. 	Haldeman S, Nordin M, Chou R, et al. The 
global spine care initiative: World spine care 
executive summary on reducing spine-related 
disability in low- and middle-income commu-
nities. Eur Spine J. 2018;27(Suppl 6):776–785.

	 17. 	Hurwitz E, Randhawa K, Torres P, et al. The 
global spine care initiative: A systematic 
review of individual and community-based 
burden of spinal disorders in rural populations 
in low- and middle-income communities. Eur 
Spine J. 2018;27(Suppl 6):802–815.

	 18. 	Green B, Johnson C, Haldeman S, et al. The 
global spine care initiative: Public health and 
prevention interventions for common spine 
disorders in low- and middle-income commu-
nities. Eur Spine J. 2018;27(Suppl 6):838–850.

	 19. 	Cedraschi C, Nordin M, Haldeman S, et al. The 
global spine care initiative: A narrative review 
of psychological and social issues in back pain 
in low- and middle-income communities. Eur 
Spine J. 2018;6:828–837.

	 20. 	Oetgen M. Current use of evidence-based med-
icine in pediatric spine surgery. Orthop Clin 
North Am. 2018;49(2):191–194.

	 21. 	Negrini S, Minozzi S, Bettany-Saltikov J, 
et al. Braces for idiopathic scoliosis in ado-
lescents. Cochrane Database Syst Rev. 
2015;6:CD006850.

	 22. 	Verma K, Lonner B, Toombs C, et al. 
International utilization of the SRS-22 instru-
ment to assess outcomes in adolescent idio-
pathic scoliosis: What can we learn from a 
medical outreach group in Ghana? J Pediatr 
Orthop. 2014;34(5):503–508.

	 23. 	Fletcher A, Schwend R. The Ecuador Pediatric 
Spine Deformity Surgery Program. An 
SRS-GOP site, 2008–2016. Spine Deform. 
2019;7(2):220–227.

	 24. 	Boachie-Adjei O, Yagi M, Nemani V, et al. 
Incidence and risk factors for major surgical 
complications in patients with complex spinal 
deformity: A report from an SRS GOP site. 
Spine Deform. 2015;3(1):57–64.

	 25. 	Nemani V, Kim H, Bjerke-Kroll B, et al. 
Preoperative halo-gravity traction for severe 
spinal deformities at an SRS-GOP site in West 
Africa: Protocols, complications, and results. 
Spine. 2015;40(3):153–161.



49

4 Normal and Abnormal 
Development and Growth 
of Spine and Thoracic Cage

Federico Canavese, François Bonnel, and Alain Dimeglio

GROWTH HOLDS THE BASICS

Spinal growth is a mixture of hierarchy, syn-
chronisation, and harmony among more than 
130 growth plates; the slightest error can lead to 
a complex malformation. Growth starts around 
the third month of intrauterine life and ends dur-
ing the second decade of life. It is a dynamic 
process, although it does not progress linearly, 
with periods of acceleration followed by periods 

of deceleration [1–4]. In particular, three periods 
can be identified: between birth and 5 years of 
age; between 5 and 10 years of age, and between 
age 10 and skeletal maturity.

The anterior and posterior part of each ver-
tebra, as well as cervical, thoracic, and lumbar 
spine regions, grow at a different rate. In par-
ticular, the thoracic region, the posterior com-
ponents of the thoracic spine, grow at a faster 
pace than their anterior counterparts, while the 
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opposite occurs in the lumbar spine. This allows 
the spinal column to progressively change mor-
phology and modify its relationships with the 
spinal cord [1, 2].

Standing height is not the best parameter 
to evaluate spinal growth because it does not 
directly measure the length of the spinal col-
umn. The best parameter to assess spinal growth 
is the sitting height; the spine represents about 
60% of the sitting height, while the head and 
pelvis represent the remaining 40% (20% each). 
In children with progressive scoliosis, there is 
a decrease of longitudinal growth and a loss of 
the normal proportionality of trunk growth, and 
this phenomenon is highlighted by the loss of 
sitting height. The loss of sitting height is related 
to the severity of the deformity [1–4].

Idiopathic scoliosis is a progressive disorder 
that negatively affects spinal growth as asym-
metrical forces act on the growth plates of the 
vertebral column [1], the younger the child is, 
the higher the risk is of progression. Timely con-
trol and correction of the spinal deformity are 
needed to restore the harmony and the hierarchy 
of growth between the different growth plates. 
If action is delayed, the abnormal growth and 
the subsequent anatomical modifications will 
lead to a progressive and irreversible clinical 
picture [2, 5]. Puberty is a turning point in all 
children with scoliosis, as it increases the risk of 
progression [3, 4].

Importantly, spine and thoracic cage growth 
are closely related, although their growth is 
not synchronous. In particular, Dimeglio et 
al., Canavese et al., and Charles et al. reported 
that that thoracic parameters should always be 
related to growth parameters, such as weight 
and sitting height, rather than age, because of 
possible height variations within one age section 
[1, 2, 6, 7].

WEIGHT 

Careful weight assessment is an important part 
of the orthopaedic evaluation. Weight is another 
useful parameter for assessing growth, as most 
children with severe progressive scoliosis 
exhibit a deficit in weight [1, 2, 5–7]. The weight 
increases by twentyfold between birth (about 3 
kg and 32% of final weight) and skeletal matu-
rity; it is about 20 kg, 30 kg, and 60 kg at age 

5, 10, and 16, respectively. As a rule of thumb, 
weight usually doubles during pubertal growth 
spurt.

CERVICAL SPINE (C1–C7) GROWTH

At birth, the cervical spine (C1–C7) measures 
3.7 cm; it will double in length by age 6 and will 
gain an additional 3.5 cm during the pubertal 
growth spurt to reach the adult length of about 
13 cm; it represents 22% of the C1–S1 segment 
and about 16% of the sitting height [1, 2, 6, 7].

MEDULLAR CANAL 

The diameter of the cervical spinal canal varies 
with location, typically decreasing in width from 
C1 to C7 or from C1 to C3, then widening slightly. 
The average width of the cervical canal is 13.2 
mm, and the average anteroposterior depth is 7.7 
mm [1, 2, 6, 7]. Therefore, the transverse and sag-
ittal diameters of the cervical canal are important 
because the room available for the spinal cord 
can vary significantly within the cervical spine. 
In the adult, at C3, the normal transverse diam-
eter is 27 mm, and the average sagittal diameter 
is approximately 19 mm [1, 2, 6, 7].

THORACIC SPINE (T1–12) GROWTH

The growth of the thoracic spine (T1–T12) is 
characterised by a rapid phase from birth to 5 
years of age (+7.3 cm), a slower phase from 5 
to 10 years of age (+3.8 cm), and rapid growth 
through puberty (+6.5 cm–7 cm) [1, 2, 6, 7]. The 
thoracic spine measures about 11 cm at birth 
and will reach a final length of about 28 cm in 
boys and 26 cm in girls.

The T1–12 segment represents 30% of the 
sitting height, and a single thoracic vertebra and 
its disc represents 2.5% of the sitting height. A 
T1–T12 segment of at least 18 to 22 cm is neces-
sary to avoid respiratory compromise as it corre-
sponds to about 70% of expected T1–T12 length 
[1, 2, 5, 6].

MEDULLAR CANAL 

The thoracic spinal canal is narrower than both 
the lumbar and the cervical canal. The fifth fin-
ger may be introduced into this canal at age 5, 
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when it has attained 95% of its final size [5]. The 
average transverse and anteroposterior diameter 
at T7 is about 15 mm.

LUMBAR SPINE (L1–L5) GROWTH

The growth of the lumbar spine (L1–L5) is char-
acterised by a rapid phase from birth to 5 years 
of age (+3 cm), a slower phase from 5 to 10 years 
of age (+2 cm), and rapid growth through puberty 
(+3 cm). The lumbar spine measures about 7 cm 
at birth, and will reach a final length of about 16 
cm in boys and 15.5 cm in girls; at age 10, the 
lumbar spine has reached 90% of its final height 
but only 60% of its final volume [1, 2, 6, 7].

The lumbar spine represents 18% of the sitting 
height, and a single lumbar vertebra and its disc 
account for 3.5% of the sitting height [1, 2, 6, 7].

MEDULLAR CANAL

The medullar canal in the lumbar spine is wider 
than that of the thoracic spine. The forefinger can 
be introduced. At birth, the spinal cord ends at 
L3, and at maturity, it ends between L1 and L2.

SPINE AND THORACIC CAGE 
GROWTH FROM BIRTH 
TO 5 YEARS OF AGE

Between birth (35 cm) and age 5 (62 cm), there 
is a significant increase in the sitting height (+27 
cm–30 cm) and the gain in spinal height is the 
same as the gain between age 5 and skeletal 
maturity; moreover, during the first two years of 
life, sitting height will increase by 63% (22 out 
of 35 cm) [2, 5]. During this period, the spine is 
mostly cartilaginous as only 30%–40% is ossi-
fied and thus vulnerable to the changes induced 
by a progressive spinal deformity.

Growth of the spine cannot be dissociated 
from the thoracic cage growth, as these two enti-
ties are closely interrelated. The thoracic cage 
has a perimeter of about 32 cm at birth (36% of 
its final length and 98% of the sitting height). By 
age 5, thoracic perimeter will reach 63% of its 
final size [1, 2, 5].

Severe infantile scoliosis leads to progres-
sive deformity of the thoracic cage. Over time, 
a mainly orthopaedic disorder shifts toward a 

systemic paediatric disease characterised by 
severe spine distortion and cardiopulmonary 
impairment; a multidisciplinary approach is 
required for patients in this population. Severe, 
progressive infantile spine deformities are 
characterised by a cascade of growth disorders 
that amplify each other, like a domino effect: 
abnormal growth of the spine leads to abnormal 
growth of the thorax, which leads to abnormal 
growth of the cardiopulmonary system. The 
goal of treatment is to break this vicious cycle 
by restoring thoracic motion and provide enough 
space for the lungs and heart (referred to as the 
parasol effect).

In this respect, an offensive strategy is essen-
tial to protect lung development and growth. 
Canavese et al. [6–10] have experimentally 
proven that an early spinal arthrodesis can have 
negative effects on the development of the tho-
racic cage and of the lungs. Karol et al. [8] have 
confirmed clinically the negative consequences 
of early spine fusion in children with early onset 
spinal deformity. In particular, a spinal arthrod-
esis of the thoracic spine performed early in life 
can have negative repercussions on the heart, 
lungs, respiratory muscles, nervous system, and 
endocrine system [9–13]. There is an interaction 
between the organic components of the spine, 
the thoracic cage, and the intrathoracic and 
some extrathoracic organs. Fusion causes respi-
ratory insufficiency and adds loss of pulmonary 
function to the spinal deformity [8–13]. It has 
been shown that, to develop significant modifi-
cations of cardiorespiratory status, a deformed 
spine and significantly reduced spinal height 
must be present simultaneously. The simulta-
neous presence of a short spine and deformity 
alter plastic properties of the thoracic cage [6, 
7, 9, 11, 13]. Xun et al. [14] suggested that, when 
correcting severe scoliosis, the surgeon should 
not only straighten the spine, but also preserve 
the kinematics of the spinal column and thoracic 
cage, with the diaphragm perpendicular to the 
spine to restore its function as a respiratory pis-
ton. At skeletal maturity, the goal is to have a 
vital capacity of at least 50%, a weight of at least 
40 kg, and a thoracic spine length of at least 18 
cm–22 cm [2, 6–8, 14].

The thoracic volume has reached only 6% 
and 30% of its definitive size at birth and at age 
5, respectively.
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SPINE AND THORACIC 
CAGE GROWTH BETWEEN 5 
AND 10 YEARS OF AGE

Between 5 and 10 years of age, the annual growth 
rate of the spine slows down; it is a deceleration 
period. In particular, the gain in sitting height is 
about 2.5 cm/year, while the T1–S1 spine seg-
ment will gain about 1.1 cm–1.2 cm/year and the 
annual weight increase is of about 2.5 kg/year 
[1, 2, 5]. During this period, the thoracic perim-
eter increases by 10 cm (from 56 cm to 66 cm) 
with an annual growth rate of about 2 cm/year; 
however, this increase is lower compared to the 
first 5 years of life [7].

RIB-VERTEBRAL-STERNAL-
COMPLEX (RVSC)

The thoracic cage is part of the rib-vertebral-
sternal-complex (RVSC). Severe scoliosis 
(Figure 4.1) can adversely affect thorax devel-
opment by changing its shape and reducing its 
normal motility. The RVSC, which fits the tho-
racic cavity three-dimensionally (3D), tends to 
constitute an elastic structural model similar to 
a cube in shape [10, 11]. However, in the pres-
ence of scoliosis, it becomes flat and rigid and 

turns elliptical, thus preventing the lungs from 
expanding [10, 11, 14]. At birth, the difference 
between thoracic depth and width is minimal, 
and the ratio of thoracic depth/thoracic width is 
very close to 1. Conversely, at skeletal maturity, 
the thoracic depth/thoracic width ratio is lower 
than 1, as width has grown more than depth. 
For this reason, the overall thoracic cage shape 
evolves from ovoid at birth to elliptical at skele-
tal maturity. At skeletal maturity, thoracic depth 
and width represent about 20% and 30% of sit-
ting height, respectively [1, 2, 6, 7, 10, 11].

LUNG GROWTH

Lung growth is a process involving different pul-
monary structures growing at different paces. 
At birth, the newborn has the same number of 
conducting airways as an adult. From infancy to 
adulthood, the tracheal caliber increases two- to 
threefold, while alveolar (peripheral areas con-
taining alveoli) and acinar regions (peripheral 
area containing pulmonary capillaries) undergo 
substantial postnatal growth and development. 
At the end of lung development, the total num-
ber of alveoli has increased sixfold, and alveo-
lar-capillary surface has increased by more than 
tenfold. A progressive spinal deformity, induc-
ing distortion of the thoracic cage, can compro-
mise lung development and growth, as up to 85% 
of alveoli develop after birth. In particular, dur-
ing the first 7 years of life, there is an increase in 
the number of alveoli (alveolar multiplication), 
while after that period, there is an increase in 
the alveolar size (alveolar growth), and the over-
all number of alveoli does not change anymore 
[2, 6, 7, 15].

The thoracic volume will reach 50% of 
its definitive size by age 10, while the normal 
number of alveoli increase from 20 million at 
birth to 300 million at age 7; during this period, 
60% of the spine has ossified. Therefore, the 
crucial time frame for both spine and thoracic 
cage growth occurs during the first 5–7 years 
of life and it coincides with lung development. 
Reduction of spine growth and subsequent alter-
ations of thoracic cage size and function during 
the period of alveolar multiplication can cause 
progressive postnatal pulmonary hypoplasia 
(Figure 4.2) [2, 6, 7]. Gollogly et al. [16] reported 
that lung parenchyma volume is a function of 

FIGURE 4.1  9-year-old boy with infantile scoliosis 
and distortion of thoracic cage growth.
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age. Lung parenchyma volume is about 400 cc 
at birth, 900 cc at age 5, 1500 cc at age 10, and 
about 4000 cc at skeletal maturity [16]. Recent 
studies reported normal values of 3D thoracic 
growth from childhood to adult ages, while oth-
ers found that mild to moderate scoliosis do not 
affect thoracic width, depth, and volume at any 
stage of growth [1, 2, 6, 7, 14, 15, 17, 19, 20].

SPINE AND THORACIC CAGE 
GROWTH DURING THE 
PUBERTAL GROWTH SPURT

Puberty is a turning point in children with idio-
pathic scoliosis, as the pubertal growth spurt 
increases the risk of deformity progression. 
During puberty, standing height increases by 
approximately 1.4 cm–1.5 cm/year, and a new 
period of acceleration of the spine growth is 
observed [2–4, 19, 20]. Duval Beaupere et al. 
[22] have demonstrated that, during the pubertal 
growth spurt, scoliosis will worsen substantially 
in most cases. Charles et al. have shown that if 
curve magnitude reaches 30° at the beginning 
of puberty, the need for surgery is very close to 
100%; on the other hand, the need for surgery is 
about 20% if the curve magnitude at the begin-
ning of puberty is 20° [21–25].

A prefect knowledge of the different stages 
of puberty is essential to provide a rationale, and 
well balanced, treatment strategy. However, the 
chronological age is a poor indicator of remain-
ing growth and bone age should be used when-
ever possible [26–29].

Puberty starts at 11 years of bone age in 
girls and at 13 years of bone age in boys. The 
onset of puberty is characterised by a dramatic 
increase in stature, a significant change in the 
proportions of the upper and lower body seg-
ments, a modification of the overall morphology 
of the body, the first appearance of pubic hair, 
the budding of the nipples, and testicular growth 
(secondary sexual characteristics) [1–4, 22–25]. 
The secondary sexual characteristics generally 
develop in harmony with bone age, but there are 
discrepancies in about 10%–20% of cases [1–4].

The first physical sign of puberty in boys is 
testicular growth. In 70% of cases, it occurs 3.5 
years before attaining adult height. At onset of 
puberty, boys have approximately 13 years of 
bone age, the Risser sign is 0, the triradiate car-
tilage is still open and have 13% of remaining 
growth (22.5 cm; 12.5 cm in sitting height and 
10 cm in subischial length). At this age, girls have 
well-developed secondary sexual characteristics, 
and their rate of growth is already decelerating.

In more than 90% of girls, the first physi-
cal sign of puberty is breast budding; menarche 
occurs at Risser I, about 2 years after breast bud-
ding, and final height is usually achieved 2.5–3 
years after menarche [1–4, 22–25]. At the onset 
of puberty, girls have approximately 11 years of 
bone age, the Risser sign is 0, the triradiate car-
tilage is still open and have 12% of remaining 
growth (20.5 cm; 11.5 cm in sitting height and 9 
cm in subischial length). After menarche, girls 
will gain the final 5% of their standing height, 
about 3 cm–5 cm [1–4, 22–25].

FIGURE 4.2  9-year-old girl with untreated early onset scoliosis. MRI (A), radiographs (B), and transverse 
CT scan (C) show severe alteration of spine/thoracic cage relationship.
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During the pubertal growth spurt, growth is 
far more noticeable in the trunk than in the lower 
limbs; in particular, during puberty, two-thirds of 
growth is at the level of the trunk (sitting height) 
and one-third at the level of the lower extrem-
ity (subischial length) [1, 2]. Charles et al. and 
Canavese et al. found that the anterior-posterior 
thoracic diameter at the level of the xiphoid pro-
cess, the thoracic width, and the thoracic perim-
eter correspond to 20%, 30%, and almost 100% 
of sitting height, respectively [6, 19, 20].

The peak growth velocity occurs between 13 
and 15 years of bone age in boys and between 
11 and 13 years of bone age in girls. After this 
period, there is a substantial decrease in the 
annual growth rate, with growth in the the lower 
limbs stopping rapidly; the remaining growth is 
about 5.5 cm (1.5 cm in the lower limbs) [1–4].

PUBERTAL DIAGRAM

By plotting the gain in sitting and standing height 
every 6 months, the pubertal diagram, which 
represents the pubertal growth spurt, can be 
obtained. Within the pubertal diagram, two very 
distinct periods can be identified: 1) the accel-
eration phase or ‘ascending side of the pubertal 
growth spurt’, between 11 and 13 years of bone 
age in girls and 13 and 15 years of bone age in 
boys and 2) the deceleration phase or ‘descending 
side of the puberty’, between 13 and 15 years of 
bone age in girls and between 15 and 17 years 
of bone age in boys; this phase is characterised 
by a significant deceleration of growth. During 
the ascending side, the gain in sitting height is 
approximately 8.5 m in boys and 7.7 cm in girls; 
on the other hand, the gain is about 5 cm for boys 
and 4.5 cm for girls during the descending side 
[3, 4, 21, 27]. Whatever the population or the eth-
nicity, the chronology of puberty is always the 
same: an acceleration phase (ascending side) fol-
lowed by a deceleration phase (descending side).

The spine surgeon must be aware of the fol-
lowing radiographic parameters.

•	 Elbow closure (13 and 15 years of bone 
age in girls and boys, respectively) and 
fusion of the distal phalanx of the hand 
split the pubertal growth spurt into two 
parts: ascending and descending side.

•	 Triradiate cartilage closes during the 
ascending phase at 12 and 14 years of 
bone age in girls and boys, respectively.

•	 Risser sign appears during the 
descending phase. Risser I appears at 
13.5 and 15.5 years of bone age in girls 
and boys, respectively.

•	 The peak height velocity it is not a point 
in the curve, as it takes place during the 
first 2 years of puberty (ascending side).

•	 During puberty, the peak of growth 
results from a combination of three 
smaller peaks (micropeaks); the first 
peak involves the lower limbs, the sec-
ond peak involves the trunk, and the 
third peak involves the thorax.

Risser 0 makes up two-thirds of the ascend-
ing phase of puberty, and it can be divided into 
two parts: 1) Risser 0-triradiate cartilage open 
(11–12 and 13–14 years of bone age in girls and 
boys, respectively) and 2) Risser 0-triradiate 
cartilage closed (12–13 and 14–15 years of bone 
age in girls and boys, respectively).

When plotting all these data on the pubertal 
diagram, four distinct zones (Figure 4.3) can be 
identified: two in the ascending side and two in 
the descending side [2 ,21, 26, 29]:

•	 Zone 1: Risser 0, triradiate cartilage 
open (ascending side).

•	 Zone 2: Risser 0, triradiate cartilage 
closed (ascending side).

•	 Zone 3: Risser I-II, greater trochanter 
open (descending side).

•	 Zone 4: Risser III-V, greater trochanter 
closed (descending side).

To evaluate the potential for progression of a 
spinal curvature, it is important to evaluate the 
behaviour of the curve during the ascending side 
of the pubertal diagram, when the risk of pro-
gression is significantly higher [21–25].

BONE AGE 

It is essential to evaluate the bone age, as only 
50% of the population has a bone age in con-
cordance with the chronological age. There 
are many options to assess bone age, but the 
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simplified olecranon method should be pre-
ferred during the ascending phase of puberty, 
as it is more precise than the Greulich and Pyle 
atlas. On the descending phase, the Risser sign 
is helpful although not precise enough when 
complex decisions must be taken; during this 
period, methods involving the hand are more 
detailed, although a good correlation has been 
proved between hand and iliac crest radiographs 
[19, 20, 22, 25, 26, 28, 30].

Despite all useful information bone age can 
provide, it must always be balanced with second-
ary sexual characteristics, annual growth rate 
and, in girls, the onset of menarche. Sometimes 
Risser V (complete ossification of the iliac 
apophysis) never appears and is, therefore, dif-
ficult to decide whether a specific treatment can 
be stopped, as clinical signs are also important. 
If there is no more increase in sitting height, a 
treatment can be stopped. Usually, 2–2.5 years 
after the onset of menarche, the trunk stops 
growing [1 ,2, 5].

Parents frequently ask how much a spinal 
fusion for scoliosis will decrease the final height 
of their child. To determine the answer to this 
question, the surgeon needs to know the remain-
ing sitting height and the contribution to it made 
by the vertebrae that will be fused. After a bone 
age of 13 years in girls, when there are only 4 
cm of remaining growth in sitting height, and 
after a bone age of 15 years in boys, when there 
are only 5 cm of remaining growth in sitting 
height, there is little need for concern about final 
height [1–4, 6, 7, 22–25].

THE CRANKSHAFT PHENOMENON

The crankshaft phenomenon was described by 
Dubousset in 1973 [30] and Dubousset et al. 
in 1989 [31]. It occurs when there is a solid 
posterior arthrodesis with sufficient anterior 
growth remaining to produce a rotation of the 
spine and trunk with progression of the curve 
[29, 30]. To control a scoliotic curve, all growth 
plates involved in the deformity should be neu-
tralised at once. This fundamental concept is 
at the heart of the crankshaft phenomenon; 
therefore, the surgeon must consider the state 
of skeletal maturity and the amount of growth 
remaining in the portion of the spine that is to 
be fused [30, 31].

The younger the patient, the higher the risk 
of crankshaft phenomenon. During the pubertal 
growth spurt, the risk still persists. Sanders et 
al. [32] have demonstrated that the risk of crank-
shaft phenomenon is lower when the triradiate 
cartilage is closed; however, triradiate cartilage 
closes 1 year after the onset of puberty when 
the remaining sitting height is about 8 cm–9 cm 
in both boys and girls [1, 2, 5, 21, 27, 29]. Full 
screws constructs can reduce the risk of crank-
shafting, although the risk cannot completely be 
eliminated. Sanders et al. [33] performed a ret-
rospective study of posterior spinal instrumenta-
tion with fusion in 43 patients with idiopathic 
scoliosis, who were at Risser 0 at the time of 
surgery. The triradiate cartilage was open in 23 
patients and closed in 20. The crankshaft effect 
was observed in 10 of the 23 patients (43.5%) 

FIGURE 4.3  Pubertal diagram.
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with open triradiate cartilage, and in one patient 
(5%) with a closed triradiate cartilage.

The crankshaft phenomenon should not only 
be merely considered as worsening of the Cobb 
angle, as it carries several other negative effect, 
including aggravation of the spinal imbalance, 
deterioration of the thoracic deformity, and 
aggravation of the deformity above and below 
the instrumented segments [30, 31].

THE ‘SCOLIOTIC RISK’

When dealing with patients with idiopathic sco-
liosis, the basic question is ‘what is the scoli-
otic risk for the patient?’ As a rule of thumb, the 
younger the child, the higher the scoliotic risk. 
A scoliosis of 20° does not have the same risk of 
deterioration at 5, 10 or 15 years of age. Several 
papers have been published on the surgical risk 
of scoliosis, and, by merging all published data 
together, a relatively simple approximation can 
potentially be used in daily practise [18, 24].

The scoliotic risk for a 20° curve should be 
multiplied by 5 at 5 years of age (20 × 5 = 100% 
risk of progression), by 4 at 10 years of age (20 × 4 
= 80% risk of progression), by 3 at the beginning 
of puberty (20 × 3 = 60% risk of progression) and 
by 2 at the peak of pubertal growth spurt (Risser 
I; 20 × 2 = 40% risk of progression).

At Risser II, the risk of progression of a 
20° curve drops to 20%, although more severe 
deformities (30°–40°) carry a higher risk of pro-
gression (30%) [21, 27].

However, the risk of progression for curves 
measuring 10°, 20°, or 30° for patients on the 
descending side of puberty is different, as the 
strategy of management essentially depends 
upon the topography of the curve. In particular, 
lumbar deformity should never be underesti-
mated because of the potential for poor outcome 
during adulthood. A curve increasing by 10° 
during the first 2 years of puberty carries a high 
risk of requiring surgical treatment.

WHAT WILL BE THE FINAL DEFICIT 
OF THE TRUNK AFTER POSTERIOR 
SPINE INSTRUMENTED FUSION?

The deficit in trunk height induced by a pos-
terior spine fusion can be easily assessed by 
a) evaluating the sitting height; b) evaluating 

the remaining sitting height; c) considering 
each single thoracic and lumbar vertebra will 
cause a 2.5% and 3.5% deficit is sitting height, 
respectively; d) adjusting these values to the 
age of the patient; and e) applying the follow-
ing algorithm as some authors have suggested: 
0.07 mm/vertebra/year of remaining growth). 
The overall loss of sitting height will be com-
pensated by the correction of the deformity 
[1–4].

CONCLUSIONS

Perfect Knowledge of Normal 
Growth Parameters Is Mandatory

Only perfect knowledge of normal growth 
parameters allows a better understanding of 
both normal and abnormal spine and thoracic 
cage growth. Measurement of sitting height 
gives an indirect estimate of spinal growth, 
and it is certainly instructive to monitor sitting 
height rather than standing height.

Anticipation Is the Best Strategy

There is a reciprocal interaction between spine, 
thoracic cage, and cardiorespiratory system. 
Progressive spinal deformities and early spinal 
arthrodesis can alter spinal and thoracic cage 
growth by altering both shape function. As the 
spinal deformity progresses, a domino effect 
causes modification to the size and shape of the 
thoracic cage. If action is delayed or not taken, 
the abnormal growth and the subsequent ana-
tomical modifications of both spine and thoracic 
cage will lead to a progressive, evolutive, and 
irreversible clinical picture.

Essential Key Points to Keep in Mind When 
Dealing with Paediatric Spinal Deformities

•	 The growing spine is a complex phe-
nomenon characterised by the inter-
action among more than 130 growth 
plates.

•	 Repeated clinical measurements allow 
identification and treatment of antici-
pated progressive deformities.

•	 Sitting height is more precise than 
standing height.
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•	 Bone age is more precise than chrono-
logical age.

•	 Careful weight assessment is an impor-
tant part of the orthopaedic evaluation, 
as weight doubles during pubertal 
growth spurt.

•	 Ask yourself: a) What is the sitting 
height? b) What about remaining sit-
ting height? c) What is the bone age? 
d) Is the patient on the ascending or 
descending side of puberty?

•	 Most spinal deformity arises within the 
T1–S1 segment (strategic segment).

•	 The T1–S1 segment makes up about 49% 
of the sitting height at skeletal maturity.

•	 The T1–T12 segment represents about 
30% of the sitting height (at maturity).

•	 The L1–L5 segment represents about 
19% of the sitting height (at skeletal 
maturity).

•	 Spine and thoracic cage growth are 
closely interrelated.

•	 About half of trunk growth occurs dur-
ing the first 5 years of life.

•	 As the spinal deformity progresses, a 
‘domino effect’ causes modification to 
the size and shape of the thoracic cage.

•	 The crankshaft phenomenon is at the 
heart of paediatric spinal pathology.

•	 The timing of spinal arthrodesis 
should be decided after accounting for 
all growth parameters.
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5 Pulmonary Evaluation 
and Management of 
Early-Onset Scoliosis

Laura Ellington, Mary Crocker, and Gregory Redding

Early onset scoliosis (EOS), which begins 
before 10 years of age, impairs breathing to 
variable degrees during childhood. Severe EOS 
can be lethal due to cardiopulmonary failure 
with or without pulmonary hypertension; how-
ever, other children with EOS have minor spine 
and thoracic deformities and are as active as 
their peers. While there is an interest in using 
structural features of scoliosis, such as the coro-
nal curve magnitude (also known as the Cobb 
angle), as a proxy for impairments in respiratory 
function, most studies have found weak correla-
tions at best between Cobb angle and spirom-
etry, sleep quality, or exercise tolerance [1–3]. 
This chapter addresses the breathing disorders 
associated with EOS, the ways to evaluate them 
(both quantitatively and qualitatively), and the 
role of medical providers in managing children 
with EOS in resource-limited settings (RLS).

PULMONARY MANIFESTATIONS 
OF EOS

EOS is often classified by aetiology, but diagno-
sis and strategies for care depend on the age at 
presentation [4]. Congenital scoliosis results from 

primary malformations of the vertebrae, usually 
due to hemivertebrae or failure of segmentation, 
producing a bar of fused bone. In the newborn 
period, congenital scoliosis, with or without 
abnormal ribs, can lead to immediate respira-
tory distress, requiring supportive care, such as 
oxygen, enteral tube feedings, and mechanical 
ventilation to survive. However, congenital sco-
liosis can present late in childhood if there is an 
isolated hemivertebra or two hemivertebrae that 
are balanced (one on either side of the spine) 
thereby producing a relatively straight back. 
Neuromuscular scoliosis results from conditions 
producing muscle weakness or spasticity, such as 
cerebral palsy. Progressive scoliosis occurs with 
progressive neuromuscular weakness [5]. This 
can begin early in life, such as spinal muscular 
atrophy Type I, or during adolescence; however, 
neuromuscular weakness can also compromise 
respiratory function before scoliosis begins [6]. 
Syndromic scoliosis is usually part of a multi-
organ condition often due to a genetic disorder. 
Syndromic EOS is often associated with multi-
organ disease, such as VACTERL syndrome, 
in which the vertebral abnormalities are over-
shadowed by other congenital abnormalities 
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that require more immediate intervention. 
Thoracogenic scoliosis develops after cardiac 
or thoracic surgery, such as congenital diaphrag-
matic hernia or rib resection early in life. Finally, 
idiopathic EOS includes infantile (0–3 years of 
age) and juvenile (4–10 years of age) scoliosis, 
based on the age at first detection [7]. In older 
infants and toddlers, a spine deformity may be 
the first indication of EOS rather than respiratory 
features. However, poor nutritional status, i.e. low 
weight for length and failure to thrive, may be the 
presenting problem, as tachypnoea with feed-
ing and limited oral intake often go unnoticed. 
This may be additionally challenging to diagnose 
in RLS where additional factors, including low 
socioeconomic status, contribute to malnutrition. 
In older children, EOS can produce fatigability 
and dyspnoea with exercise and may limit activi-
ties during play or sports. As children adapt to the 
increased work of breathing, they often opt for a 
more sedentary lifestyle. Consequently, patients 
may not report dyspnoea because they choose not 
to exert themselves. Alternatively, children pres-
ent with respiratory distress associated with an 
acute lower respiratory tract infection or with pro-
longed symptoms during and after the infection.

PATHOPHYSIOLOGY OF EOS

Several pathophysiologic processes coexist in 
children with EOS. Spine and chest wall defor-
mities lead to malalignment of the vertebral 
body, ribs, and sternum. This malalignment may 
be rigid initially, as with congenital scoliosis, or 
become more rigid over time due to prolonged 
joint immobility, as occurs with neuromuscular 
weakness. Surgical implantation of rigid devices 
and spine fusion also lead to loss of spine and 
thoracic flexibility, producing additional stiff-
ness [8]. Increased chest wall rigidity leads to 
greater respiratory work to maintain chest wall 
excursion with breathing. With severe deformi-
ties, the chest wall moves minimally, and excur-
sion occurs with paradoxical abdominal motion. 
Patients minimise respiratory work by chang-
ing their breathing pattern. Minute ventilation 
is maintained by breathing more shallowly but 
faster.

In addition, the intercostal muscles become 
less effective as ribs become immobile and 
patients rely increasingly on the diaphragm to 

generate force during inspiration. Inspiratory 
force, such as maximal inspiratory pressure, is 
diminished in many children with EOS, even in 
the absence of underlying neuromuscular weak-
ness disorders [9]. Inspiratory muscle weakness 
directly correlates with reduced vital capac-
ity in older children with EOS. This is likely 
due to rotation and tethering of the diaphragm 
to deformed skeletal structures in EOS. It is 
unclear if reduced movement with contraction 
results in atrophy of certain muscles, such as the 
intercostal muscles. Poor nutritional status also 
results in respiratory muscle weakness and fati-
gability. The combination of a stiffer chest wall 
and weaker respiratory muscles predisposes 
children to hypercapnia, particularly during 
respiratory infections and during sleep.

The chest wall deformity also leads to 
reduced lung volumes and local distortion of 
lung shape, as illustrated in Figure 5.1. Loss of 
lung volume regionally or generally leads, in 
turn, to reduced lung compliance, contribut-
ing to respiratory system stiffness. Loss of lung 
volume also predisposes patients with EOS to 
recurrent hypoxaemia during sleep when pauses 
in breathing occur [3]. This occurs because 
some airways are narrowed with reduced func-
tional residual capacity (FRC) and close with 
relaxation of thoracic muscles during rapid 
eye movement (REM) sleep. These are called 
hypopnoeic hypopxaemic episodes during 
sleep and differ from obstructive apnoeas that 
are more prolonged and due to upper airway 
obstruction or collapse. In children with large 
tonsils and adenoids, obstructive sleep apnoea 
and recurrent hypoponeic hypoxemic events can 
coexist and disturb sleep quality.

PULMONARY EVALUATION 
OF CHILDREN WITH EOS

On physical exam, a posterior rib hump is pres-
ent with or without changes in the anterior chest. 
One shoulder is often higher than the other. 
Posteriorly, the scapula may protrude more on 
one side than the other. Isolated rib prominence 
may be present due to abnormal rib alignment, 
and large gaps between the ribs can often be 
palpated. Pectus deformities, such as pectus 
excavatum or pectus carinatum, may coex-
ist with spine deformities. Pectus excavatum, 
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especially in the presence of thoracic lordosis, 
leads to reduced chest wall depth, known as 
pectus gracilus, and often compression of large 
airways, producing fixed airway obstruction [10, 
11]. This is illustrated in Figure 5.2, which dem-
onstrates the limited chest wall depth related to 
the thoracic lordosis and pectus gracilus. The 
pulmonary arteries and even the esophagus 
can also be compressed with loss of chest wall 
depth.

Inspection will also reveal that children use 
their abdominal muscles to exhale more force-
fully at rest; however, this is not a prolonged 
exhalation but a short push with every breath. 
This likely reflects abnormal diaphragmatic 
position and an attempt by the child to reposi-
tion the diaphragm during exhalation to its most 
effective position higher in the chest to initiate 
the next breath. Abnormal findings on ausculta-
tion include unilaterally reduced breath sounds 
or bilaterally reduced breath sounds despite 
maximal inspiratory efforts. Breath sounds 
may be asymmetric due to asymmetric restric-
tive constraint of the ribs on one side or reduced 
diaphragm function and excursion on one side. 
Alternatively, breath sounds may be louder 
than normal on a more functional side due to 
mainstem or lobar bronchial compression by 
the spine and mediastinal organs. Rales, rhon-
chi, and wheezes are not common in EOS in the 
absence of underlying lung or airway disease 

and should raise questions about concurrent pri-
mary pulmonary disease.

The physical examination in young children 
who are able to run should include an exami-
nation after running to hear breath sounds 
with deeper breathing and to count the respira-
tory rate. This manoeuver will produce breath 
sounds that were diminished at rest and also 
demonstrate exercise-related tachypnoea, which 
is the earliest manifestation of restrictive chest 
wall disease.

In addition, the examination should survey 
for cardiac disease, neuromuscular weakness 
or spasticity, and nutritional state. The abdo-
men should be examined to assess subdiaphrag-
matic reasons for restrictive lung disease, such 
as hepatosplenomegaly and distension due to 
air swallowing and/or constipation. The abdo-
men should also be examined for pelvic obliq-
uity, associated with thoracolumbar scoliosis, 
as this elevates one iliac crest to abut, enclose, 
or intrude beneath the ribs unilaterally. This is 
assessed by placing your fingers between the 
iliac crest and lower ribs and palpating the dis-
tance between them.

An examination of the hypopharynx is 
important in children with EOS who snore, 
thrash in bed, and or sweat when asleep. Upper 
airway obstruction due to tonsil and adenoid 
hypertrophy is more likely to produce hypox-
aemia during sleep when lung volumes are 

FIGURE 5.1  Computerised tomogram of the chest and spine in a transverse cut demonstrating differences 
in left and right lung size and shape.
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reduced due to scoliosis. Nutritional status can 
be assessed using weight for age, weight veloc-
ity on appropriate growth curves, or weight for 
length using arm span instead of length in chil-
dren with significant spine curvature.

Unfortunately, apart from respiratory rate 
and weight, these features are not quantitative. 
Nonetheless, these findings are important to note 
in estimating degree of restrictive or obstructive 
lung disease due to spine and thoracic deformity 
over time. Presence of breath sound asymme-
try, abdominal expiratory push, tachypnoea at 
rest, pelvic obliquity, and poor nutritional status 

represent different pathophysiologic features of 
EOS, but together, they indicate more severe 
respiratory disease.

DIAGNOSTIC TESTS

The spine radiograph and spirometer are nec-
essary to understand the spine deformity and 
its respiratory consequences for an individual. 
Pulse oximetry is useful at night more than dur-
ing wakefulness, as sleep related oxyhemoglobin 
desaturation is more common than hypoxaemia 
when awake. In children with severe spine and 

FIGURE 5.2  Sagittal view of the spine in a child with thoracic lordosis, producing a reduced chest wall 
depth, contributing to lower lung volumes and restrictive lung disease.
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rib deformities, an assessment of hypercapnia 
using blood gas and serum bicarbonate levels 
identifies high-risk patients in chronic respira-
tory failure. Lung function testing is most useful 
to rule out primary lung disease, such as asthma, 
and then, after the pulmonary disease has been 
treated, as an objective measure of the spine and 
chest wall impact on breathing.

The spine radiographs should include ante-
rior-posterior and lateral views (coronal and 
sagittal views, respectively) in order to better 
assess the thorax and diaphragmatic contours. 
One reason for these films is to rule out aeti-
ologies for poor pulmonary status due to condi-
tions other than scoliosis. Abnormalities, such 
as lobar or whole lung atelectasis, occur during 
acute respiratory illnesses in children with EOS 
due to localised restriction of lung expansion. 
Recurrent pneumonias and aspiration events 
may lead to airway damage and even regional 
bronchiectasis. Scoliosis after repair of a con-
genital diaphragmatic hernia repair is particu-
larly problematic as restrictive changes result 
from the hypoplastic lung(s) and/or the spine 
deformity. Herniation of the lung is often identi-
fied when ribs are absent or abnormally spaced.

In addition, special attention should be 
focussed on the contour of the diaphragm. The 

diaphragm is attached posteriorly at the first to 
the third lumbar vertebrae, to the pericardium in 
the chest, and to the xiphoid process anteriorly. 
Distortions in the relationships of these insertion 
points of the central tendon can lead to tethering 
of the crural portion of the diaphragm. In addi-
tion, the diaphragm is attached at the lower ribs as 
it descends to become the coastal region, apposed 
by the surface of the abdomen; therefore, deforma-
tion of the lower ribs can further distort, rotate, or 
tether the diaphragm, reducing its mobility. A flat-
tened diaphragm and one in which the pleural sul-
cus is absent reflects a diaphragm with decreased 
excursion. Diaphragmatic flattening illustrated in 
Figure 5.3 is associated with kyphosis.

Central airway compression by the spine 
posteriorly and mediastinal structures anteriorly 
is not readily apparent from a chest radiograph, 
but the presence of thoracic lordosis, especially 
in the presence of a pectus excavatum, should 
alert the clinician to this cause for unilateral 
obstructive lung disease [10]. It can be further 
confirmed by CT scan of the chest or flexible 
bronchoscopy if these tests are available.

Spirometry is simple to conduct but needs to 
be practised and mastered by the child in order 
to be interpretable. This is particularly true 
for children <6 years of age. Emphasis on the 

FIGURE 5.3  Spine films demonstrating flattened diaphragms in a child with kyphoscoliosis in the anterior-
posterior and lateral images.
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complete deep inspiration before the expiratory 
manoeuver is particularly important, as it is dif-
ficult for children to inhale to total lung capacity 
unless they are coached to do so. Most children 
with EOS have restrictive features on spirometry 
with a reduced FVC as a percent of normal. A 
forced expiratory manoeuver will help to iden-
tify underlying obstructive disease. Although 
this occurs in only 10%–30% of patients with 
EOS, it should be further investigated if present 
on more than one spirometric test [12]. In our 
study of children with EOS who demonstrated 
obstructive lung disease by spirometry, a third 
of those tested before and after a bronchodila-
tor trial had reversible airway obstruction, i.e. 
asthma, compared to two-thirds with irrevers-
ible obstruction, likely due to airway compres-
sion or airway traction [13].

Vital capacity is usually normalised for 
height to compare to children of different ages 
without scoliosis who are normal. However, 
children with significant scoliosis are shorter 
than predicted because of the spine curvature, 
therefore, arm span should always be used as a 
surrogate for height in children with scoliosis. 
Ulnar length can also be measured as there are 
formulas for ulnar length to height relationships 
that allow for this measure to be used as a sur-
rogate for predicted height as well. In different 
parts of the world, there are different prediction 
equations based on ethnicity.

Serial measures of vital capacity in absolute 
terms and as a % of predicted value are particu-
larly important. They can identify progressive 
loss of lung function as the spine deformity 
worsens, and this can assist the spine surgeon in 
deciding when to intervene. Spirometry is also 
useful to measure the pulmonary consequences 
of different spine surgical (and nonsurgical) 
strategies. In one long-term study, lung function 
declined by 25% despite treatment with spine 
distraction devices over a 6-year period [14]. 
Serial spirometric assessments should be con-
tinued after all surgical treatment is completed, 
as lung function can improve, decline, or stay 
the same after spine fusion. Spirometry has also 
been measured when children with EOS transi-
tion to adult care. In some series, there is pro-
gressive loss of lung function, particularly when 
the vital capacity is <70% after spine fusion in 
childhood or adolescence [15].

OTHER DIAGNOSTIC TESTS

In children with underlying neuromuscular 
weakness, the vital capacity does not discrimi-
nate between the impact of scoliosis and of 
respiratory muscle weakness. To do this requires 
a more direct assessment of inspiratory and 
expiratory muscle strength. Respiratory muscle 
strength can be assessed using maximum inspi-
ratory (MIP) and expiratory pressures (MEP) 
measured with a manometer connected to a 
closed system with no change in airflow [16]. 
This can be done at the mouth, or alternatively 
at the nose, to measure maximum sniff pres-
sures, which some patients find more intuitive to 
do. The MIP is measured after a complete exha-
lation, known as the Mueller manoeuver, when 
the patient has exhaled to residual volume. It can 
also be performed at functional residual capac-
ity, but the normal values differ at different lung 
volumes. MIP is age and gender dependent, as 
boys can generate greater pressures than girls, 
and adolescents have stronger respiratory mus-
cles than preadolescent children [17].

MEP can also be measured as an indication 
of abdominal muscle strength required to cough. 
It can be reduced more when neuromuscular 
weakness is present. Maximum expiratory pres-
sure is measured after a patient inhales as much 
as possible and then exhales against a closed 
system. MEP may be reduced when a patient’s 
total lung capacity is reduced, such as in sco-
liosis. MEP is also gender and age dependent. 
Reduced maximum expiratory pressure may 
indicate a reduced ability to cough, although the 
exact value at which cough is impaired is not 
clear.

There are multiple other tests that can com-
plement thoracic imaging and spirometry if 
available. Exercise testing using a treadmill or 
stationary bicycle will demonstrate a limited 
ability to perform external work, a reduced max-
imum oxygen consumption despite an expected 
elevated heart rate, and often deconditioning 
[1]. The 6-minute walk test has also been used 
in children with EOS, and the distance walked 
is often reduced. This test, like the formal car-
diopulmonary exercise test, is not specific to 
lung function limitations, as it is also affected 
by strength, cardiac status, balance, and devel-
opmental status. Neither test has been used to 
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make decisions regarding surgery and cannot 
be used as a surrogate for lung function alone, 
as correlates between exercise-derived data and 
spirometric data are poor until pulmonary limi-
tations are severe.

Sleep-related breathing disorders have also 
been identified in children with EOS. These 
occur most often during REM sleep and are 
associated with hypoxaemia and hypercapnia. 
The Apneoa-Hypopnoea Index is abnormal in 
the majority of children who undergo formal 
polysomnography. Among children who have 
been studied overnight with polysomnography, 
more than half required noninvasive positive 
ventilation or supplemental oxygen [18]. Sleep 
quality is also abnormal in the majority of chil-
dren tested, and this may affect growth velocity, 
intellectual development, and daytime behav-
iour. Sleep-related disorders in this population 
include risks described in normal children, such 
as tonsil and adenoidal hypertrophy, obesity, and 
midface hypoplasia. In centers that do not have 
paediatric sleep facilities, examination of the 
hypopharynx for enlarged tonsil should prompt 
earlier consideration of tonsil and adenoid 
removal. In lieu of a formal polysomnogram, 
overnight assessments of hypoxaemia with a 
pulse oximeter would be a reasonable screening 
procedure. Polycythaemia has been reported in 
up to 28% of children with EOS, likely reflect-
ing nighttime hypoxaemia during sleep [19]. 
This finding should prompt some investigation 
of breathing during sleep. Nap studies have been 
reported in children with EOS but are normal 
in many cases, probably because children do 
not often enter REM sleep during naps [20]. 
Improvements in sleep quality and nighttime 
hypoxaemia have been described in children 
with EOS undergoing serial sleep studies; how-
ever, the impact of spine surgery to treat EOS on 
breathing during sleep is not known

IMPLICATIONS OF LUNG FUNCTION 
TESTING IN CHILDREN WITH EOS

There is no data as yet that any surgical procedure 
to correct or improve EOS leads to improvement 
in lung functions [2, 21]. There is data that abso-
lute volumes in litres increase as children grow, 
even after growth-friendly devices are inserted 
to reduce the Cobb angle and increase vertebral 

length; however, when corrected for assumed 
height using arm span or ulnar length to cal-
culate expected normal height, predicted FVC 
declines over time with ongoing somatic growth 
[22, 23]. In other words, lung growth in func-
tional terms does not keep pace with somatic 
growth, probably because of thoracic cage con-
straints. In patients with EOS followed for 25 
years after spine fusion, lung function tended to 
remain the same as a % of predicted values if 
preoperative values were >80% (reflecting min-
imal lung function impairment initially) [15]. 
However, for children with more severe pulmo-
nary impairment, further decline in adulthood 
should be anticipated.

The advances in development of expandable 
growing titanium distraction devices, which 
can be increased in length noninvasively, has 
revolutionised orthopaedic management of 
severe early spine deformities. Advances in 
spinal growth modulators, such as vertebral 
tethers, hold promise of alternative surgical 
treatment strategies for selected populations in 
the future. This has produced a new population 
of children who are growing up with chronic 
restrictive lung disease often with prospects for 
further deterioration in adulthood. This popula-
tion will require long-term pulmonary assess-
ment and treatment to mitigate the long-term 
impact of spine deformities that have been sur-
gically corrected.

PULMONARY MANAGEMENT OF EOS

There are three epochs of care that require 
a pulmonary assessment. The first is when 
a child initially presents for spine care. The 
medical evaluation must focus on any preexist-
ing comorbid conditions that could complicate 
the functional consequences of the scoliosis. 
Malnutrition, anaemia, and other pulmonary 
conditions should be addressed before a pulmo-
nary assessment related primarily to scoliosis 
can be made. At that point, the lung functions 
preoperatively are the major determinant of 
lung functions throughout adulthood regardless 
of surgical therapy. This assessment may also 
impact how quickly a surgical or nonsurgical 
treatment (such as a brace) should be initiated.

The second epoch of assessment and care 
occurs during the preoperative and postoperative 
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period for each procedure, but especially for ini-
tial insertion of growing rods or spine fusion. 
The preoperative assessment should determine 
the level of lung function and, therefore, risk of 
postoperative complications. In patients with 
adolescent idiopathic scoliosis, a FVC<40% 
triples the risk of postoperative pulmonary 
problems [24]. There is no threshold value 
established for younger patients with EOS. We 
believe that pulmonary hypertension and hyper-
carbia preoperatively carry a higher pulmonary 
complication risk following any spine surgery in 
children with EOS. Finally, children should be 
actively gaining weight for the period before sur-
gery to improve wound-healing postoperatively. 
Postoperatively, children with restrictive chest 
wall disease may benefit from airway clearance 
treatments if their cough seems compromised, 
nutritional supplementation to avoid weight loss 
in the perioperative period, and adequate pain 
control.

Finally, at least 3 months after the final 
surgical procedure, such as spine fusion, lung 
functions should be measured to identify the 
best spirometric values to be expected there-
after. There is little data on children who have 
undergone prefusion growing rod treatment to 
prognosticate about degree of decline in adult-
hood. Danielsson [15] reported that 25 after 
spine fusion for EOS, adults who experienced 
further pulmonary decline in adulthood where 
those with a preoperative value of <70% for 
FVC. Such individuals merit serial pulmonary 
assessments as they age.

CONCLUSION

Decisions to treat EOS in young children are 
based on both structural and functional assess-
ments. Children may be too marginal to toler-
ate surgery if their deformity is severe and their 
lung function is severely compromised. This 
is a case-by-case decision ideally made by an 
interdisciplinary team. Children with EOS may 
not have the diagnostic modalities to assess 
lung structure and function objectively in RLS. 
Fortunately, important information may be 
gained through history, physical examination, 
and growth trends alone that should assist with 
decisions regarding surgical treatment and long-
term care.

REFERENCES

	 1. 	Jeans KA, Johnston CE, Stevens WR, et al. 
Exercise tolerance in children with early onset 
scoliosis: Growing rod treatment “graduates”. 
Spine Deform. 2016;4(6):413–9.

	 2. 	Mayer OH, Redding G. Early changes in 
pulmonary function after vertical expand-
able prosthetic titanium rib insertion in chil-
dren with thoracic insufficiency syndrome. J 
Pediatr Orthop. 2009;29(1):35–8.

	 3. 	Striegl A, Chen ML, Kifle Y, et al. Sleep-
disordered breathing in children with thoracic 
insufficiency syndrome. Pediatr Pulmonol. 
2010;45(5):469–74.

	 4. 	Willams BA, Matsumoto H, McCalla DJ, et al. 
Development and initial validation of the clas-
sification of early-onset scoliosis (C-EOS). J 
Bone Joint Surg Am. 2014;96(16):1359–67.

	 5. 	Mayer OH. Scoliosis and the impact in neu-
romuscular disease. Paediatr Respir Rev. 
2015;16(1):35–42.

	 6. 	LoMauro A, Romei M, Gandossini S, et al. 
Evolution of respiratory function in Duchenne 
muscular dystrophy from childhood to adult-
hood. Eur Respir J. 2018;51(2):1701418.

	 7. 	James JI. Idiopathic scoliosis; the prognosis, 
diagnosis, and operative indications related 
to curve patterns and the age at onset. J Bone 
Joint Surg Br. 1954;36-B(1):36–49.

	 8. 	Motoyama EK, Deeney VF, Fine GF, et al. 
Effects of lung function of multiple expansion 
thoracoplasty in children with thoracic insuf-
ficiency syndrome: A longitudinal study. Spine. 
2006;31(3):284–90.

	 9. 	Redding G, Mayer OH, White K, et al. 
Maximal respiratory muscle strength and vital 
capacity in children with early onset scoliosis. 
Spine. 2017;42(23):1799–804.

	 10. 	Borowitz D, Armstrong D, Cerny F. Relief of 
central airways obstruction following spinal 
release in a patient with idiopathic scoliosis. 
Pediatr Pulmonol. 2001;31(1):86–8.

	 11. 	Redding GJ, Kuo W, Swanson JO, et al. 
Upper thoracic shape in children with pectus 
excavatum: Impact on lung function. Pediatr 
Pulmonol. 2013;48(8):817–23.

	 12. 	McPhail GL, Boesch RP, Wood RE, et al. 
Obstructive lung disease is common in 
patients with syndromic and congenital sco-
liosis: A Preliminary Study. J Pediatr Orthop. 
2013;33(8):781–5.

	 13. 	Redding GJ, Hurn H, White KK, et al. 
Persistence and progression of airway obstruc-
tion in children with early onset scoliosis. J 
Pediatr Orthop. 2020;Apr 3;40(4):190–195.

	 14. 	Dede O, Motoyama EK, Yang CI, et al. 
Pulmonary and radiographic outcomes of 



67Pulmonary Evaluation and Management of Early-Onset Scoliosis﻿

VEPTR (vertical expandable prosthetic tita-
nium rib) treatment in early-onset scoliosis. 
JBJSAM. 2014;96(15):1295–302.

	 15. 	Danielsson AJ, Ekerljung L, Hallerman KL. 
Pulmonary function in middle-aged patients 
with idiopathic scoliosis with onset before the 
age of 10 years. Spine Deform. 2015;3(5):451–61.

	 16. 	Fauroux B, Aubertin G. Measurement of maxi-
mal pressures and the sniff manoeuvre in chil-
dren. Paediatr Respir Rev. 2007;8(1):90–3.

	 17. 	Fauroux B. Respiratory muscle testing in chil-
dren. Paediatr Respir Rev. 2003;4(3):243–9.

	 18. 	MacKintosh EW, Ho M, White KK, et al. 
Referral indications and prevalence of sleep 
abnormalities in children with early onset sco-
liosis. Spine Deform. 2020;Feb 18:1–8.

	 19. 	Caubet JF, Emans JB, Smith JT, et al. Increased 
hemoglobin levels in patients with early onset 
scoliosis: Prevalence and effect of a treatment 
with vertical expandable prosthetic titanium 
rib (VEPTR). Spine. 2009;34(23):2534–6.

	 20. 	Yuan N, Skaggs DL, Davidson Ward SL, et 
al. Preoperative polysomnograms and infant 

pulmonary function tests do not predict pro-
longed postoperative mechanical ventilation 
in children following scoliosis repair. Pediatr 
Pulmonol. 2004;38(3):256–60.

	 21. 	Gadepalli SK, Hirschl RB, Tsai WC, et al. 
Vertical expandable prosthetic titanium rib 
device insertion: Does it improve pulmonary 
function? J Pediatr Surg. 2011;46(1):77–80.

	 22. 	Gauld LM, Kappers J, Carlin JB, et al. 
Prediction of childhood pulmonary function 
using ulna length. Am J Respir Crit Care Med. 
2003;168(7):804–9.

	 23. 	Torres LA, Martinez FE, Manco JC. 
Correlation between standing height, sitting 
height, and arm span as an index of pulmonary 
function in 6–10-year-old children. Pediatr 
Pulmonol. 2003;36(3):202–8.

	 24. 	Zhang JG, Wang W, Qiu GX, et al. The role 
of preoperative pulmonary function tests in 
the surgical treatment of scoliosis. Spine. 
2005;30(2):218–21.



https://taylorandfrancis.com/


69

6 Conservative Management 
of Early-Onset Scoliosis

Muhammad Tariq Sohail and Shahid Ali

INTRODUCTION

Early-onset scoliosis (EOS) is defined as a spinal 
deformity occurring before the age of ten years 
[1] (see Figure 6.1). (EOS) is a complex and het-
erogeneous condition of significant diversity 
with respect to etiology, natural history, and 
management [2]. If left untreated or if surgery 
is performed too early, it can result in increased 
mortality and cardiopulmonary compromise [3, 
4] The complexity and heterogeneous nature of 
EOS establishes the importance of understand-
ing the growth of the spine and the etiology of 
EOS.

GROWTH OF SPINE

Truncal height will increase by 350% and weight 
twentyfold from birth to adulthood [8–11]. In 
addition to two-dimensional (2D) growth, vol-
umetric growth occurs. At birth, the volume 
of the thorax is 6.7% of the final volume, and 
the volume of lumbar vertebrae will be multi-
plied by 6 from the age of 5 to skeletal maturity 
(Figure 6.2) [5].

Ossification of the vertebral bodies starts at 
the third month of intrauterine life. Three pri-
mary ossification centres are present within each 

vertebra, except for C1, C2, and the sacrum. 
Ossification first appears in the lower thoracic 
and upper lumbar spine and radiates from there 
in both cranial and caudal directions [6].

The skeleton has two rapid growth periods: 
from birth to 5 years and during puberty [7]. 
At birth, the standing height of the neonate is 
about 30% of the final height. The spine makes 
up to 60% of the sitting height, whereas the 
head represents 20%, and the pelvis the remain-
ing 20% [7]. The length of the spine will nearly 
triple between birth and adulthood. The T1–S1 
segment measures about 19 cm at birth, 28 cm 
at the age of 5 and 45 cm at skeletal maturity 
(Figure 6.2). This segment represents 49% of 
the sitting height and 64% of the length of the 
spine. During the first 5 years of life, its rate 
of growth is >2 cm per year, 0.9 cm between 
the ages of 5 and 10 years and 1.8 cm during 
puberty [6]. The thoracic spine (T1–T12) is 
about 11 cm long at birth, 18 cm at 5 years of 
age, and 22 cm at 10 years of age, and will reach 
a length of 28 cm in boys and 26 cm in girls at 
maturity [7].

The length of the thoracic spine is critical for 
normal lung development. The final length of 
the thoracic spine is closely related to the lung 
volume obtained at skeletal maturity [8]. If the 
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FIGURE 6.1  Early-onset scoliosis.
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FIGURE 6.2  Relative size of thorax and spine in a 5-year-old as compared with an adult. Adapted from 
Helenius, I.J. (2011) ‘Normal and abnormal growth of spine’, with permission from Springer.
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T1–T12 segment reaches the length of 18 cm 
(normal value at the age of 5 years) at maturity, 
a lung volume (vital capacity) of approximately 
45% of normal is achieved, which is compatible 
with survival [5]. However, the T1–T12 segment 
should achieve the length of 22 cm (normal 
length at the age of 10 years) to obtain normal 
lung volume at maturity [8].

To address this heterogeneous and complex 
condition, a uniformly accepted classification 
has been proposed (Figure 6.3) [1]. This includes 
age, etiology (congenital, neuromuscular, syn-
dromic, and idiopathic), major curve, kyphosis, 
and progression modifier.

Age-related classification by SRS (Scoliosis 
research society) differentiating scoliosis 
according to its age of onset and radiological 
classification:

•	 infantile (0–3 years; IIS)
•	 juvenile (3–10 years; JIS)
•	 adolescent (10–18 years; AIS)
•	 adult (>18 years)

Primary degenerative or ‘de novo’ scoliosis has 
to be differentiated

Age-related classification by Dickson:

•	 early onset (0–5 years)
•	 late onset (after 5 years of age)

The rationale behind this classification is that 
growth of the spine in the juvenile (ages 3–10 
years) is rather steady and that the pulmonary 
maturity reached after 5 years of age exhibits 
fewer cardiopulmonary risks

Etiology-related classification:
Etiologies are listed in prioritised order from 

highest to lowest. When etiology is mixed and/
or unclear, etiologic assignment should be made 
starting from the top of the list. 

•	 Congenital/Structural: Curves devel-
oping because of a structural abnormality 
or asymmetry of the spine and/or tho-
racic cavity, e.g. hemivertebrae (Figure 
6.4), fused ribs, post thoracotomy, tho-
racogonic, iatrogenic (postthoracotomy), 
tumor (pre- or postresection), amniotic 
band syndrome, hemihypertrophy, neu-
rofibromatosis (NF) (dysplastic type), 
congenital diaphragmatic hernia, con-
genital heart defect, Proteus syndrome, 
Jeune's syndrome, Congenital chest 
wall deformity, Jarcho-Lovin syndrome, 
spondylothoracic dysplasia, spondylo-
costal dysplasia, and VATER/VACTERL.

•	 Neuromuscular: Curves without con-
genital or structural abnormalities in 
which the deformation is primarily 
attributable to a neuromuscular abnor-
mality of high or low tone (Figure 6.5) 
e.g. flaccid spinal cord injury, spinal 
muscular atrophy, muscular dystrophy, 
spina bifida, low tone cerebral palsy 
(CP), Freidrich’s ataxia, familial dysau-
tonomia, syringomyelia, Charcot-Marie-
Tooth disease, CHARGE syndrome, 
spastic CP, spastic spinal cord injury, and 
Rett syndrome.

•	 Syndromic: Syndromes with known or 
possible association with scoliosis that 

Age

Continuous
Prefix

Etiology
Major Curve

Angle
Kyposis APR Modifier

(–): <20°

N: 20–50°

(+): >50°

p0: <20°

p1: 20–50°

p2: >50°

1: <20°

2: 20–50°

3: 51–90°

Congenital/Structural

Idiopathic

Syndromic

NeuroMuscular

FIGURE 6.3  Classification of early-onset scoliosis (C-EOS)
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are not primarily related to congenital/
structural or neuromuscular etiology, 
e.g. spinal dysraphism, Ehlers-Danlos 
syndrome (and other connective tis-
sue disorders), Prader-Willi syndrome, 
Marfan syndrome, achondroplasia, 
arthrogryposis, diastrophic dyspla-
sia, Ellis Van Creveld syndrome, NF, 
osteogenesis imperfecta, spondyloep-
iphyseal dysplasia. Down’s syndrome, 

Goldenhar syndrome, Klippel Feil 
syndrome.

•	 Idiopathic: No clear causal agent (can 
include children with a significant 
comorbidity that has no defined asso-
ciation with scoliosis).

All radiographic assessments should be pos-
teroanterior and performed in the most grav-
ity dependent position possible for the patient 

FIGURE 6.5  Neuromuscular – children with neuromuscular disorders, including spinal muscular atrophy, 
cerebral palsy, spina bifida and brain or spinal cord injury.

FIGURE 6.4  Congenital – Vertebrae develop incorrectly in utero. There is either failure of formation, failure 
of segmentation, or a combination of both. It is sometimes associated with cardiac and renal abnormalities. 
Evaluation may include studies of heart and kidneys.
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(i.e. standing preferred to sitting preferred to 
supine) Major Curve: Measurement of major 
spinal curve in the most gravity dependent 
position.

Kyphosis: Maximum measurable kyphosis 
between any two levels

Annual Progression Ratio (APR) Modifier 
(optional): Progression calculations should be 
made with two separate clinical evaluations at 
times t1 and t2 that are spaced a minimum of 6 
months apart:

APR (Major Curve @ t2) – (Major Curve @ t1) × 
12 months/[t2–t1]

INDICATIONS FOR INTERVENTIONS

EOS can be treated with serial casting, bracing, 
or surgery. Casting is indicated for progressive 
infantile scoliosis (diagnosed before the age of 
3) [9], while surgery is typically recommended 
when the Cobb angle progresses beyond 50° for 
patients for whom conservative management 
has failed and progression has been documented 
[10–12]. Progressive and nonprogressive infan-
tile scoliosis are typically differentiated mainly 
by using the rib-vertebra angle difference 
(RVAD) [12]. A RVAD of 20° or more is typical 
of progressive infantile scoliosis, while most 
resolving curves show a RVAD <20°. A defini-
tive hallmark of progressive infantile scoliosis 
is the apical rib head in Phase 2. In this stage, 
the shadow of the head of the rib overlaps the 
corresponding vertebral body [9].

NONSURGICAL

Because of the high complication rate associ-
ated with surgical management of EOS and 
increasing evidence of successful treatment 
with early serial casting, nonsurgical manage-
ment is becoming more common. Seria​l cas​ting ​
for i​nfant​ile s​colio​sis m​ay result in complete 
correction in some patients, but it also plays 
an important role in delaying the need for sur-
gery in most patients. Nonsurgical treatment of 
progressive EOS includes bracing, casting, and 
halo-gravity traction (HGT) [13]. Mehta [9], rec-
ommended repeat radiographs after 3 months to 
evaluate the Cobb angle and RVAD in the set-
ting of resolving or questionable spinal curves. 
At 3 months after the initial radiographs, the 

Cobb angle and RVAD of resolving curves had 
decreased in size [9].

BRACING

Although bracing is efficacious for adoles-
cent idiopathic scoliosis [14], no studies have 
examined its efficacy for EOS. Nevertheless, 
it remains the most common nonsurgical treat-
ment for EOS. However, successful manage-
ment with this method has varied [15]. Brace fit 
is often difficult in young patients. Infants and 
toddlers typically have large abdomens, making 
a proper pelvic mould difficult, and their inabil-
ity to hold still can make the lumbar and tho-
racic corrective moulding challenging. Young 
children also have more pliable ribs than ado-
lescents, and braces using a three-point bend 
on the apical ribs can deform the chest wall by 
pushing the ribs toward the spine. Furthermore, 
the habitus in young children is typically more 
cylindrical in shape than in adolescents. This 
is compounded by the need to make the brace 
sufficiently flexible for donning and doffing. 
An experienced orthotist and a dedicated fam-
ily that is educated in the principals of brace 
wear are required for proper bracing in young 
patients because each time the brace is worn, 
it must be put on in an ideal position. Proper 
bracing should focus on the rotation and three-
dimensional (3D) deformity to maximise chest 
wall corrections rather than simply the Cobb 
angle. Although bracing is convenient because 
the brace can be removed for bathing and other 
activities, being removable precludes it from 
being a continuous corrective force. Moreover, 
because a brace functions predominantly to sta-
bilise a deformity rather than reverse it, bracing 
is less likely than casting to permanently correct 
a deformity in a patient with EOS. Nevertheless, 
bracing plays an important role in delaying the 
need for surgery. With improved understanding 
of EOS pathophysiology and mechanics, more 
effective braces may be developed.

CASTING

Sayer [16] initially described casting for cor-
rection of scoliosis in 1877, but the early his-
tory of casting to treat scoliosis was really 
confined to correcting curves preoperatively 
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and maintaining the correction postopera-
tively using the turnbuckle cast for uninstru-
mented fusions developed by Hibbs et al. [17]. 
Turnbuckle casting did not permit walking, and 
Risser [18] later developed ‘localiser casting’, 
which used a frame with a head halter and pel-
vic traction and ‘localisers’ that pushed on the 
curve for correction. Cotrel and Morel [19] fur-
ther developed Risser’s technique by identify-
ing the key factors of traction, derotation, and 
bending with an ambulatory cast. They called 
the technique EDF casting for ‘elongation (trac-
tion), derotation, and flexion (bending)’ and 
suggested that serial EDF casting could correct 
infantile scoliosis. However, with the intro-
duction of effective spinal instrumentation by 
Harrington [20], casting became a less popu-
lar method of managing adolescent scoliosis, 
and knowledge of the EDF casting technique 
persisted in only a few centres. Mehta [21] and 
Sanders et al. [22] reported on their experience 
using serial EDF casting for infantile scolio-
sis. Since the publication of these encourag-
ing reports, there has been resurgent interest 
in serial EDF casting, particularly because of 
the challenges associated with growing instru-
mentation. EDF casting has now been success-
fully used in numerous centres. Compared 
with bracing, casting allows for improved fit 
and a constant corrective force. Patients with 
very large spinal curves may benefit from pre-
cast HGT, with the goal of delaying surgical 
intervention.

The EDF cast is applied with the child posi-
tioned on a table with a head halter and pelvic 
traction. The table must provide support for 
the child while ensuring that the thorax, shoul-
ders, and pelvis are free for cast application 
and manipulation. Sufficient traction is applied 
to narrow the thorax and allow the spine to be 
manipulated. The table must allow secure posi-
tioning of the patient with head and pelvic trac-
tion, allowing full access to the torso, shoulder 
girdle, and pelvis (Figure 6.6) [22].

Manipulation rather than traction is the pri-
mary means of correction because traction will 
be removed after casting, and the patient’s spine 
will recoil unless the cast includes the occiput 
and mandible. This recoil must be anticipated, 
or the cast may ride up. A silver-impregnated 
undergarment can be helpful in preventing cast 

irritation. Silver nanoparticles do, however, have 
the capacity to penetrate the skin, particularly 
when it is damaged, although the clinical effects 
of this are unknown [23]. Patients must be intu-
bated during the cast moulding because tho-
racic pressure can make ventilation temporarily 
difficult.

Peak airway pressures can double during the 
procedure, and the anaesthesiologist should be 
prepared for this possibility. Peak airway pres-
sures return to baseline after windows are cut in 
the cast [24]. For curves with an apex superior 
to T8, the shoulders are included in the cast, 
and high thoracic curves may require an occipi-
tal-mandibular extension. When the apex of the 
curve is at or inferior to T8, casting below the 
shoulders is an option. A mirror slanted under 
the table is useful for visualising rib promi-
nence, the posterior cast, and the moulds. As 
the plaster is applied, it is important to obtain 
a good mould over the iliac crests because the 
pelvis is the foundation of the cast. A well-
moulded and snug cast is less likely to rub and 
cause pressure sores than a cast that is exces-
sively padded, poorly moulded, or loose. Plaster 
is preferred because it is very mouldable and 
expands slightly when setting, unlike fibreglass, 
which contracts.

The cast must not push the ribs toward the 
spine because that would narrow the space avail-
able for the lungs. Rather, the posteriorly rotated 
ribs are rotated anteriorly to create a more nor-
mal chest configuration, with counter rotation 
applied through the pelvic mould and upper 
torso (Figure 6.7) [22]. For a typical lower-left 
thoracic curve, the pelvis is carefully moulded 
and stabilised while the left posterior thorax is 
rotated anteriorly, and the right anterior thorax 
is rotated posteriorly and stabilised against the 
left pectoral girdle.

Two windows are made to improve the 
patient’s respiratory capacity while preventing 
the lower ribs from rotating. An anterior win-
dow is made over the chest and abdomen to 
relieve the pressure on the chest and allow for 
abdominal distention and breathing because 
younger children are diaphragmatic (i.e., belly) 
breathers (Figure 6.8). A posterior window is 
made on the concave side of the cast, allowing 
the depressed, concave ribs and spine to move 
posteriorly (Figure 6.8).
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For casts under the shoulders, the superior trim 
line is at the manubrium. This is not as important 
for casts that include the shoulders, as long as the 
upper thorax is casted. The lower trim should 
hold the pelvis securely while allowing the hips 
to flex >90°. Lack of hip flexion can cause the cast 
to ride up when the patient is sitting, particularly 
in car seats that require significant hip flexion.

Proper casting corrects the curve by rotat-
ing and shifting it toward the midline without 
pushing the ribs toward the spine. If the cast is 
pushing the ribs toward the spine and narrow-
ing the convex side of the chest, we recommend 
removing the cast and either reapplying or aban-
doning it. Casts are changed every 2 to 4 months 
based on the child’s growth. In select patients, 
typically those with supine curves of <20° or 
those with casts that are maintaining correction, 
we often use fibreglass with a waterproof liner 
and padding that allows patients to bathe and get 
into a swimming pool.

Casting is considered complete when the 
curve has resolved or the cast is obviously fail-
ing. We advise families that 1 year of casting 
is generally considered the minimum period of 
treatment. We consider a curve resolved when 
it measures ≤10° on standing radiographs after 
the cast is removed. In children with curves that 
have resolved, we use bracing for 1 year after 
the cast has been discontinued. We recommend 
continuation of casting for unresolved curves 
until the growth velocity has decreased, typi-
cally at age 4 or 5 years, and then using a brace 
for unresolved curves. If the curve is progress-
ing, particularly if it is approaching 70°, we dis-
cuss the use of growing instrumentation with the 
family. Further reasons to discontinue casting 
include the ribs being pushed toward the spine 
on the convexity or continued curve progression 
despite casting. Other medical conditions, such 
as severe asthma, can make cast wear intolerable 
for patients and families.

FIGURE 6.6  Illustration (A) and photograph (B) demonstrating patient positioning for elongation-derota-
tion-flexion casting. The patient is positioned on a table with a head halter and pelvic traction. A mirror placed 
under the table can be used to visualise rib prominence as well as the posterior cast and the moulds.
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COMPLICATIONS

Casting can cause skin breakdown although, 
in our experience, only minor skin irritation 
has occurred, and it has healed without fur-
ther complications. The cast may need to be 
removed to manage other medical issues, such 
as viral respiratory illness, asthma exacerbation, 
and abdominal surgery, or if the cast becomes 
wet or soiled. The repeated use of anaesthetics 
for cast application may carry a risk of com-
plications. In animal studies, neuron cell death 
associated with the repeated use of anaesthetics 
has been reported, but this has not been dem-
onstrated in humans [25–27]. However, another 
study found that repeated use of anaesthetics 

may be associated with learning delays in young 
children, although it is difficult to determine 
whether the delays are related to the etiologies 
that necessitate the repetitive use of anaesthet-
ics [28].

There are several variable factors in casting, 
and the risk-benefit ratio for casting in certain 
patients is unclear. In patients with paralytic 
or neuromuscular scoliosis, such as those with 
spinal muscular atrophy or quadriplegic cere-
bral palsy, it is unclear whether the benefits of 
casting outweigh the risks of chest restriction in 
this population. Some patients with EOS have 
sleep apnoea, gastrostomy tubes, silent aspira-
tion, and gastroesophageal reflux, which may 
be compounded by a cast. Furthermore, the 

FIGURE 6.7   Illustration demonstrating the elong​ation​-dero​tatio​n-fle​xion ​casti​ng te​chniq​ue. The posteri-
orly rotated ribs are rotated anteriorly (arrows) to create a more normal chest configuration, with counter rota-
tion applied through the pelvic mould and upper torso. Inset, illustration demonstrating the location of force 
applied to the ribs. The goal is to derotate the spine toward normal.
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psychological effect of casting in young children 
is unknown. Because the clinical presentation of 
these patients is highly variable, the goals and 
risks of casting must be balanced against the 
risks of early surgical management. Currently, 
many centres do not have the necessary equip-
ment or education to successfully manage EOS 
with serial casting. Thus, it is rarely performed 
outside major academic centres [29].

RESULTS

In the landmark paper by Mehta [21], 136 chil-
dren under the age of 4 with progressive infan-
tile scoliosis (scoliosis diagnosed before the age 
of 3) were treated with casting. In 94 children 
with early referral (mean age 1 year 7 months) 
and with a mean Cobb angle of 32° (11°–65°), 
the scoliosis resolved by a mean age of 3.5 
years. They needed no further treatment and 
went on to lead a normal life. In contrast, in 42 
children with late referral (mean age 2.5 years) 
with a mean Cobb angle of 52° (23°–92°), cast-
ing could not reverse the deformity. In all, 15 
of these children (36%) underwent spinal fusion.

CONCLUSION

It is very important to understand the dis-
ease etiology and its heterogeneity so that an 
appropriate management plan can be made. 
Conservative management is well established 
and produces very good outcomes if treatment 
is started at an appropriate age.

REFERENCES

	 1. 	Williams BA, Matsumoto H, McCalla DJ, et 
al. Development and initial validation of the 
classification of early-onset scoliosis (C-EOS). 
J Bone Joint Surg Am. 2014;96(16):1359–67.

	 2. 	Vitale MG, Trupia E. Classification of early-
onset scoliosis. In: The Growing Spine. 
Springer; 2016:113–21.

	 3. 	Pehrsson K, Larsson S, Oden A, et al. Long-
term follow-up of patients with untreated scoli-
osis. A study of mortality, causes of death, and 
symptoms. Spine. 1976;17(9):1091–6.

	 4. 	Karol LA, Johnston C, Mladenov K, et al. 
Pulmonary function following early thoracic 
fusion in non-neuromuscular scoliosis. J Bone 
Joint Surg Am. 2008;90(6):1272–81.

	 5. 	Helenius IJ. Treatment strategies for early-onset 
scoliosis. EFORT Open Rev. 2018;3(5):287–93.

A B C

FIGURE 6.8   Photograph (A and C) of a child wearing an elongation-derotation-flexion cast, with an ante-
rior window made to improve respiratory capacity. Photograph (B) posterior window on concave side allowing 
depressed, concave ribs and spine to move posteriorly.



78 ﻿Early-Onset Scoliosis

	 6. 	Dimeglio A. Growth in pediatric orthopedics. 
In: Morrissy RT, Weinstein SL, eds. Lovell 
and Winter’s Pediatric Orthopaedics. 6th ed. 
Philadelphia: Lippincott Williams & Wilkins; 
2006:35–65.

	 7. 	Dimeglio A. Growth of the spine before age 5 
years. J Pediat Orthop B. 1992;1(2):102–7.

	 8. 	Karol LA, Johnston C, Mladenov K, et al. 
Pulmonary function following early thoracic 
fusion in non-neuromuscular scoliosis. JBJS. 
2008;90(6):1272–81.

	 9. 	Mehta M. The rib-vertebra angle in the early 
diagnosis between resolving and progres-
sive infantile scoliosis. J Bone Joint Surg Br. 
1972;54(2):230–43.

	 10. 	Akbarnia BA, Marks DS, Boachie-Adjei 
O, et al. Dual growing rod technique for the 
treatment of progressive early-onset sco-
liosis: A multicenter study. Spine. 1976;30(17 
Suppl):46–57.

	 11. 	Akbarnia BA, Breakwell LM, Marks DS, et 
al. Dual growing rod technique followed for 
three to eleven years until final fusion: The 
effect of frequency of lengthening. Spine. 
1976;33(9):984–90.

	 12. 	Akbarnia BA. Management themes in early 
onset scoliosis. J Bone Joint Surg Am. 
2007;1:42–54.

	 13. 	Diedrich O, von Strempel A, Schloz M, et 
al. Long-term observation and management 
of resolving infantile idiopathic scoliosis 
a 25-year follow-up. J Bone Joint Surg Br. 
2002;84(7):1030–5.

	 14. 	Weinstein SL, Dolan LA, Wright JG, et al. 
Effects of bracing in adolescents with idiopathic 
scoliosis. N Engl J Med. 2013;369(16):1512–21.

	 15. 	Emans JB. Orthotic management for infantile 
and juvenile scoliosis. In: The Growing Spine. 
Springer; 2011:365–81.

	 16. 	Sayre DLA. Spinal Disease and Spinal 
Curvature, Their Treatment by Suspension 
and the Use of the Plaster of Paris Bandage, 
by Lewis A. Sayre: Smith, Elder, and Company; 
1877.

	 17. 	Hibbs RA, Risser JC, Ferguson AB. Scoliosis 
treated by the fusion operation an end-result 
study of three hundred and sixty cases. JBJS. 
1931;13(1):91–104.

	 18. 	Risser JC. The application of body casts for 
the correction of scoliosis. Instr Course Lect. 
1955;12:255–9.

	 19. 	Cotrel Y, Morel G. The elongation-derotation-
flexion technic in the correction of scoliosis. 
Rev Chir Orthop Reparatrice Appar Mot. 
1964;50:59–75.

	 20. 	Harrington PR. Treatment of scoliosis. 
Correction and internal fixation by spine 
instrumentation. J Bone Joint Surg Am. 
1962:591–610.

	 21. 	Mehta MH. Growth as a corrective force in the 
early treatment of progressive infantile scolio-
sis. J Bone Joint Surg Br. 2005;87(9):1237–47.

	 22. 	Sanders JO, D'Astous J, Fitzgerald M, et al. 
Derotational casting for progressive infantile 
scoliosis. J Pediatr Orthop. 2009;29(6):581–7.

	 23. 	Larese FF, D'Agostin F, Crosera M, et al. 
Human skin penetration of silver nanoparticles 
through intact and damaged skin. Toxicology. 
2009;255(1–2):33–7.

	 24. 	Jensen RD, Stasic AF, Kishan S, et al. 
Cardiorespiratory effects of derotational casting 
during anesthesia for children with early onset 
scoliosis. Open J Anesthesiol. 2014;2014:36–40.

	 25. 	Zhu C, Gao J, Karlsson N, et al. Isoflurane 
anesthesia induced persistent, progressive 
memory impairment, caused a loss of neural 
stem cells, and reduced neurogenesis in young, 
but not adult, rodents. J Cereb Blood Flow 
Metab. 2010;30(5):1017–30.

	 26. 	Ikonomidou C, Bosch F, Miksa M, et al. 
Blockade of NMDA receptors and apoptotic 
neurodegeneration in the developing brain. 
Science. 1999;283(5398):70–4.

	 27. 	Jevtovic-Todorovic V, Hartman RE, Izumi Y, 
et al. Early exposure to common anesthetic 
agents causes widespread neurodegeneration 
in the developing rat brain and persistent learn-
ing deficits. J Neurosci. 2003;23(3):876–82.

	 28. 	Wilder RT, Flick RP, Sprung J, et al. Early 
exposure to anesthesia and learning dis-
abilities in a population-based birth cohort. 
Anesthesiology. 2009;110(4):796–804.

	 29. 	Fletcher ND, Larson AN, Richards BS, et al. 
Current treatment preferences for early onset 
scoliosis: A survey of POSNA members. J 
Pediatr Orthop. 2011;31(3):326–30.



79

7 Anaesthetic Management 
of Early-Onset Scoliosis

Damarla Haritha and Souvik Maitra

INTRODUCTION

The vertebral column of human beings consists 
of natural bends along its course defined as cur-
vatures. These can be either primary curvatures 
that are present since intrauterine development 
or secondary curves that develop after birth due 
to weight bearing. The primary curves are pres-
ent in the thoracic and sacral regions, and the 
secondary curves in cervical and lumbar region 
develop as a result of head lifting and standing 
over course of time.

Scoliosis is the lateral and rotational defor-
mity of the vertebral bodies, which causes the 
shift of the spines of vertebrae toward the con-
cave side [1]. The bending of vertebral bodies 
toward one side leads to posterior shift of the 
ribcage on the convex side, forming a hump that 
deforms the chest wall. Moreover, there can be 

crowding of the ribs on the concave side and 
widening of the ribs on the convex side. With 
an overall incidence of 2%–3% in the general 
population, scoliosis poses a challenge to the 
anaesthesiologist as this chest wall deformity 
has serious consequences on the cardiorespira-
tory status of the patient [2].

CLASSIFICATION

The oldest and simple classification of scoliosis 
dates back to 1905, when Schulthess divided 
scoliosis based on the region of the abnormal-
ity as cervicothoracic, thoracic, thoracolumbar 
and lumbar [3]. But the classification given by 
the Terminology Committee of the Scoliosis 
Research Society (SRS) based on the aetiology 
is widely in use even at present (Table 7.1) [4].
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NOMENCLATURE AND 
GRADING OF SEVERITY

The scoliotic curves are generally named with the 
side facing the convexity as left-sided and right-
sided curves. The left-sided curves are more fre-
quently associated with congenital anomalies [2]. 
The most commonly used parameter for grading 
the severity is the Cobb angle [5]. It is measured 
by a plain radiograph of the spine, marking the 
most cephalic end of the curve and the caudal 
of the curve. A parallel line is drawn along the 
upper border of the most tilted upper vertebra and 
the lower border of the lower vertebra, and per-
pendiculars are dropped along these two parallel 
lines. The angle made by these two perpendicular 
lines is defined as the Cobb angle. A Cobb angle 
of less than 10° is considered normal. Curves 
less than 30° rarely progress over time, but the 
progression also depends on factors such as the 
age of onset of the deformity, the bone age, etc. 
A retrospective study by Yin et al. [6] reported 
that a Cobb angle >77° was associated with post-
operative pulmonary complications. The main 
disadvantage of using Cobb angle is that it only 
quantifies the deformity in two-dimensions (2D) 
and does not give any information on the rota-
tional deformity [7] and definition of end vertebra 
causes a source of error [8].

Systemic Effects of Scoliosis

	 1.	General Effects: In a child with sco-
liosis, the typical presentation would 

be deformity of the back that manifests 
after the child starts walking [9]. The 
deformity can progress as the child 
grows, causing gross abnormality in 
the shape of the thorax and develop-
ment of secondary curves in the other 
regions of the vertebral column. The 
child’s functional capacity may be 
limited, including inability to play like 
the peers and frequent respiratory tract 
infections that can lead to frequent hos-
pitalisations and malnourishment. In a 
child with syndromes such as neurofi-
bromatosis, café au lait spots and axil-
lary freckling is noticed, whereas tall 
stature and long limbs are noticed in a 
child with Marfan syndrome.

	 2.	Respiratory System: The deformity 
of the chest wall leads to a restrictive 
kind of lung disease due to limitation 
of the movement of the rib cage upon 
inspiration and compression of the 
lung tissue; however mixed or obstruc-
tive lung disease may be present in 
46% of the patients [10,11]. Altered 
respiratory mechanics and reduced 
lung volume leads to restrictive lung 
disease, and airway narrowing leads 
to obstructive lung diseases in some 
cases [12]. Total lung capacity (TLC) 
is reduced whereas residual volume 
(RV) usually remains within normal 
limit, hence RV/TLC ratio is increased 
[13]. The forced vital capacity (FVC) 

TABLE 7.1
Classification of Scoliosis Based on Aetiology [4]
1. Congenital scoliosis Associated with congenital abnormalities of the spinal cord and vertebrae such 

as spinal dysraphism, tethered cord, hemivertebrae, and rib anomalies

2. Idiopathic scoliosis
	 a.	 Infantile (seen before 3 years of age)
	 b.	 Juvenile (seen in 3–10 age group)
	 c.	Adolescent (seen after 10 years of age).

Most common type of scoliosis, adolescent variety being the most common of 
all. The aetiology is unknown, but various theories such as impaired 
ossification of the vertebrae and genetic component are suggested.

3. Associated with neuromuscular diseases Seen in patients with cerebral palsy, poliomyelitis, Duchenne muscular 
dystrophy, and other myopathies

4. Associated with syndromes Neurofibromatosis, Marfan syndrome, mucopolysaccharidoses, rheumatoid 
arthritis, and osteogenesis imperfecta.

5. Traumatic scoliosis Associated with fractures, irradiation, burns, and surgery.

6. Neoplastic scoliosis Associated with tumours of the vertebral column, nerve roots and spinal cord.
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and forced expiratory volume in the 
first-second (FEV1) both are reduced 
so that the ratio of FEV1 /FVC almost 
remains normal [14]. The reduction in 
the vital capacity represents the inabil-
ity to cough and clear lung secretions 
effectively, leading to frequent lower 
respiratory tract infections [15]. The 
limitation of expansion of lung tis-
sue leads to a decrease in respiratory 
compliance and, when combined with 
stretching of the intercostal muscles, 
leads to increase in work of breathing, 
resulting in decreased tidal volume and 
increased respiratory rate. The inspira-
tory capacity is maximally affected, 
while the functional residual capacity 
(FRC) is not that severely affected. In 
severe cases, as the curve progresses, 
an increase in residual volume may 
develop due to inadequate expiration 
as a result of muscle dysfunction.

		  The mechanical compression of the 
blood vessels in the lung and the ven-
tilation perfusion mismatch in the lung 
causes chronic hypoxia, and it can lead 
to pulmonary hypertension and, ulti-
mately, right ventricular dysfunction 
[16]. Diffusion limitation and alveolar 
hypoventilation can also contribute 
to hypoxaemia, especially in severe 
cases. With the deformity arising early 
in the life, there can be true pulmonary 
hypoplasia due to restriction of lung 
growth causing a decreased number of 
functional alveoli [13]. The alteration 
of lung volumes, frequent lower respi-
ratory tract infections, and recurrent 

aspirations due to bulbar dysfunction 
in patients with neuromuscular disease 
puts them at a more significant risk of 
respiratory complications in the peri-
operative period [17]. The severity of 
pulmonary compromise is generally 
found to correlate well with the Cobb 
angle in these patients and provide 
information on the postoperative risk 
stratification (Table 7.2) [18, 19].

	 3.	Cardiovascular System: The hypoxia 
and pulmonary hypertension predis-
poses to right ventricular dysfunction. 
Diastolic dysfunction was also found to 
be associated with higher Cobb angle 
in thoracic scoliosis patients [20]. 
The increased work of breathing and 
hypoxia, coupled with baseline anae-
mia, which is often found in develop-
ing nations because of malnutrition, 
will cause resting tachycardia in these 
patients. Patients with idiopathic sco-
liosis have associated mitral valve 
prolapse and the congenital anomalies 
in patients with associated syndromes 
further complicate clinical manage-
ment [21].

	 4.	Nervous System: In a patient with 
syndromes, there can be gross mental 
retardation further leading to difficulty 
in communication and preoperative 
respiratory training. In a patient with 
congenital scoliosis, there can be spina 
bifida or meningomylocele, leading to 
bladder and bowel involvement. Even 
in a child with idiopathic scoliosis, the 
progression of the deformity can cause 
compression of the nerve roots, causing 

TABLE 7.2
Correlation of Cobb Angle and Respiratory System Involvement [3]
Cobb Angle Suspected Involvement

1. >25° Increased pulmonary artery pressures measured in echocardiography

2. >65° Restrictive lung disease in pulmonary function tests (PFT)

3. >75° Pulmonary hypertension on exercise

4. >100° Symptomatic lung disease

5. >110° Pulmonary hypertension at rest

6. >120° Alveolar hypoventilation
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reduction in sensation, parasthesia, and 
weakness of the lower limb.

	 5.	Musculoskeletal System: In patients 
with congenital myopathies, there can 
be weakness of the muscles in general 
and bulbar involvement that leads to 
frequent aspirations, complicating the 
perioperative course. Duchenne mus-
cular dystrophy is an X-linked recessive 
disorder caused by a defect in the gene 
coding ‘dystrophin’, a muscle protein 
[22]. The patient will be restricted to a 
wheelchair by 8–10 years of age, and 
the expected life span is 15–16 years. It 
is associated with cardiomyopathy and 
fatal arrhythmias. The corrective sco-
liosis surgery helps to improve nursing 
and quality of life in such patients and 
should be done at a lower Cobb angle 
to prevent progression of the curve and 
appearance of cardiomyopathy [23].

	 6.	Airway: Difficulty in securing airway 
can be anticipated in patients with syn-
dromes due to deformity of the face and 
upper airway. Distortion of the trachea 
and glottis can be seen in patients with 
deformities of the cervical spine [24]. 
Patients of Marfan syndrome can have 
a high arched palate, and patients with 
Duchenne muscular dystrophy can 
have hypertrophy of the tongue posing 
difficulty in securing airway [23].

PREOPERATIVE INVESTIGATIONS

Surgical treatment is indicated when the Cobb 
angle becomes more than 40° despite nonsurgi-
cal treatment [23]. It is indicated much earlier 
when the Cobb angle becomes more than 20° in a 
patient with Duchenne muscular dystrophy [23].

The severity of the patient’s cardiorespira-
tory system involvement and other associated 
conditions must be assessed before the surgery. 
The various investigations necessary include:

	 1.	Blood investigations: A hemogram is 
necessary to find out the baseline hae-
moglobin concentration of the patient 
and prepare the patient optimally for 
surgery. Room air arterial blood gas 
analysis is needed in patients with 

suspected respiratory failure or the 
room air plethysmography shows a 
peripheral saturation of less than 95%.

	 2.	Radiological investigations: A chest 
x-ray will help in assessing the Cobb 
angle and any active infection of the 
lung. It is also an invaluable tool to 
assess for any distortion of the tra-
cheobronchial tree, which can make 
positioning of the endotracheal tube 
difficult.

	 3.	Others: An ECG will be helpful in 
suspected right ventricular failure due 
to pulmonary hypertension and shows 
right axis deviation, right ventricular 
hypertrophy indicated by R/S >1 in 
V1 and right ventricular strain pattern 
with ST segment and T wave inversion 
in V1 to V3. Pulmonary function testing 
documents the baseline restriction of 
the lung volumes and helps to predict 
possible postoperative intensive care or 
mechanical ventilation requirements. 
2D echocardiography may show the 
pulmonary hypertension due to chronic 
hypoxia but also rules out any congeni-
tal cardiac anomalies and establishes 
the ventricular function.

PREOPERATIVE OPTIMISATION

Reported incidence of postoperative complica-
tions after scoliosis surgery varies widely and 
largely depends upon the definition of com-
plications used. In general, neuromuscular 
scoliosis is associated with the highest rate of 
complications followed by congenial scoliosis 
[25]. A large database review of more than 
36,000 patients reported that 7.6% patients 
fulfiled the criteria of at least one in-hospital 
complication. Respiratory failure was the most 
common complication followed by reintuba-
tion and implant related complications [26]. 
Adequate optimisation of the patient will lead 
to uneventful surgery and early recovery of 
the patient. Ideally, the anaesthesiologist will 
assess the patient well in advance to identify 
other comorbidities, anomalies, syndromes, or 
any other cardiorespiratory disease, such as 
pneumonia, that should be treated before the 
surgery. In addition, the nutritional status of 
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the patient should be built up by haematinics 
to improve the haemoglobin. Incentive spirom-
etry and inspiratory muscle training might be 
useful in preventing postoperative pulmonary 
complications [27]. However, these modalities 
have not been specifically evaluated in patients 
undergoing scoliosis surgery for prevention of 
respiratory complications.

Identification of risk factors such as age, 
duration of surgery, a Cobb angle >77 associ-
ated with postoperative pulmonary complica-
tions (POPC) [28,29]. The various predictors for 
postoperative mechanical ventilation are men-
tioned in Table 7.3.

Adequate preoperative optimisation and 
preparation of the patients help to reduce com-
plications and as does preparing well in advance 
for the postoperative care of the patient and opti-
mal utilisation of resources.

INTRAOPERATIVE CONCERNS

The various intraoperative concerns for anaes-
thesiologists include prolonged surgery, blood 
loss, hypothermia, spinal cord monitoring, 
prone positioning, difficulty in access to the 
patient, etc. General anaesthesia, with or with-
out neuraxial analgesia, is the anaesthetic 
technique of choice. Anaesthesia is induced 
intravenously with a fast-acting opioid, propofol 
and an intermediate-acting muscle relaxant such 
as atracurium or vecuronium. Appropriate assis-
tance for difficult airways should be prepared in 
the operation theatre in anticipated cases and 
the use of succinylcholine should be avoided 
for patients with muscular disorders to prevent 
life-threatening hyperkalaemia and arrhyth-
mias [30]. Apart from the American Society of 
Anaesthesiologists’ standard monitoring such as 

ECG, noninvasive blood pressure, pulse oxime-
try, and capnography, additionally invasive blood 
pressure, central venous pressure, urine output, 
temperature, depth of anaesthesia monitoring 
(e.g. bispectral index), and spinal cord monitor-
ing are usually required in major deformity cor-
rection cases. Placement of invasive lines such 
as central venous catheter can be difficult in 
patients with stiff deformity involving the cervi-
cal vertebra. It helps in monitoring the central 
venous pressure, though they are not reliable in 
prone position, and also for multiple drug infu-
sions. Invasive arterial line is required for beat-
to-beat blood pressure measurement and also for 
blood gas analysis. Maintenance of anaesthesia 
is usually performed by total intravenous anaes-
thesia (TIVA) technique by propofol infusion 
with a fast-acting opioid. Remifentanil is the 
opioid of choice for TIVA. Standard target-con-
trolled infusion (TCI) models available include 
the Marsch and Schnider model for propofol 
and the Minto model for remifentanil [31]. The 
Marsch model requires the patient’s total body 
weight to calculate the dose infused, whereas 
the Schnider model uses age, height, and lean 
body mass [32]. The plasma concentration of 
propofol for loss of consciousness in a patient 
that was not premedicated is 5–6mcg/mL and 
a concentration of 1–2 mcg/mL will awaken the 
patients from anaesthesia [32].

SPINAL CORD MONITORING

The anaesthesia technique as a whole revolves 
around spinal cord monitoring used in the intra-
operative period to assess the integrity of the 
dorsal and ventral columns of the spinal cord. 
Previously, subjective tests such as the wake-up 
test and clonus test were used, but now, when 

TABLE 7.3
Predictors of Postoperative Mechanical Ventilation

	 a.	Anterior spinal surgery [3]
	 b.	Preoperative FVC <50% predicted [3]
	 c.	Preoperative FEV1 <50% predicted [3]
	 d.	Maximum inspiratory pressure of less than 40 cm H2O [3]
	 e.	Blood loss more than 30ml/kg [3]
	 f.	 Pre-existing neuromuscular disorders, congenital heart disease, right ventricular failure [3]
	 g.	Cephalad location of the curve [3]
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available at the facility, they have been replaced 
by more objective ways of measurement such as 
somatosensory-evoked potentials (SSEP) and 
motor-evoked potentials (MEP).

WAKE-UP TEST

The wake-up test includes waking up the patient 
during the surgery and observing the movement 
of lower limb fingers upon instruction. The 
patient must be counselled in the preoperative 
period itself and ensured that there will not be 
pain and he or she will not remember the pro-
cedure. The anaesthesiologist has to be notified 
at least 15 minutes before the wake-up test so 
that the muscle relaxant can be timed, inhala-
tional agents discontinued, and haemodynam-
ics ensured. The main disadvantages of this test 
included the inability to monitor at critical steps 
such as screw placement, the subjective nature 
of the test, and the risk of violent movements, 
disconnections of invasive lines, accidental 
extubation, etc. This has been replaced with 
more objective and sophisticated means of mon-
itoring the integrity of columns of spinal cord 
such as evoked potentials. Evoked potentials are 
the discharges that are collected from a specific 
area after stimulating some other point.

SOMATOSENSORY 
EVOKED POTENTIAL

As the name suggests, this involves stimulat-
ing a peripheral nerve with surface electrodes 
and recording the evoked potentials from the 
sensory cortex through scalp electrodes. The 
process is continued throughout the surgery and 
the amplitude and latency of the wave form is 
compared with the baseline. The most common 
nerves used for monitoring are posterior tibial 
nerve, peroneal nerve, and median nerve. The 
decrease in amplitude of more than 50% and 
increase in latency by 10% is considered signifi-
cant [3]. Various anaesthetic agents interfere in 
the recording of SSEP, and the anaesthesiologist 
must optimally maintain anaesthesia with other 
agents. The effect of anaesthetic agents on SSEP 
is represented in Table 7.4.

Muscle relaxants decrease the background 
noise in SSEP and helps in monitoring [23]. 
The other factors effecting SSEP include the 

temperature, mean arterial blood pressure, PO2, 
PCO2, and haemoglobin concentration. The 
combination of opioid, muscle relaxant, and a 
sub MAC doses of inhalational agent or pro-
pofol infusion is considered optimal for SSEP 
monitoring [5]. The main advantage of SSEP is 
that there is no patient movement expected, the 
surgeon need not stop operating at critical steps; 
however, the inability to monitor motor tracts 
and the longer latency outweighs its benefits.

MOTOR EVOKED POTENTIALS

MEP is the compound muscle action potential 
(CMAP) recorded in various muscle groups 
after stimulating motor cortex through scalp 
electrodes. The muscle groups above the level 
of correction are considered the control group 
and are compared with the muscle groups below 
the level of correction and also with their cor-
responding baseline values. All anaesthetic 
agents that effect SSEP also effect MEP in a 
similar manner, but MEP are also affected with 
muscle relaxant [3]. A physiological and phar-
macological steady state must be maintained 
during MEP monitoring [3]. A combination of 
a short-acting opioid and propofol total intrave-
nous anaesthesia (TIVA) without muscle relax-
ant is considered optimal for MEP monitoring. 
The advantage with MEP monitoring is that it 
measures the integrity of motor tracts, and the 
latency is minimal [23]. The main disadvantage 
being movement of the patient every time the 
stimulus is given, leading to tongue lacerations, 
change in position of the patient causing com-
pression of vital structures, such as the eyes, and 

TABLE 7.4
Effect of Anaesthetic Agents on SSEP [23]
Anaesthetic Agent Amplitude Latency

Inhalational agents Decrease Increase

Nitrous oxide Decrease No effect

Propofol No effect No effect

Thiopentone Decrease Increase

Ketamine Increase No effect

Etomidate Increase No effect

Opioids No effect No effect

Dexmedetomidine No effect No effect
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damage to endotracheal tube. So, the position of 
the patient must be examined after each stimu-
lus and a bite block has to be introduced before 
prone position to prevent injuries to tongue and 
damage to endotracheal tube.

PRONE POSITIONING

After intubation and the invasive lines have 
been secured, the patient must be positioned in 
the prone position for the surgery (Figure 7.1). 
The process of shifting a patient from supine 
to prone position is a complex procedure and 
requires knowledge of the appropriate tech-
nique. The equipment required for supporting 
the patient in the prone position must be in the 
operation theatre, and the anaesthesiologist is in 
charge of the head end of the patient, airway, 

invasive lines, and coordinating the shifting. 
The monitors and invasive lines are to be dis-
connected sequentially, the last being the cir-
cuit, and it must be reattached as soon as the 
patient is shifted. The position of the endotra-
cheal tube must be checked again, and all the 
pressure points padded. Care should be ensured 
that there is no pressure on the eyes and the 
abdomen is free from compression and eyes 
must be padded (Figure 7.2). The compression 
of the abdomen can cause rise in intraabdominal 
pressure and thereby epidural pressure causing 
excessive bleeding during the surgery [33].

The position of the head and eyes should be 
checked every time the patient moves. Excessive 
abduction of the arms, flexion or extension of 
the neck should be avoided to avoid compres-
sion of the brachial plexus and compression of 

FIGURE 7.1  Optimum prone positioning for scoliosis surgery.

FIGURE 7.2  Eye protection by padding.



86 ﻿Early-Onset Scoliosis

the jugular veins [33]. Severe haemodynamic 
consequences are not generally expected unless 
there is severe compression of the abdomen and 
there by inferior vena cava [33]. A slight head-
up position prevents congestion of the conjunc-
tiva in a prolonged surgery [33].

HYPOTHERMIA

Hypothermia is anticipated, as it is a prolonged 
surgery and most of the body is exposed for 
surgery. The measures to reduce hypothermia 
should start before the prone position itself. The 
fluids must be warmed and a forced air warmer 
can be used at the lower limbs to prevent hypo-
thermia. The lack of access to the patient in a 
very small child makes this much more chal-
lenging, and children are more susceptible to 
hypothermia. Hypothermia prolongs the metab-
olism of anaesthetic agents and causes delayed 
awakening, effects intraoperative spinal cord 
monitoring, and causes platelet dysfunction and, 
thereby, excessive bleeding [34].

BLOOD CONSERVATION STRATEGIES

Blood loss is anticipated in the deformity cor-
rection, as it involves removal of the posterior 
elements of the vertebral column, which is a 
cancellous bone and very vascular. The 24-hour 
anticipated blood loss is about 200mL per seg-
ment operated [23]. The preoperative anaemia, 
limited ability to increase cardiac output in a 
stressful situation, and pulmonary hyperten-
sion in unison puts the patient at risk of hae-
modynamic compromise in case of bleeding. 
Therefore, blood loss should be anticipated and 
treated appropriately to prevent undue complica-
tions. The various blood conservation strategies 
that can be used and a brief explanation of their 
advantages and disadvantages are as follows.

	 1.	Nutrition and haematinics: This tech-
nique requires assessment of the child 
well in advance of the surgery to build 
up the haemoglobin by starting on oral 
iron therapy. It is the most physiologi-
cal way of increasing the haemoglobin 
of the child. Preoperative haematinics 
and erythropoietin have been shown 
to reduce perioperative transfusion 

requirements when combined with 
other interventions such as antifibri-
nolytics, cell salvage, and moderate 
hypotension [35,36]. The inability to 
utilise in case of acute haemorrhage 
and reduced compliance of oral iron 
in children are disadvantages for this 
method.

	 2.	Preoperative autologous donation 
(PAD): A certain amount of blood is 
collected from the patient at regular 
intervals in the preoperative period and 
stored in the blood bank for later use. A 
reduction of allogeneic blood transfu-
sion has been reported in patients who 
underwent preoperative autologous 
transfusion and has been studied along 
with other interventions such as anti-
fibrinolytics and cell salvage [37,38].
This prevents use of allogenous blood 
in case of haemorrhage intraoperative 
haemorrhage, The main disadvantage 
is the difficulty in collecting blood from 
a small child in the preoperative period 
and its hemodynamic consequences.

	 3.	Acute normovolemic haemodilu-
tion (ANH): This technique involves 
removing a calculated amount of blood 
from the patient immediately before 
the surgery and replacing the amount 
with crystalloids in a ratio of 3:1 or 
colloids in a ratio of 1:1. There is con-
troversial evidence suggesting a reduc-
tion in allogenic blood transfusion with 
ANH alone [39,40,41]. This can cause 
haemodynamic disturbance during 
removal of blood and also reduce tol-
erability to intraoperative blood loss. 
ANH has also been shown to cause 
exponential reduction in the haemo-
globin after bleeding but also lesser 
haemoglobin drop in the postoperative 
period after autotransfusion in patients 
undergoing scoliosis correction [39].

	 4.	Antifibrinolytic agents: Infusion 
of antifibrinolytic agents such as 
tranexamic acid or epsilon amino 
caproic acid is postulated to decrease 
blood loss. Tranexamic acid has been 
studied extensively for reduction in 
transfusion requirements in not only 
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scoliosis correction but also in obstet-
rics, cardiac, neurosurgery, and urol-
ogy [42]. The efficacy of tranexamic 
acid is postulated to be dose specific. 
Several dosing regimens such as high 
dose regimen (50mg/kg loading dose 
followed by 5mg/kg/hr) and low dose 
(10mg/kg followed by 1mg/kg) were 
compared with controversial results 
[43,44,45,46]. In most of the stud-
ies, the high dose regimen reduced 
blood loss and transfusion require-
ments more than low dose regimen 
[42]. Side effects, such as seizures and 
allergic reactions, limit the usage of 
high dose regimen. The optimal dose 
of tranexamic acid is yet to be deter-
mined [42].

	 5.	Infiltration of site with local anaes-
thetic and adrenaline

	 6.	Preventing pressure over the abdo-
men to decrease epidural venous 
congestion

	 7.	Hypotensive anaesthesia: This method, 
also referred to as controlled hypoten-
sion, includes deliberate reduction 
of the mean arterial blood pressure 
with various anaesthetic drugs such 
as epidural, inhalational agents, intra-
venous infusions, and nonanaesthetic 
drugs including clonidine, nitroglyc-
erine, nicardipine, esmolol, and labet-
alol. However, hypotension makes the 
patient more susceptible to haemody-
namic instability in case of any sud-
den, severe haemorrhage and also puts 
the patient at risk of ischemic dam-
age to various vital organ beds [46]. 
Throughout the literature, the goal 
mean arterial pressure to maintain the 
perfusion of spinal cord varies between 
80mmHg to 90 mmHg without any 
strong evidence [47]. But selecting the 
same threshold for every patient goes 
against individual variability among 
the population and is not recom-
mended [48]. The anaesthesiologist has 
to monitor invasive blood pressure and 
individualise the blood pressure goals 
according to the patient profile and 
intraoperative events.

	 8.	Cell Salvage: This is a process of col-
lecting the blood from the surgical field 
through a separate suction, removing 
the debris, washing the red blood cells 
and centrifuging them and mixing with 
an anticoagulant, such as heparin, and 
transfusing it to the patient. Avoiding 
exposure to allogenous blood and pre-
venting waste are the advantages, but 
the requirement of a specialised appa-
ratus, perfusionist, and concern with 
respect to red cell damage, oxygen car-
rying capability, hyperkalaemia, and 
coagulopathy due to heparin are the 
disadvantages.

SPINAL CORD PROTECTION

 The anterior one third of the spinal cord is sup-
plied by a single anterior spinal artery originat-
ing from vertebral artery and the posterior two 
third is supplied by two posterior spinal arteries 
originating from posterior inferior cerebellar 
artery [49]. Segmental arteries originating from 
the ascending cervical artery, posterior inter-
coastal arteries, and the lumbar arteries that join 
these spinal arteries form a plexus of vessels 
around the spinal cord. In the setting of hypo-
perfusion, the most prone area for ischaemia is 
the watershed zone at the T4 to T7 level, which 
is sparsely perfused [50]. The damage to the 
spinal cord depends on the length of the pro-
cedure, stretching of the nerve roots leading to 
reduced blood supply, systemic hypotension, 
direct contusion of the cord, blood loss, etc. 
This can be prevented by real-time monitoring 
of spinal cord perfusion with SSEP or MEP. As 
soon as any change in the evoked potentials is 
noted, the surgeon and anaesthesiologist should 
be alerted immediately. Any inhalational agent 
should be discontinued, and hypothermia, anae-
mia, and hypotension should be treated appro-
priately. Failure to improve the evoked potential 
should alert the surgeon to either remove the 
screw or decrease the traction. Treatment with 
methylprednisolone 30mg/kg bolus followed by 
5.4 mg/kg infusion for 23 hours given within 8 
hours of insult has been shown to improve neu-
rological outcomes in patients with traumatic 
spinal cord injury but not specifically in scolio-
sis surgery [51].
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ANALGESIA

Intraoperative dissection of bone and perios-
teum mandates appropriate analgesia in these 
patients. Multimodal analgesia regimens such as 
paracetamol, infusion of opioid, and dexmedeto-
midine are most widely practised. Nonsteroidal 
anti-inflammatory drugs (NSAIDS) are generally 
avoided in orthopaedic procedures, as there are 
concerns regarding delayed union and malunion. 
The prostaglandin pathway, which is inhibited 
by NSAIDS, is also responsible for expression 
of osteoprotegerin, a protein that helps in bone 
healing [52]. A meta-analysis concludes that there 
is strong evidence associating delayed union and 
malunion with NSAID exposure but it may be 
dependent even on dose and duration of expo-
sure [52]. Intrathecal morphine administered by 
the surgeon at the end of surgery has been found 
to be associated with lower postoperative opioid 
consumption and improved pain control [53, 54]. 
However, a retrospective study reported that inci-
dence of inadvertent dural tear was also increased 
without an increase in surgical site infection [55]. 
It should be remembered that, during intrathecal 
opioid administration, local anaesthetic has to 
be avoided to prevent interference in spinal cord 
monitoring.

The decision regarding extubation and the 
postoperative intensive care unit stay is made 
depending on the preoperative comorbidities, 
optimisation, degree of respiratory failure, 
intraoperative blood loss, haemodynamics and 
complications. There is a general trend toward 
extubation on table, which helps in early assess-
ment of patient’s motor and sensory response 
and recovery as a whole.

POSTOPERATIVE CONCERNS

The postoperative course is as important as pre-
operative optimisation in a patient with scoliosis 
because it takes time for the lung volumes and 
capacities to improve after surgery. There is a 
significant variation in the literature regarding 
this aspect. Various studies reported that the pul-
monary function test (PFT) parameters improve 
after surgery [56, 57, 58, 59, 60], though few 
concluded that lung volumes decrease after sur-
gery [61, 62], and a few reported that there is no 
change in the lung volumes after the correction 

[63, 64]. However, the surgical approach and the 
duration of evaluation after surgery will change 
the PFT parameters. Open anterior approach, 
requiring disruption of rib cage, injury to the 
respiratory muscles and pleural adhesions in 
the postoperative period, may prevent optimal 
change in lung volumes [65]. In the immediate 
postoperative period after posterior instrumenta-
tion, it studies have shown that the lung volumes 
actually decrease on Day 1, reach a plateau at 
Day 3, and reach baseline values 2 to 3 months 
after surgery [31]. This, along with the major 
fluid shifts, blood loss, and pain, makes the 
patient more at risk of postoperative pulmonary 
complications. The other anticipated complica-
tions are postoperative ileus due to prolonged 
infusion of opioids for analgesia, worsening of 
the neurological status, postoperative visual loss, 
nerve compression injuries due to intraoperative 
malpositioning and worsening of bulbar symp-
toms in a patient with previous history. Other 
rare complications such as pneumothorax, air 
embolism in prone position, and superior mes-
enteric artery syndrome due to compression of 
superior mesenteric artery between the third part 
of the duodenum and aorta during correction of 
severe deformities, and syndrome of inappropri-
ate antidiuretic hormone release (SIADH) due 
to handling of the nerve tissue [23]. The post-
operative care centres on chest physiotherapy, 
adequate analgesia, careful neurological moni-
toring, and early ambulation.

A patient with scoliosis posted for surgeries 
other than deformity correction also poses a sig-
nificant challenge to the anaesthesiologist. The 
techniques of anaesthesia, spinal cord moni-
toring, analgesia, and preoperative assessment 
have evolved over time and led to a reduction 
in the complication rate and better outcomes for 
these patients. This is not only because of the 
advanced equipment available, but also thor-
ough understanding of the physiology by both 
the surgeons and anaesthesiologists. The suc-
cess of the surgery stems from teamwork and 
depends on communication between the mem-
bers of the team.

CONCLUSION

Perioperative management of scoliosis patients 
undergoing deformity correction is always a 
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challenge. Preoperative risk stratification, opti-
misation, and an anaesthetic protocol targeting 
optimum haemodynamics without hampering 
neurological monitoring is the key to the suc-
cessful outcome in these patients.
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8a Biomechanics of Surgical 
Intervention Associated 
with Early-Onset Scoliosis

Aakash Agarwal

INTRODUCTION

There exists an understanding of how a scoli-
otic curve progresses with time, but the main 
biological catalysts that initiate, progress, or 
halt the curve are uncertain. Therefore, the bio-
mechanics of surgical intervention relies solely 
on our mechanistic understanding of the pro-
gression of a growing curve. To understand the 
biomechanics of surgical intervention, it helps 
to bear in mind the complex three-dimensional 
(3D) nature of spinal curvature and possible 
mechanisms of its initiation and progression [1]. 
Scoliosis appears to develop in two stages: curve 
initiation and subsequent progression [2].

INITIATION

According to the Hueter–Volkmann principle, 
the strain rate of axial growth in long bones, 
including vertebral bodies at the period of 
skeletal immaturity, is retarded by mechanical 

compression on growth plates. The opposite is 
true when tension is applied, i.e. accelerated 
strain rate of axial growth. Because of the phys-
iologic curvature in the normal thoracic spine, 
compressive forces are delivered on the ventrally 
located part of the vertebral column, whereas 
distractive forces are delivered on the dorsally 
located part. The process that leads to abnormal 
spinal curvature is thought to be initiated by 
the rotation of the vertebral bodies in the axial 
plane, which causes discrepant axial loading 
between the ventrally and dorsally located por-
tions of the involved vertebrae. Over time, this 
discrepancy manifests as a change in the direc-
tionality of spinal curvatures, i.e. the ventrally 
located part of the vertebral column becomes 
the convex side and the dorsally located part 
becomes the concave side leading to the onset 
of scoliosis [3–5]. It still remains unclear what 
leads to such instability. A 70% confluence rate 
among identical twins for the presence of scolio-
sis makes a direct genetic relationship difficult 
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to establish. Therefore, there must be factors that 
work together or in place of each other resulting 
in different outcomes [6, 7]. From a biomechan-
ical standpoint, an upright spinal column with 
curvatures is exposed to shear forces in multiple 
planes, which may contribute to the rotational 
instability from which scoliosis originates [8, 9]. 
Nevertheless, a number of factors also suggest 
the major role of spinal growth mechanisms in 
the occurrence of scoliosis. Besides the velocity 
and age of growth, there could also exist a fault 
in the symmetry of growth in the neurocentral 
Schmorl cartilage [6, 10]. As scoliosis is related 
to the onset of puberty, scoliosis might be the 
visible aspect of a metabolic or endocrinal dis-
ease accounting for a specific morphotype. 
Observation of sporadic cases of scoliosis devel-
opment during growth hormone treatment has 
led to consideration of the possible role of the 
growth hormone in the process. That said, no 
anomaly in growth hormone blood concentra-
tion has been reported in scoliosis patients. Low 
bone mineral density in young female scoliosis 
patients suggests that estrogen disorders may 
engender osteopenia, which would account for 
a particularly high susceptibility to deformation 
of the bone matrix. Despite all these theories, 
one of the main difficulties encountered in this 
area of research consists in determining whether 
all these observed anomalies are the causes or 
concurrences of scoliosis. For example, any 
modification of the volume, activity, and nature 
of the spinal muscles observed in the convexity 
of the scoliosis is subject to the same question as 
to whether the symptoms should be considered 
as causes or a parallel observation.

PROGRESSION

After a critical degree of curvature has devel-
oped, a vicious mechanical cycle drives the pro-
gression of scoliosis, which accelerates during 
periods of rapid spinal growth. Therefore, the 
effects of both time and 3D structural distortions 
must be considered during the management of 
scoliosis. Biomechanical curve progression 
parallels spinal growth. Hence, irrespective of 
type, scoliosis mainly progresses only during 
growth and ceases when skeletal maturity is 
reached, provided that the final curvature is not 
severe. The rates of spine-related symptoms and 

mortality among patients who have a curve with 
a Cobb angle of less than 50° are similar to those 
among patients without scoliosis; by contrast, 
patients who have a curve with a Cobb angle 
of more than 50° have higher rates of back pain 
and mortality associated with cardiopulmonary 
complications [11]. The progression of idiopathic 
scoliosis after skeletal maturity depends on the 
severity of curvature. If the Cobb angle is less 
than 30° after the cessation of skeletal growth, 
the scoliotic curve tends not to progress, regard-
less of the pattern of curvature. Curves with a 
Cobb angle of 30°–50° at skeletal maturity prog-
ress 10°–15° during a normal lifetime, whereas 
curves with a Cobb angle of 50°–75° at skeletal 
maturity progress at a rate of 1° per year. The 
frequency of curve progression differs accord-
ing to the cause and type of scoliosis. Congenital 
scoliosis progresses in 75% of cases. Among 
patients with idiopathic scoliosis, progression is 
most common in the juvenile group (70%–95% 
of patients) [12]. Adolescent idiopathic scoliosis 
also progresses less often than juvenile idio-
pathic scoliosis and congenital scoliosis. Only 
5% of adolescent patients with idiopathic scolio-
sis experience curve progression beyond a Cobb 
angle of 30°. The factors that have the greatest 
effect on the probability of progression of ado-
lescent idiopathic scoliosis are spinal growth 
velocity and magnitude of the curve at initial 
presentation [13]. Because growth velocity is the 
main factor that affects curve progression, accu-
rate estimation of the growth phases is important 
for managing scoliosis [14].

CORRECTION STRATEGIES

For curves in the range of 20°-40°, bracing can 
be an effective means of controlling some forms 
of early-onset scoliosis (EOS), such as idiopathic 
scoliosis and some syndromic forms of the con-
dition; however, bracing is not appropriate for 
neuromuscular or congenital scoliosis. Most 
braces, a plaster or foam copy of the patient’s 
body fitted by straps to the patient, could help 
prevent scoliosis from rapidly worsening in a 
patient [15]. At best, it could avoid surgery and, 
at worst, it could delay surgery; however, com-
pliance to wearing the brace on a permanent 
basis is necessary to achieve satisfactory results. 
Bracing works via application of multidirectional 
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pressure (rotational and lateral) on the spine-rib-
pelvic complex using multiple pads aimed at 
halting or slowing the progression of deformity. 
In contrast, body casts are not removable. It is 
done in series of up to five or more in infantile 
idiopathic scoliosis cases to increase the amount 
of correction, and at an interval of 8 weeks to 
24 weeks, depending upon the changes observed 
in the curve [16, 17]. Casting could correct or 
delay surgery in appropriate patients and is usu-
ally more effective than bracing. Currently many 
researchers and entrepreneurs are focussed on 
the concept of dynamic bracing. If this research 
translates from bench to bedside, it could change 
the landscape of the conservative treatment 
modalities. Such bracing would rely on an elec-
tronic feedback loop and use pressure sensors to 
monitor and change the corrective forces, thus 
actively limiting the progression of scoliosis. 
However, the reality today is that most progress-
ing curves eventually undergo surgical inter-
vention. The objectives of surgical correction 
strategies include 1) growth sustenance and 2) 
limiting the extent of deformity.

STANDALONE SURGICAL 
PHILOSOPHIES

Distraction-based growth rods have been the 
mainstay of surgical intervention in EOS for 
more than a decade [18]. The concept uses dis-
traction to create additional soft-tissue space 
in-between the vertebrae for the bone to later 
grow into. Its universal application was thrusted 
through the use of traditional growth rods which 
required repeated invasive surgeries every 6–12 
months for the sustenance of growth via distrac-
tion. There are many problems with traditional 
growth rods, but the most obvious problem is 
that it requires repeated surgeries. The trauma 
of repeated surgery is a nightmare for both 
the patients and the surgeons, from increased 
complications with each subsequent surgery to 
infections and unplanned surgeries [19]. This 
limitation in the surgical technique led to the 
invention of MAGEC (MAGnetic Expansion 
Control, Nuvasive) rods [20]. The main ben-
efit of the MAGEC rod is that it allows for a 
noninvasive mode of distraction in the growth 
rods. This benefit is theoretically realised by a 
drastic reduction in the number of consecutive 

surgeries. Despite this transition in technology, 
the majority of surgeries performed in countries 
with limited resources relies on the use of tra-
ditional growth rods. This is in part due to the 
very high initial cost associated with the use of 
MAGEC rods in such countries [21]. The section 
below delves further into the modes of failure 
associated with these two devices and how to 
reduce such adverse events. 

Guided-growth techniques are the second 
most common surgical intervention [22, 23]. 
This relies on axial stabilisation of the spine 
with natural allowance for growth. The most 
well-known technique, SHILLA, falls under 
this category. The SHILLA technique could 
be performed both using rods and SHILLA 
screws (Medtronic), however, in the absence 
of SHILLA screws, this technique can be per-
formed using a sliding rod-dominos construct. 

And the third most common technique in 
scoliosis intervention is compression-based ver-
tebral modulation. This technique employs the 
Hueter–Volkmann principle through mechani-
cal compression on the convex sides of the 
growth plates, thus allowing a higher relative 
growth rate at the concave side to reduce wedg-
ing. This has traditionally been thought to be 
applied via anterior-body tethering (a flexible 
cord that is under tension to compress the con-
vex side) or staples [24–26]. Although earlier 
intervention is necessary to achieve success in 
such cases. This is because the technique only 
halts the potential leftover growth on the convex 
end of the curve, thereby relying on the passive 
correction mode via normal growth on the con-
tralateral sides, i.e. the concave side to achieve 
long-term correction.

BIOMECHANICS OF FAILURE MODES

Rod Fracture and Screw Loosening 
with Distraction-Based System

Rod fracture is a common complication among 
all the long and rigid constructs used in the man-
agement of scoliosis and has been highlighted 
in several studies [27, 28]. It is known that the 
risk of rod fracture increases with single rods, 
stainless steel rods and smaller diameter rods 
[29]. The same study also found that rod frac-
ture was more prevalent among patients with 
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preoperative ability of ambulation. However, rod 
fracture has also been reported in nonambula-
tory patients. The mean time reported for rod 
fracture was 25 ± 21 months and the mean time 
after distraction (for distraction-based systems) 
was 5.8 ± 3 months. Hence fracture could occur 
at any time [29]. Furthermore, a retrieval analy-
sis study performed by the U.S. Food and Drug 
Administration (FDA) on failed growth rods 
revealed that these rods fracture only at specific 
sites on the rods. They concluded that the pos-
terior surface of the rod is the fracture initiation 
point, with mid-construct, adjacent to distal con-
nector, and adjacent to tandem connector as the 
common fracture sites [30]. The fatigue strength 
of most medical grade metals, e.g. 510 MPa at 
10 million cycle of medical grade titanium alloy 
(Ti6Al4V) is high enough to withstand a juvenile 
patient’s upper body weight and muscle forces; 
however, the innate fatigue strength reduces 
drastically if there are notches on the rods [31]. 
Therefore, these fractures could easily be accel-
erated by surgical (contouring, notching, etc.) 
or patient (traumatic and sudden exposure to 
uncommon physical undertakings, accidents, 
etc.) specific variables that are unrelated to the 
construct’s geometry and may not typically occur 
under normal circumstances [32]. Nevertheless, 
lowering the stresses on the rods will help in 
reducing the occurrence of failure, especially 
in distraction-based systems. Distraction-based 
systems have an added disadvantage of resid-
ual distraction stresses when considering the 
fatigue life of its construct in human body. Using 

representative biomechanical models (Figure 
8a.1), optimised for lowest distraction forces and 
sustained growth, it was found that forces greater 
than 100N on the concave side and 75 N on the 
convex side resulted in unnecessary growth at 
the expense of increased complication, i.e. higher 
stresses on the rod [33–35]. Long-standing clini-
cal literature suggests that distraction forces 
stimulate apophyseal growth of the axial skeleton 
compared to normal growth rate [36, 37]. Based 
on the Hueter–Volkmann principle, this could 
occur only by applying a higher distraction force 
than physiologically necessary. This mechanism 
was simulated in the biomechanical models using 
representative scoliotic spines corroborating the 
trends similar to what was observed in previous 
clinical studies [20, 37, 38].

With traditional dual growth rods, changing 
the frequency of distraction is not an option, but, 
with the use of MAGEC, it is feasible. Multiple 
representative biomechanical models have been 
simulated to look at the frequency of distraction 
of growth rods and its effect on the stresses gen-
erated on growth rods over a period of 2 years. 
The stresses on the rod for the duration of 24 
months decreased with an increase in frequency 
of rod distraction. The shorter distraction period 
may not be required in all patients, but it may 
prove tremendously helpful for patients with 
stiffer spines or patients who need higher magni-
tude of distraction to improve lung function (by 
stimulation of growth). Biomechanical data have 
shown that frequent distractions would require 
smaller distraction forces and thus will induce 

FIGURE 8A.1  Few of the representative biomechanical models that previously simulated the distraction 
forces and frequency associated with distraction-based surgical intervention [34].



97Biomechanics of Surgical Intervention Associated with Early-Onset Scoliosis﻿

lower stresses in the rods [31, 33–35]. It is crucial 
to apply these risk-mitigation strategies in clini-
cal practise. A significant amount of information 
has been obtained from previous biomechanical 
studies on lowering the incidence of growth rod 
fracture. As with all surgical procedures, patient 
selection is an important factor that affects the 
efficacy of any risk-mitigation technique. A dis-
traction frequency that is ideal for one patient 
may not be suitable for another. Therefore, pre-
vious study has used a graphical representation, 
based on variances in spinal stiffnesses among 
different patients instead of a single number rep-
resenting an ideal distraction frequency [39]. It 
is conferred that the distraction frequency and 
distraction forces are integrated, i.e. for every 

distraction frequency there is an optimal distrac-
tion force. Therefore, reducing the distraction 
interval with the aim of reducing the propensity 
of rod fracture also requires a reduction in the 
distraction force. This concept has been previ-
ously misunderstood, and clinicians solely relied 
on changes in distraction frequency without 
changing the amount of distraction force (Figure 
8a.2) [40]. Therefore, it is of paramount impor-
tance that clinicians understand the mechanical 
reasons behind such concepts. Theoretically, the 
distraction force of approximately zero magni-
tude would ideally mean a growth rod technol-
ogy in which the growth rod is able to sense the 
change in compressive stresses and undergoes 
automated lengthening as a negative feedback 

FIGURE 8A.2  Top: Schematic representation of the current practise of distraction vs the recommended 
practise from Agarwal et al., through their findings [31, 33–35, 39]. In this example, the current practise shows 
one distraction in 6 months, while the recommended practise shows seven smaller distractions in 6 months, 
hence the term smaller distraction intervals. Bottom: Schematic representation of the current practise vs. 
Hosseini et al. interpretation of our work. and the comparison made in their published article [40].
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mechanism. In absence of such a technology, 
we need to apply as small an increment of dis-
traction as possible to sustain height at equiva-
lently smaller intervals of time. For example, 
1.5 mm–2.0 mm every month, instead of 4.5 
mm–6.0 mm every 3 months.

Screw loosening is one of the other common 
complications that is often clinically observed 
[41, 42]. The concept of reducing stresses on 
the rod via smaller increments of distraction 
at smaller intervals of time has been tested in 
both using biomechanical models and in vitro 
settings. The pull-out forces increased signifi-
cantly with lower distraction forces at frequent 
intervals. The pull-out results of in vitro studies 
have also corroborated the significance of the 
reduction of high loads at screw-bone interface 
by using smaller distraction forces at smaller 
intervals as a method to lower the incidence of 
screw loosening [34].

Autofusion and Law of Diminishing 
Returns with Distraction-Based System

Previous clinical studies have characterised the 
distraction forces and lengths observed during 

distraction episodes in EOS patients implanted 
with growth rods [43, 44]. The studies showed 
a law of diminishing return, i.e. the distrac-
tion forces increased, whereas the distraction 
amount decreased with consecutive distraction 
episodes (Figure 8a.3). Cumulatively, the dis-
traction force increased by an amount of 268%, 
with 120% increase in the early stages (distrac-
tion episodes 1–6) and 68% increase in the 
later stages (distraction episodes 6–11), whereas 
the cumulative decrease in the length over 11 
distraction episodes was 47%, with 34% and 
20% in the early and later stages, respectively. 
Furthermore, in the late stages of distractions 
(6–11), the trend did not result in significant dif-
ferences between each consecutive episode for 
both the distraction force and the length [44]. 
The reason for this could be multifold. It could 
either be because of a decrease in the sample 
size, hence an increase in variance, a plateau 
in the growth velocity, a sustained distraction-
trauma causing the stiffness of the spine to 
plateau, or a combination of thereof. The phe-
nomenon of increased spinal stiffness could be 
a result of several factors: reduction in laxity of 
the soft tissues due to damages incurred at every 

FIGURE 8A.3  Top: Distraction forces at each distraction episode. The error bar represents two SDs, the 
95% confidence interval. Bottom: Distraction length at each distraction episode. The error bar represents two 
SDs, the 95% confidence interval. The brackets represent a p value of <0.05, i.e. significant difference existed 
between consecutive episodes [44].
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distraction, development of fusion mass due to 
exposure, or a reduction in motion [45, 46]. The 
qualitative element of this has been highlighted 
previously by demonstrating mitigation of auto-
fusion due to ‘smaller’ but frequent distraction 
[47]. Therefore, to date, the most accepted rea-
soning for this phenomenon is the trauma caused 
to the soft tissues due to excessive distraction 
forces, which, in turn, leads to reduced flexibil-
ity via fibrogenesis or osteogenic response. This 
adds to the benefits of using smaller distractions 
at smaller intervals, as recommended in the 
previous section for reducing rod fracture and 
screw loosening. However, the term ‘smaller dis-
traction’ is just a qualitative nomenclature in a 
clinical setting for lower distraction forces in the 
absence of a clinically available force measur-
ing devices. As patient’s curve stiffness, weight, 
etc. vary, so will the forces (and stresses) gen-
erated in them with the same distraction length 
(applied through MAGEC rods). This implies 
that for a very stiff curve, autofusion, rod frac-
ture, etc. may still occur despite frequent sup-
posedly ‘smaller’ distractions (generating high 
forces and stresses because of the high stiffness 
of the curve). In this regard (to assess the stiff-
ness of a scoliotic curve), it is important to use 
gravity-based techniques in which the patient 
lies sideways with a fulcrum at the apex instead 
of taking x-rays while the patient stands and 
bends to the side to assess curve-flexibility (and 
thus determining the frequency of distraction). 
The standing side-bend technique does not pro-
vide the correct flexibility of the curve because 
of nonspecific bending moments, which varies 
from patient to patient. Furthermore, it would be 
a major technological advancement if MAGEC 
or some other technology can measure the dis-
traction forces during the distraction episodes.

Failure to Lengthen MAGEC Rods

The main benefit of MAGEC rod’s main benefit 
is that it allows for the noninvasive distraction 
of the growth rods. However, the failure of this 
attribute, i.e. the noninvasive distraction mecha-
nism, reduces the overall efficacy of the device 
with newer studies even questioning if there 
is a real quality-of-life difference with use of 
MAGEC rods [48]. It was recently shown that 
the most frequent clinical problem associated 

with the MAGEC rod is the failure of nonin-
vasive distraction mechanism, which leads to 
invasive revision surgeries required to replace 
the device [49]. These results also highlight 
the exponential increase in such failure rates 
(Figure 8a.4). Furthermore, the ‘Manufacturer 
and User Facility Device Experience’ (MAUDE) 
record on the top five failure modes associated 
with standard instrumentation usage in spinal 
fusion proves that such failures are substantially 
underreported [49]. Studies continue to suggest 
a growing number of distraction mechanism 
failures associated with MAGEC rods [50]. 
Better technical and clinical controls need to be 
set in place to avoid such adverse events, which 
leads to unplanned open surgeries. A higher 
distraction magnitude results in the generation 
of higher distraction forces, and this, in com-
bination with off-axis loading (exemplified by 
‘growth marks’), result in wear and breakage of 
the MAGEC rod’s components. Therefore, one 
hypothesised method to reduce the propensity 
of such failures would be to apply minimum 
distraction at higher frequency, as described in 
previous sections. This would also reduce tissue 
trauma and its effects, such as autofusion [31, 
34, 40, 43, 44, 47].

Wear and Metallosis in MAGEC 
and Guided-Growth Techniques

Most cases of metallosis have been observed 
during necessary procedures for other clinical 
reasons. The voluntary nature of such report-
ing also presents a challenge against exclud-
ing infrequently reported complications, such 
as necrosis, which although is present in all 
cases (off-axis loading and wear), has only been 
reported 10 times in total [49]. A previous study 
concluded that 91% of the MAGEC rods showed 
measurable wear of the extending bar toward 
the magnet end [50]. This is similar to the result 
of other studies where MAGEC presented with 
metallosis, pseudo-capsule surrounding the 
actuator, and abrasive circumferential mark-
ings around the rod [51]. They also showed a 
significant amount of metal debris when the 
actuators were carefully cut open. Analytical 
studies demonstrated metal fragments of pre-
dominantly titanium with a mean particle size 
of 3.36 microns. Similarly, during revisional 
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surgery with guided-growth systems, signs of 
implant wear and metallosis were observed at 
the location of the unconstrained interfaces [52]. 
In sum, the histological evaluation confirmed 
chronic inflammation with encapsulated foreign 
body granules. Although not much research has 
been done on reducing metallosis, few technical 
controls, such as ceramic coating at wear-gener-
ating surfaces, has been suggested [49].

Crankshafting, Adding-On, 
and Distal Migration with 
Guided-Growth Techniques

A factor that contributes to curve progres-
sion is called crankshaft phenomenon. This 
can develop in skeletally immature children 
after spinal fusion as a result of continued spi-
nal growth with increased axial rotation of the 
fixed spine. The clinical evidence of crank-
shaft phenomenon is often subtle, whereas the 

radiographic findings are considered more 
apparent [53, 54]. However more recent stud-
ies with longer follow-up time presents another 
curve evolution theory after SHILLA implanta-
tion. Results suggest that the apex of the fused 
primary curve shifts in approximately 62% of 
patients, with nearly all of these (92%) involving 
a distal migration. Overall, these findings rep-
resent adding on or distal migration of the apex 
after a guided-growth technique rather than a 
crankshaft phenomenon about the apex [55].

HYBRID SURGICAL PHILOSOPHY

The failure of most of these standalone tech-
niques has shown that the concept of ‘one size 
fits all’ is not applicable for the surgical man-
agement of EOS. Therefore, newer concepts 
employing two or more of the above philoso-
phies, i.e. various combinations of distraction-
based, guided-growth, and compression-based 

FIGURE 8A.4  Top: Adverse event reporting from MAUDE database for MAGEC rod usage up till June 
2019. Bottom: Adverse event reporting from MAUDE database for top five failure modes associated with 
standard instrumentation usage in spinal fusion up till June 2019 [49].
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approaches might be more suitable and, biome-
chanically speaking, a more optimal surgical 
intervention. One such combination currently 
used for surgery includes active apex correction 
(APC), Figure 8a.5 [56, 57]. It is a hybrid of 
guided-growth and compression-based man-
agement of deformity. The technique simply 
consists of replacing the apical fusion (of tra-
ditional SHILLA) with unilateral compression 
(via pedicle screws or any other means) on the 
convex side. This compression is meant to halt 
the growth on the convex side and thus allow 
the ratio of concave-to-convex height to increase 
overtime, thus reducing the vertebral wedging at 
the apex of the curve. Biomechanically it allows 
for an active compression-based intervention 
at the apex of the curve, alongside passively 
restrained guided-growth height allowance of 
the entire scoliotic curvature. The result of clini-
cal studies on this technique provides evidence 
of reverse vertebral modulation at the apex of the 
curve in patients with scoliosis and kyphosco-
liosis when modifying the traditional SHILLA 
technique with APC [56]. Furthermore, when 
comparing the correction parameters and height 
gain between APC and long-established tradi-
tional growth rod systems, the two techniques 

did not show any clinically significant dis-
tinction at their current follow-up period [57]. 
Nevertheless, the latter presented an obvious 
disadvantage because it required multiple sur-
geries to regularly distract the spine. Another 
example of such a combination is a hybrid of 
guided-growth and distraction-based system, 
called the spring distraction system [58]. It is 
similar to passively restrained guided-growth 
technique, however, it replaces the apical fusion 
with an energised mechanical spring to add an 
active component driving the growth in a singu-
lar direction (along the height). This energised 
spring provides a low distraction force, which 
further continues to reduce with spinal growth 
(Figure 8a.6). Both of these techniques rely 
on a single surgery, and the short-term results 
are encouraging. Long-term follow-up will be 
necessary to establish these as biomechanically 
superior techniques.

CONCLUSION

Progression of an EOS curve is inevitable in 
cases in which the device undergoes break-
age due to fatigue or trauma. Alternatively, 
curves have also progressed (for example in 

FIGURE 8A.5  Radiograph of two patients exemplifying the two types of, but analogous, modified SHILLA 
procedure. Left: the modified SHILLA approach using dominos (4.5 mm rod in 5.5 mm domino hole) for slid-
ing with growth. Right: the modified SHILLA approach using pedicle screw-rod clearance for sliding with 
growth. Yellow circles identify the sliding units of this SHILLA construct for sustenance of overall longitudi-
nal growth of the spine until puberty.
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guided-growth systems) without device fail-
ure. Unlike treatment of nonspecific low back 
pain, the surgical intervention of EOS involves 
long-term understanding of the surgical prin-
ciples, biomechanics surrounding the failure 
modes, and growth. At present most surgical 
interventions rely on a one of the three meth-
ods of correction, such as distraction-based, 
guided-growth, and compression-based. This 
results in a lot of limitations because each of 
these philosophies suffers from a distinct bio-
mechanical disadvantage, including but not lim-
ited to excessive distraction-force led fracture 
and autofusion, repeated open surgeries, failure 
of noninvasive distraction mechanism, progres-
sion of deformity due to apex migration, metal-
losis and tissue encapsulation, and inefficacy 
with need for early intervention. Nevertheless, 

such limitations can be tackled using a combi-
nation of two or more of these techniques, and 
future work should focus on understanding and 
implementing hybrid surgical philosophies for 
unprecedented biomechanical advantage.
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8b Principles of Surgical 
Management

Michael Grevitt

INTRODUCTION

Patients with early-onset scoliosis (EOS) form 
a small but heterogeneous group. This makes 
study of the natural history and outcomes of 
treatments difficult given the paucity of large 
patient cohorts. With the latter problem, there is 
no consensus based on evidence-based research 
on what is the optimal treatment in any given 
clinical scenario. Matters are further compli-
cated by the absence of outcome assessment 
tools or agreed-upon criteria to measure success. 
Thus, although growth preservation is an often-
stated aim of all treatment modalities, there is a 
poor understanding of the fundamental relation-
ships between spinal longitudinal growth, chest 
wall morphometry, and pulmonary function.

CURRENT SURGICAL STRATEGIES

Given all the uncertainties outlined above, the 
management of children with EOS is often 
empirical and guided by a surgeon’s clinical 
experience and heuristic reasoning.

This bespoke approach is exemplified by the 
study of Yang et al. [1]. The authors conducted 
a case-based survey of members of the Growing 
Spine Study Group to examine attitudes and 

thresholds for certain treatment strategies. 
These results were then related to actual prac-
tice based on a database of 265 EOS patients 
treated by growing rods over 4.7 +/– 2.1 years. 
The survey indicated a preference for growing 
rod surgery over nonoperative, rib-based dis-
traction (vertical expandable prosthetic titanium 
rib – VEPTR), growth guidance (Shilla), and 
primary arthrodesis techniques. The majority 
indication for growing rod insertion was a curve 
of over 60° and a patient younger than 8–10 
years of age. In practice, the mean Cobb angle 
at time of rod insertion was 73° and mean age 
was 6 years. Other factors favouring rod inser-
tion were curve rigidity, brace intolerance, and 
syndromic scoliosis.

Given the often poor bone quality in EOS 
patients, gracile rib structure, and tenuous 
method of attachment to rib and pelvis, there 
is an expected rate of complications in the sur-
gery of EOS. The magnitude of the risk and fac-
tors that might predispose to the same has been 
made clearer in several published reports.

Sankar et al. [2] reviewed the charts of 36 
EOS children treated by standard dual grow-
ing rods, hybrid growing rods (rib-spine attach-
ments), and the VEPTR device. There were 
72 unplanned surgeries in 26 patients (72% 
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complication rate or 2.77 per patient). The main 
causes were rod breakage (18), migrated anchors 
(31), and treatment of deep wound sepsis (18). 
The standard dual rod construct had a compli-
cation rate of 2.30, hybrid construct 0.86, and 
VEPTR 2.37 per patient. In this study, there was 
no relationship in rate of complications and pre-
operative Cobb angle, kyphosis, age, and body 
mass index.

Bess et al [3] published data from the Growing 
Spine Study Group database. The study included 
140 patients with a mean age and follow-up sim-
ilar to the previously mentioned report; 81 (58%) 
had a minimum of one complication. Their data 
suggested that a single growing rod construct 
had a higher complication rate than dual rods 
(27% versus 10%), and that subcutaneous rod 
insertion had more wound problems, implant 
prominence, and unplanned surgeries. Older age 
at time of rod insertion seemed to have a lower 
risk (reduced by 13% for each additional year of 
age) but increased by 24% for each additional 
surgical procedure performed.

EOS SURGICAL TREATMENT IN LOW- 
AND MIDDLE-INCOME COUNTRIES

Matters are further complicated in low- and 
middle-income countries (LMIC) where prob-
lems of funding expensive implants, logistics of 
follow-up visits, and expeditious management of 
complications all require an alternative strategy.

The latter requires a synthesis of principles 
that include the essential goals of surgery and an 
acknowledgment of the restricted circumstances 
of LMIC patients. These are:

	 1.	Growth-preservation of the immature 
spine to maximise T1–T12 length.

	 2.	Control of the spinal deformity (and 
the adverse effects of the Heuter-
Volkmann principle in progressive 
vertebral wedging).

	 3.	Use of less-expensive and potentially 
locally derived implants.

	 4.	Less dependence on regular follow-up 
clinic visits.

	 5.	Avoidance of a high complication rate.

By following the above principles, it is hoped 
these children will have satisfactory outcomes, 

acceptance of the care-pathway by the family, 
and treatment that is sensitive to the socioeco-
nomic circumstances and constraints of climate 
and geography.

The following sections will focus on growth 
modulation (convex epiphysiodesis, anterior 
vertebral staples) and growth guidance (Luque 
Trolley and SHILLA) techniques and determine 
how well they respect the above principles:

CONVEX EPIPHYSIODESIS

Epiphysiodesis has been extensively used in 
the management of limb-length discrepancies 
and angular deformities of long bones. Convex 
hemiepiphysiodesis remains one of the most 
used methods for scoliosis. This is a relatively 
easy procedure with a short learning curve 
[4, 5]. These procedures address the curve by 
reducing growth on the convex side and continu-
ing growth on the concave side, provided there 
is enough growth potential. Progression is pre-
vented (with potential regression of the defor-
mity) by slowing down the growth of the curve 
convexity by the destruction of the growth plate. 
Presently the most common indication is in chil-
dren with multisegment congenital deformities 
in which fusion is undesirable (for fear of aggra-
vating potential thoracic insufficiency syndrome 
through trunk shortening), particularly when 
the anomalies are hemivertebrae. However, it 
may be applied in idiopathic EOS in combina-
tion with growth-guiding instrumentation.

The results are better in younger children 
with greater growth potential and enough 
time for correction. Several authors modified 
the original technique with better results [6]. 
However, unpredictability of the correction and 
curve progression, slowly evolving outcomes, 
are the requirement of occasional anterior sur-
gery are drawbacks [6].

Several authors documented a growth tether 
effect in the majority of curves, but the demon-
strable correction of curve is less frequent [7,8]. 
In a study by Marks et al. [9], 53 patients with con-
genital scoliosis were analysed. Results showed 
reduction in the rate of change of Cobb angles 
in patients with unsegmented bars. In complex 
anomalies, there was a decrease in the rate of 
progression of the curve, but the final deformity 
was more than that just prior to surgery. However, 
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in the hemivertebrae group, 97% of patients 
showed reduction in the final Cobb angle. The 
author concluded that convex epiphysiodesis has 
an important role in the surgical management of 
congenital scoliosis, particularly for hemiverte-
bra [9]. Demirkiran et al. [10] proposed a modi-
fied technique of convex epiphysiodesis with 
instrumented fusion. He studied 13 patients who 
underwent this procedure in which there was 
acute correction of the curve by end plate destruc-
tion and fusion by pedicle screws and gradual 
correction later by concave growth. The average 
curve magnitude was 49°±10.9° (range, 34°–68°) 
preoperatively, 38.3°±9.7° (range, 28°–58°) early 
postoperatively, and 33.5°±12.4° (16°–52°) at last 
follow-up [10].

These results suggest that procedures to 
arrest convex growth can be used with great 
effect in children with growth potential, par-
ticularly in complex multisegment curves. The 
results in lumbar curves are more advantageous 
than thoracic counterparts. Various local modi-
fications can be applied in these patients, but 
long-term follow-up is extremely important to 
prevent failures.

ANTERIOR VERTEBRAL STAPLES

The inspiration for stapling the spine for sco-
liosis grew out of the success obtained in lower 
extremity deformity conditions in children. It is 
minimally invasive, avoids the need for fusion, 
and is potentially reversible with the correc-
tion starting immediately upon insertion [11]. 
Vertebral body stapling attempts to reverse the 
wedging caused by Hueter–Volkmann law.

Vertebral body stapling is an option for the 
growing child with progressive scoliosis as an 
alternative to bracing. Indications include a sco-
liosis deformity that would be considered for 
brace treatment or may have failed or refused 
bracing with at least 1 year of growth remain-
ing. Poor results are seen with curves over 45° 
and with kyphosis greater than 40°.

Initial reports of the use of staples in the 
spine were in canine models by Nachlas and 
Borden [12]. They first created and then tried to 
correct the deformity in animals using staples. 
Some of the staples failed because they spanned 
three vertebrae, and there were concerns regard-
ing the staple design. The enthusiasm for this 

novel treatment waned after the application 
of their stapling technique in three children 
with progressive scoliosis yielded poor results. 
Later, Smith et al. [13] presented disappointing 
results in patients with congenital scoliosis. Its 
use in severe curves with significant rotational 
components and in children with little remain-
ing growth limited the amount of potential 
correction.

Initial staples used for spinal deformities 
were similar to those used in long bones and 
made of stainless steel. Being rigid, they were 
prone to dislodge due to motion in the spine. 
To overcome this, special staples made up 
of Nitinol (Nickel Titanium Naval Ordnance 
Laboratory) were designed. Nitinol is a bio-
compatible metal alloy of 50% titanium and 
50% nickel. The uniqueness of this staple is 
that it is made out of a shape memory alloy in 
which the prongs are straight when cooled but 
assume a C-clamp shape in the bone for secure 
fixation when the staple returns to body tem-
perature. The temperature at which the staples 
will undergo the shape transformation can be 
controlled by the manufacturing process [13]. 
Nitinol has a low corrosion rate, has been used 
extensively in orthodontic implants and cardio-
vascular stents, and found to be safe. It does not 
lead to significant elevations in the nickel levels 
in the tissues or blood, and its properties are not 
altered with any sterilization methods used in 
the operating room [14,15]. The US Food and 
Drug Administration has given 510(k) approval 
for Nitinol shape memory staples for fixation of 
a bone screw in the anterior spine as well as for 
hand and foot osteotomies. The staples are not 
approved for use across the disc space and are 
used off-label [16].

Betz et al. [17] demonstrated the feasibility, 
safety, and utility of vertebral body stapling for 
the treatment of AIS in a group of 21 patients 
(Figure 8b.1). Only minor complications were 
noted, with no cases of staple dislodgement. 
In 2005, the same group [18] reported on 39 
patients and their increased experience with the 
procedure. Stabilization of the curve was seen 
in 87% of those patients older than 8 years at the 
time of stapling who had a curve of 50° or less 
with at least 1 year of follow-up. No curve less 
than 30° at the time of stapling progressed more 
than 10° at follow-up.
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Indications for stapling include:

	 a.	Age less than 13 years for girls and less 
than 15 for boys.

	 b.	Risser 0 or 1.
	 c.	At least 1 year of growth remaining by 

wrist x-ray, or Sanders digital stage less 
than or equal to 4.

	 d.	Thoracic curves 25–35°, and lumbar 
coronal curves less than or equal to 
45°, with minimal rotation and flexible 
to less than or equal to 20°.

	 e.	Thoracic kyphosis less than or equal 
to 40° (due to the theoretic potential of 
the staples to induce kyphosis).

Contraindications to stapling are preoperative 
curves greater than 50°, kyphosis greater than 
40°, any medical contraindication to general 
anaesthesia, reduced pulmonary function, or a 
known hypersensitivity to nickel [19–21].

The technique of convex side staple insertion 
is either via thoracoscopic or open insertion in 
the thoracic spine and the use of minimal access 
tubes for thoracolumbar or lumbar curves. Using 
these minimally invasive techniques, scoliotic 
vertebrae from T3 to L4 can be stapled while 
limiting the total scar length. Staples are allowed 
to cool for at least 45 minutes. Once adequately 
cooled, the staples are placed onto their insert-
ers, where they remain in iced cardioplegia solu-
tion prior to insertion. The transfer of staples 
from ice-water bath to vertebral bodies should 
be as quick as possible to prevent staple warm-
ing. Staples are placed anterior to the rib heads, 
and if the patient has severe hypokyphosis or 
thoracic lordosis, the staples can be placed more 
anterior on the vertebrae to help produce kypho-
sis with the patient’s growth. In the lumbar spine, 
the staples should be placed as far posteriorly 
on the vertebral body as possible, at least in the 
posterior half of the body, to maintain a normal 

FIGURE 8B.1  X-rays demonstrating anterior vertebral staples.
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lordosis [19]. All vertebral bodies included in the 
Cobb angle of the curve are instrumented. Two 
single staples (two prongs) or one double staple 
(four prongs) is placed at each level except when 
an additional two-prong staple is inserted ante-
rior to these to induce further kyphosis.

Although the technique does not require a 
large inventory or complex instrumentation, 
the alloy and manufacture of Nitinol staples are 
expensive and, therefore, probably not relevant 
to LMIC. However, staples may be used as an 
adjunct to brace therapy. Whilst the curve is still 
flexible, the brace produces some curve correc-
tion and reduces the stresses on the implanted 
staples giving the latter time to exert its growth 
modulating effect.

SHILLA TECHNIQUE

This technique was devised by McCarthy and 
named after the hotel where he first conceived 
the concept. Fundamental to the technique is 
correction of the apical deformity and rota-
tion with instrumentation. There is a limited 
arthrodesis over the apical segments and nonse-
cured ‘sliding’ pedicle screws above and below 
the fused segments. The remainder of the spine 
may, therefore, passively elongate over the rods 
that function as a growth-guidance construct.

Andras [19] compared the results of the 
SHILLA with dual-spine growing rods (GR). 
The study compared 36 matched pairs, and the 
GR group had a greater improvement in Cobb 
angle and T1–S1 length but had more surger-
ies. However, those in the SHILLA group were 
more likely unplanned or emergent.

That same year (2015), McCarthy [20] pub-
lished the results of the first 40 patients treated 
by his technique. The average age was 6 years 
and 11 months, with an average follow-up inter-
val of 7 years. The mean curve size presurgery 
was 69°, and at the latest follow-up it was 38.4°; 
however, the complication rate was 73%.

The same study group [21] compared the 
results of GR with SHILLA technique at defini-
tive fusion/removal of implants or final length-
ening, after average intervals of 6–7 years. Age 
at first surgery was similar at 7.7 and 7.9 years, 
respectively. The SHILLA group had a better 
initial Cobb correction, but both groups were 
similar in terms of the initial increase in the 

T1–T12 length and subsequent increase growth-
related increases. In contrast to the earlier stud-
ies, complication rates were similar, but GR had 
a three-fold greater number of surgeries.

McCarthy published his longer term results 
in 2019 [22] and found that, although there was 
no crankshaft phenomenon, there was distal 
add-on beneath the fused apex in over two-
thirds of cases. The mean growth was 45 mm 
(i.e. not dissimilar to normal growth).

The latest evidence [23], however, contradicts 
the latter finding. In their group of 20 patients, 
a growth rate of 4.2mm/year was achieved; this 
being a third of normal growth. Once again, the 
complication was high (75%), with the majority 
being implant related.

In summary, the SHILLA technique has the 
advantage of limited implant density using ped-
icle fixation and sliding screws that are neither 
complex nor necessarily expensive to produce. 
The passive nature of the construct and avoid-
ance of need for frequent returns to the clinic 
are obvious attractions in LMIC health systems. 
However, the data on the outcomes are con-
flicting with nondeveloper reports suggesting 
less growth and initial correction than distrac-
tion rods. Moreover, the high complication rate 
would also be challenging to overcome or deal 
with in more disadvantaged settings.

LUQUE TROLLEY

Luque was the first to develop multisegmental 
instrumentation in the post-Harrington rod era. 
The need arose from having to treat a cohort 
of patients with postpoliomyeltic deformities. 
Given the local circumstances, the usual pro-
longed postsurgical confinement in bed and 
need for a plaster jacket were unacceptable. 
Advantages included rapid postoperative mobil-
isation discharge from hospital and relative 
cheapness of the implants. His initial report [24] 
showed an average of 72% correction.

Winter’s [25] experience of 100 patients of 
sublaminar wiring for scoliosis fusion empha-
sised the need for care in passing the wires. 
There were no cases of broken wires or rods but 
‘disturbing loss of correction’ in idiopathic sco-
liosis. Pseudarthrosis was common in fusions to 
the sacrum except where Luque-Galveston fixa-
tion was used.
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The first description of this technique in EOS 
was in 1992 [26]. There were only nine cases, 
with an average age of 9 at the time of surgery. 
All patients had at least one revision procedure, 
which was technically difficult due to extensive 
fibrosis. Average gain in height was 5.8 cm, but 
little occurred in the instrumented segments. 
There was no effective control of the spinal 
deformity.

Webb et al [27] performed a retrospec-
tive analysis of the 5-year follow-up data from 
patients instrumented with Luque Trolley with 
or without convex epiphysiodesis for manage-
ment of progressive infantile and juvenile idio-
pathic scoliosis. For Luque Trolley alone, Cobb 
angle worsened for all patients. For progressive 
infantile scoliosis managed with Luque Trolley 
and convex epiphysiodesis, Cobb angle wors-
ened in seven, remained unchanged in four, and 
improved in two patients. Mean age at opera-
tion was 3.1 years and instrumented spinal 
growth was 32% of expected growth. Average 
preoperation Cobb angle was 65°; at the 5-year 
follow-up, it was 32°. For juvenile idiopathic 
scoliosis managed with Luque Trolley and con-
vex epiphysiodesis, Cobb angle worsened in 
three patients and improved in one. This study 
concluded that the Luque Trolley alone was 
insufficient to prevent curve progression; a con-
vex epiphysiodesis was required to prevent the 
crankshaft phenomenon.

In a more recent report of the technique, 
Rosenfeld et al. [28] used 13 children with low-
tone EOS. The mean age at surgery was 7.4 
years. On average, 15 segments (13–16) were 
instrumented; none of the children went on to 
a spontaneous fusion, and the average growth 
rate per year from T1–T12 and T1–S1 was 0.9 
cm/y and 1.5 cm/y, respectively. The mean total 
growth from T1–T12 and T1–S1 was 22.3 cm 
and 37.5 cm, respectively. A total of three addi-
tional surgeries were needed in two children to 
address complications.

In summary, the use of the Luque Trolley 
in EOS has been used for more than 20 years. 
The need for an adjuvant convex epiphysiode-
sis remains unclear because of insufficient data. 
The growth rates using the procedure range 
from near normality to approximately one-
third. There are also conflicting data regarding 
the spontaneous fusion and complication rate. 

The technique is technically demanding (which 
may account for the varied results in the litera-
ture) and, therefore, some tips and tricks are 
necessary:

The Luque Trolley procedure is technically 
demanding not just in the care and dexterity 
required to safely pass the wires in small chil-
dren, but also in the careful extraperiosteal 
exposure of the spine. Only sufficient spine 
should be exposed to create the small laminoto-
mies for wire passage.

The laminae in small and syndromal children 
may be soft and should not be unduly stressed 
by forceful tightening of the wires (e.g. as part 
of a cantilever reduction manoeuvre) to secure 
to the rods.

Where a large curve exists, a significant 
reduction of the deformity may be achieved by 
the adjuvant use of halo-femoral traction during 
the operation.

The use of pedicle screws as a caudal foun-
dation provides for a better fixation, and less 
distal junctional kyphosis and caudal migra-
tion of the lower rods as described in the 
original Luque technique (see case example, 
Figures 8b.1–8b.5).

Proximal fixation is also challenging using 
pedicle screws in the upper thoracic spine in 
EOS patients. Use of wires alone to secure the 
proximal rod (cf. unit rod procedure) is accept-
able in very small infants. For the larger child, 
hooks or hook-screw devices may be useful.

To maximise the construct rigidity, there 
should be maximal overlap of the proximal and 
distal rods, as well as allowing the greatest length 
to accommodate growth (Figures 8b.3-8b.7).

In an effort to reduce the necessary dissection 
to pass the sublaminar wires, a pedicle-screw 
based adaptation of the Luque Trolley system 
has been developed (DePuy Synthes, Raynham, 
US). Pairs of proximal and distal rods secured 
cephalad and caudad with conventional pedicle 
screws or hooks are interlinked with gliding 
vehicles (GV) that have polyetheretherketone 
(PEEK) cable ties (Figure 8b.8).

The advantage is that less exposure of the 
spine is required to insert the GVs and, there-
fore, reduces the risk of spontaneous fusion. 
However, there are fewer intermediary anchor 
points and, therefore, the instrumentation is 
likely less suited for stiff curves or associated 
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hyperkyphosis (see case example, Figures 8b.9, 
8b.10 and 8b.11).

Ouellet [29] described the initial results of 
the above system at a mean follow-up of 4 years. 
The primary curve was corrected from 60° to 
21° and was maintained at 21°. An average of 
10 vertebrae was spanned, allowing the spine to 

grow a mean of 3 cm over 4 years, representing 
a mean of 77% of the expected growth. Two of 
the five cases outgrew the construct requiring 
lengthening of rods. One patient had gradual 
recurrence of deformity without substantial 
axial growth that required revision surgery after 
4 years.

FIGURE 8B.2  X-rays demonstrating SHILLA technique (A–E).

FIGURE 8B.3  Sublaminar wires inserted and organised with polypropylene bands. Distal pedicle screws 
are inserted.



114 ﻿Early-Onset Scoliosis

FIGURE 8B.4  Sublaminar wires are sequentially tightened.

FIGURE 8B.5  Final construct – upper thoracic hook-screws inserted. Note majority overlap of rods.



115Principles of Surgical Management﻿

FIGURE 8B.6  A. Clinical photographs; 4-year-old syndromal EOS patient. B. Pre- and immediate postop-
erative x-rays.

FIGURE 8B.7  12-year follow-up – no revision procedures or additional surgeries required. Postpubertal 
final follow-up x-ray aged 15+8 years.
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FIGURE 8B.8  Updated trolley system (DePuy Synthes). A. Pedicle screw with PEEK cable tie securing 
rods. B. Construct with proximal and distal pedicle screws and intermediate gliding vehicles.

FIGURE 8B.9  7-year-old syndromal EOS patient. Preoperative and bending x-rays.
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THE CHALLENGE OF EOS 
SURGERY IN LMICS

Conventional distraction-based growing rod 
systems are inappropriate given the repeated 

visits and need for frequent lengthening 
required. Apart from the reported considerable 
complication rate, there is also the affordability. 
The latter refers not just to the cost of implants 
but the socioeconomic cost of this treatment 

FIGURE 8B.10  A. Insertion of proximal and distal pedicle screws. B. Intermediate GVs with protruding 
cable ties.
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regimen. Repeated distraction procedures are 
also resource intensive.

The growth guidance or modulating proce-
dures are thus theoretically more attractive. An 
idealised care pathway is a single surgical inter-
vention, negligible complications, and easier 
conversion to a definitive fusion.

The data for all the above techniques dem-
onstrate that the above ideal is not met in the 
majority. The complication rates are not incon-
siderable and may not be easy to manage both 
from a logistical perspective (i.e. timely revi-
sion) as well as being technically challenging.

The fact that there are such diverse proce-
dures for surgical management of EOS implies 
that there is no single ‘catch-all’ choice. Each 
case requires a bespoke approach that addresses 
the surgical challenge and the socioeconomic 
circumstances of the family.

From a technical perspective, epiphysiode-
sis, at an early stage, is a safe option and may 

be combined with cast or brace therapy. Where 
the latter is practically difficult because of geo-
graphical and organizational constraints, then 
some form of internal brace is required. In these 
instances, and where implants are restricted, 
judicious use of apical screws to control the 
apex, with limited use of sublaminar wires at 
the caudal and cephalad limits of the construct, 
may control the curve with some growth-guid-
ance capability. Alternatively, if screw availabil-
ity is challenging then an all-wire construct may 
be employed (Figure 8b.12).

Whilst some of the implants might be more 
affordable or have local equivalents, there are 
fundamental challenges to the system of postop-
erative care and surveillance required to deliver 
the best outcomes.

The challenges are considerable. A study 
published in January 2018 [30], followed 11,422 
postoperative patients in 25 African nations. 
The report found that 1 in 5 patients developed 

FIGURE 8B.11  Pre- and postoperative x-rays.
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postoperative complications and had a 5.6% 
chance of dying. The lead researchers of the 
study pointed to the inadequate and under-
staffed postoperative care offered in most hos-
pitals as the cause of this phenomena.

Many patients also live a significant distance 
from hospitals, which means that they struggle 
to follow up on postoperative visits and cannot 
reach help in time if there are complications.

If EOS surgery is to be safely delivered, 
there needs to be a framework of local care and 
clinical surveillance from nonmedical or allied 

health professionals. Telemedicine and the use 
of video call to consult with specialists in the 
spinal hub hospitals are the minimum requisites.

CONCLUSION

Surgical management of EOS in LMICs poses 
considerable challenges. The procedure chosen 
is less important than the system of care (and 
the feasibility of timely follow up). The tech-
nique is dependent on the latter and the avail-
able implants. Epiphysiodesis and bracing is the 

FIGURE 8B.12  A. All-wire Luque trolley construct in juvenile idiopathic EOS. B. Definitive fusion 6 years 
later aged 14 years.
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least implant dependent procedure but requires 
longer fusion length to adequately control the 
deformity. Anterior stapling and vertebral body 
tethering are attractive options; however, there 
are resource issues related to the thoracotomy 
approach and unpredictable nature of the growth 
guidance principle. Posterior approaches may 
use sublaminar wires either as a SHILLA or 
Luque Trolley strategy.
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8c Preoperative Diagnosis 
and Management

Mohamed Fawzy Khattab

INTRODUCTION

Early-onset scoliosis (EOS) is not a diagnosis; 
it defines the structural coronal and/or sagittal 
spinal deformity that started before the age of 
10 years. It has different aetiologies, including 
congenital, neuromuscular, syndromic, or idio-
pathic. The diagnosis determines the natural 
history and helps in decision-making. Diagnosis 
relies on a multidisciplinary approach with a 
team consisting of a spine deformity surgeon, 
paediatric orthopaedic surgeon, neurologist, 
paediatrician, pulmonologist, nutrition special-
ist, genetic specialist, radiologist, physiothera-
pist, and neurosurgeon.

EOS remains a challenging scenario because 
natural history varies according to the aetiol-
ogy, there is no globally agreed-upon method 
for treatment, and outcomes rely on the patient’s 
comorbidities, diagnosis, and management 
protocols. In limited-resource countries, the 
situation has special considerations, includ-
ing limited perinatal examinations of pregnant 
mothers in rural areas, limited infant-screening 

methods, late presentations of the deformity, 
limited diagnostic tools, a limited number of 
deformity surgeons, a limited number of well-
equipped hospitals, the economic and psycho-
logical burden on poor families, and a lack of 
multidisciplinary team approach.

In Egypt, there is a difference in the available 
resources, availability of healthcare profession-
als, and the degree of healthcare offered to the 
EOS cases based on geographical location. In 
order for a child with EOS to receive effective 
treatment, a multidisciplinary approach to reach 
the diagnosis is necessary. The author works 
with a multidisciplinary team, led by a senior 
professor of paediatric neurology, at a university 
in Egypt that is considered to be referral centre. 
The team utilised the Khattab EOS Checklist 
(Table 8c.1), which was developed to help ful-
fil the patient diagnosis requirements, and the 
WhatsApp messaging application to notify 
team members about newly discovered cases. 
The team started some live and online semi-
nars to increase community awareness and to 
help patients and families psychologically. This 
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group of healthcare professionals is working to 
launch a special paediatric deformity care unit.

HISTORY-TAKING

The preoperative assessment starts with proper 
history-taking with analysis of the parents’ com-
plaint, followed by proper examination of the 
musculoskeletal system, neurological state, pul-
monary state, and syndromic assessment. The 
team then must gain parental approval to con-
duct the proper investigations. Diagnosis can be 
achieved through proper history-taking, which 
requires parents of EOS patients to answer some 
questions regarding the natal, family, and spine 
deformity history. 

For the natal history, the parents are asked 
about difficulties during pregnancy, ultrasound 
examination, type of labour, postnatal neonatal 
care unit admission, and length of physiologi-
cal jaundice. The parents are asked to give a 
detailed history about the patient’s Apgar score 
if possible.

The multidisciplinary team also gathers 
information regarding the patient’s history of: 

•	 Motor milestones development. 
•	 Any significant postnatal events that 

may have affected the child’s growth. 
•	 Activity. 
•	 Exertional dyspnoea. 
•	 Exercise intolerance. 
•	 Failure to gain weight. 
•	 Gastroesophageal reflux. 
•	 Night cough. 
•	 Vomiting or gagging.
•	 Refusing food.
•	 Drug history. 
•	 Allergic reactions. 
•	 Urine and stool incontinence. 
•	 Mental state. 
•	 Psychosocial problems. 
•	 School problems encountered.

Pain (onset, course, duration, what increased, 
and what decreased) as a symptom should be 

TABLE 8C.1
Khattab EOS Checklist

Personal Data Symptoms Alarming Symptoms

Previous 
Paediatric 

Consultation

Family History Known Syndromes Siblings 

General 
Examination

Growth and 
Development

Face/Skin/Possible 
Syndromatic

Cardiac and 
Respiratory 
Systems

Gastrointestinal and 
Renal

Musculoskletal Spine Lower limb/LLD/Hip/
Pelvis

Upper Limb Spine/Balance

Neurological State Sensory Motor/Walker/
Nonwalker

Abdominal 
Reflexes

Reflexes

Laboratory Routine Specific

Radiology Plain X-Ray MRI CT DEXA/Pelvic 
Abdominal 
Ultrasound/

Remarks

Team/
Multidisciplinary 
Approach

Spine Deformity 
Surgeon/

Paediatric 
Orthopaedic 
Surgeon

Paediatric Cardiologist,
Pulmonologist,
Paediatrician,
Neurologist,
Genetic Paediatrician

Neurosurgeon,
Nutrition 
Specialist,

Physiotherapy 
Specialist

Radiologist,
Anaesthesiologist,
Psychologist

Team Decision 
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analysed. It is also important to identify similar 
cases in the family, as some syndromes or neu-
romuscular disorders may be present in other 
family members. Spinal deformity analysis is 
important, as the onset, course and duration 
of the deformity, previous hospital admission, 
treatment, and medical comorbidities may help 
to diagnosis of some syndromes. 

The main problem the team encountered in 
history-taking is that the software and systems 
needed to connect healthcare providers is not 
available. Physicians rely on their own comput-
ers or patient files to document the related data, 
which is time-consuming and often does not 
provide a complete picture, especially if the par-
ents are not cooperative or literate.

PHYSICAL EXAMINATION

A physical examination of patients with EOS 
deformity is mandatory. This usually requires 
cooperation between the team of physicians 
and the patient’s family. The physical exami-
nation should look for characteristic features of 
vertebral anomalies, anorectal malformations, 
congenital cardiac defects, tracheoesophageal 
anomalies, renal anomalies, and limb defects, as 
people with three or more of these anomalies are 
typically diagnosed with VACTREL association. 

Once the patient presents, a complete general 
physical examination is conducted and followed 
by a local spinal and neurological examination. 
If the examination reveals abnormal physical 
signs or increases suspicion of syndromic or 
congenital pathology, then the EOS team should 
be consulted. The EOS team members include a 
paediatric orthopaedic surgeon, spine deformity 
surgeon, paediatrician, pulmonologist, cardi-
ologist, neurologist, neurosurgeon, nutrition 
specialist, genetic specialist, physiotherapist, 
anaesthesiologist, and radiologist.

	 1.	General Examination (Face, 
Skin, Chest, Cardiac, Renal, 
Gastrointestinal)

The general examination starts by having the 
patient undress. The patient’s face and mouth 
are examined to see if there are abnormal 
facial manifestations or a high-arched pal-
ate that indicates syndromic manifestation of 
EOS. Abnormal walking should trigger proper 

neurological and other investigations for the 
child. Physically, the patient’s nutritional state, 
gastrointestinal system, respiratory system, car-
diovascular system, endocrinal, neurological, 
and musculoskeletal system should be evalu-
ated. Some symptoms should encourage the 
paediatric spine surgeon to address these sys-
tems via examination, investigation, and other 
specialty consultation. This mandates EOS 
teamwork approach.

Symptoms that warrant respiratory system 
assessment:

	 1.	 Increased respiratory rate.
	 2.	Exertional dyspnoea.
	 3.	Exercise intolerance.
	 4.	Failure to gain weight.
	 5.	Retraction and diaphragmatic 

breathing.
	 6.	Recurrent chest infection.

Symptoms that warrant consultation from nutri-
tion and paediatrician specialists:

•	 History of gastroesophageal reflux.
•	 Vomiting or gagging.
•	 Night cough.
•	 Refusing food.
•	 Anthropometric measures:

•	 Weight for age <5th percentile.
•	 Body mass index <10th percentile.

If the child is under weight and malnourished, 
the patient may need a gastrostomy or nasogas-
tric tube for feeding. This is important to help 
ensure adequate soft tissue coverage for the 
implants, encourage wound healing, and prevent 
postoperative complication as infection. 

 Cardiological Assessment

A cardiological consultation should be requested 
in EOS patients and an echocardiogram con-
sidered a routine preoperative investigation in 
the preoperative evaluation [1], especially for 
patients with

	 1.	Connective tissue disorders, such 
as Marfan syndrome character-
ised by ocular, cardiac, and skeletal 
abnormalities.
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	 2.	Neuromuscular scoliosis and myopa-
thy patients [2].

	 3.	Cases with severe curves.
	 4.	Echocardiography confirming that 

13.6%–24.4% of patients with idio-
pathic scoliosis may have valvular 
anomalies [3].

	 5.	Congenital cases, as 7%–26% have 
congenital heart disease [4].

Urogenital
Up to 25% of cases with congenital scoliosis 
have renal problems, such as renal hypoplasia, 
single kidney, megaureter, horseshoe kidney, 
pelvic kidney, hypospadias, urethral anomalies, 
cloacal anomaly, exstrophy of the bladder, and 
undescended testis [2]. Urinary tract infections, 
especially in neuromuscular cases, increase the 
risk of surgical site infection; therefore, consult-
ing with a urologist is a must to assess a child’s 
ability to withstand major correction surgery and 
can help optimise the child’s renal function [5].

 Trophic Changes in the Skin

Skin pigmentations, axillary or inguinal freck-
ling, skin scaring, ulcers, skin defects, abnormal 
skin stigmata, café au lait patches, and soft cys-
tic swellings may indicate neurofibromatosis or 
meningocele. Neurocutaneous signs of intraspi-
nal pathologies (spinal dysraphism) can appear 
from history or examination; it is common with 
congenital cases that these include hairy patches 
and dimples overlying the spine and may denote 
the presence of bladder symptoms ( Figure 8c.1) 
[6, 7, 8].

Neurological Examination
EOS cases can be presented with asymptom-
atic neural axis abnormality (NAA). These 
NAA may include Arnold-Chiari malformation, 
syringomyelia, and tethered cord syndrome. 
Undiagnosed NAA carries the risk of postop-
erative neurological deficit due to instrumented 
correction of the deformity [9, 10]. Detailed 
neurological examination, including informa-
tion on history of headaches, backaches, and 
the presence of neurologic signs and symptoms, 
should be documented.

The sensory, motor, and reflexes neurological 
examination should be done, noting abdominal 

reflexes and the absence of or unequal bilateral 
reflexes, such as ankle or knee jerk, as motor 
or sensory deficits may highlight the presence 
of intrathecal pathology. Abnormal walking 
should trigger proper neurological and other 
investigations for the patient. If there are neuro-
logical signs and proved intrathecal anomalies, 
a neurosurgeon should be consulted for possible 
early neurosurgical intervention (Figure 8c.2). 
The preoperative and postoperative neurological 
state of the EOS child should be documented.

Musculoskeletal Examination
The coronal and sagittal profile of the back 
should be assessed. In cases with dystrophic 
neurofibromatosis, sharp, angular, rapidly 
progressive kyphoscoliosis can be suspected. 
Limb length discrepancy, equinus, and pelvic 
obliquity should be properly assessed. A thor-
ough musculoskeletal examination should be 
conducted, including examination of the hips 
and feet, to see if there is any hip dysplasia or 

FIGURE 8C.1  Male child 7 years old presented 
with congenital EOS, coronal imbalance, and skin 
stigmata; for neural arch defect and flat feet defor-
mity, he flexed knee to compensate.
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foot deformity. Having the patient perform the 
Adam’s forward bending test and the use of 
cubes for short limbs will help to assess the 
patient clinically. Hand and ligamentous lax-
ity need to be assessed to exclude syndromatic 
cases, and legs and forearms should be exam-
ined for dystrophic skeletal changes as antici-
pated in neurofibromatosis. If the facility does 
not have a scoliometer, assessment of rib hump 
may be assessed by appearance, meaning that 
rotation is more than 30°. Chest expansion is 
evaluated by measuring chest wall circumfer-
ence with a tap below the nipple.

It is important to assess the weight, height, 
spine balance, and rib hump, as these param-
eters are documented every visit to assess spine 
growth, deformity progression, and nutritional 
state. If the patient cannot stand, sitting height 
can be measured. In limited-resource countries, 
data archives are rare, so every doctor must doc-
ument his or her own cases. If possible, patients 
may be asked to take and save clinical photos 
using their smart phones to compare them at each 
visit. The clinical photos include posteroanterior 

(PA), anteroposterior (AP), lateral (right- and 
left-sided) views, and views of the lumbar and 
thoracic prominences present during an Adam’s 
forward bending test. (Figure 8c.3)

Developmental hip dysplasia has been diag-
nosed more frequently in patients with early 
onset idiopathic scoliosis than in normal chil-
dren. Other skeletal abnormalities with idio-
pathic EOS include isthmic spondylolisthesis, 
hereditary exostosis, and slipped capital femo-
ral epiphysis (SCFE) [11]. Sprengel’s deformity, 
upper and lower limb hypoplasia, wasting of one 
leg, club feet, and other pedal deformities can be 
associated with congenital EOS [4].

PREOPERATIVE LABORATORY 
TESTS TO COMPLETE

Laboratory investigations are tailored accord-
ing to the provisional diagnosis, and the EOS 
team is involved in the interpretation of these 
investigations. Complete blood count, alanine 
transaminase (ALT), serum creatinine, pro-
thrombin time (PT), partial thromboplastin time 

FIGURE 8C.2  CT 3D reformat for the patient in Figure8c.1 after shunt application by neurosurgeon to 
help the child with Arnold-Chiari malformation, multiple fused ribs, congenital vertebral malformation, and 
unsegmented bar.
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(PTT), international normalised ratio (INR), 
hepatitis markers, HIV (especially if frequent 
blood transfusions or previous surgery was 
done), and morning midstream urine analysis 
are the author’s routine preoperative investiga-
tions. Investigations according to certain syn-
dromes could be requested. For the paediatric 
spine deformity surgeon, taking the preopera-
tive HbA1C for diabetic patients is important. 
Correction of anaemia and identification of the 
patient’s ABO system should be done preopera-
tively for possible preparation of blood units.

RADIOLOGICAL INVESTIGATIONS

Plain Radiographs

Images of the patient standing posteroanterior 
and lateral should be taken, and both need to 
span the lower cervical vertebrae to the femoral 
heads. Preoperative supine right- and left-bend-
ing films are mandatory. Fulcrum-bending films 
are helpful to measure curve flexibility. Traction 
film can be used to assess curve flexibility. Lead 
shields is not available, so it is important to limit 
children’s exposure to this ionised radiation 
from x-rays (Figure 8c.4).

Magnetic Resonance Imaging

While magnetic resonance imaging (MRI) is 
not a routine investigation in general, it needs 

to be done in EOS children because more 
than 30% have associated spinal dysraphism, 
such as diastematomyelia, tethered cord syn-
drome, syringomyelia, and other intrathecal 
anomalies. Tethered cord is the most com-
mon MRI-detected intraspinal anomaly in 
congenital EOS, syringomyelia is the second, 
then thickened fatty filum terminal, low-seated 
conus medullaris, diastematomyelia, intradural 
lipoma, extradural space occupying lesions, 
Arnold-Chiari malformation, arachnoid cystic 
lesions, and Dandy–Walker malformation [4, 
12]. Large spinal canal caused by intraspinal 
tumours or dural ectasia is common, causing 
vertebral scalloping due to erosion of the liga-
mentous and bony structures. Meningoceles, 
pseudo-meningoceles, and dumbbell lesions 
are related to neurofibroma [14]. Screening by 
doing whole spine MRI in EOS cases is recom-
mended at the time of presentation, especially 
with a Cobb angle of more than 20°, even if the 
findings of the neurological examination are 
normal [13]. 

Usually, the child needs sedation or anaes-
thesia to do such investigations, which may 
increase economic burden and psychological 
stress to the family, but it is advisable for con-
genital curvature. In Egypt, MRI is available 
and cheaper than developed countries, but the 
MRI machines may be older. For best results, 
engage a musculoskeletal radiologist on the 
team.

FIGURE 8C.3  Clinical photos PA, AP, Adam’s forward bending test, Lateral views of male patient with 
achondroplasia.



129Preoperative Diagnosis and Management﻿

Computerised Tomography (CT)

Computerised tomography (CT) scans are usu-
ally used as a preoperative radiological investi-
gation to assess the bony anatomy. It is indicated 
in congenital scoliosis to assess vertebral failure 
of formation or segmentation and pedicle shape. 
Dural ectasia can be diagnosed in Marfan syn-
drome through CT by showing anterior menin-
goceles, wide interpediculate distance, vertebral 
scalloping, and increased sagittal diameter 
[3, 15]. Dural ectasia was reported in 63% of 
Marfan syndrome patients [8].

In scoliosis associated with neurofibromato-
sis, CT scans are the most sensitive radiologi-
cal investigative tool to diagnose intraspinal rib 
dislocation [8]. CT scans can be used to assess 
pathology at the cervicodorsal junction or at 
the dorsal spine. If MRI is contraindicated, 
such as for patients with cochlear implants, 
the use of intrathecal dye prior to the CT scan 
may help in diagnosis of intrathecal anomalies. 
Bone mineral density (BMD) may be requested 
for patients with osteogenesis imperfect and 
Marfan syndrome [5]. Pelvic abdominal ultra-
sound can be used to assess gastrointestinal and 

renal abnormalities with the help of a radiologist 
who has experience in that.

Conclusion

Taking a full, detailed patient history, family 
involvement, clinical examination, EOS team 
consultations, and the results of radiological 
investigations form the foundation of decision-
making for the surgical or nonsurgical treat-
ment plan. Spinal sagittal and coronal alignment 
should be documented clinically, which should 
include taking and saving photographs and 
radiographs of each visit, and should be manda-
tory for the treatment plan.

Countries with limited resources can man-
age the preoperative evaluation in a good way 
according to the available resources. An EOS 
team and experienced mentors for the spine 
deformity surgeon should be available. The use of 
social media and artificial intelligence will help 
to change medical service. The Khattab EOS 
checklist can help spine deformity surgeons fol-
low good diagnostic protocol. Developed coun-
tries should cooperate and donate new medical 
technology and medical instrumentation to less 

FIGURE 8C.4  Plain x-ray long film of female patient with congenital EOS.
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developed countries, helping to create a stan-
dard of care all over the world.
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INTRODUCTION: CAN EARLY-ONSET 
SCOLIOSIS (EOS) BE MANAGED IN 
RESOURCE-LIMITED SETTINGS?

The management of early-onset scoliosis (EOS) 
has seen tremendous advancement in the past 
decade. EOS is frequently associated with 
obstructive pulmonary disease and dyspnoea, 
among others, and these are considered more 
troublesome than the deformity itself [1, 2]. 
Thoracic cage abnormalities pose the greatest 
risk for developing restrictive pulmonary dis-
ease [3]. The lung parenchyma and bronchial 
tree are fully developed by 8 years of age, and 
by 10-years, thoracic volume is half that of an 
adult [4, 5]. To allow continued growth of the 
spine and thorax while controlling progres-
sion of deformity, growth-friendly surgical 
options emerged, such as traditional growing 
rods, VEPTR (vertical expandable prosthetic 
titanium rib), and, recently, the magnetically 
controlled growing rods (MCGR). The goal of 
treatment in EOS is not only deformity correc-
tion, but also allowing continued growth [5, 6]. 
The recent shift from fusion to fusionless sur-
gery has promised the same, but it is not without 
complications. Hence, the most important con-
sideration is to have an absolute indication for 
the surgery prior to evaluation of other param-
eters. The management of EOS is quite possible 
in resource-limited conditions, provided the 

proper preoperative evaluation, intraoperative 
and post operative management is meticulously 
undertaken. There should be a proper operative 
setup (Figure 8d.1) with all the required equip-
ment and personnel for the safe and effective 
treatment of EOS patients.

PREOPERATIVE CONSIDERATIONS 
THAT WILL HAVE A BEARING ON 
INTRAOPERATIVE MANAGEMENT

The preoperative evaluation for patients with 
EOS comprises of a series of assessments. This 
is to ensure  that the patient is an appropriate 
candidate for the selected treatment  method. A 
preoperative visit to assess the risk, such as a 
difficult airway and identification of preexisting 
pulmonary disease; optimise through physio-
therapy and bronchodilator; provide a detailed 
explanation of the intraoperative wake-up test 
(very unlikely that neuromuscular monitoring 
will be implemented in limited-resources set-
ting); and connect with the family is indispens-
able. History of effort tolerance in terms of the 
child’s playing ability or stamina and the breath-
holding time (BHT) should give an apt clini-
cal judgment of the cardiopulmonary reserve. 
Collection of the complete blood count, cross 
matching, coagulation profile, and urea electro-
lytes is mandatory.

FIGURE 8D.1  A well-equipped operation theatre allows peaceful spine deformity surgery.
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RESPIRATORY SYSTEM

The pulmonary system may be the main indica-
tion for intervention; therefore, its preoperative 
status is likely to be impaired in many patients, 
requiring a chest physician and an anaesthe-
siologist consultation preoperatively [7]. The 
most important measure of respiratory system 
function is a pulmonary function test (PFT) and 
should be obtained whenever possible; however, 
it is not possible to perform PFTs in children 
younger than 5 years of age. A PFT helps to 
provide objective criteria for active treatment 
and is well documented as the best prognostic 
test for postoperative respiratory morbidity. In 
circumstances in which a PFT cannot be per-
formed, magnetic resonance imaging (MRI) or 
fluoroscopy to evaluate diaphragm or chest wall 
movement are important predictors of possible 
postoperative respiratory status [8]. Adequate 
measures should be taken to prevent reflux aspi-
ration. A tracheostomy should be considered for 
patients with anomalies of the cervical spine 
that limit neck motion, which may make intuba-
tion difficult, or have an increased risk of spinal 
cord compression if occult instability is present.

CURVE TYPE AND CORD STATUS

Preoperative evaluation of the curve type, 
length, flexibility, and instrument construct is 
pivotal. Anteroposterior (AP) and lateral x-ray 
scanogram of the whole spine are needed to 
describe the curve pattern and sagittal and coro-
nal balance. Bending films are also taken to 
elicit the flexibility of curve and finalisation of 
anchor points. The status of the spinal cord is 
ascertained with an MRI to rule out occult spi-
nal dysraphism (OSD) with intraspinal anoma-
lies such as diastematomyelia and tethering 
of the cord. If a neurosurgical intervention is 
required, it is undertaken prior to any planned 
deformity correction or along with it.

ASSOCIATED CONDITIONS

The patients should be evaluated for any asso-
ciated anomalies to avoid any last-minute sur-
prises, especially in cases of EOS that include 
the congenital types as well. Associated car-
diac, renal, and other anomalies in congenital 

scoliosis can be seen in up to a third of cases. 
Neuraxial abnormalities, including occult spi-
nal dysraphism, is seen in as many as 50% of 
the cases of congenital scoliosis, whereas its 
incidence in infantile idiopathic scoliosis is less 
than 20% [9–10].

NUTRITIONAL STATUS

The next crucial factor in planning is to assess 
the nutritional status of the patient, as it affects 
the postoperative recovery and wound healing. 
Nutritional status is assessed using parameters 
such as the absolute lymphocyte count, total pro-
teins, haemoglobin, and overall caloric intake. 
All routine investigations, including coagulation 
profile, that are required for general anaesthesia 
must be obtained.

BONE QUALITY

Osteopenia is another important factor that has 
a bearing on intraoperative events and should be 
assessed by dual-energy x-ray absorptiometry 
(DEXA) scan. Osteopenia can be reversed by 
giving bisphosphonates, or it can point to some 
underlying metabolic conditions and evaluation 
thereof. Preoperative administration of bisphos-
phonates or inclusion of additional vertebrae in 
the anchor region is recommended in cases of 
osteopenia.

INTRAOPERATIVE MANAGEMENT

Positioning

The patient are placed in the prone position 
(Figure 8d.2) on the Jackson table or with pad-
ding under the chest and pelvis. The abdomen 
should be kept free to minimise venous pres-
sure and bleeding from the surgical sites. The 
use of the reverse-Trendelenburg position at a 
mild angle aids venous drainage. This also pre-
vents oedema of face, tongue, and eyes due to 
prolonged prone position. Adequate padding 
of pressure points such as eyes, face, forehead, 
elbow, wrists, knees, and ankles with cotton 
pads or any material available as per the work 
environment should be used. Each aspect shall 
have its repercussions in due course. The arms 
are abducted, and elbows flexed, and a blanket 
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or available padding is placed under the thigh 
and lower leg to keep the knee and ankles off the 
table. Visual impairment (ischaemic optic neu-
ropathy) as a consequence of increased intra-
ocular pressure is a major concern. Meticulous 
placement of the face along with the endotra-
cheal tube (ET) in the head rest is crucial.

Anaesthesia Considerations

Anaesthesia for EOS in a limited-resource set-
ting is steered by a clear understanding of what is 
mandatory and otherwise. Thoughtful planning 
to achieve a hypovascular field while minimis-
ing any major complications intraoperatively that 
result in early extubation is required. This decides 
‘the must haves’ and the so called ‘may consider’ 
drugs, equipment and strategies. Interestingly, 
the medication and anaesthesia equipment that 
are often deemed mandatory for EOS seem to fit 
well in a limited-resource environment.

Intravenous access by two large bore IV 
lines, one on each hand, are enough to run flu-
ids, blood, blood products, and even certain 
infusions through the drip sets if required (obvi-
ates the need for syringe pumps). The central 
venous access cannulation may be used with 
discretion. We believe that the radial artery 
cannulation must be done. The cost consuming 
transducers and continuous intraoperative inva-
sive arterial monitoring as such can be initiated 
if required. A cannulated radial artery can be 

a ready access for sample collections in case 
of any eventuality. Strict adherence to fasting 
guidelines goes a long way in having a well-
hydrated and satisfied patient. Tranquilisers, 
such as oral or intravenous midazolam, antisi-
alogogues, bronchodilators, H2 blocking agents, 
or proton pump inhibitors may be administered 
as per their availability. Intraoperatively, cost-
effective induction agents, such as thiopentone, 
propofol, opioids, ketamine, muscle relaxant 
(whichever is available), could be selected. The 
cost benefits of expensive inhalational agents, 
such as sevoflurane and desflurane, should be 
considered. More economical alternatives, such 
as isoflurane for maintenance and halothane for 
induction, are viable and more practisable alter-
natives. At a minimum, it is mandatory to moni-
tor electrocardiogram (ECG), oxygen saturation 
(SPO2), end tidal carbon dioxide (ETCO2), and 
noninvasive blood pressure (NIBP), and by no 
means should this monitoring be compromised 
on. An ETCO2 graph can provide a wealth of 
information about the perfusion status and 
blood volume [11–12].

Antibiotic Prophylaxis

The prophylactic antibiotic dose, such as inject-
able cefuroxime, is given half an hour prior to 
the incision in the operation room or preopera-
tive ward. The choice of antibiotic depends upon 
the local hospital policy. The dose is calculated 

FIGURE 8D.2  Positioning of the patient on bolsters with adequate padding.
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as per the body weight of the child. The antibi-
otic is repeated if the surgery takes more than 4 
hours or there is excessive blood loss.

Hypothermia Prevention

Temperature can be maintained by warming the 
fluids in a warm water basin or with a simple in-
line warmer if available; however, warming blan-
kets are ideal. Electrical heaters, although not 
very expensive, should be avoided because they 
may lead to burns, as they do not have a tempera-
ture control. The temperature in the operating 
theatre should be kept comfortable. Hypothermia 
can deter early extubation and increase cost.

Blood-Loss Management

Scoliosis surgery requires extensive dissection 
of tissue and, therefore, can cause excessive 
blood loss. Many centres around the world use 
autologous blood donations prior to surgery, 
which removes the risk of transmitted disease 
as well as any transfusion reaction associated 
with homologous transfusion [13]. However, 
the guidelines for the use of autologous blood 
transfusion are not clear at present. Homologous 
blood, which is cross matched and arranged 
prior to the surgery, is generally used.

CELL SAVER SYSTEM

Many centres around the world use a cell saver 
system to salvage the patient’s red cells during 
surgery with the rationale that it decreases the 
need for transfusion during scoliosis surgery. 
The cell saver system is estimated to salvage 
40%–50% of red blood cells during spine sur-
gery, the salvage is less in spinal surgery com-
pared to extremity surgery, owing to a lack of 
blood pooling in the spine and use of a narrow 
diameter suction tip that results in larger dam-
age of red blood cells. There is conflicting litera-
ture on the benefit of using a cell saver system 
with many surgeons emphasising that it does 
not reduce the need for transfusions [14, 15]. It 
can be considered when a heavy blood loss is 
anticipated. The added cost of the cell saver sys-
tem, setup, and associated personnel add further 
to the expenses and, moreover, are not readily 
available in resource-limited conditions.

HYPOTENSIVE ANAESTHESIA

The blood loss during a scoliosis surgery can 
be reduced by using a hypotensive anaesthesia 
technique, which means keeping the mean arte-
rial pressure (MAP) at 65mm Hg. An arterial 
line is a must if using hypotensive anaesthesia. 
Hypotensive anaesthesia should not be consid-
ered in patients with heart disease or spinal cord 
compression because of increased risk of isch-
aemic injury of the spinal cord. Normovolemic 
haemodilution can also be used to reduce the 
need for homologous blood transfusion by an 
experienced anaesthetist. Coagulation cascade 
can be manipulated by tranexamic acid bolus 
followed by infusion if available. Simple strat-
egies to minimise intraoperative blood loss 
other than positioning are dense analgesia with 
ketamine, opioids, intravenous Mgso4, and lig-
nocaine [12]. A conservative approach toward 
transfusion is recommended. A drop in Hb to 7 
g/dl is well tolerated in otherwise healthy chil-
dren. A smooth intraoperative course without 
major fluid shifts and blood loss should result in 
early recovery.

Drugs

The most common drug used to reduce blood 
loss is tranexamic acid, an omega amino car-
boxylic analogue of lysine and epsilon-ami-
nocaproic acid (EACA), both of which act as 
antifibrinolytics. Intravenous desmopressin 
acetate, a synthetic analogue of vasopressin, has 
been shown to be effective in reducing the blood 
loss in scoliosis surgery.

Neurophysiologic Monitoring

Intraoperative spinal cord monitoring is a must 
in scoliosis surgery (Figure 8d.3). Muscle relax-
ants are avoided if intraoperative neuromoni-
toring (NM) is used and anaesthesia is finely 
balanced with intravenous agents, such as pro-
pofol with ketamine infusions, morphine, or 
fentanyl combined with propofol. A clear com-
munication amongst the surgeons, the NM mon-
itoring team, and the anaesthesiologist is crucial 
to achieve the best results. Cord monitoring can 
be accomplished using the Stagnara wake-up 
test, in which the anaesthesia is lightened or 
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reversed to elicit a motor response. It can detect 
only the active movement of distal extremity to 
assess motor response and cannot check the sen-
sory system. The test is usually done only once 
after correction of deformity and cannot be eas-
ily repeated, there is possibility of anaesthetic 
complications as well [16]. In addition to the 
inherent disadvantages of the wake-up test, the 
use of a wake-up test in children is not suitable. 
Neurophysiologic monitoring using somato-
sensory evoked potentials (SSEP) and motor 
evoked potentials (MEP) is considered as a stan-
dard of care in scoliosis surgery. Preoperative 
neuromonitoring for a baseline is recorded for 
intraoperative comparison. Transcranial stimu-
lation of the motor cortex produces an electrical 
impulse that is carried through the corticospinal 
tract, terminating in the peripheral muscle where 
it is recorded. The combination of SSEP and 
MEP has significantly reduced the frequency 
of unrecognised spinal cord injury. The avail-
able anaesthesia agents used can be fine-tuned 
to obtain the desired response. The bispectral 
index (BIS Index) monitor, available as a part of 
neuromonitoring, can be a good guide to man-
age this with precision.

Neuromonitoring using SSEP and MEP is very 
effective in assessing the spinal cord function, but 
it is not fool proof, and false positive and negative 

results have been reported in literature. The avail-
ability of neuromonitoring in most of the centres 
in resource-limited conditions is a point of con-
cern, as it has become a standard of care.

Fluid Management

A well-hydrated patient to begin with and intra-
operative fluid management guided by real-time 
clinical monitoring is advisable, including mea-
surement of hourly urine output. Balanced salt 
solutions, such as Ringer’s lactate, is the choice 
of IV fluid. Ideally, dextrose should be given if 
hypoglycaemia is documented. It is usual for 
children to receive 100ml/kg fluid after a pro-
longed scoliosis surgery.

Neurological Injury

Neurological injury is the most feared complica-
tion for surgeons and patients alike. The most 
common cause of an intraoperative neurologi-
cal deficit or injury is rod distraction causing 
an ischaemic injury of cord, or direct compres-
sion by a hook/wire or very low MAP in select 
patients. It is essential to recognise the high-risk 
cases, such as congenital kyphosis, skeletal dys-
plasia, and congenital scoliosis, with the pos-
sibility of OSD. Immediate intervention for a 

FIGURE 8D.3  Neuromonitoring with SSEP and MEPs has become a standard of care.



137Principles of Intraoperative Management of Early-Onset Scoliosis﻿

deficit is undoing any distraction or correction 
manoeuvre and adjustment or removal of hook 
or wire to prevent a permanent neurological 
injury. The patient’s blood pressure and oxygen-
ation should be optimised by the anaesthesiolo-
gist, and a wake-up test should be performed in 
case neuromonitoring is not available. In the 
past, many surgeons used to administer methyl-
prednisolone, however, there is limited evidence 
on its role.

Traditional Growing Rods

Growth rods are implants used in a technique on 
the posterior spine in EOS patients that allows 
continued longitudinal growth of the spine in 
addition to halting the progression of defor-
mity. It is usually employed when the curve is 
greater than 60° in a child of less than 10 years 
of age [17]. A repeat surgery for lengthening is 
required every 6 months, and the family should 
be counselled regarding the needed follow-up 
visits. The complete technique with tricks and 
pitfalls of single and dual traditional growth 
rods (TGR) will be discussed elsewhere in the 
book.

TECHNIQUE AND 
INTRAOPERATIVE CARE

After positioning the patient, a midline incision 
is made over the levels that need to be instru-
mented as per preoperative planning. The prox-
imal and distal foundation sites are exposed and 
confirmed on radiography for levels. Ideally, 
one level above and below the planned anchors 
should be exposed. However, it is crucial to 
limit the subperiosteal dissection to the founda-
tion vertebrae levels only to avoid any inadver-
tent fusion. Subcutaneous tissue and fascia are 
dissected for placement of rod as close to the 
spine as possible. The distal foundation is pre-
pared first, preferably with pedicle screws, the 
proximal foundation is prepared next with ped-
icle screws or laminar hooks (sublaminar/over 
the top). The size of the rod is selected depend-
ing upon the patient aesthetics, generally a 5.5 
mm rod (single rod) is used in most children. 
The length of the rod is measured with a suture 
and additional length of 5 cm–7cm is added 
for planned initial distraction and for future 

lengthening. The rod is properly contoured 
and placed, the rods are rotated appropriately 
to achieve normal sagittal balance, the proxi-
mal construct is tightened, and the rod is dis-
tracted distally. This step should be done with 
neurophysiologic monitoring wherever possible 
or should be followed by a wake-up test. The 
technique for dual rods mostly remains the 
same: low profile 4.5 mm rods are cut into four 
pieces. The rods can be connected by side-to-
side connector with an overlap of 5 cm–6 cm 
for future lengthening or using tandem connec-
tors (Figure 8d.4). The proximal foundation or 
anchor is made with hooks in a claw fashion, 
including at least two vertebrae or with pedicle 
screws. Complete sagittal correction should 
not be achieved in a single go to avoid anchor 
breakage. The rods can be tunnelled subfas-
cially if only two incisions are made over proxi-
mal and distal foundation sites or under direct 
vision in case of complete exposure. After lock-
ing of rods in the anchors, the tandem connec-
tors or the side-to-side connectors are placed, 
usually in the thoracolumbar region to maintain 
the balance, as they are rigid and do not deform 
easily. The deformity correction and lengthen-
ing are performed at this point, taking care of 
all the necessary precautions. The wound is 
closed back in layers.

EVIDENCE AND COMPLICATIONS

The largest series of dual growing rods was pub-
lished by Bess et al. [18]. In their patients, the 
mean curve severity improved from 82° before 
surgery to 38° after the first surgery and 36° 
by final follow-up. A mean of 6.6 lengthenings 
were required for a T1–S1 increase of 1.2 cm/y, 
and lung space ratio increased from 0.87 to 1 
[18]. Complications are frequent and are related 
to the prolonged treatment required. A compre-
hensive analysis of complications reported that 
58% of patients had at least one complication, 
and the complication rate increased by 24% for 
each additional procedure performed [19]. The 
complication rate decreased by 13% for each 
year of increased patient age at treatment ini-
tiation. Fewer instrumentation complications 
were reported in dual rods as opposed to single 
rods, and more wound complications, promi-
nent implants, and unplanned procedures were 
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reported in patients with subcutaneous rods 
than in those with submuscular rods. Wound 
complications were more frequent when length-
enings were performed at more frequent inter-
vals, whereas implant-related complications 
occurred more often when lengthenings were 
performed at longer intervals [17]. Flynn et al. 
[6] reported that less than half of the patients 
achieve additional correction and more than 
80% had some areas of autofusion, spine stiff-
ness, or a completely fused spine [6]. Sankar et 
al. [20] reported a ‘law of diminishing returns’ 
for repeated lengthening of growing rods, not-
ing progressively less T1–S1 length gain in their 
38 patients with subsequent procedures. Their 
study also mentioned that fusion of the upper 
thorax, as is performed for the upper grow-
ing rod anchors, adversely affected pulmonary 
function. Hybrid systems utilising standard 
hooks avoid this fusion by using ribs for anchor-
age [20]. Skaggs et al. [21] showed that, on aver-
age, bilateral hybrid growing rods produced 1.2 
cm/y of T1–S1 growth comparable to that found 
with dual growing rods and superior to that of 
VEPTR. Suken et al. [22] showed that growth 
rods had a positive effect on the sagittal vertical 
axis, which returned the spine to a more neutral 
alignment through the course of treatment.

Magnetic Growing Rods

The very first magnetic growing rod (MGR) 
was the Phenix device developed by Jean 
Dubousset and Arnaud [23] in 2004. Currently 
MAGEC (Ellipse Technologies, United States) 
is the only approved device available in United 
States. The MAGEC includes an implantable 
rod, a manual distractor, MAGEC magnet 
locator, and external remote control. The rod 
consists of an expanded actuator portion hous-
ing the magnet, which is 70 mm or 90 mm in 
length and an additional 5 mm length on either 
end is nonmalleable.

TECHNIQUE AND 
INTRAOPERATIVE CARE

The positioning, exposure, and techniques of 
preparation of proximal and distal founda-
tion points remains the same as it is for TGR 
(Figure 8d.5). 

ROD PLACEMENT AND 
CONTOURING

The maximum distraction possible with 90 
mm and 70 mm actuator is 48 mm and 28 mm 

FIGURE 8D.4  A. Postoperative x-rays AP and Lat views of a traditional growth rod insertion. B. The rods 
are in four parts with overlap and a proximal and distal foundation with side-to-side connectors.
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respectively. A rod template is used to measure 
the length of the rod, and additional length 
should be taken keeping in mind the intraopera-
tive distraction and deformity correction. Many 
surgeons first apply the convex rod temporar-
ily to have a better idea of length. The actuator 
and 5 mm on either end of rod is nonmalleable 
and care should be taken to avoid any bending 
in this area. In small children the short actuator 
(70 mm) should be used so as to have more rod 
length available for bending. Bending the rod in 
small children with congenital scoliosis at junc-
tional regions can be particularly problematic. 

ROD TESTING AND ORIENTATION

After contouring but prior to placement of the 
rods, it is suggested that the rods should be 
tested for distraction by the MAGEC manual 
distractor, in which four full counterclockwise 
rotations are done to confirm proper function-
ing, followed by three clockwise turns to avoid 
jamming. In dual rods, both rods can be stan-
dard if the surgeon intends to lengthen both the 
rods simultaneously and in the same direction 
otherwise a standard and an offset rod can be 
selected. In any case, both actuators should be at 
the same level for optimum functioning. 

ROD TUNNELLING

Generally, a long clamp is used to make a pas-
sage for subfascial tunnelling of the rod, but 
many surgeons use a chest tube for the same 
purpose. The concave rod is placed first, espe-
cially in single curves, followed by the second 
rod and they are attached to the proximal anchor 
maintaining the sagittal balance. The rods are 
then attached to the lower foundation loosely, 
and the concave rod is distracted first, followed 
by the convex rod. The correction, positioning, 
and sagittal balance is assessed radiographically 
and confirmed. The wound is closed in layers 
after thorough washing. The immediate postop-
erative care and rehabilitation is the same as it is 
for other techniques and is discussed elsewhere.

EVIDENCE AND COMPLICATIONS

Dannawi et al. [24] reported 34 children (mean 
age of 8 years) with EOS and a mean Cobb 
angle of 69° who underwent correction with 
either single or dual MGR. At a mean follow-
up of 15 months, both groups had a statistically 
significant improvement in mean preoperative, 
immediate postoperative, and final Cobb angles 
and a significant increase in the mean T1–S1 

FIGURE 8D.5  Planning and execution for a dual magnetic growth rod.
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distance. No patient developed a postoperative 
fusion. The complications included superfi-
cial infection and rod breakage in two (one in 
each group), loss of distraction in two (single 
rod; rectified subsequently), and hook pull-out 
in one patient with a dual rod. One patient had 
hardware prominence and required trimming of 
the rod. Overall, complications were fewer than 
those that occurred with TGR [21, 22]. Keskinen 
et al. [25] compared the efficacy of using dual 
MGR in the primary surgery or during a conver-
sion surgery from a previously placed TGR and 
found that scoliosis can be equally controlled 
after conversion from TGR to dual MGR, but 
the growth from baseline was less in the con-
version group. Teoh et al. [26], with the longest 
follow-up study to date, reported a 43% correc-
tion of scoliosis in primary surgeries, whereas 
it was only 2% in the conversion surgeries, but 
the curves were maintained at last follow-up. 
These authors reported that six of eight patients 
required revision surgeries, four of which were 
for rod problems and one for proximal junc-
tional kyphosis [26].

There has been an increase of treatment 
options for young children with scoliosis; how-
ever, no single algorithm for treating EOS has 
been proposed. Small heterogeneous patient 
populations and regulatory challenges in pro-
spectively studying off-label use of devices have 
made rigorous clinical research challenging; 
therefore, comparative effectiveness of vari-
ous treatment strategies is not well elucidated. 
Potential adverse outcomes of growth rods or 
VEPTR for EOS include failure to prevent pro-
gression of thoracic insufficiency syndrome, a 
short or stiff spine, deformed thorax, increased 
burden of care, and possible negative psycho-
logical effects from repeated surgical interven-
tions. Neither technique reliably corrects all 
deformities over the entire spine during growth. 
Infections are common to both treatment types. 
Rod breakage and spontaneous premature 
spinal fusion beneath rods are troublesome 
complications in growth rods, and drift of rib 
attachments and chest wall scarring are possible 
complications with the use of the VEPTR. The 
indications for growth rods and VEPTR over-
lap, but thoracogenic scoliosis and severe upper 
thoracic kyphosis are best treated by VEPTR 
and TGR, respectively [15].

Reversal and Extubation

A fast-track recovery with on-table extubation 
and the minimisation or reduction of time spent 
in intensive care aids in decreasing the health-
care cost. Good postoperative pain management 
(POPM) and postoperative nausea vomiting 
(PONV) management is worthwhile to foster 
a faster recovery. A multimodal pain manage-
ment with local anaesthesia (LA) infiltration, 
NSAIDS, paracetamol, and oral opioids is the 
way to go. Furthermore, mobilisation, physio-
therapy, and pain management complement each 
other. Availability of resources is as per the cir-
cumstances; however, training of the anaesthe-
siologist to work in limited-resource countries is 
not. Grooming through real-time hands-on work 
goes a long way in ensuring patients’ safety and 
pain management.

IMMEDIATE POSTOPERATIVE CARE

The patient should be kept in an intensive care 
unit for the initial 24–36 hours after surgery 
with vital monitoring. Postoperative blood pro-
file should be ordered after 24 hours to assess-
ing for the need for transfusion. Postoperative 
respiratory support in patients with neuromus-
cular disease, such as spinal muscular atrophy, 
cerebral palsy, and chest wall or diaphragm 
dysfunction, must be anticipated. Respiratory 
system problems are the most common com-
plications seen in the immediate postopera-
tive period. Ventilator support and intermittent 
positive pressure ventilation may be required. 
Fluid balance should be monitored carefully 
and any overload should be avoided, especially 
in neuromuscular scoliosis patients who have an 
increased antidiuretic hormone (ADH) secre-
tion leading to oliguria. The need for a brace/
cast is decided on a case-by-case basis, depend-
ing upon the treatment given, implant used, and 
quality of bone.

Postoperative Pain Management

Generally, a multimodal approach is preferred, 
which consists of local anaesthetic infiltration, 
an indwelling epidural catheter, bilateral erec-
tor spinae single shot, catheters with continuous 
infusion of local anaesthetic, patient-controlled 
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analgesia (PCA) pumps with opioids (if avail-
able), injectable paracetamol, and NSAIDS. 
Furthermore, mobilisation, physiotherapy, and 
pain management complement each other.

Postoperative Nausea and Vomiting

Dexamethasone along with ondansetron is gen-
erally enough to address the issue. Pantoprazole 
avoids the gastric irritation, which may set in 
from taking NSAIDS. Opioids can increase the 
incidence explaining the importance of a multi-
modal approach.

CONCLUSION

In conclusion, the management of EOS can be 
challenging but quite possible in resource-lim-
ited conditions. The importance of an absolute 
indication for surgery, meticulous preoperative 
planning, perioperative care of the patient, and 
an experienced team cannot be discounted. A 
team approach should be adopted for the care 
of such children, the positioning of patient and 
monitoring should be assessed by both the sur-
geon and anaesthetist to avoid any preventable 
complications. The need for a well-equipped 
operating room is ideal, but a setup with the 
minimum requirements including an experi-
enced anaesthesiologist and surgeon is essential 
for the optimum care of children with spinal 
deformity undergoing treatment in developing 
countries with limited resources and trained 
manpower.
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8e Postoperative Management 
for EOS Children

Kaustubh Ahuja, Bhavuk Garg

INTRODUCTION

Surgical management of early-onset scolio-
sis (EOS) includes growth-friendly nonspine 
fusion surgeries. As stated by Skaggs et al. [1], 
growth-friendly spine implant systems fall into 
three categories. First, and the most widely 
used implant systems, are the distraction-based 
growing implants, including traditional growth 
rods, vertically expandable prosthetic tita-
nium rib prosthesis (VEPTR), and magnetic-
controlled growth rods (MCGR). Next are the 
compression-based growth modulation systems, 
including stapling and tethering techniques. The 
third category is the growth guidance systems, 
including the SHILLA procedure and Luque 
Trolleys. Postoperative management and reha-
bilitation of the patients after these complex sur-
gical procedures is of extreme importance, not 
only from a medical perspective, but also from 
a mental and social standpoint. Postoperative 
management of these patients begins as early 
as the patient is turned supine after surgery, till 
complete rehabilitation and restoration of near 
preoperative functional status. The postopera-
tive period can be divided into three phases on 

the basis of time since primary intervention and 
management priorities.

•	 Immediate postoperative period: from 
Postoperative Day 0 (POD 0) until dis-
charge from hospital.

•	 Early postoperative period: from dis-
charge to 3 months.

•	 Late postoperative period: from 3 
months to 1 year.

Apart from certain postoperative considerations 
specific to some procedures, general postopera-
tive management principles remain more or less 
the same for all the surgical techniques.

Immediate Postoperative Period

The immediate postoperative period is the most 
crucial period after a scoliosis surgery. Optimum 
management during this period is paramount 
to improve function outcome by facilitating 
early rehabilitation while reducing postopera-
tive morbidity and complications. Although, the 
majority of patients who undergo surgery for 
EOS are extubated immediately, some patients 
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with associated congenital abnormalities or 
syndromic affections may need intensive care 
support. The major emphasis in the immediate 
postoperative period lies in maintaining haemo-
dynamic stability, pain management, preventing 
avoidable perioperative complications, and early 
mobilisation and rehabilitation. ‘Accelerated 
discharge’ (AD) protocols have replaced the 
traditional discharge pathways in most of the 
major centres aimed at early mobilisation, tran-
sition to oral analgesics and oral feeding, and 
early discharge from the hospital. AD pathway 
implementation has shown significant reduction 
in the economic burden on the family with no 
significant increase in complication rate [2, 3]. 
AD protocols must be formulated in accordance 
with the available hospital resources and acces-
sibility for follow-up (Table 8e.1).

EOS comprises of a variety of different diag-
noses ranging from idiopathic to congenital to 
syndromic patients with significant systemic 
affections making this population susceptible to 
perioperative complications. Recognising these 
patients and being proactive can significantly 
reduce postoperative morbidity.

Haemodynamic Recovery
Patients undergoing spine surgery for sco-
liosis are at a high risk for haemodynamic 
compromise due to perioperative blood loss, 
hypothermia, and deleterious effects of prone 
positioning. Moreover, because of preexisting 
restrictive pulmonary disease, associated car-
diac abnormalities, and young age, even a small 
amount blood loss may lead to severe haemody-
namic compromise. A number of authors have 
reported the presence of left ventricular hyper-
trophy in patients with EOS, leading to hypoten-
sion and arrythmias on prone positioning [4]. In 
the postoperative period, samples for complete 
blood count, renal function test, and electrolytes 
should be taken for all patients. Arterial blood 
gas analysis should be kept reserved for patients 
needing intensive care (ICU) or high depen-
dency unit (HDU) support.

The threshold level of postoperative haemo-
globin for blood transfusion varies according 
to the hospital guidelines [5, 6]. Rouette et al. 
[6] compared blood transfusion in patients with 
postoperative haemoglobin level 9.5 gm versus 
7 gm and reported comparable results in terms 

of 28-day mortality and organ system dysfunc-
tion. In fact, longer hospital stays were recorded 
in patients with transfusion at higher thresholds. 
The authors recommend a packed red blood cell 
(RBC) transfusion when postoperative haemo-
globin is less than 8 gm or packed cell volume is 
less than 24. Maintaining adequate mean arterial 
blood pressure during the postoperative period 
by administration of crystalloids and adequate 
blood products is important to avoid complica-
tions such as prerenal failure. On the other hand, 
overhydration may lead to complications such as 
pulmonary oedema and electrolyte abnormali-
ties. Therefore, in the immediate postoperative 
period, kidney function should be monitored 
closely with urine output and daily fluid require-
ment should be calculated accordingly.

Pain Management
Inadequate pain management can lead to sig-
nificant haemodynamic disturbance and poor 
postoperative recovery. A suitable balance 
between adequate pain management and mini-
mal adverse effects of various pharmacological 
agents is essential for optimal clinical outcome. 
Therefore, most authors suggest the use of mul-
tiple analgesic agents concurrently. Multimodal 
pain management includes the use of intrave-
nous (IV) acetaminophen, NSAIDs, narcotics 
in the form of patient-controlled anaesthetic 
pumps (PCA), or intrathecal morphine, intrave-
nous benzodiazepines, and continuous epidural 
analgesia [7–10]. Recently, the use of erector 
spinae block has significantly reduced the anal-
gesic requirement on the first postoperative day 
(POD 1). AD protocols advocate the usage of 
morphine via PCA and intravenous benzodiaz-
epines on POD 0 with or without gabapentin and 
ketorolac [11]. All intravenous analgesics are 
discontinued on POD 1 once the patient starts 
accepting oral feeds while intravenous narcot-
ics are kept reserved for cases in which pain is 
inadequately managed with oral acetaminophen 
and tramadol (Table 8e.1).

In a retrospective study comparing PCA 
with intrathecal morphine injection and con-
tinuous epidural infusion, Milbrandt et al. [8] 
concluded that PCA with intrathecal injection 
provides the best pain management with mini-
mal adverse effects. The author’s choice of regi-
men for pain management includes PCA and 
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intravenous acetaminophen on POD 0, intrave-
nous acetaminophen and tramadol on POD 1, 
and switching to oral pain medications on POD 
2 (Table 8e.1).

Minimising Complications
Patients undergoing surgery for EOS are at an 
increased risk of pulmonary, urinary, and hae-
matological complications. Longer duration of 

surgery, preexisting hepatorenal compromise, 
higher American Society of Anaesthesiologists 
(ASA) grade, and patients with cognitive 
impairment are at a higher risk for postopera-
tive complications and longer hospital stays [12, 
13]. Wenger et al. [14] recommended measures 
to reduce these complications during hospital 
stay. Head end elevation to 30° starting from 
the night of surgery for better lung expansion, 

TABLE 8E.1
Accelerated Discharge Protocol
POD 0

•	 Check for any injury (including eye) due to positioning as soon as patient is turned supine.
•	 Check for neurological status as soon as patient is extubated.
•	 Maintenance fluid and supplemental oxygen to continue overnight to maintain Spo2 above 95 and mean arterial 

pressure above 70.
•	 Head end elevation to 30° in postoperative room.
•	 Send blood samples for complete blood count, renal function tests. and serum electrolytes.
•	 Incentive spirometry every 2 hours when awake.
•	 Intravenous morphine via PCA pump and 1000 mg intravenous acetaminophen every 8 hours.
•	 Oral gabapentin 75 mg starting from the night of the surgery.
•	 Intravenous cefixime 200 mg twice a day until POD 2
•	 DVT prophylaxis with DVT pumps.
•	 PT assisted sitting in a PVC custom-fit brace if tolerated.
•	 Clear fluids 6 hours after surgery followed by juices and coconut water.
•	 If well digested, semisolid food including mashed potatoes, bananas, or lentil soup for dinner.
•	 Transfusion considered if postoperative haemoglobin is less than 8 gm %

POD 1
•	 Start normal breakfast if no nausea.
•	 Discontinue intravenous fluids once accepting well orally.
•	 Discontinue PCA. Switch to intravenous tramadol with acetaminophen.
•	 Fentanyl/Morphine to be kept reserved for breakthrough doses.
•	 Urinary catheters to be removed.
•	 PT assisted standing/walking with brace.
•	 Bed to chair transfer three times a day, preferably after every meal.
•	 Commence using toilets for urination and defecation.
•	 Postoperative radiographs after ambulation.

POD 2
•	 Discontinue all intravenous medications.
•	 Start oral acetaminophen and tramadol.
•	 Intravenous morphine/fentanyl kept for breakthrough doses.
•	 Wound dressing and evaluation.
•	 Remove drain.
•	 Unassisted walking and standing with the help of parents and PT.
•	 Assisted stair climbing.
•	 Start laxatives if incontinence.

POD 3
•	 Parent education, training, and counselling.
•	 Evaluation of the patient for fitness of discharge. 
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frequent use of incentive spirometry, and steam 
inhalation can significantly reduce the pulmo-
nary complications. Removal of urinary cath-
eters, wound site drains and central lines, and 
having a low threshold for aspirating wound 
site haematomas or collections while main-
taining strict asepsis have proven beneficial in 
reducing iatrogenic urinary tract and surgical 
site infections (SSI). For early identification of 
SSIs six hourly temperature readings should 
be charted with early wound inspection and 
dressing on POD 2 is important. Persistence of 
pyrexia more than 39° beyond POD 2 warrant 
search for an infective focus or SSIs. The need 
for formulation a protocol for postoperative days 
cannot be overemphasised for proper implemen-
tation of the above-mentioned recommendations 
(Table 8e.1).

Switching to Oral Diet
Early switching to oral diet is beneficial for 
promoting gut motility, providing essential 
nutrients, and allowing the surgeon to prescribe 
oral pain medications. AD pathways generally 
recommend clear fluids and juices on the day of 
surgery itself and switching to a normal oral diet 
on the following day. Ileus is a common compli-
cation following spine surgery. Colonic motility 
takes the longest to return and can be improved 
by oral laxatives [15]. Aggressive and well-
planned oral feeds is an essential factor in rees-
tablishing gut motility. Early switching to oral 
medications also helps in removal of the intrave-
nous lines and PCA, which improves the general 
outlook of the patient and promotes early mobil-
isation. Additionally, oral medications have lon-
ger half-life and fewer adverse effects compared 
to intravenous analgesics [11]. Clear fluids are 
recommended as early as 6 hours following sur-
gery. If this is tolerated well, gradual stepping up 
to juices and semisolid food, including mashed 
banana and lentil soup on the night of surgery 
and a complete balanced meal on the following 
morning is the recommended practice.

Early Mobilisation
Early mobilisation is the key to optimal surgical 
outcome [16, 17]. Postoperative pain manage-
ment, reduction of perioperative complications, 
and early oral feeding are important prerequi-
sites for early mobilisation and rehabilitation, 

and their benefits are mutually reinforcing. 
Early mobilisation, in turn, reduces pulmonary 
complications, improves gut motility, promotes 
self-dependence and confidence, and improves 
the general outlook of the patient, thus leading 
to a faster transition to ‘normalcy’.

A multidisciplinary approach is followed 
at most centres combining the surgeons, phy-
sicians, physical medicine and rehabilitation 
(PMR) specialists, and physical therapists for a 
planned rehabilitation protocol. Patients can be 
assisted to sit at the bedside in a polyvinyl chlo-
ride (PVC) brace on the POD 1 for as long as 
the patient tolerates. Once comfortable, patients 
are made to stand with support and assisted with 
bed to chair transfers. In-bed mobilisation and 
passive and active joint mobilisation is contin-
ued for the entire duration the patient is in bed. 
Walking in a brace with support begins on the 
POD 2 followed by stair training and unsup-
ported walking on POD 3 (Table 8e.1).

Early Postoperative Period

This period begins from the discharge of the 
patient from the hospital to 3 months follow-
ing surgery. In a normal surgery without any 
complications, AD protocols recommend dis-
charge on the third or fourth postoperative day 
irrespective of bowel motility. In a resource-
limited setting, the hospital stay may have to 
be increased in cases with poor accessibility to 
health services. The early postoperative period 
aims to regain the spinal mobility while still 
protecting the instrumentation. Optimal func-
tional outcome depends on adequate rehabilita-
tion in the early postoperative period.

Patients are commonly discharged on oral 
analgesic medications including acetamino-
phen, tramadol, pregabalin, and, in some cases 
with inadequate analgesia, ketorolac patches. 
Discharging patients on 1000mg of acetamino-
phen every 8 hours and 50mg of tramadol every 
12 hours is recommended. Patients are usually 
called for their first follow-up around the 14th 
day for suture removal. After the first 2 weeks, 
the majority of the patients are prescribed anal-
gesics only if required.

The major emphasis in the early postopera-
tive period is early and full-time return to school 
and daily activities while providing maximum 
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protection to spine. Most patients return to 
school part time at the end of 6 weeks and full 
time at the end of 10 weeks [15]. After dis-
charge, rehabilitation advice is usually sought 
on an out-patient basis. The following activi-
ties are recommended in the early postoperative 
period supported by an orthosis (Figures 8e.1, 
8e.2, and 8e.3).

•	 Standing up from bed – For transfer, 
hips and knees are bent to 90° and 
body is made to rotate such that the 
legs dangle at the edge of the bed. With 

the help of arms and hands, the patient 
then lifts his or her body into sitting 
and then standing position.

•	 Leaning forward – In order to pick up 
an object, the patient is taught first to 
bend the knees down for lesser strain 
on the back.

•	 Sitting – Sitting on a high, firmly cush-
ioned chair with waist support is pre-
ferred. The duration of sitting should 
be gradually increased as tolerated by 
the patient with brief intervals of walk-
ing in between.

FIGURE 8E.1  Sitting up from lying down position.
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•	 Standing from sitting – While stand-
ing from sitting position, the patient is 
taught to slide to the edge of the chair 
followed by transferring the weight on 
his or her legs gradually without lean-
ing forward too much. Patients may 

need assistance with this for the first 2 
weeks.

•	 Going to bathroom and toilet – Patients 
need assistance while going to the 
bathroom and the toilet in the first 
few weeks. Use of supporting railings 
while sitting on the toilet seat or while 
in a shower significantly unload the 
spine and help bear the stress.

•	 Climbing stairs – In the first 2 weeks, 
the patients are assisted while climbing 
stairs followed by independent stair 
climbing one step at a time in the next 
2 weeks.

Follow-up visits occur on a monthly basis after 
the initial visit. Most surgeons recommend 
orthosis until 6 months after surgery, as most 
intended fusion levels at the top and bottom end 
of instrumentation fuse by 6 months.

Late Postoperative Period

The late postoperative period is an extension of 
the early postoperative period. By the end of the 
early postoperative period, the patient is expected 
to do most of the activities of daily life unas-
sisted. The late postoperative period serves to 
build on the attained activity level in the first 3 
months and aims at regaining strength, flexibility, 

FIGURE 8E.2  Picking up an object from the 
ground.

FIGURE 8E.3  Standing up from sitting position.
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and self-confidence. Also, patients managed with 
growing rods or VEPTR may have to undergo 
their first distraction during this period.

Special Considerations
Growth-friendly implants, including traditional 
growing rods, magnetically controlled growing 
rods, and VEPTR need repeated lengthening to 
accommodate for increases in the length of the 
spine. The current trend is to perform lengthen-
ing every 4 months in very small children, every 
6 months in patients from 4 to 10 years of age 
and every 9 months if the instrumented spine 
segment is short [18]. Distraction procedures 
for traditional growth rods are conducted using 
general anaesthesia by distracting between rod 
holder and domino when using side-to-side con-
nectors or between rods when using a tandem 
connector. Apart from frequent exposure to 
radiation and general anaesthesia, other com-
plications include metallosis, autofusion, and 
neurological complications. Magnetically con-
trolled growth rods offer a significant advan-
tage by avoiding repeated exposure to general 
anaesthesia, as it is an out-patient procedure. 
Additionally, the frequency of distraction is not 
dictated by limitation of resources, occupational 
therapy (OT) slots, or general anaesthesia expo-
sure. However, distraction frequency of greater 
than 2 months is associated with higher reopera-
tion rate. Also, complications seen with tradi-
tional growth rods can be present with magnetic 
growth rods too.

VEPTR is indicated in cases with thoracic 
insufficiency syndrome due to spinal and tho-
racic deformities. Active phase of VEPTR 
include serial expansion surgeries until skeletal 
maturity is reached.

CONCLUSION

Young age, limited bone stock, pulmonary 
considerations, and associated congenital and 
syndromic affections make postoperative man-
agement an extremely crucial part of the sur-
gical management of patients with EOS. Each 
institute should have well-formed guidelines for 
perioperative management of these patients in 
accordance with the available resources within 
the institute. Early mobilisation and rehabilita-
tion is important for AD protocols. In countries 

with limited resources, AD protocols may limit 
expenses in the postoperative period while 
reducing the risk of hospital-acquired infections 
at the same time.
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8f Principles of Management 
of Long-Term 
Complications in EOS

Meric Enercan, and Azmi Hamzaoglu

INTRODUCTION

Early-onset scoliosis (EOS) in very young 
children is an extremely difficult problem that 
requires thorough knowledge of normal spine 
development as well as the aetiology, natural 
history, clinical evaluation, and available treat-
ment options. Unlike adolescent spinal defor-
mity, untreated progressive deformity can cause 
significant health problems for young children 
and later in their adult life [1, 2].

EOS is often associated with other comorbid 
conditions, and this increases the complexity in 
managing the spinal deformity. The manage-
ment of EOS requires consideration of inter-
related growth of spine and thorax and their 
impact on the lung development. The spine 
grows most rapidly in the first 5 years, with an 
average T1–S1 segment length increase of 10 
cm during this time (>2 cm/year) followed by 
a deceleration to 0.5 cm/year between 6 to 10 
years of age and increases again during adoles-
cent growth spurt (2 cm/year). The number of 
alveoli and lung volume also increase most rap-
idly in the first several years, and the total alve-
oli number completes development by 8 years 
of age [3, 4]. The progressive early-onset spinal 
deformity occurs during this critical time of 
lung development and may result in pulmonary 

dysfunction and cardiopulmonary compromise. 
Early recognition and proper treatment is essen-
tial for the management of EOS deformity [5,6].

The main goals of the treatment of EOS are 
to obtain and maintain curve correction while 
simultaneously preserving the spinal, trunk, 
and lung growth. Treatment options include 
conservative treatment and surgical interven-
tions. Surgical treatment should be considered 
for patients with progressive deformity when 
cast or brace treatment have failed or is contra-
indicated [1, 2, 7].

Surgical treatment options include early 
definitive surgery or temporary surgery. Early 
definitive fusion before the age of 10 endangers 
thoracic growth and pulmonary functions and 
may not prevent the progression of deformity, 
development of crankshaft phenomenon, and/or 
thoracic insufficiency syndrome [5, 6, 8].

Many nonfusion options have been proposed, 
and various types of spinal implants have been 
used to control deformity while allowing spi-
nal and thoracic growth in immature spines. 
Although growth potential is preserved in 
growth-friendly surgeries, complications are 
a common and inevitable part of the surgical 
treatment [9, 10, 11]. Complications increase 
the financial burden of the healthcare sys-
tem and this can be even more challenging in 
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resource-limited settings. Dealing with the 
challenges of EOS treatment requires a long-
term commitment by the surgeon, the family, 
and the healthcare system.

Skaggs et al. [12] had classified these systems 
into three categories based on the forces of cor-
rection: distraction-based systems, compression-
based systems, and guided-growth systems. 

DISTRACTION-BASED SYSTEMS

Distraction-based implants are the most com-
mon devices used in EOS. Moe et al. [13] first 
described the distraction-based growing rod 
system in 1984. Four types of implants have 
been used: the traditional growing rod (TGR), 
vertical expandable prosthetic titanium rib 
(VEPTR) device, hybrid systems, and magneti-
cally controlled growing rod (MCGR). With 
the development of dual rods, strong upper and 
lower anchors, and expandable connectors, TGR 
became a powerful tool and gold standard in the 
treatment of EOS. Several studies have shown 
growing rods to be effective for achieving spi-
nal length increase on the immature spine [14, 
15]. Regardless of the implant used for distrac-
tion-based treatment of the growing spine, all 
strategies have their own disadvantages and are 
associated with high complication rate [7].

The main disadvantage of distraction-based 
implants is the lack of apical and intermediate 
anchors along the main curve. These systems 
try to correct the spinal deformity by applying 
distractive forces across the apical segments 
of the deformity between proximal and distal 
anchors. As anterior spinal growth continues in 
the immature spine, rotational deformity at the 
apical and intermediate segments will continue 
to progress. Because there are no apical and 
intermediate anchors along the main curve, cor-
rection and control of the main deformity will 
be limited during treatment [16]. Xu et al. [17] 
evaluated the effects of TGR on apical vertebra 
rotation (AVR) using computerised tomography 
(CT) scans. They reported significant AVR can 
be achieved after inital surgery; however, TGR 
could not prevent progression of AVR during 
long-term follow-up [17].

Another limitation of the distraction-based 
systems is the need for multiple surgeries for 
repeated lengthening procedures. The rods are 

periodically lengthened as the child grows to 
maintain spine curve correction every 6 to 8 
months [14, 15]. The length gained from serial 
lengthening has also been shown to follow a law 
of diminishing returns, with decreased spinal 
length gained after each lengthening [18]. The 
prolonged immobilisation between lengthening 
intervals creates a static fixation and may result 
in autofusion after repeated lengthenings [19]. 
The utility of lengthening may decrease signifi-
cantly after the sixth or seventh lengthening pro-
cedure, limiting the potential spinal growth to 
4–5 years after initial surgery. Multiple surger-
ies for repeated lengthening procedures require 
repeated exposure to general anaesthesia. In 
addition to the physical effects on the spine, 
repetitive surgeries leads to increased anxiety 
and significant psychological effects on the 
patient. Patients with repeated surgery demon-
strate abnormal psychosocial scores with a posi-
tive correlation between behavioural problems 
and the number of repetitive surgeries [20].

TGRs are associated with a high complication 
rate. Implant failure, rod breakage, junctional 
kyphosis, spontaneous fusion, wound problems, 
and infection are the most common complica-
tions of TGRs [21]. The overall complication 
rate of TGRs can occur in 58%–86% with a 20% 
procedural complication rate. Forty percent of 
these complications required treatment with an 
unplanned procedure [22]. Another study dem-
onstrated that each lengthening surgery increases 
the risk of deep infection 3.3 times in EOS [23]. 
Upasani et al. [24] tried to identify the preopera-
tive factors that contribute to complications in 110 
EOS patients treated with TGR. They reported 
that 79% of the patients had complications result-
ing in 84 unplanned surgeries. The most com-
mon complications were implant-related (49%), 
surgical site infection (23%), medical (19%), 
alignment (6%), and neurologic (3%). Earlier age 
at implantation, greater thoracic kyphosis (>40°), 
and larger major curves (>85°) increased the 
probability of complications following TGR [24].

Management of the long term complica-
tions is challenging. Optimal treatment strategy 
should minimise the complications that lead to 
unplanned surgical interventions and minimise 
the psychological effects on the patient and 
decrease the total cost of treatment and financial 
burden on the healthcare system.
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MAGNETICALLY CONTROLLED 
GROWING RODS

Magnetically controlled growing rods (MCGR) 
were designed as an alternative to TGR to elimi-
nate the need for repeated surgical lengthenings 
and minimise the total number of exposures 
to anaesthesia in EOS. Lengthenings can be 
performed on an outpatient basis without any 
anaesthesia [25, 26]. But similar biomechanical 
concerns are valid for MCGR because there are 
no apical and intermediate anchors along the 
main curve. Also, application of magnetically 
controlled telescopic rods may be problematic in 
deformities with severe kyphosis. In a systemic 
review, Thakar et al. [27] reported a more than 
44% complication rate and a 33% unplanned 
reoperation rate for MCGR. The majority of 
the complications were implant related compli-
cations [27]. Magnetic rods are bulky and can 
cause skin problems in small children. The cost 
of the MCGR is significant because of the man-
ufacturing cost of its internal magnet/actuator 
as compared to simpler or homemade constructs 
used for TGRs. Cost analysis showed that cost 
neutrality of MCGR to TGR was achieved over 
the 6-year episode. [28, 29].

GROWTH GUIDANCE SYSTEM

Recently, McCarthy et al. [30, 31] developed 
Shilla growth guidance system (GGS), an alter-
native construct for management of EOS. GGS 
is a new growth-sparing technology that helps 
provide deformity correction while allow-
ing continued skeletal growth at the proximal 
and distal construct ends and obviating the 
need for periodic lengthening procedures. The 
apex of deformity is fixed with pedicle screws 
and fused, while the ends of the construct are 
instrumented with screws that are not locked 
to a rod. The nonlocking set screw allows the 
pedicle screws to slide along the rod axis during 
vertical growth. GGS has demonstrated clini-
cal effectiveness in both curve correction and 
increasing thoracic height with similar 5-year 
follow-up [30, 31]. Although the GGS method 
resulted in a 73.4% reduction in the number 
of surgical procedures, the complication rate 
remained high (73%). GGS would be expected 
to reduce overall costs per patient in a similar 

manner to MCGR. GGS resulted in fewer inva-
sive surgeries and deep surgical site infections 
than TGR. Luhman et al. used an economic 
model for cost analysis to compare GGS with 
TGR and MCGR. GGS showed lower total costs 
per patient than both MCGR and TGR over a 
6-year period [32]. However, this technique 
requires a special design instrumentation set 
that is expensive and more costly than a stan-
dard spine instrument set. Also fusing the apex 
of the deformity, which is generally located at 
the thoracic spine, may have a negative impact 
on pulmonary functions, may result in a short 
trunk height, and may cause sagittal alignment 
problems in the long-term follow-up.

To overcome problems related to distraction-
based systems, we introduced a new surgical 
strategy called self-sliding growth guidance 
(SSGG) technique, which aims to provide and 
maintain satisfactory curve corrections on all 
planes, allow self growth of the spine, and pre-
serve trunk and lung growth. We developed a 
dynamic fixation system instead of static fixa-
tion using distraction-based systems that can 
be performed with any regular spine instru-
mentation set. We modified the TGR technique 
and used apical and intermediate anchors with 
multisegmenter pedicle screw fixation at strate-
gic vertebras in addition to proximal and distal 
anchors to provide better correction and con-
trol of the main curve in coronal, sagittal, and 
axial planes to prevent progression of deformity. 
Multiple anchors and fixation points will share 
and resist againts the deformitive and rotational 
forces, and this will eventually decrease the rate 
of implant-related complications. Connecting 
the rods using domino connectors and keep-
ing the set screws unlocked (loosely captured) 
between the most proximal and the most distal 
fixed and fused anchors will create a dynamic 
fixation. This dynamic fixation will decrease 
the rate of spontaneous fusion, the number of 
repeated lenghtenings, and related complica-
tions in the long-term follow-up.

Preferred Technıque

After induction of anaesthesia, a traction 
radiograph under general anaesthesia was per-
formed to assess curve flexibility and deter-
mine strategic vertebrae. Then a Gardner-Wells 
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tong apparatus was applied to the skull, and 
Steinmann pins were placed on each supracon-
dylar femur to prepare for intraoperative skull-
femoral traction that would facilitate correction 
during the initial procedure, provide additional 
flexibility, decrease the need for forceful cor-
rection maneuvers on immature the spine, and 
prevent possible implant failures (Figure 8f.1). 
Intraoperative skull-femoral traction was used 
only at the initial procedure to facilitate cor-
rection of the deformity. Traction was initiated 
with approximately 20% of the body weight of 
the patient in kilograms and gradually increased 
during the surgery. Maximum applied traction 
was limited to 40% of the patient’s body weight 
in kilograms to avoid any neurological deficit 
resulting from excessive and sudden traction. 
Only initial procedures were performed under 
spinal monitoring. Skull-femoral traction was 
halted immediately if there was any signal loss 
that exceeded more than 20%–30% of the initial 
measurements.

After the skin incision, subcutaneous tis-
sue dissection was carried out carefully with-
out any subperiosteal dissection, and polyaxial 
pedicle screws were placed into the strategic 
vertebrae under fluoroscopic guidance with a 
muscle-sparing technique without exposing 
any posterior elements and facet joint violation. 
Pedicle screws were placed to the apical, end, 
intermediate, and transitional zone vertebrae 
(Figure 8f.2). To avoid any dorsal bulkiness, 
cervical or paediatric pedicle screw instrumen-
tations were preferred for fixation according to 
patient size.

After giving proper sagittal contours, proxi-
mal and distal rods were placed, and deformity 

was corrected with cantilever correction maneu-
ver. Proximal and distal rods were connected by 
a side-to-side domino connector. According to 
the type and magnitude of the deformity, slid-
ing foundation (domino) connectors were placed 
either at proximal thoracic or lumbar spine, and 
self-lengthening was achieved by side-to-side 
domino connectors.

Then the most proximal (two levels) and most 
distal (two levels) screws were locked while the 
rest of the screws were left loose with unlocked 
set screws (loosely captured) at apical and 
intermediate regions to allow vertical growth 
because screw heads could slide easily over 
the rods in these segments (Figure 8f.3). When 
the domino connector was placed at the lumbar 
region, the distal rod was locked to the domino 
connector, and the proximal longer rod was 
kept loose in order to maintain self-sliding dur-
ing growth. On the contrary, when the domino 
connector was placed at the proximal thoracic 
spine, the proximal rod was locked to the dom-
ino connector, and the distal longer rod was kept 
loose for self-sliding. By this, we maintain a 
dynamic fixation system that controls the defor-
mity and also allows self-growth of the spine 
(Figure 8f.4 ). Spinal growth can be followed by 
comparing the distance between tip of the rod 
and the domino connector. Rod exchange pro-
cedures are planned according to available rod 
length at the sliding foundation.

We reviewed 25 (18 female, 7 male) patients 
with a mean age of 6.5 (ages 3–10) years who 
were managed with SSGG. Figures 8f.5 and 8f.6 
show two such exemplary cases. The mean fol-
low-up was 33.3 (26–82) months. Average main 
thoracic (MT) curve of 56.9° was corrected to 

FIGURE 8F.1   A: Pins were placed on supracondy-
lar femur for intraoperative traction.

FIGURE 8F.1   B: Gardner-Wells tong was placed 
for intraoperative traction.
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23° with a 60% correction rate. Average tho-
racolumbar/lumbar (TL/L) curve of 43.1° was 
corrected to 13.5° with a 71.7% correction rate. 
Preoperative thoracic kyphosis of 34.4° and lum-
bar lordosis of 57° was maintained at 33.4° and 
56.4°, respectively. A mean increase in T1–T12 
length was 0.85 mm and 1.23 mm per month in 
T1–S1 height. None of the patients had neuro-
logical impairment. There was no rod break-
age, infection, or spontaneous fusion. Only two 
screws in one patient were revised for loosening. 
These were revised during a rod exchange pro-
cedure. The most common finding was set screw 
dislodgement the was found in five patients and 
among them only two had correction loss. This 
low rate of implant-related complications can be 
explained by the use of multiple anchors at stra-
tegic vertebrae. Stresses caused by pure distrac-
tion forces were shared among multiple anchors 

FIGURE 8F.1   C: Intraoperative skull-femoral traction during the initial procedure provides more flexibility 
and decreases the need for forceful correction maneuvers on the immature spine.

FIGURE 8F.2   A: Subcutaneous tissue dissection 
without any subperiosteal exposure.

FIGURE 8F.2   B: The pedicle screws were placed 
into the strategic vertebrae with a muscle-sparing 
technique.

FIGURE 8F.2   C: The pedicle screws were placed 
directly under fluoroscopic guidance without expo-
sure of posterior elements.
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and eventually decreased overall implant-related 
complications. SSGG prevented 79 planned 
lengthenings. Final fusion was performed in 
eight patients. When preoperative and postop-
erative pulmonary functions were compared, 
mean % predict FVC of 74,7 improved to 86 and 
FEV1 of 81 improved to 88,7 at final follow-up. 
The problem of set screws becoming dislodged 
can be solved easily with a small modification 
of the set screw design, but this may bring addi-
tional cost.

CONCLUSION

In conclusion, if EOS is left untreated, it can 
result in devastating and life threatening 

complications. Early recognition and treatment 
is essential for management and good outcomes. 
Surgical treatment of EOS is challenging and 
prone to high complication rates. According to 
the authors’ experience among various surgical 
treatment options, SSGG offers promising and 
acceptable results. SSGG provides a dynamic 
fixation system that controls the curve progres-
sion, maintains correction on both planes, and 
allows self-growing of the spine. Additional 
apical and intermediate anchors with multiseg-
menter pedicle screw fixation at strategic verte-
bras, in addition to proximal and distal anchors 
to provide better correction and control of the 
main curve in coronal, sagittal, and axial planes 
and prevent progression of deformity. SSGG 

FIGURE 8F.3  The most proximal (two levels) and most distal (two levels) screws were locked, while the rest 
of the screws were left loose with unlocked set screws (loosely captured) at apical and intermediate regions 
to allow spinal growth.
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FIGURE 8F.4   A: Proximal sliding foundation 
located at upper thoracic spine.

FIGURE 8F.4   B: Distal sliding foundation located 
at thoracolumbar spine.

FIGURE 8F.5  6-year-old female patient with progressive EOS. Sliding foundation was located at thoraco-
lumbar spine. Final fusion was performed after 6 years of follow-up.
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demonstrates low complication rates, eliminates 
the need for repeated lengthenings, decreases 
the number of planned interventions, avoids 
spontaneous fusion, allows spinal growth, and 
improves pulmonary functions. The SSGG 
technique does not require any special instru-
ments and can be performed with any available 
spine instrumentation set without additional 
cost, thus offering a valid solution in resource-
limited settings.

REFERENCES

	 1. 	Mundis GM, Blakemore LC, Akbarnia 
BA. Idiopathic early onset scoliosis. In: 
Akbarnia BA, Yazici M, Thompson GH, 
eds, The Growing Spine: Management of 
Spinal Disorders in Young Children, 2nd 
edition. Berlin, Heidelberg: Springer-Verlag; 
2016:151–66.

	 2. 	Tis JE, Karlin LI, Akbarnia BA, et al. Early 
onset scoliosis: Modern treatment and results. 
J Pediatr Orthop. 2012;32(7):647–57.

	 3. 	Canavese F, Dimeglio A. Normal and abnor-
mal spine and thoracic cage development. 
World J Orthop. 2013;4(4):167–74.

	 4. 	Dimeglio A, Canavese F. The growing spine: 
How spinal deformities influence normal 

spine and thoracic cage growth. Eur Spine J, 
2012;21(1):64–70.

	 5. 	Campbell RM Jr, Smith MD. Thoracic insuf-
ficiency syndrome and exotic scoliosis. J Bone 
Joint Surg Am. 2007;89:108–22.

	 6. 	Vitale MG, Matsumoto H, Bye MR, et al. 
A retrospective cohort study of pulmonary 
function, radiographic measures, and qual-
ity of life in children with congenital scolio-
sis: An evaluation of patient outcomes after 
early spinal fusion. Spine (Phila Pa 1976). 
2008;33(11):1242–49.

	 7. 	Yang S, Andras LM, Redding GJ, et al. Early-
onset scoliosis: A review of history, current 
treatment, and future directions. Pediatrics. 
2016;137(1):1–12.

	 8. 	Dubousset J, Herring JA, Shuffleberger H. The 
crankshaft phenomenon. J Pediatr Orthop. 
1989;9(5):541–50.

	 9. 	Yang JS, McElroy MJ, Akbarnia BA, et 
al. Growing rods for spinal deformity: 
Characterizing consensus and variation in cur-
rent use. J Pediatr Orthop. 2010;30(3):264–70.

	 10. 	Braun JT, Akyuz E, Udall H, et al. Three-
dimensional analysis of 2 fusionless scoliosis 
treatments: A flexible ligament tether versus a 
rigid-shape memory alloy staple. Spine (Phila 
Pa 1976). 2006;31(3):262–68.

	 11. 	Schulz JF, Smith J, Cahill PJ, et al. The role 
of the vertical expandable titanium rib in the 

FIGURE 8F.6  8-year-old female patient with severe EOS. Traction x-ray under general anaesthesia showed 
more than 70% flexibility. Her flexible deformity was managed with SSGG technique. Sliding foundation was 
placed at upper thoracic spine. Growth of the spine was followed by the length of the sliding rods (the distance 
between tip of the sliding rods and the domino connector).



159Principles of Management of Long-Term Complications in EOS﻿

treatment of infantile idiopathic scoliosis: 
Early results from a single institution. J Pediatr 
Orthop. 2010;30(7):659–63.

	 12. 	Skaggs DL, Akbarnia BA, Flynn JM, et al. A 
classification of growth friendly spine implants. 
J Pediatr Orthop. 2014;34(3):260–74.

	 13. 	Moe JH, Kharrat K, Winter RB, et al. 
Harrington instrumentation without fusion plus 
external orthotic support for the treatment of 
difficult curvature problems in young children. 
Clin Orthop Relat Res. 1984;185(185):35–45.

	 14. 	Akbarnia BA, Marks DS, Boachie-Adjei O, et 
al. Dual growing rod technique for the treat-
ment of progressive early-onset scoliosis: 
A multicenter study. Spine (Phila Pa 1976). 
2005;30:S46–S57.

	 15. 	Akbarnia BA, Breakwell LM, Marks DS, et al. 
Dual growing rod technique followed for three 
to eleven years until final fusion: The effect 
of frequency of lengthening. Spine (Phila Pa 
1976). 2008;33(9):984–90.

	 16. 	Enercan M, Kahraman S, Erturer E, et al. 
Apical and intermediate anchors without fusion 
improve Cobb angle and thoracic kyphosis in 
early-onset scoliosis. Clin Orthop Relat Res. 
2014;472(12):3902–8.

	 17. 	Xu L, Qiu Y, Chen Z, et al. A re-evaluation 
of the effects of dual growing rods on apical 
vertebral rotation in patients with early-onset 
scoliosis and a minimum of two lengthening 
procedures: A CT-based study. J Neurosurg 
Pediatr. 2018;22(3):306–12.

	 18. 	Sankar WN, Skaggs DL, Yazici M, et al. 
Lengthening of dual growing rods and the law 
of diminishing returns. Spine (Phila Pa 1976). 
2011;36(10):806–9.

	 19. 	Cahill PJ, Marvil S, Cuddihy L, et al. 
Autofusion in the immature spine treated 
with growing rods. Spine (Phila Pa 1976). 
2010;35(22):1199–203.

	 20. 	Hache M, Pinyavat T, Sun LS. Repetitive 
anesthesia concerns in early-onset scolio-
sis. In: Akbarnia BA, Yazici M, Thompson 
GH, eds, The Growing Spine: Management 
of Spinal Disorders in Young Children, 2nd 
edition. Berlin, Heidelberg: Springer-Verlag; 
2016:873–81.

	 21. 	Akbarnia BA, Emans JB. Complications of 
growth-sparing surgery in early onset scoliosis. 
Spine (Phila Pa 1976). 2010;35(25):2193–204.

	 22. 	Bess S, Akbarnia BA, Thompson GH, et al. 
Complications of growing rod treatment for 

early-onset scoliosis: Analysis of one hun-
dred and forty patients. J Bone Joint Surg Am. 
2010;92(15):2533–43.

	 23. 	Kabirian N, Akbarnia BA, Pawelek JB, et al. 
Deep surgical site infection following 2344 
growing-rod procedures for early-onset scolio-
sis: Risk factors and clinical consequences. J 
Bone Joint Surg Am. 2014;96(15):e128.

	 24. 	Upasani VV, Parvaresh KC, Pawelek JB, et al. 
Age at initiation and deformity magnitude influ-
ence complication rates of surgical treatment 
with traditional growing rods in early-onset 
scoliosis. Spine Deform. 2016;4(5):344–50.

	 25. 	Smith JT, Campbell RM Jr. Magnetically 
controlled growing rods for spinal deformity. 
Lancet. 2012;379(9830):1930–1.

	 26. 	Cheung KM, Cheung JP, Samartzis D, et 
al. Magnetically controlled growing rods 
for severe spinal curvature in young chil-
dren: A prospective case series. Lancet. 
2012;379(9830):1967–74.

	 27. 	Thakar C, Kieser C, Mardare M, et al. 
Systematic review of the complications asso-
ciated with magnetically controlled growing 
rods for the treatment of early onset scoliosis. 
Eur Spine J. 2018;27(9):2062–71.

	 28. 	Polly DW Jr, Ackerman SJ, Schneider K, et 
al. Cost analysis of magnetically controlled 
growing rods compared with traditional grow-
ing rods for early-onset scoliosis in the US: An 
integrated health care delivery system perspec-
tive. Clinicoecon Outcomes Res. 2016;8:457–
65. ecollection.

	 29. 	Akbarnia BA, Pawelek JB, Cheung KM, et al. 
Traditional growing rods versus magnetically 
controlled growing rods for the surgical treat-
ment of early-onset scoliosis: A case-matched 
2-year study. Spine Deform. 2014;2(6):493–97.

	 30. 	McCarthy RE, Luhmann S, Lenke L, et al. 
The Shilla growth guidance technique for 
early-onset spinal deformities at 2-year follow-
up: A preliminary report. J Pediatr Orthop. 
2014;34(1):1–7.

	 31. 	McCarthy RE, McCullough FL. Shilla growth 
guidance for early onset scoliosis: Results after 
a minimum of five years of follow-up. J Bone 
Joint Surg Am. 2015;97(19):1578–84.

	 32. 	Luhmann SJ, McCarthy RE. A comparison 
of Shilla growth guidance system and grow-
ing rods in the treatment of spinal deformity 
in children less than 10 years of age. J Pediatr 
Orthop. 2017;37(8):e567–e74.



https://taylorandfrancis.com/


161

8g Management of Spinal 
Tuberculosis in Young Children
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INTRODUCTION

The statement, ‘Children are not miniature 
adults’, is true in spinal tuberculosis (TB) also. 
Spinal TB in children differs from that of adults 
in many ways. Children generally have a pauci-
bacillary disease but have a higher propensity 
to progress from infection to disease because of 
their low immunity [1]. The incidence of extra-
pulmonary tuberculosis is higher in children 
(20%–25%) as compared to adults [2]. In chil-
dren, a central type of lesion is more common 
than a paradiscal lesion, resulting in early and 
profound vertebral collapse. Spinal tuberculosis 
in children progresses faster and involves more 
segments, usually >3 due to its cartilaginous 
nature [3, 4]. The rapid destruction of immature 
cartilaginous vertebrae by the disease and liga-
mentous laxity in children frequently results in 
kyphotic deformity and buckling. While most 
deformities of spine worsen with growth, TB 
kyphosis tends to remain the same, progress, or 
correct spontaneously [5–7].

CLINICAL PRESENTATION 
AND DIAGNOSIS

The clinical manifestation of spinal TB depends 
on the duration of the disease, its severity, and 
associated complications. The most common 
clinical presentations are pain (61%), paraspinal 
abscess (50%), constitutional symptoms (40%), 
neurological deficit (23%–76%) and deformity 
(20%) [8, 9]. In the active stage, pain is due to 
vertebral destruction and inflammation, and in 
later stages, instability contributes to pain. While 
older children present with pain in the back or 
the neck with painful, restricted movement of 
the spine, the only finding in younger children 
and infants may be decreased playfulness and 
failure to thrive. Constitutional symptoms such 
as fever, weight loss, and loss of appetite may be 
present. Rarely, a child may present with stridor 
or dysphagia due to large prevertebral abscess 
in the cervical spine [10]. The predilection 
for anterior column involvement in spinal TB 
results in a kyphotic deformity, the magnitude 
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of which depends on the amount of vertebral 
loss. The flexibility and immaturity of the spine 
in children, with its residual growth potential, 
can lead to a progressive deformity. A neurolog-
ical deficit can occur both during the active and 
healed stage of the disease. Neurological deficits 
in the active stage are caused by 1) Mechanical 
pressure by necrotic debris, granulation tissue, 
or epidural abscess; 2) spinal instability; 3) 
Tuberculous myelitis or arachnoiditis; 4) spi-
nal artery thrombosis; or 5) spinal tumour syn-
drome. In the healed stage, the causes include 1) 
stretching of the spinal cord over internal gib-
bus, resulting in myelomalacia, 2) instability, or 
3) pachymeningitis.

A variety of investigations, including histo-
pathological, microbiological, immunological, 
and imaging, are used in the diagnosis of TB; 
however the gold standard for confirmation of 
TB is the growth of mycobacterium in culture 
specimens obtained from infective foci.

IMAGING

Plain radiographs are usually the initial investiga-
tion in patients with suspicion of spinal TB. At 
least 30% of bone mineral loss must be present for 
a radiolucent lesion to be detected on plain radio-
graphs. The earliest sign of TB spondylodiscitis, 
decreased disc space and indistinct paradiscal 
margin, takes a minimum of 3 weeks to appear 
in plain radiographs; however, as disease and ver-
tebral destruction progress, the findings are evi-
dent. Localised osteopenia, paravertebral abscess 
showing typical bird-nest appearance (collection 
of paraspinal abscesses below D4 in the dorsal 
spine), and the presence of calcification within 
abscess are other findings that may be present. 
Radiographs are also helpful in the assessment 
of sagittal and coronal alignment of the spine, in 
detecting instability and quantifying kyphosis.

Magnetic resonance imaging (MRI) imag-
ing offers the earliest possible diagnosis and 
has been the imaging modality of choice. MRI 
has an overall sensitivity and specificity of 
100% and 88.2%, respectively, for tubercular 
infections [11]. T1-weighted images show low 
signal and T2-weighted and short-TI inversion 
recovery (STIR) images show a bright signal 
in infected vertebral bodies. Signal changes 
occur even in a very early stage. The discs 

are relatively preserved with the presence of 
intraosseous, epidural or prevertebral abscess 
with subligamentous spread. The advanced ver-
tebral destruction, heterogenous focal enhance-
ment of the vertebral body, relative preservation 
of the disc, thin- and smooth-walled abscesses 
help differentiate tubercular spondylodiscitis 
from pyogenic infections [12]. Screening of 
the whole spine must always be done for skip 
lesions, which may be present in around 16.3%–
71.4% [13, 14]. Addition of contrast in MRI may 
help to identify communication between bone 
lesions and paraspinal abscesses [15]. The use of 
computerised tomography (CT) scans are lim-
ited to quantifying vertebral destruction, iden-
tifying posterior column lesions, and obtaining 
a targeted biopsy of the lesion [16]. Around 
33%–50% of patients have an active or healed 
pulmonary lesion; therefore, evaluation by chest 
radiographs is essential [17]. However, it has to 
be noted that imaging findings of TB are only 
suggestive, and confirmation of the diagnosis is 
made by a histopathological examination or cul-
ture of the tissue sample.

LABORATORY INVESTIGATIONS

A spectrum of laboratory investigations is 
available to aid in diagnosing, confirming, and 
monitoring therapy with variable sensitivity and 
specificity. A complete blood count may show 
relative lymphocytosis. Markers of infection 
such as erythrocyte sedimentation rate (ESR) 
(73.2%) and C- reactive protein (CRP) (69.8%) 
can be elevated [18]. Though not sensitive, they 
are useful in monitoring therapeutic response. 
Other serological tests, such as the assessment of 
antibody titres of IgM and IgG, do not help dif-
ferentiate acute, chronic infections and Bacille 
Calmette- Guérin (BCG) vaccinated individu-
als [18, 19]. Mantoux tuberculin skin testing has 
a high rate of producing false negatives and is 
limited to diagnosing latent infections.

Obtaining a tissue sample is of paramount 
importance, and the sample must be subjected to 
acid-fast bacilli (AFB) staining (Ziehl-Neelsen), 
histopathology, GeneXpert, AFB culture and 
drug-sensitivity testing (DST). Culture of myco-
bacteria requires only 10–100 live bacilli and is 
the gold standard for diagnosing TB. It has an 
added advantage of providing material for DST. 
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Spinal tuberculosis is a paucibacillary disease, 
hence staining and culture have low sensitivity. 
The reported positivity of TB culture varies in 
the literature between 30%–60%. The presence 
of caseating necrosis is the hallmark of histo-
pathology of tuberculosis. The other common 
findings include epithelioid cell granulomas 
(90%), granular necrotic background (83%), 
lymphocytic infiltration (76%), and scattered 
multinucleated and Langhans giant cells (56%) 
[8]. False negatives are common and negative 
biopsy does not preclude a diagnosis of TB, and 
a decision must be made based on clinical and 
radiological features in such scenarios.

GeneXpert is a cartridge-based nucleic-acid 
amplification (NAA) test. For osteoarticular 
tuberculosis, the pooled sensitivity and specific-
ity of Xpert MTB/RIF (Mycobacterium tuber-
culosis/resistance to rifampin) were 96% and 
85%, respectively, compared to culture tests [19]. 
It offers several advantages, such as shorter time 
for results (<2 hrs), portability and ability to use 
at remote locations, direct use without the need 
for processing, less contamination, and it poses 

less of a biohazard. The test also detects whether 
the organism is resistant to rifampicin by detec-
tion of defined mutations within the core region 
of the RNA polymerase b (rpoB) gene. In the 
era of drug-resistant tuberculosis, Xpert MTB/
RIF assay is a vital tool and is recommended by 
the World Health Organization (WHO) for use 
worldwide. Commonly used diagnostic tests are 
summarised in Table 8g.1.

MANAGEMENT

Medical (Multidrug Chemotherapy)

Multidrug Antitubercular chemotherapy (ATT) 
is the mainstay in the treatment of all cases of 
spinal TB. M. tuberculosis bacilli may be pres-
ent as intracellular, extracellular, dormant, or 
actively multiplying in the lesion and, therefore, 
necessitates the use of multidrug antitubercular 
drugs with different properties, decreasing the 
chances of drug resistance. There is no con-
sensus regarding the duration and frequency of 
ATT dosing to be given. The WHO recommends 

TABLE 8G.1
Diagnostic Tests Used in Spinal Tuberculosis
No. Investigation Sensitivity Specificity Comments

1 Plain radiography 15% NA 30% of bone destruction is needed for changes to be evident on 
plain radiographs.

2 MRI 100% 80% Gold standard imaging technique.

3 CT 100% NA Identifies bone destruction. 

5 ESR >20 mm 60%–90% NA Serial values show gradual drop after initiating treatment. 

6 CRP 71% NA Reaches normal levels after 14 days of treatment.

7 Mantoux assay 40%–55% 75% High false negatives. Limited use in latent infections. False 
positive results in BCG-vaccinated individuals.

8 Gram staining 25%–75% 99% Ziehl-Neelsen technique—bright red bacilli; 104 to 105 bacilli/
mL required.

9 Histopathology 53%–81% NA Epithelioid cell granulomas, Langerhans giant cells, caseous 
necrosis.

10 AFB culture 47% 100% Lowenstein Jensen media; 6–8 weeks; requires 101 to 102 
bacilli/mL (live bacilli).

11 BACTEC 56% 100% 4–10 days; radiometric assay

12 PCR 75% 97% Requires only 1–10 bacilli/mL; useful in paucibacillary state.

13 Xpert MTB/RIF 96% 85% Results <48 hours and rifampicin resistance detection.

Abbreviations: MRI, magnetic resonance imaging; CT, computed tomography; PET, positron emission tomography; ESR, 
erythrocyte sedimentation rate; CRP, C-reactive protein; AFB, acid-fast bacilli; PCR, polymerase chain reaction; NA, not 
available.

Source: Modified from Rajasekaran et al [63].
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the use of a four-drug combination therapy (iso-
niazid, rifampicin, pyrazinamide, and ethambu-
tol) during the initiation phase (2 months) and 
a three-drug regimen (isoniazid, rifampicin, 
and ethambutol) during the continuation phase 
(9–12 months). Daily regimen is currently rec-
ommended, and children should be monitored 
for liver function and vision on a regular basis. 
Optic neuritis is one of main complications of 
ethambutol and should be used with caution 
in very young children. Streptomycin should 
not be used as a first-line drug in children and 
should be reserved for multidrug-resistant cases.

The pharmacokinetics of children differ 
from adults. Children metabolise drugs faster, 
and the serum concentration of drugs is much 
less when compared to adults and, therefore, 
require higher body weight dose (mg/kg). 
Therefore, recent recommendations suggest 
10mg/Kg of isoniazid instead of 5 mg/Kg and 
10–20 mg/kg of rifampicin [20, 21]. The weight 
of the child should be monitored during treat-
ment, and appropriate changes should be made 
to the dosage. The first line of antituberculosis 
drugs with dosage and safety profiles are enu-
merated in Table 8g.2.

Drug-Resistant Tuberculosis
Drug resistance is a major global threat. The 
prime reasons for the emergence of drug-resistant 
tuberculosis are inadequate and incomplete treat-
ment, poor compliance, and spread of resistant 

strains. The need for prolonged treatment with 
second-line ATT, which is costlier, has more 
adverse effects, a poor success rate, and high mor-
tality. All cases of TB are to be notified, and DST 
should be done in all feasible cases to diagnose 
resistant cases early, and all drug resistance cases 
should be referred to a suitable specialist. Current 
WHO guidelines recommend a minimum of four 
drugs to which the child is not exposed, including 
a fluoroquinolone, an injectable agent (minimum 
of 4–6 months after culture conversion), and at 
least two agents from the three remaining second-
line anti-TB drug classes, including cycloserine, 
thioamides, and p-aminosalicylic acid, in an ini-
tial phase of at least 6 months, followed by at least 
three of the most active and best-tolerated drugs 
in a 12- to 18-month continuation phase. Second-
line ATT drugs with dosage and safety profiles 
are enumerated in Table 8g.3. HIV-infected 
children who develop TB should be referred to a 
specialist for concomitant antiretroviral therapy 
(ART). A careful evaluation for CD4 count, viral 
load, and the possibility of drug interactions must 
be taken into account.

THE NATURAL HISTORY 
OF CHILDHOOD SPINAL 
TUBERCULOSIS AND DEFORMITY

An understanding of the natural history of 
a disease is essential to arrive at a suitable 

TABLE 8G.2
First Line Antitubercular Drugs with Dosage and Safety Profile

Anti-Tubercular Drug

Recommended Dosage (mg/Kg)

Adverse Effects MonitoringDaily Dosage Weekly Thrice

Isoniazid (H) 10 mg/kg (range 7–15 
mg/kg); maximum 
dose 300 mg/day

10 (8–12) Hepatotoxicity pyridoxine 
deficiency, peripheral 
neuropathy, rash, psychosis

Jaundice, liver 
enzymes

Rifampicin (R) 15 mg/kg (range 10–20 
mg/kg); maximum 
dose 600 mg/day

10 (8–12)
max. 600 mg 
daily

Hepatotoxicity

Pyrazinamide (P) 35 mg/kg (range 30–40 
mg/kg)

35 (30–40) Hepatotoxicity arthralgia, rash Jaundice, liver 
enzymes

Ethambutol (E) 20 mg/kg (15–25) 30 (25–35) Optic neuritis Vision screening

Streptomycin (S) 20 mg/kg (range 15–25 
mg/kg

15 (12–18) Auditory nerve damage
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management plan. Only a few studies have eval-
uated the natural history and long-term outcome 
of spinal tuberculosis in children. Much knowl-
edge in this subject has come from the work of 
Rajasekaran et al. [4] who reported the results of 
prospectively followed patients of spinal tuber-
culosis treated with ambulant chemotherapy 
for 15 years as part of the Medical Research 
Council study.

Rajasekaran [5] reported that the deformity 
progresses in two phases. Phase 1 or active 
phase, changes occur in the first 18 months, 
whereas in Phase 2, or the healed phase, the 
changes occurred after the disease was cured. 
While adults had an increase in deformity dur-
ing the active phase and no change in deformity 
during the healed phase, the children had a 
higher deformity at presentation, a greater ten-
dency for collapse during the active phase of the 

disease, and continued and variable progression 
even after the disease was cured and growth was 
completed. Various reasons have been proposed 
for this increased kyphosis, including increased 
destruction of cartilaginous bone by the dis-
ease process, immature flexible spine, growth 
plate destruction, and growth modulation by the 
mechanical forces. In the healing phases of the 
disease, Rajasekaran [55] noticed that 44% of 
children had a reduction in kyphosis, 39% had 
progression of the deformity, and 17% had no 
change in deformity. Among these patients, he 
observed three patterns of changes in defor-
mity during the growth phase (Figure 8g.1). A 
Type I curve shows continued progression after 
disease healing. This increase could occur con-
tinuously (Type IA) or 3–6 years after the dis-
ease was cured (Type IB). Type II curves show 
a reduction in kyphosis during growth either 

TABLE 8G.3
Drugs Used in Treatment of Drug-Resistant Tuberculosis

Drug Group Drug Name
Daily Paediatric Dose in 
mg/kg (max. dose in mg)a Adverse Effects

Group 1: First-line 
oral drugs 

Ethambutol 15 Rash, optic neuritis

Pyrazinamide 30 Hepatotoxicity, rash

Group 2: Injectable agents

 Aminoglycosides Amikacin(Preferred) 15-22.5 (1000) Nephrotoxicity, hyperkalemia

Kanamycin 15-30 (1000)

 Cyclic polypeptide Capreomycin 15-30 (1000)

Group 3: 
Fluoroquinolones

Ofloxacin 15-20 (800) 2× daily Insomnia

Levofloxacin(Preferred) 7.5-10 (750) Arthralgia

Moxifloxacin(Preferred) 7.5-10 (400)

Group 4: 
Second-line oral 
drugs

Ethionamide (or Prothionamide) 15-20 (1000) 2× daily Hepatotoxicity, 
hypothyroidism

Cycloserine (or terizidone) 10-20 (1000) 1×/2× daily Psychosis, convulsions, 
paraesthesia, depression

p-aminosalicylic acid (PAS; 4-g 
sachets)

150 (12 000) 2×/3× daily Diarrhoea, hypothyroidism

Group 5: third-line 
drugs of unclear 
efficacy (not 
recommended by 
WHO for routine 
use in MDR-TB 
patients) 

High-dose Isoniazid 

Linezolid Myelosuppression ,Lactic 
acidosis, Pancreatitis

Amoxicillin/ clavulanate

Clarithromycin

Thioacetazone 

Imipenem/Cilastatin

Clofazimine

Source: Modified from ‘Guidance for National Tuberculosis Programmes on the Management of Tuberculosis in Children’. 
2nd ed. WHO, 2014.
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immediately after healing (Type IIA) or after 
3–6 years (Type IIB). Type III shows no sig-
nificant change during growth. Of these, Type 
IIB has most favourable prognosis, as the ini-
tial deformity and progression during the healed 
phase is minimal, whereas Type IB progression 
has the worst prognosis, as progression occurs 
late after the disease has healed and the patients 
are not in follow-up and present later with defor-
mities of considerable magnitude emphasising 
the importance of following childhood spinal 
TB cases at least until they reach skeletal matu-
rity [22].

This variable progression of deformity, even 
after the disease has healed, is unique to spinal 
TB. This tendency for progression also depends 
on various factors, including the level of the 
lesion, the number of vertebrae afflicted, and 
the age of the child. The thoracic lesions had 
more initial deformity but less progression and 
showed the most improvement with growth, 
whereas thoracolumbar lesions had progression 
during active phase as well as during healed 
phase. The preexistent lordosis in the lumbar 
spine is protective against kyphotic collapse, 
and more than two vertebral bodies must be 
destroyed before the lordosis can straighten and 
collapse into kyphosis [22]. Also, the rate of pro-
gression differed with age groups. Children over 
10 years of age had less deformity progression 

(4°) than those less than 5 years of age (10°) or 
between 6 and 10 years (14°) [23].

Rajasekaran [22] described that following 
the collapse of vertebral bodies, restabilisa-
tion occurs anteriorly by one of three meth-
ods (Figure 8g.2): a) When there is minimal 
vertebral body loss and no facetal subluxation, 
restabilisation occurs by wide contact; b) when 
there is single facetal joint subluxation, resta-
bilisation occurs by point contact and; c) with 
more than two vertebral body loss, multiple 
facets subluxate, and restabilisation occurs 
by contact of the anterior vertebral body wall 
of superior vertebrae with superior surface of 
inferior vertebrae. In the absence of an intact 
anterior column, posterior column ligaments 
and facet joints are the principal stabilisers 
of the spine. When the kyphosis due to ante-
rior vertebral body loss exceeds the threshold, 
the facet joints and posterior ligaments snap, 
resulting in death of the column leading to 
‘buckling collapse’.

Recognising the significance of the integ-
rity of facet joints in the stability of the spine, 
Rajasekaran [23] proposed the ‘spine at risk’ 
signs. These signs include (a) separation of the 
facet joints, (b) retropulsion (c) lateral transla-
tion, and (d) toppling (Figure 8g.3). These 
radiological signs represent spinal instability 
due to the facetal dislocation, and each is given a 

FIGURE 8G.1  Three types of progression of deformity after the active phase. Type I curves show progress 
of deformity after the active phase. Type II curves show a reduction in deformity, and Type III curves do not 
show significant change. (Redrawn from Rajasekaran [5].)
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score of 1. Rajasekaran also enumerated the risk 
factors for severe deformity progression, which 
are 1) an age below 10 years and loss of one or 
one and a half vertebral bodies 2) a pretreatment 
kyphosis angle of greater than 30°, especially in 
children 3) cervicothoracic and thoracolumbar 
junctional lesions, and 4) presence of ‘spine at 
risk’ radiological signs [22, 23]. While many 
factors influence deformity progression, an 
instability score of >2 is an independent ‘risk’ 

factor for progressive deformity irrespective of 
other factors. The integrity of facets and intact 
growth plates have resulted in regeneration of 
vertebral body and progressive improvement of 
deformity (Type II) after the disease has been 
cured. Cleveland et al. [24] followed up with 18 
patients for 21 years and noted the growth of 
fusion mass in both sagittal and coronal planes. 
Moon et al. [25] performed a long-term follow-
up (36 months–20 years) with 101 children and 

FIGURE 8G.2   ‘Spine at risk’ signs. a: Facetal separation – the facet joint dislocates at the apex of the 
deformity, causing instability and loss of alignment. b: Posterior retropulsion – identified by drawing two 
lines along the posterior surface of the first upper and lower normal vertebrae. The diseased segments are 
found to be posterior to the intersection of the lines. c: Lateral translation – confirmed when a vertical line 
drawn through the middle of the pedicle of the first lower normal vertebra does not touch the pedicle of the 
first upper normal vertebra. d: Toppling sign – a line drawn along the anterior surface of the first lower normal 
vertebra intersects the inferior surface of the first upper normal vertebra. ‘Tilt’ or ‘toppling’ occurs when the 
line intersects higher than the middle of the anterior surface of the first normal upper vertebra. All these signs 
represent facetal dislocation and potential instability. (Redrawn from Rajasekaran [23].)

FIGURE 8G.3  Patterns of restabilisation following vertebral collapse. a: In the absence of significant loss of 
vertebral bodies or facetal subluxation, restabilisation occurs with wide contact and the progression of defor-
mity is arrested. b: Restabilisation by point-contact occurs when there is single facetal subluxation following 
vertebral collapse. This results in a moderate deformity. c: In the presence of more than two vertebral body 
collapse and multiple facetal subluxation, the segments cranial to the lesion rotate so that anterior surface of 
superior vertebral body comes into contact with superior surface of inferior vertebra resulting in ‘buckling 
collapse’. (Redrawn from Rajasekaran [22].) 
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found that no change in deformity was noted in 
20 children (19.8%), 14 children (13.7%) had a 
decrease in kyphosis, and 67 children (66.3%) 
had an increase in kyphosis during the follow-up 
period. Schulitz et al. [6] found that spontaneous 
correction occurred when limited debridement 
was done, leaving the growth plates intact. The 
findings of these studies suggest that the two 
most important factors that determine the out-
come are the integrity of facet joints and intact 
growth plates.

SURGICAL MANAGEMENT

Spinal tuberculosis is a medically treatable dis-
ease. The indications for surgical management 
include 1) neurological deficits (with an acute 
or nonacute onset) caused by compression of 
the spinal cord; 2) spinal instability caused by 
destruction or collapse of the vertebrae, destruc-
tion of two or more vertebrae, or kyphosis of 
more than 30°; 3) presence of ‘spine at-risk’ 
signs; 4) no response to chemotherapeutic treat-
ment; 5) nondiagnostic biopsy; 6) large paraspi-
nal abscesses; and 7) intractable pain restricting 
mobility.

Tuli [26] observed that 38% of patients 
with neurological deficits improved with che-
motherapy and rest while waiting for surgery 
and proposed his ‘middle path regimen’ based 
on these findings. However, today, any patient 
with a neurological deficit must be offered sur-
gery at earliest as chances of recovery are bet-
ter and faster with surgery with recovery rates 
of 75%–84% reported [27]. Many studies have 
proven that late presentation with paraplegia 
does not preclude surgery in spinal tuberculosis, 
and neurological recovery has been noted as late 
as 6 months [28–31]. Sai kiran et al. in his ret-
rospective study of 48 patients, noted dramatic 
neurological improvement even in patients who 
presented late (up to 120 days) with flaccid 
paraplegia,gross sensory deficit,long-standing 
weakness, myelomalacia changes on MRI or 
bladder involvement.

The surgeries for spinal tuberculosis can be 
classified as 1) surgeries in active disease that 
are performed while the disease is active, and 
2) surgeries for established deformity that are 
performed many years later after the disease 
has healed. Here, the patient presents with 

complaints of deformity and or neurological 
worsening.

The surgical options in spinal TB are broadly 
categorised as 1) biopsy; 2) stabilisation and 
debridement; 3) stabilisation, debridement, and 
anterior reconstruction; and 4) deformity cor-
rection. The choice of procedure depends on 
the stage of the disease, magnitude of vertebral 
destruction and deformity, anticipated growth 
remaining, presence of neurological deficit, and 
level of the lesion. It is mandatory to obtain tissue 
for biopsy, TB culture with DST, even in cases 
presumed to have healed, as reactivation of dis-
ease is known to occur [32]. The spine and the 
lesion can be accessed by various approaches, 
such as anterior, posterior, anterolateral, costo-
transversectomy, or combined approaches.

SURGERIES IN ACTIVE DISEASE

The primary aim of surgery during the active 
phase is to stabilise, halt, or correct the pro-
gression of kyphosis, debride the lesion, 
decompress, and obtain a sample for tissue 
diagnosis. Surgery can be done by anterior, 
posterior, or combined approaches. Though 
spinal TB is a disease of the anterior column, 
anterior surgeries have lost favour because of 
increased approach-related morbidity, dif-
ficulty in accessing long segments, and poor 
fixation options. Schulitz et al., Bailey et al., 
and Rajasekaran et al. [6, 33, 34] have attrib-
uted poor results with anterior surgery alone to 
aggressive debridement, leaving large defects 
anteriorly; therefore an anterior approach alone 
is considered to be unsatisfactory in thoraco-
lumbar spinal TB for young children in terms 
of postoperative correction loss and is no 
longer recommended. However, in the cervi-
cal spine, anterior approach is routinely used 
and favoured. Later, combined anteroposte-
rior approaches were used (Figure 8g.4 and 
Figure  8g.5). Such combined anteroposterior 
procedures have increased operating time, 
blood loss, morbidity, and complication rates in 
comparison with posterior only surgeries [35].

Due to the above concerns, the posterior 
approach is now favoured. Earlier sublami-
nar wires with Hartshill rectangles were used 
widely, but have lost their favour because of 
increased wire cut out and failures [36]. The 
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pedicle screw instrumentation, with its superior 
stability over anterior instrumentation and the 
possibility of anterior debridement and recon-
struction all via a single posterior approach, has 
shifted the paradigm toward posterior surgery. 
Two major concerns for the use of pedicle screw 
instrumentation was the fear of biofilm forma-
tion and its use in young children <5 years of 
age for fear of impairing normal growth. Oga 
et al. [37] reported that instrumentation could 
be safely used in spinal TB. Later Ha et al. [38] 
showed that the adherence and biofilm forma-
tion of M. tuberculosis on implants is less likely. 

Many authors have reported that pedicle screw 
instrumentation can be used safely in children 
as young as 1–2 years with minimal complica-
tion rates [39–41]. Also, studies have found that 
instrumentation does not affect pedicle growth, 
the transverse plane of the vertebral body, or 
the spinal canal [42]. Uninstrumented surgeries 
in spinal TB are not recommended in children 
because of the potential for rapid progression 
of kyphosis. Wide decompression is indicated 
if there is a large epidural abscess/granulation 
tissue indenting the dura and causing second-
ary canal stenosis. Tissue for diagnostics and 

FIGURE 8G.4  a and b: 9-year-old child with C7 TB spondylitis with collapse and kyphosis (Cobb angle of 
34.6°). X-rays and CT scan shows spine at risk signs. c: MRI shows C7 collapse with large epidural abscess 
indenting the cord. d: Patient underwent anterior debridement and Harms cage reconstruction via an anterior 
approach and posterior instrumentation.

FIGURE 8G.5  a and b: 6-year-old child with T10–T11 TB spondylodisicitis with collapse of T10 vertebrae 
with large epidural abscess compression of the cord. c: Patient underwent pedicle screw instrumentation, 
anterior debridement, and fibular strut grafting. 2-year follow-up x-rays shows good healing and integration 
of graft.
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anterior debridement of disc space can be per-
formed safely via a transpedicular approach 
or transfacetal approach. The disc space and 
adjacent infected vertebrae are debrided thor-
oughly until the healthy bone is reached. It is 
desirable to leave the vertebral growth plates 
intact during debridement whenever possible, as 
it reduces the chances of progressive kyphosis 
and the residual growth potential may help in 
spontaneous correction of the deformity [6, 7, 
43]. It must be noted that radical debridement 
is not essential in spinal TB, unlike in pyogenic 
spondylodiscitis, as antituberculosis drugs can 
resolve the residual abscess or lesion effectively. 
However, the bacillary load and penetration of 
drugs are enhanced by a good debridement. As 
spinal TB affects the anterior vertebral body in 
most patients leaving the posterior column unaf-
fected, it is mandatory to reconstruct the ante-
rior column if the vertebral destruction is more 
with significant kyphosis >30°. Such recon-
struction helps in the correction of the kyphosis 
and significantly reduces the chances of implant 
failure and complications. When there is no sig-
nificant vertebral destruction noted that neces-
sitates an anterior reconstruction, an in situ 
fixation with posterior shortening can be done. 
Abiliziz et al. [44] combined Smith-Peterson 
osteotomy with anterior debridement and allo-
grafting in 25 children with thoracolumbar 
tuberculosis with kyphotic deformity. He was 
able to achieve a correction rate of 74% from a 
preoperative kyphosis of 44.1°±10.8° to a post-
operative value of 11.4°±3.9° [44]. Caution is 
required to not shorten the posterior column too 

much, as it might result in kinking of the spinal 
cord, anterior spinal artery, and result in a gross 
neurological deficit.

Three options exist for the reconstruction 
of substantial defects in the anterior column: 
1) rib graft, 2) iliac strut graft, and 3) titanium 
mesh cage. Rib grafts were used extensively in 
the past; however increased complications were 
noted, such as subsidence, fracture of graft, 
resorption, and failure. Autogenous iliac crest 
strut graft has higher chances of incorporation 
than rib graft, but complications such as resorp-
tion and fracture of graft are still possible. It 
also has limitations such as donor site morbidity, 
pain, and limitation in young children with open 
physes. When the graft spanned more than one 
level, the failure rates increased [34]; therefore, 
it is essential to span the fixation adequately to 
reduce the chances of graft failure. Harms mesh 
cage has proven to offer better load sharing 
capabilities, less loss of kyphosis correction, less 
subsidence, and faster healing times than rib or 
iliac crest graft, hence its recommended for the 
reconstruction of the anterior column in addition 
to posterior instrumentation (Figure 8g.6) [45–
47]. The bone acquired while decompression can 
be used to fill in titanium cages and has shown 
good fusion. After the placement of appropriate 
size cage/graft, the connecting rods need to be 
placed in compression to prevent dislodgement.

SURGERIES FOR HEALED TB

Surgeries for healed TB are done for severe 
kyphotic deformity or late-onset neurological 

FIGURE 8G.6  a, b, and c: 13-year-old with L2 TB spondylitis with collapse and kyphosis. d. Intraoperative 
image showing posterior only approach with a decompressed cord and temporary stabilisation on one side. e. 
Patient underwent pedicle screw instrumentation and anterior reconstruction using Harms cage all via single 
posterior approach.
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deficit. In the study by Wong et al. [32], the 
mean duration of presentation with late-onset 
neurological deficit was 26 years. Hsu et al. 
[48] reported a mean duration of 18 years in his 
study group. The neurological deficit is slowly 
progressive, and the usual cause is stretching 
and thinning of the cord over the apex of defor-
mity. Unlike the neurological deficit occurring 
in active disease, the prognosis for neurological 
deficit in healed disease is poor despite surgery. 
Jain et al. [49] reported that the magnitude of 
thinning of the cord did not always correlate 
with the severity of neural deficit; however, thin-
ning of cord in association with myelomalacia 
carried a worse prognosis.

Before considering any surgery, it must 
be recognised that this group of patients have 
restrictive lung disease, right heart failure, and 
are high-risk candidates for anaesthesia and sur-
gery. They are also often malnourished and have 
poor soft tissue cover over the apex of deformity. 
Surgeries in this group of patients are reported 
to have high complication rates; therefore, it 
is vital to optimise the patient before surgery. 
Halo-gravity/halo-pelvic traction provides one 
such opportunity to correct the deformity grad-
ually and optimise the patient. It has been our 
practise to put patients with deformity >90° in 
halo-gravity traction for 6 weeks in before sur-
gery. Though the solidly fused apical segments 
do not show any changes with traction, it is the 
compensatory curves that reduce with traction, 
and an overall improvement in spinal alignment 
and balance is noted. During this period, the 
patient is given supervised nutrition and pulmo-
nary physiotherapy that helps in reducing the 
complications and morbidity.

Although the anterior approach was initially 
popular, it has many disadvantages. The access 
to the apex of deformity is difficult in large 
deformities, they offer poor deformity correc-
tion, and these patients are poor candidates for 
anterior approach due to impaired pulmonary 
reserve. Combined approaches offer proper 
decompression and deformity correction, but 
increased surgical time and morbidity are the 
major drawbacks [50]. Improved instrumen-
tation, neuromonitoring, and imaging have 
made a single posterior approach, three-col-
umn osteotomy with adequate decompression 
and deformity correction possible with fewer 

complications. Various posterior deformity cor-
rection options that have been used in post TB 
kyphosis include transpedicular decancellation, 
pedicle subtraction osteotomy (PSO), closing 
opening wedge osteotomy (COWO), and ver-
tebral column resection (VCR). Each of these 
procedures can offer deformity correction of 
various magnitudes. Most of the literature on 
osteotomy for post TB kyphosis is on adults.

CHOICE OF THE OSTEOTOMY

A recent classification proposed by Rajasekaran 
et al. [51]based on column deficiency, flexibil-
ity, and curve magnitude is helpful in decid-
ing an appropriate osteotomy for kyphosis 
(Table  8g.4). The classification includes three 
types: Type I – no deficiency of anterior or pos-
terior column (Type IA – mobile discs, Type 
IB – fused discs with fixed deformity), Type 
II – deficiency of anterior (IIA) or deficiency of 
posterior column (IIB), an Type III- deficiency 
of both columns. Type III is divided into three 
types: Type IIIA – kyphosis <60°, Type IIIB – 
kyphosis >60°, and Type IIIC – buckling 
collapse.

Spinal TB affects the anterior column in 
95% of individuals, and isolated involvement 
of posterior column by disease is seen in <5%. 
Hence, Type I deformities are not seen. In spi-
nal TB, there is destruction and necrosis of the 
anterior vertebral body and intervertebral disc, 
rendering the anterior column defective. During 
the initial stages, only the anterior column is 
involved with intact posterior column, which is 
classified as Type IIA. In such cases, the defor-
mity is resultant of partial destruction of mul-
tiple adjacent vertebrae or complete collapse of 
a single vertebra that results in a sharp angular 
kyphosis. In either case, with an intact posterior 
column, the deformity is seldom >60°. Such 
deformities with isolated anterior column defi-
ciency can be managed by a posterior column 
shortening osteotomy (<30° Ponte, 30°–60° 
PSO, disc bone osteotomy [DBO]). Kalra et al. 
[65] did a pedicle subtraction osteotomy (PSO) 
in 15 post TB kyphosis patients with a mean 
age of 27 and was able to achieve a correction 
of 44.2° with an average blood loss of only 940 
mL. Hong-Qi et al. [52] used a modified PSO 
to correct deformity in 26 paediatric patients 
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and achieved a correction of 40.9° with an aver-
age blood loss of 870mL. As these techniques 
shorten the posterior and middle column and 
hinge on the anterior column, reconstruction of 
the anterior column is not required. These tech-
niques are useful in mild to moderate kyphotic 
deformities.

As the vertebral destruction progresses, the 
anterior column is unable to maintain the stabil-
ity of the vertebral column, resulting in facetal 
subluxation. This results in ‘functional’ failure 
of the posterior column and leads to Type III 
deformities with both column deficiency. Here, 
the choice of osteotomy depends on the magni-
tude of deformity. In Type IIIA deformities with 
a Cobb angle <60°, posterior column shortening 
osteotomies, such as PSO or DBO, can be tried.

However, in severe kyphotic deformities 
(>60°) (Type IIIB), the anterior vertebral body 
loss is usually more than two. In such cases, 
an isolated posterior closing wedge osteotomy 
alone would result in kinking of cord and neu-
rological worsening; therefore an osteotomy, 
that achieves correction of the deformity with-
out altering spinal cord length is indicated. A 
multilevel laminectomy to decompress the cord 
and prevent it from compressed during defor-
mity correction is needed along with an ante-
rior column reconstruction. COWO or VCR 
techniques are employed in such deformities. 
Rajasekaran et al. [53, 54] used COWO to cor-
rect rigid post TB kyphosis. This a modification 
of the technique described by Kawahara [55]. 
The procedure first involves slow closing of the 

wedge posteriorly until the first suggestion of 
kinking of the cord was evident. At that point, 
the closing was stopped, and the remaining 
gap in the anterior column was made right by 
a cage of appropriate size. A further correction 
was achieved using the cage as a fulcrum. This 
technique enables the achievement of excellent 
correction without increased risk of neurologi-
cal deficit (Figure 8g.7). A mean correction of 
56.8% ± 14.6% was achieved with an average 
blood loss of 820mL [53].

VCR stands at the top in the hierarchy in 
terms of complexity of osteotomies and correc-
tion achieved. It is technically demanding and is 
usually reserved for the most severe deformities. 
In spinal TB, it is not uncommon for patients to 
present with a deformity >90° requiring a major 
osteotomy. VCR offers a possibility of both sag-
ittal and coronal correction with a correction rate 
ranging from 43%–87% [56]. Suk et al. [57] per-
formed VCR in 25 cases of postinfection defor-
mity and achieved a mean sagittal correction of 
45.2° and reported complications in 10 patients. 
Lenke et al. [58] performed VCR in 35 children 
with severe deformities and reported improve-
ment in global kyphosis by 55%, angular kypho-
sis by 58%, and kyphoscoliosis by 54%. VCR is 
associated with high complication rates as high 
as 59%. Early complications include neurologi-
cal worsening, dural laceration, pleural tear, 
pneumothorax, haemothorax, haemorrhage, 
wound infection, and postoperative respiratory 
failure. Late complications include implant fail-
ure, pseudoarthrosis, loss of correction, adjacent 

TABLE 8G.4
A guide to Choice of Osteotomy for Kyphosis Based on Classification Proposed by 
Rajasekaran et al.

Deformity Ponte

Pedicle 
Subtraction 
Osteotomy

Disc Bone 
Osteotomy

Single 
Vertebrectomy

Multilevel 
Vertebrectomy

Anterior In
Situ Strut

Fusion

Halo +
Multilevel

Vertebrectomy

Type 1 A +

Type 1 B +

Type II A +

Type IIB +

Type III A + +

Type III B +

Type III B + +
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segment degeneration, proximal junctional 
kyphosis, and stenosis [59]. Of these, neurologic 
and pulmonary complications are the most com-
mon. A review article on VCR reported a neuro-
logic complication rate of 13.3% (6.3%–15.8%) 
[60]. Use of neuromonitoring is strongly recom-
mended, and up to 20% of patients show intra-
operative changes in neuromonitoring [61, 62]. 
Maintenance of MAP >80 mmHg during oste-
otomy is recommended to reduce the incidence 
of neuromonitoring changes. Multilevel VCR is 
rarely indicated. A study comparing single Vs 
double-level VCR found no difference in defor-
mity correction radiographically between the 
two; however, the operating time and neurologi-
cal incidents were frequent in multilevel VCR, 
and it not recommended [61].

Type IIIC deformities, i.e. buckling collapse, 
represents the most severe deformities. They are 
result of multiple facetal subluxation and, ulti-
mately, leads to translation of the vertebral col-
umn. The Cobb angle can be >120°. Here, the 
osteotomy is too dangerous to perform and a 4–6 
week of halo-gravity traction can be applied. 
Halo-gravity traction slowly converts Type IIIC 
deformities into Type IIIB deformities for which 
correction can be safely attempted. In patients 
who are not fit for a major osteotomy or for eco-
nomic constraints, a salvage procedure such as 
anterior in situ strut fusion is performed.

All the osteotomies discussed above have 
provided good functional outcomes. The choice 
of osteotomy depends on the magnitude of 
deformity, column deficiency, and surgeon 

preference. Various osteotomies performed for 
healed disease in spinal tuberculosis are listed 
in Table 8g.5.

CONCLUSION

Spinal TB in children differs from adults in 
many aspects; the most important difference is 
its potential for progressive kyphosis even after 
the disease has healed. A combination of inves-
tigations, including DST, is required for diagno-
sis, as no single investigation is conclusive. The 
potent and highly efficient multidrug antituber-
cular therapy has made uncomplicated spinal 
TB a medial disease with only a few requiring 
surgeries. Despite healing, all cases of child-
hood TB must be followed until adolescence, 
as the late progression of deformity after a qui-
escent period is known to occur. ‘Spine at-risk’ 
signs are useful in identifying such patients who 
are at risk of progressive kyphotic deformity. 
The neurological deficit, instability, progres-
sive deformity, intractable pain, and inconclu-
sive diagnosis remain the main indications for 
surgery. In the active stage, an all posterior 
approach with or without anterior reconstruc-
tion and pedicle screw instrumentation is the 
favoured procedure and offers excellent out-
comes. Surgeries in healed disease for kyphotic 
deformity or myelopathy usually require oste-
otomy and are a significant undertaking with 
increased risk of complications. Hence, the goal 
of treatment in spinal TB is to achieve healing 
with minimal or no deformity.

FIGURE 8G.7  a and b: 7-year-old child with post TB kyphosis (Cobb angle >133.4°) and buckling collapse. 
c: CT scan – coronal image shows translation of vertebral column and sharp angular kyphosis with multiple 
facetal subluxation and horizontalisation of vertebrae above and below. d: Patient underwent COWO (postop-
erative Cobb angle of 73.3°)
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PAKISTAN INTRODUCTION

Geopolitical

Pakistan is located in South Asia encircled by 
Afghanistan, India, China, the Arabian Sea, and 
Iran. It is the 36th largest country in the world 
in terms of area with an area covering 881,913 
km2 (340,509 sq mi) [1].

Population

Pakistan is the sixth most populous country in 
the world, with about 216 million people, and by 
2050 it will become the fourth largest populated 
country in the world [1].

Socioeconomic Status

The United Nations Development Programme 
(UNDP) ranked Pakistan in the Human 
Development Index (HDI) 146th out of 187 
countries. Presently, Pakistan has a stagnant 
gross domestic product (GDP) of 4.71% and 
a Gross National Income (GNI) per capita of 
approximately $1550, is categorised as a low-
income country, and is 65th among 102 devel-
oping countries. Currently, the literacy rate of 
the population is 58% [2].

Healthcare System of Pakistan

Health services in Pakistan are divided purely on 
the public and private sectors (Figure 9a.1)[2].

Health Financing

The government of Pakistan uses 3.1% of its 
GDP for economic, social, and community ser-
vices, and 43% is used up for debt returns. About 
0.8% is spent on healthcare. This spending is 
much less than the World Health Organization’s 
(WHO) benchmark of a minimum of 6% spend-
ing on healthcare provision. Today, the doc-
tor-to-patient ratio in Pakistan is 1:1300, the 
doctor-to-nurse ratio is 1:2.7, and the nurse-to-
patient ratio is 1:20 [3]. The WHO suggests that 
the doctor-to-patient ratio should be 1:1000 and 
the doctor-to-nurse ratio 1:4 [2].

Healthcare Facilities and Equipment

There are 48 tertiary care hospitals in the pub-
lic sector dealing with trauma and orthopaedics. 
All equipped with image intensifier and other 
necessities required for orthopaedics and spine 
management, but only 2 to 3 centres have the 
neuromonitoring apparatus needed for scoliosis 
surgery.

FIGURE 9A.1  Health system of Pakistan
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EARLY-ONSET SCOLIOSIS

Early-onset scoliosis (EOS) is defined as a spi-
nal deformity occurring before 10 years of age. 
Untreated EOS or early spinal fusion resulting 
in a short spine is associated with increased 
mortality and cardiopulmonary compromise. 
Because EOS is a heterogeneous condition, a 
uniformly accepted classification has been pro-
posed. This includes age, aetiology (congenital, 
neuromuscular, syndromic, and idiopathic), 
significant curve, kyphosis, and progression 
modifier. Surgery is indicated for progressive 
deformities. EOS may progress rapidly and, 
therefore, prompt clinical diagnosis and refer-
ral to a paediatric orthopaedic unit are neces-
sary [4].

Epidemiology

No large scale studies are available; there exists 
only regional research on congenital anomalies 
in the tribal area with a population of 448310. 
This study found 246 families with congenital 
anomalies and two cases of congenital scoliosis 
and two cases of congenital kyphosis [5]. Data 
from different hospitals involved in scoliosis 
management showed that around 20–30 patients 
visit out-patient departments (OPD) monthly at 
each tertiary care hospital with a complaint of 
spine deformity, including infants, juveniles, 
and adolescents.

School Health Services/
Scoliosis Screening

While School Health Services has been a part 
of the government health infrastructure since 
1952, health services in schools and scoliosis 
screenings are still nonexistent. School health 
services in the private sector has evolved 
in the past two decades. Nongovernmental 
organisations (NGOs) have played a key role 
in implementing this programme in private 
schools [6].

Various local studies showed screening 
tests and protocols, but until now, no available 
research on school screening exists for scolio-
sis. A scoliosis-screening programme has been 
developed, which is quick, reproducible, and 
inexpensive. This involves visual observation 

of the back, forward-bending test, and moiré 
fringe topography [7].

Modes of Presentation

Most of the patients are brought in because of 
cosmesis, shoulder asymmetry, pelvic asym-
metry, and awkward gait. Some patients come 
with chest, sternum, rib cage deformity. Parents 
and sometimes school teachers bring in patients. 
Some come with pain, weakness, shortness of 
breath, or limb length discrepancy (LLD), and 
occasionally with congenital malformation/
deformity evident at birth.

Beliefs

Most people believe that this disease is from 
God as a response to their sins, or God wants 
to check their piousness and patience by giving 
this trouble to their children or siblings. Some 
also relate it to the stars, a lunar or solar eclipse, 
or even to evil souls.

Reasons for Delay

People are afraid of going to hospitals and usu-
ally go to local spiritual healers, hakeems, bone 
setters, spine manipulators, and ‘quacks’. By 
the time they come to a hospital, it is often too 
late and the curve has become too rigid or it has 
started its secondary effect on the cardiopulmo-
nary or musculoskeletal systems.

Even general practitioners do not have suf-
ficient knowledge regarding pathogenesis and 
pathophysiology of the problem and cannot 
guide the parents properly. Most of the time, it is 
said that it will be treated as a child approaches 
skeletal maturity (which is detrimental for EOS), 
or parents are frightened that surgery will cause 
the patient to become paralysed.

Reasons for Refusal to Receive Treatment

Poverty is the main reason. Illiteracy and igno-
rance of not recognising the future grave prog-
nosis and fear of complications of surgery are 
also factors. Fear of becoming a paraplegic as 
told by practitioners. Limited centers in the pub-
lic sector is another cause.
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HEALTH PERSONNEL AND FACILITIES

Neurosurgeons

Around 300–350 neurosurgeons are practising 
in Pakistan, but only a few occasionally take on 
scoliosis cases on an individual basis, but there 
is no neurosurgical institution that regularly 
cares for this particular patient population. 

Orthopaedic Surgeons/Spine Surgeons

Few orthopaedic and spinal surgeons in the coun-
try have an interest in scoliosis management.

Institutions Caring for Scoliosis

•	 Public sector around 5–6
•	 Armed forces 1–2
•	 Private 3–5
•	 NGO 2–4

There are some other institutions or individu-
als that care for scoliosis patients, but no exact 
details or figures are available.

Electrophysiological Monitoring

Multimodality neurophysiologic intraoperative 
tracking appears to be the standard of care for 
monitoring functional integrity and reducing 
the risk of iatrogenic damage to the nervous 
system and to provide functional guidance to 
the surgeon. Somatosensory evoked potential 
(SSEP) and motor evoked potentials (MEP) 
should be used together for spinal cord surgeries 
to minimise nervous tissue insults [8, 9]. There 
are only six centres in Pakistan that have this 
neurophysiology monitoring equipment.

Management

The skill in managing a patient with a congeni-
tal spine deformity lies not only in the ability 
to perform major complex salvage surgery in 
patients presenting at a late stage with a severe 
rigid deformity but also in recognising those 
curves with a bad prognosis at an early stage to 
prevent curve progression and possible neuro-
logical complications. Meticulous management 
planning requires an astute knowledge of the 
natural history of all types of congenital spine 

deformity and the methods of treatment that are 
available. Once high-risk anomalies, such as 
unilateral unsegmented bars with contralateral 
hemivertebrae are recognised, treatment is initi-
ated regardless of age to prevent deformity [10].

Scoliosis Data

Various local studies on adolescent idiopathic 
scoliosis and congenital scoliosis and their 
modes of treatment are available, but no signifi-
cant literature on EOS could be retrieved [11].

Ghurki Trust Teaching Hospital

•	 Total number of patients with scolio-
sis/dyphosis/khypho-scoliosis admit-
ted at Ghurki Trust Teaching Hospital 
(GTTH) from 2006–19 was 948 
(Figures 9a.2a & 9a.2b, Table 9a.1).;

•	 Total EOS cases = 159
•	 Adolescent/Adult cases = 789
•	 Out of 159 EOS patients, 16 were 

treated conservatively while 143 
received different surgical procedures.

•	 From 2006 to 2014, most surgeries 
used Harrington rods and some used 
limited fusion in situ or after resection 
of the hemivertebrae.

•	 From 2015 onward, most surgeries 
used single or double conventional 
growing rods without fusion, limited 
fusion at the convex apex, or hemiver-
tebrae resection.

•	 The above data suggest that surgi-
cal decisions are made on a case-by-
case basis. However, the conventional 
double growing rod with and without 
limited fusion is a better option where 
resources are limited.

TREATMENT OPTIONS

Conservative

•	 Observation: Patients with relatively 
stable and balanced curves that are 
progressing slowly are observed every 
4 to 6 months.

•	 Casting: This method was attempted 
on some infantile cases, but the 
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compliance was very poor because of 
the hot and humid climate, poor hous-
ing environment, poverty, electricity 
failure or unavailability, and, above all, 
illiteracy and poor coordination and 
follow-up

•	 Bracing: It was found useful in very 
young and especially idiopathic cases 
to buy some time until the patient has 
grown enough to withstand surgical 
trauma and to accommodate the hard-
ware. There are a number of patients 
being treated using regular bracing – 
Over the past 2 years, 20 EOS patients 

4–10 years of age are being treated 
with regular follow-up at GTTH.

Surgery

	 1.	Magnetically controlled growing 
rods (MCGR): This is not a new tech-
nique. It is practised worldwide but 
mostly in developed countries, as it 
is very costly for a limited-resources 
country. Single patient treatment may 
cost up to $20,000, which is 15 times 
the annual income of a common person 
in Pakistan.

FIGURE 9A.2A  Showing the distribution of patients of scoliosis/kyphosis/kypho-scoliosis admitted in 
GTTH from 2006–19.

FIGURE 9A.2B  Showing the distribution of EOS cases based on diagnosis done at GTTH.
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	 2.	Tethering: This is a recent technique 
that maintains the flexibility of the 
spine, yet corrects the deformity over 
time. This is a costly procedure.

	 3.	Vertical Expandable Prosthetic 
Titanium Rib (VEPTR): This tech-
nique is not available

	 4.	SHILLA: This technique is not 
attempted, as the screws are unavailable.

	 5.	Luque Trolly: A technique that involves 
stripping a large area of the spine to 
achieve early fusion. This technique is 
used.

	 6.	Harrington Rods: A lot of cases use this 
instrumentation without fusion with 
variable results, many resulting in com-
plications, such as premature fusion, 
hooks cut out, rod breakage, luque wires 
cut out, crankshaft, and failure to stop 
progression, leading to failure of treat-
ment, repeat surgeries, and sometimes 
worsening of the condition.

	 7.	Short Segment Posterior Fusion: 
This has been used in a few cases of 
relatively mature congenital scoliosis 
in which parents did not want repeat 
surgeries.

	 8.	Hemiepiphysiodesis: This tech-
nique of convex fusion and concave 

distraction has been used in some cases 
with favourable results.

	 1.	R e s e c t i o n s / H e m i v e r t e b r a e 
Resection: This has been used on only 
a few cases of congenital scoliosis [12].

	 10.	VCR: This techinique is used 
occasionally.

GTTH Protocol For EOS

Unless a child has a tethering bony bar or 
uncompensated hemivertebrae, initial treatment 
in EOS comprises of bracing/casting. If found, 
the tethering bony bar or uncompensated hemi-
vertebrae is resectioned, and the child is treated 
in a cast or brace.

When the child is 6–7 years old, with a Cobb 
angle of ~40°, a double growing rod construct is 
applied with pedicle screws. The growing rod is 
gradually distracted. When the child reaches men-
arche/skeletal maturity, posterior segmental spinal 
instrumentation is carried out (Figure 9a.3).

Conventional Growing Rods

A study conducted at a tertiary care hospital pre-
sented in a local meeting showed the result of 30 
patients of EOS treated with conventional growing 
rods. According to this study, most patients were 

TABLE 9A.1
Representing the distribution of 159 procedures done on 143 patients at GTTH

Procedure Cases

Conservative managed with bracing or unfit for surgery 16

In situ fusion with pop jacket 25

Harrington distraction rod 29

SSI with pedical screws and hooks 26

Conventional growing rods 22

Redo Harrington or exchange of Harrington to growing rod/fusion 18

Osteotomy/VCR/PSO 10

Hemivertebrae resection 5

Anterior decompression and cage stablisation 7

Galviston procedure 4

Anterior release 3

Costoplasty 3

Limited 360° fusion 2

Harrington threaded rod and rush pin fixation 5
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treated with double growing rods, showing good 
results and comparable complication rates with the 
literature (Figures 9a.4 & 9a.5) [13].

•	 Convex fusion with concave distrac-
tion using growing rods and convex 
hemiepiphysiodesis [14].
•	 Single growing rod.
•	 Double growing rod.

•	 Case 1: (upper row) hemivertebrae 
with mild deformity operated with in 
situ fusion at the age of 8. The patient 
continued to grow, and later, the 
implant was removed and the anterior 
cage was completed without posterior 
fusion. After 6 years, the patient devel-
oped severe kyphosis that required ver-
tebral column resection (Figure 9a.6).

FIGURE 9A.3  Different surgical procedures, showing preoperative and postoperative radiology and other 
figures.

FIGURE 9A.4  Different surgical procedures of using growing rods, showing preoperative and postoperative 
radiology.
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•	 Case 2: (lower row) surgery was con-
ducted at the age of 5 with resection 
of diastematomyelia and in situ fusion, 
but the patient continued to grow to 
significant deformity and required a 
third surgery (Figure 9a.6).

Both of these cases would have been efficiently 
dealt with using the hemiepiphysiodesis resec-
tion and limited fusion 360° at initial surgery.

Difficulties Faced

There are various hurdles in dealing with spine 
surgery, especially scoliosis.

•	 Politics: Health is the least concern 
for government, as made evident from 
poor budget allocation. In the pub-
lic sector, only a few centres provide 
spine surgery. There are many hurdles 

FIGURE 9A.5  Different surgical procedures using screws and wires, showing preoperative and postopera-
tive radiology.

FIGURE 9A.6  Different procedures that should be avoided.
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to obtain equipment, instruments, and 
implants from the government. A lot of 
the budget is used politicians for out of 
country treatment.

•	 Spine training: The spine is a part of 
the orthopaedic training programme 
curriculum. Still, more than 90% of 
teaching institutions do not treat the 
spine, leaving orthopaedic fellows 
without practical experience in the 
spine. There is no locally recognised 
diploma that specialises in the spine. 
The stakeholders have not agreed to 
launch a separate subspecialty.

•	 Resources: Because resources are lim-
ited the procedure is too costly.

•	 Lack of awareness: The general pub-
lic and referring doctors and practitio-
ners know little about the prognosis 
and outcome of the disease and that it 
is treatable if managed in time. 

•	 Patient factors: These include low 
patient body-mass index, comorbidi-
ties, weak musculature and bones, 
hardware prominence or cutting out, 
and anaesthetic risks.

•	 High cost: Many parents are unable to 
afford the surgery.

•	 Poverty.
•	 Fear of complications.
•	 Lack of availability of quality 

implants (with low profile to avoid 
prominence of implants after 
surgery). 

•	 Lack of good postoperative intensive 
care unit (ICU) care.

•	 Lack of good follow-up.

Solutions and Recommendations

•	 Political will: Try to use your rela-
tions and authority to convince health 
authorities and politicians to focus on 
these health issues and provide fund-
ing for it.

•	 Spine training: the institutions doing 
spine surgeries should train doctors 
from other institutions who are not 
doing spine surgeries. There should be 
institutional collaboration. Practical 
spine training should be made 

compulsory by Fellow of College of 
Physicians and Surgeons (FCPS).

•	 Resources: Efforts should be made 
to raise funds and develop institutions 
with the help of rich, kind, and gener-
ous peoples and organisations.

•	 Poverty: Raise funds for implants for 
poor patients.

•	 Availability of quality implants: Use 
alternate implants from the local or 
international market that are reason-
ably priced and of good quality.

The Example of GTTH Spine Center

Established using international standards, the 
spine unit was developed with a cost of around 
$600 million. It is equipped with 10 modular 
theatres, a central sterile services department, 
24-hour functional MRI and CT scan, rehabil-
itation center, image intensifier in each theatre, 
neuromonitoring equipment, spine endoscope, 
ultrasonic burr, etc. Created without govern-
ment support, the spine unit provides free 
treatment and costs about $1.2 million annu-
ally to operate which is funded completely 
by local financial donors and NGOs (Figure 
9a.7).

Community and practitioner awareness pro-
grammes dealing with the success of treatment 
and need for early intervention and proper refer-
ral have been created using print and electronic 
media, seminars held locally and in hospital 
settings, and information provided on television 
screens in waiting areas.

Patient perspective, select the right proce-
dure for the right individual, delay the inva-
sive process for as long as it is safe to do so to 
avoid complications of early fusion and also to 
reduce the number of lengthening procedures 
necessary until the patient reaches skeletal 
maturity, and where possible, do short seg-
ment fusion.

•	 Know your limitations to avoid lethal 
consequences.

•	 Use neuromonitoring where needed.
•	 Use proper record-keeping techniques 

of preoperative, intraoperative, and 
postoperative events.

•	 To publish.
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CONCLUSIONS

EOS necessitates early diagnosis and prompt treat-
ment to prevent severe and life-threatening car-
diopulmonary compromise. Casting at an initial 
phase may cure EOS, while more severe and pro-
gressive forms of EOS typically require surgery 
with ‘growth-friendly’ techniques, such as grow-
ing rods. The development of MCGRs reduces the 
need for repeated surgical procedures and may 
reduce the risk of deep surgical site infection but is 
costly. Conventional double growing rods without 
fusion and limited fusion with or without addi-
tional distraction are reasonable approaches for 
countries of a low socioeconomic status.
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9b China Experience

Yong Hai and Aixing Pan

INTRODUCTION

Early-onset scoliosis (EOS) is defined as a cur-
vature of the spine in children >10° with onset 
before the age of 10 [1], which will seriously 
affect the development of children’s cardio-
pulmonary function and even mental health. 
According to the aetiology, EOS can be divided 
into congenital, idiopathic, syndromic, neuro-
muscular, and syndromic scoliosis. To some 
extent, it may be influenced by geographical 
circumstances, such as altitude and oxygen con-
centration [2].

MAIN BODY

An EOS screening system is crucial for early 
detection and intervention, especially in the 
rural and less developed areas where most cases 
present as severe scoliosis at their first visit. We 
launched the scoliosis screening and rescue pub-
lic welfare action in the last decade together with 
many charity organisations in China. Our team 
has been to those remote areas, and hundreds 
of scoliosis patients from the high altitude and 
remote areas in mainland China (Tibet region) 
were found and brought to have treatment in our 
spine centre. In the meantime, we trained the 
local doctors and established a screening system 
for scoliosis that can reduce the imbalance of 
medical resources.

Brace and casting have proved to be effective 
conservative treatments for EOS [3–5]. Brace 
and casting could suppress scoliosis progression 
and delay the timing of the surgical intervention 
or even reduce the rate of surgery [6].

Growing-rod surgery is considered as the 
primary treatment for patients with progressive 

scoliosis when conservative treatment failed at 
the age of 5–10. It helps to delay the progression 
of deformity while maximising the growth of the 
spine and lungs [7]. Growing-rod lengthening sur-
gery is performed every 12 months with 2 cm–3 
cm distractions. Final correction and fusion is 
suggested for patients who have well-developed 
lung function and skeleton, Risser sign >1°, or 
menstruation in female patients. Hemivertebra 
resection and short fusion can be performed in 
congenital scoliosis patients who have a short, 
sharp curvature.

Due to the high rate of complications [8], 
regular follow-up visits are essential before 
the graduation of the treatment. X-ray film is 
required every 6 or 12 months, according to 
the patient’s growth rate, to check the spinal 
growth, trunk balance, and surgical fixation 
(Figures 9b.1- 9b.3).

EOS, usually a systemic disease, requires a 
multidisciplinary consultation involving phy-
sicians from respiratory, cardiac, thoracic, 
anaesthesiology, and nutrition departments to 
complete the overall assessment. For patients 
with combined funnel chest deformity, thora-
coplasty can be performed simultaneously with 
the growing rod surgery.

Medical resources and insurance policies 
vary greatly in different countries and regions, 
which is also the case in China. For patients in 
less developed areas of China, the help from 
charitable foundations plays a pivotal role. In 
China, there are many public welfare founda-
tions for scoliosis, and each year hundreds of 
patients with scoliosis are treated with the help 
of the foundation (Figure 9b.4).

In conclusion, EOS is a disease that seriously 
harms the physical and mental development of 
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FIGURE 9B.1  Case 1 was a 3-year-old girl diagnosed with syndromic EOS. The corrective casting was 
made under general anaesthesia and traction. Casting and bracing can alternate every half year, between sum-
mer and winter. Conservative treatment can postpone the first growing rod operation until the age of 5 or 6, 
which will decrease surgical and anaesthesia complications.

FIGURE 9B.2  Case 2 was a 7-year-old boy with EOS and a 129° left curve and 130° kyphosis. Case 3 was an 
8-year-old girl with EOS and a 138° right curve and 139° kyphosis. Both patients underwent dual growing-rod 
surgery. The deformity was well corrected after surgery.
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FIGURE 9B.3  Cases 4 and 5 were EOS patients who underwent dual and single growing rod surgery, respec-
tively. During follow-up, they developed postoperative asymptomatic proximal junctional kyphosis (PJK). If 
the posterior ligament complex is damaged or the internal fixation becomes loose, the operative segment can 
be extended proximally, and Ponte osteotomy can be performed if necessary. In the meantime, proximal hook 
fixation can reduce the morbidity of PJK and proximal junction failure (PJF).

FIGURE 9B.4  We carried out scoliosis screening and rescue public welfare activities in the plateau region, 
southwest of China, in the last decade. Surgeons from our centre go to the remote areas two or three times a 
year to provide medical care to the local people. In the meantime, local medical staff has been trained and a 
scoliosis screening system has been established.
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infants and adolescents. It is still challenging for 
spinal surgeons and researchers to explore the 
pathogenesis and develop treatment guidelines. 
More research and investments are needed in 
the future in this area.
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INTRODUCTION

Surgeries for early-onset scoliosis (EOS) have 
been practised for a very long time by several 
Egyptian pioneers in spine surgery in Cairo, 
Ain Shams, Alexandria, and Assiut universi-
ties. However, little has been published or could 
be traced in the literature. In recent years, spo-
radic reports of hemivertebrectomy [1], growing 
rods (GR) [2], spinal osteotomies, and fusion for 
complex congenital anomalies could be found in 
peer reviewed journals [3, 4] as well as interna-
tional meetings [5, 6, 7, 8, 9, 10]. Additionally, 
many Egyptian surgeons have been involved in 
bigger series in other centres around the world 
[11, 12, 13, 14, 15].

In addition to the usual technical and sur-
gical difficulties of managing EOS, the prob-
lem becomes more challenging with limited 
resources. To date, most major hospitals in 
Egypt, including ours, do not have intraopera-
tive computerised tomography (CT) or O-Arm, 
neuromonitoring equipment, cell savers, or 
modern navigation tools. The vertical expand-
able prosthetic titanium rib (VEPTR) and the 
newly introduced magnetically controlled grow-
ing rods (MCGR) are extremely expensive and 

have never been introduced in the country. To 
confound the issue even more, lack of family 
compliance with follow-up visits is customary 
in our region. This is probably due to unaware-
ness of the importance and value of committing 
to the follow-up plans and/or the nuisances of 
transportation and the high costs of travelling 
long distances.

Historically, most children with EOS were 
left untreated until adulthood, which resulted 
in progression to a high degree of rigid curves, 
poor health-related quality of life, and poor 
body image [16, 17]. Complex reconstructive 
surgeries are also routinely performed in our 
centre for managing neglected spinal deformi-
ties [4, 18] despite the lack of the latest technolo-
gies and neuromonitoring.

More recently, however, all children in Egypt 
became covered by the health insurance system, 
which made it possible to diagnose early and 
properly manage an increasing number of EOS 
cases. In 2006, Assiut University Hospital con-
cluded an agreement with the Health Insurance 
Authorities, whereby all spinal deformity cases 
from Upper Egypt are transferred to be man-
aged in Assiut University Hospital rather than 
referring them to different hospitals in Cairo, 
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which is 450 km away. We have also established 
a specialised outpatient clinic for spinal defor-
mities, which helped to build trust and a strong 
bond with the patients and families. Soon after, 
our centre became one of the biggest centres in 
Egypt, treating complex spinal deformities and 
especially EOS. Over the years, we have treated 
more than 100 cases of EOS with hemiverte-
brectomy [8] (either isolated or combined with 
GRs [6]), SHILLA procedure, growing rods 
[10], fusion [7], and vertebral osteotomies [8]..

The first time we operated using GRs in 
Assiut University Hospital was in 2007. Since 
then, we have managed more than 50 cases with 
GRs. Unfortunately, many of them, because of 
the long travel distance from all cities in Upper 
Egypt, did not or could not comply with the 
follow-up programme and did not follow the 
lengthening schedule. Two types of GRs have 
been used so far: the ISOLA system (AcroMed 
Corporation, United States) and the Growing 
Spine Profiler (GSP) (Fourth Dimension Spine, 
United States) (Figure 9c.1) which is still in use 
till today.

In 2009, we started a retrospective/prospec-
tive study on EOS cases treated by GRs in our 
institute. Inclusion criteria were: (1) any patient 
with EOS with a Cobb angle ≥ 40°, regardless 
of prior surgeries, and (2) the patient’s age at 
time of first presentation was younger than 10. 
Exclusion criteria were: (1) the patient was older 
than 10, and (2) the patient’s guardians refused 
to continue in the study.

All patients went through a thorough clini-
cal evaluation, preoperative whole spine stand-
ing anteroposterior (AP) and lateral x-rays were 
made for every patient. On the AP view films, 
the Cobb angle of the major curve was mea-
sured; the upper and lower end vertebra as well 
as the apical vertebra was recorded. The T1–S1 
height was measured (in mm) as the distance 
between the centre of T1 to that of S1 [19]. The 
apical vertebral distance (AVD) was measured 
as the distance between the centre of the api-
cal vertebra of the major curve and the central 
sacral vertical line (CSVL). The space available 
for lung (SAL) ratio was measured as the sum 
of dividing the lung height in the concave side 

FIGURE 9C.1  a:  ISOLA type of growing rods and b: GSP type.
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by that in the convex side (line a by line b) [20] 
(Figure 9c.2). On the lateral view film, thoracic 
kyphosis was measured from the T5 upper end 
plate (or higher if visible) to the T12 lower end 
plate. All patients were classified according to 
the C-EOS classification [21].

TECHNIQUE FOR THE 
INDEX SURGERY

All patients received general anaesthesia and 
were laid prone with a soft pillow below the 
chest and another one below the pelvis. The 
skin was thoroughly sterilised, and draping was 
placed, keeping the whole spine and iliac crests 
accessible for the surgeon.

In the ISOLA group, the distal instrumented 
vertebra were determined with the help of C-arm 
fluoroscopy. Skin was incised in the midline 
then subcutaneous tissue and thoracolumbar 
fascia were dissected. The base of the transverse 

process was reached through a modified Wiltse 
approach. A small awl was used to get the entry 
point and then a pedicle finder was used to com-
plete the track. A probe was used to ensure there 
was no cortical violation and also to measure the 
length of the screw, and an x-ray was taken to 
ensure the right trajectory. A pedicle screw of 
the proper size (26 mm–38 mm in length and 
4 mm–6 mm in diameter) was inserted at the 
planned level, and the C-arm was used to ensure 
accurate positioning of the screws. The proper 
rod was inserted submuscularly and connected 
to the pedicle screws. Proximally, a midline 
incision was done over the targeted level and 
dissection was performed to expose the spinous 
process and lamina. Pedicle screws or laminar 
hooks were inserted in the targeted level, accu-
rate positioning was ensured by the C-arm, and 
a proper rod was connected. Localised fusion 
around the proximal and distal foundations 
was routinely done. A proper size tandem was 

FIGURE 9C.2  Space available for the lung (SAL) ratio, a: concave side by b: convex side.
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used to connect both rods in the thoracolumbar 
region away from thoracic kyphosis and lumbar 
lordosis. Initial lengthening was done, and the 
two locking nuts on the tandem were tightened. 
The wound was closed in layers after using a 
suction drain, and a sterile dressing was applied.

Early on in our experience, we used a sin-
gle-rod technique for the sake of reducing the 
costs and magnitude of surgery. Later on, we 
converted to a dual-rod technique to minimise 
the complications following the recommen-
dation of Thompson et al. [22] and Bess et al. 
23]. Additionally, we also stopped using pedicle 
screws in the proximal foundation because of 
the reports of proximal pedicle screws pulling 
out and subsequent neurological deterioration 
[24, 25], and instead relied on laminar or rib 
hooks, keeping the pedicle screws proximally 
for salvage procedures only.

In the GSP group, caudal dissection was 
similar to that of the ISOLA group, but only 
one pedicle screw is inserted on each side and 
no fusion is performed according to the manu-
facturer recommendation. Proximally, a mid-
line skin incision was done, and dissection was 
performed laterally creating a thick skin flap; 
paraspinal muscles were dissected over the 
planned ribs, and a suitably sized rib clamp, 
usually anchoring two adjacent ribs was used 
(16 mm or 20 mm) on each side. The two rods 
were contoured to mimic the thoracic kyphosis 
and lumbar lordosis and then connected to the 
rod connector (external rod assembly). After 
loosening the four locking nuts on the rod con-
nector, the whole assembly is inserted under the 
muscle with the cranial one connected to the 
rib clamp and the caudal one connected to the 
pedicle screw. Initial lengthening was done, and 
the nuts were tightly locked. The wound was 
closed in layers after using a suction drain, and 
a sterile dressing was applied. According to the 
manufacturer recommendation, we used single 
rib anchor and a single-rod technique in the first 
three cases. Due to repeated rib breakage, rod 
breakage, and pulling out, we converted them to 
a dual-rod technique, and we used the dual-rod 
technique routinely in all our cases thereafter. 
Additionally, we always used a big rib clamp 
around two ribs on each side, which signifi-
cantly reduced the incidence of rib fracture and 
proximal anchor failure.

TECHNIQUE FOR THE 
LENGTHENING PROCEDURES

Anaesthesia, positioning, and draping were 
done as in the index surgery. In the ISOLA 
group, skin incision was opened only over the 
tandem, either of the cranial or caudal nuts were 
released, and distraction was done between the 
two rods. The released nut was locked properly 
while maintaining distraction. The wound was 
closed in layers, and sterile dressing was applied.

In the GSP group, a smaller incision than that 
for the ISOLA group was done over the rod con-
nector. The four locking nuts were released, and 
the central distraction nut was rotated clockwise 
or counterclockwise according to the rod con-
figuration. After lengthening, the four locking 
nuts were tightened. The wound was closed in 
layers and dressing was used.

Distraction in both systems was controlled 
by feeling a strong resistance with no excessive 
force used at all to avoid anchor failure. The 
patient was transferred to his or her room. The 
suction drain was removed after 24 hours and 
antibiotics (1st generation cephalosporin) were 
administered according to the patient’s weight. 
No braces or casts were used, and the patients 
were allowed to walk as early as they could. 
Stitches were removed after 10 days.

Patients were seen after 2 weeks, 2 months, 
and at 6 months for the next lengthening proce-
dure, and the parents were informed to consult 
the surgeon at any time if they suspected any-
thing went wrong.

RESULTS

In 2016, we reviewed all EOS patients treated in 
our hospital with growing rods who had a com-
plete set of preoperative and follow-up x-rays, 
were compliant with the follow-up programme, 
and went through at least two lengthening pro-
cedures. Eight cases were excluded because of 
missing preoperative long films and seven cases 
were excluded because of noncompliance with 
the follow-up and lengthening protocol. An 
additional four cases were also excluded from 
this analysis because they had only the index 
surgery done and no lengthening (or only one 
lengthening) procedure had been performed yet. 
One case in which the patient developed a severe 
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deep infection after the index surgery with 
MRSA that mandated early implant removal, 
was also excluded. The remaining 21 patients 
were included in this analysis.

Our cohort included 21 patients (13 females, 
8 males); 9 syndromic (43%), 8 congenital (38%), 
3 idiopathic (14%), and 1 neuromuscular (5%) 
scoliosis according to the C-EOS classification 
(Table 9c.1). All patients were younger than 5 
years of age at the time of first presentation. At 
surgery time, their age varied between 2.5 years 
and 9 years.

The preoperative Cobb angle varied from 63° 
to 139° in the coronal plane (mean 82.33°±4.67°) 
and from 25° to 96° in the sagittal plane (mean 
60.71°±4.53°). The ISOLA system was used in 
six cases, and the GSP system was used in 15 
cases. All patients were neurologically free and 
ambulant preoperatively. Table 9c.1 shows the 
demographic data of our patients. In 2016, eight 
cases became graduate; four had undergone 
metal removal for various reasons and were 
scheduled for definitive fusion, and nine were 
still on the lengthening programme.

The mean scoliosis Cobb angle significantly 
improved from 82.33°±4.67° to 55.19°±4.89° 
(p<0.001). This equals 32.9% improvement. 
The AVD of the major curve significantly 
improved from 49.62±4.91 mm to 33.14±4.51 
mm (p<0.05). This equals 33.2% improve-
ment. The mean kyphosis angle significantly 
improved from 60.71°±4.53° to 49.38°±3.20° 
(p<0.05). This equals 18.6% improvement.

The SAL ratio improved from 69.02±2.95 
to 90.57±1.78 (p<0.05). This equals 30.44% 
improvement. The T1–S1 length improved from 
246.9±9.32 mm to 277.5±9.10 mm (p<0.05), 
and this equals 12.39% improvement. The mean 
blood loss in the index surgeries was 190.0±9.88 
cc (ranging from 100 cc to 290 cc), while blood 
loss in lengthening surgeries was very little to 
be recorded or measured. The mean operative 
time of the index surgery was 115±10 minutes, 
while that for the lengthening surgeries was 
25±5 minutes.

Intraoperative complications included pleu-
ral puncture in four cases (19%), but none of the 
patients needed an intercostal tube after con-
sulting our cardiothoracic team. Late complica-
tions included 10 cases of superficial infection 
(47.6%), five cases of deep infections (23.8%), 

seven cases of rod breakage (33.33%), six cases 
of proximal anchoring failure (28.57%), five 
cases of distal anchoring failure (23.8%), two 
cases of proximal junctional kyphosis (PJK) 
(9.52%), and one case of distal junctional kypho-
sis (DJK) (4.76%). No neurological complica-
tions were reported either early or late. The total 
number (40) complications was recorded in our 
series of 108 surgeries i.e. 0.37 per surgery.

We recorded 30 unplanned surgeries for the 
complicated cases. Five surgeries for debride-
ment of deep infection (affecting proximal and 
distal anchoring points). Four surgeries for metal 
removal in deep infection after failed debride-
ment. Six surgeries for proximal anchoring fail-
ure (4 GSP and 2 ISOLA) in which the proximal 
anchoring point was reinserted in a healthy one. 
Five surgeries for distal anchoring failure (in the 
GSP group) in which the pedicle screws were 
removed and inserted in a healthy caudal level. 
Seven surgeries to change the broken rods. Two 
surgeries for PJK (both were in the GSP group) 
in which the rib clamps were removed and a 
more cranial pedicle screws (of the same sys-
tem) were inserted in T2. One surgery for DJK 
(in the ISOLA group); this surgery was neces-
sary mainly because the pedicle screws were 
inserted in a transition zone (T11) – both screws 
were reinserted in a healthy caudal level.

DISCUSSION

The mean Cobb angle improved from 82° to 
66° after the index surgery and to 55° (p<0.001) 
after the last follow up (33% improvement). The 
eight graduate cases achieved 41.5% improve-
ment, and the nine cases who still continue on 
lengthening achieved 37% improvement so far. 
Our results are comparable to those reported 
by Klemme et al. [26] who achieved 30% 
improvement in Cobb angle at the last follow-
up with traditional growing rods supplemented 
by bracing. They are also comparable with the 
40% improvement achieved by Moe et al. [27] 
and the 50% improvement (in graduate cases) 
achieved by Akbarnia et al. [28]. Using the 
newer magnetically controlled growing rods, 
Hosseini et al. [14] reported curve improvement 
from 61.3° preoperatively to 34.3° (44%) after 
the last follow-up, which is also comparable to 
our results. In his comparative study, Cheung 
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et al. [29] reported similar improvement in the 
major Cobb angle between those treated with 
magnetically controlled rods and those with tra-
ditional rods.

The mean T1–S1 height improved from 247.9 
mm to 277.5 mm (p<0.05) (average improve-
ment of 1.1 cm per year). This is comparable 
to the 1.2 cm increase in T1–S1 height per year 
reported in a multicentre study by Akbarnia et 
al. [28]. Using magnetically controlled growing 
rods Siam et al. [30] reported increased T1–S1 
height from 288 mm to 331 mm (1.5 cm per 
year) and Hosseini et al [14] reported increased 
T1–S1 height from 252.7 to 288.9 mm (1.4 cm 
per year).

Controversy exists in the literature about 
the effect of the growing-rod techniques on the 
sagittal profile of the patients. In our study, the 
mean kyphosis improved from 61° to 49° (20%). 
In a study conducted on a total number of 23 
patients, there was initial improvement of total 
kyphosis from 53° preoperatively to 40° postop-
eratively (24%) then remained nearly unchanged 
with subsequent lengthening [31]. However, 
in another study of 21 patients (17 dual and 
four single), the authors showed no significant 
change in total kyphosis [32]. Using magneti-
cally controlled growing rods, Thompson et al. 

[33] reported increased kyphosis from 49.3° to 
50.1°.

In our study, the mean SAL ratio improved 
from 69 to 90 (30% improvement). Very few 
studies in the literature had addressed this issue. 
Akbarnia et al. [28], in his multicentre study, 
showed improvement in SAL ratio from 75 to 
100 (33% improvement).

The number of surgeries (both planned and 
unplanned) each child experiences before the 
final fusion is achieved is significant. In addi-
tion to the anaesthesia and surgical risks, the 
psychological impact on these growing children 
and their families from the repeated hospital 
admission and repeated exposure to anaesthesia 
and surgery cannot be overemphasised [34, 35]. 
Furthermore, the incidence of learning disabil-
ity has been reported to almost double in chil-
dren with multiple exposures to anaesthesia and 
surgery compared to unexposed children [36].

The introduction of MCGR was initially met 
with enthusiasm, but the promise of avoiding most 
of the complications related to the use of tradi-
tional growing rods and the problems associated 
with repeated invasive surgical procedures have 
been challenged lately. Although less frequent, 
proximal and distal anchoring failure, rod break-
age, and infections are still occurring with MCGR 

FIGURE 9C.3  Female patient, 5 years old with idiopathic EOS type (I-3-+). a: Preoperative AP and lateral 
x-rays show 70° lumbar scoliosis, 50° thoracic scoliosis, and 75° kyphosis. The T1–S1 height is 235mm, SAL 
ratio 70%, and AVD is 47mm. b: AP and lateral x-rays, after four lengthenings using the GSP, show improve-
ment to 44° lumbar scoliosis, 40° thoracic scoliosis and 51° kyphosis. The T1–S1 height increased to 262 mm, 
SAL ratio improved to 96%, and AVD is reduced to 37 mm.



202 ﻿Early-Onset Scoliosis

FIGURE 9C.4  Male patient, 6 years old with neurofibromatosis EOS type (S-2-N). a: Preoperative AP and 
lateral x-rays show 65° thoracic scoliosis and 41° kyphosis. The T1–S1 height is 330 mm, SAL ratio 71%, and 
the AVD is 57 mm. b: AP and lateral x-rays, after 10 lengthenings using the ISOLA GRs, show improvement 
to 20° scoliosis and 36° kyphosis. The T1–S1 height increased to 383 mm, SAL ratio improved to 98%, and 
AVD reduced to 12 mm.

FIGURE 9C.5  A 4-year-old boy with congenital EOS type (C-2-+). a: Preoperative AP and lateral x-rays 
show L4 and T9 hemivertebrae with unsegmented bar and 55° lumbar and 63° thoracic scoliosis and 55° 
kyphosis. The T1–S1 height is 224 mm, SAL ratio 95%, and AVD of 43 mm. b: AP and lateral x-rays, after 
hemivertebrectomy and short segment instrumentation, show improvement of lumbar scoliosis to 34°, worsen-
ing of thoracic scoliosis to 67°, and almost unchanged kyphosis at 57°. The T1–S1 height is 222 mm, and AVD 
is 42 mm. c: AP and lateral x-rays, after single GR application, show significant improvement to 13° lumbar 
and 27° thoracic scoliosis, and 51° kyphosis. The T1–S1 height is 228 mm, and AVD is reduced to 21 mm. d: 
AP and lateral x-rays, after dual GRs application and lengthening, show 12° lumbar and 22° thoracic scoliosis 
and 49° kyphosis. The T1–S1 height is 244 mm, and AVD is further reduced to 13 mm. e: AP and lateral 
x-rays after the third lengthening show 11° lumbar and 27° thoracic scoliosis and 55° kyphosis. The T1–S1 
height is 251 mm and AVD is 11 mm. f: AP and lateral x-rays after the fourth lengthening show 9° lumbar and 
22° thoracic scoliosis and 45° kyphosis. The T1–S1 height is 258 mm and AVD reduced to 7 mm.



203Egyptian Experience of Surgical Management of Early-Onset Scoliosis﻿

similar to TGRs. However there is an additional 
peculiar complication in magnetic rods, which 
has not been previously reported, which is metal-
losis that is defined as aseptic fibrosis, local necro-
sis, or loosening of a device secondary to metal 
corrosion and release of wear debris [37].

Spinal fusion after repeated surgeries for 
gradual lengthening is still demanding with 
20% reported reoperation rate [38] and carries 
higher risk of complications than de novo sur-
gery, including, infection and wound dehiscence, 
instrumentation failure, painful or prominent 
instrumentation, coronal and/or sagittal defor-
mity, pseudarthrosis, and progressive crankshaft 
chest wall deformity requiring a thoracoplasty 
[38]. Additionally, the progressive stiffness of 
the spine and autofusion phenomenon [39] allow 
for limited additional correction and increased 
incidence of neurologic abnormality with any 

added corrective spinal osteotomy during the 
final spinal fusion.

Since the conclusion of our first study in 2018, 
many patients have already completed their 
lengthening procedures or suffered unsalvage-
able complications and had their GRs removed 
and final fusion done (Figures 9c.3–9c.6 show 
several illustrative cases). All graduates are the 
subject of an ongoing study now in our centre.

CONCLUSION

Despite all challenges we face in our hospital 
and country, the use of GRs seems to signifi-
cantly help patients with EOS to improve their 
deformities gradually and maintain their growth 
potentials. The high number of surgeries per 
patients (both planned and unscheduled ones) is 
still distressing.

FIGURE 9C.6  Male patient, 6 years old with neurofibromatosis EOS type (S-2-N). a: This is the same 
patient in Figure 9c.4a. b: Preoperative AP, lateral, and bending x-rays show 65° thoracic scoliosis and 41° 
kyphosis. The T1–S1 height is 330 mm, SAL ratio 71%, and AVD is 57 mm. c: AP and lateral x-rays after 
16 lengthenings show significant improvement of scoliosis from 65° to 30°. Kyphosis was maintained at 40°. 
The T1–S1 height significantly improved from 330 mm to 395 mm and SAL improved from 71% to 98%, and 
AVD improved from 57 mm to 10 mm. Because the patient was well balanced and asymptomatic, a decision 
was made to stop lengthening and maintain the GRs in place without doing fusion. d: AP and lateral x-rays 
2 years later show significant progression of scoliosis to 48° and development of significant rib hump. e: AP 
and lateral x-rays 6 months after GRs removal, definitive fusion from T2–L4. Because of the significant dural 
ectasia and paper-thin pedicles, pedicle screws could not be inserted safely except in the most proximal and 
distal levels. Sublaminar wires were added in the middle segment. The T1–S1 height is 440 mm and the sco-
liosis was reduced to 28°.
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9d Mozambique Experience

Alaaeldin Azmi Ahmad

INTRODUCTION

In this chapter, we will describe the challenges 
dealt with during the implementation of an early-
onset scoliosis (EOS) service in Mozambique, 
which aims to give similar guidelines for imple-
menting this service in sub-Saharan region.

The idea of implementing this service came 
in 2017 through collaboration between the 
Palestine International Cooperation Agency 
(PICA) and the Ministry of Health (MOH) in 
Mozambique. In Mozambique, there were no 
spine deformity services due to the lack of nec-
essary implants and experienced people in this 
field. Previously, the country had scattered mis-
sions that came infrequently, performing cases 
with a lack of follow-up. The head of the ortho-
paedic department in Maputo Central Hospital 
(MCH) was interested in implementing a pae-
diatric spine deformity service through regular 
missions aiming to build the necessary local 
manpower that can continue this service in the 
future.

During the 2017 meeting of the College of 
Surgeons of East, Central and Southern Africa 
(COSECSA), we spoke with the minister of 
health about establishing paediatric spine ser-
vices at MCH, with full support of the head of the 
orthopaedic department in Mozambique and the 
executive hospital manager. The collaboration 
between PICA and the MOH in Mozambique 
began in 2018 through a Memorandum of 
Agreement (MOA) signed by both sides.

BACKGROUND

In 2017, the population of Mozambique was 30 
million [1] with 100,000 assumed cases of scoli-
osis that needed clinical attention (extrapolated 
prevalence). Healthcare providers that would 
implement this service include the Ministry of 
Health (MOH) hospitals, university hospitals, 
and nongovernmental organisation (NGO) hos-
pitals. Paediatric orthopaedic care with a special 
focus on spinal deformity surgery was chosen 
for the following reasons: 

	 1.	Unfortunately, there is a severe lack 
of manpower for this service in south-
eastern region of Africa, with no local 
facility in the whole region providing 
this service.

	 2.	 It is a highly demanding field that 
needs a long, sustainable programme 
to promote local doctors to be qualified 
to do this service.

	 3.	There is already an orthopaedic 
training programme established by 
COSECSA, in which Mozambique is 
involved. It is the second largest surgi-
cal training institution in sub-Saharan 
Africa, but they do not have the spinal 
deformity training service. By imple-
menting this service in Mozambique, 
it can spread through this established 
programme to many countries in the 
region.
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	 4.	There are a lot of projects through 
many organisations in Africa, but they 
mainly depend on volunteerism by 
short-term missions that are resource 
intensive with limited follow-up and 
provide minimal teaching. This pro-
gramme aims to establish a new model 
focussing mainly on sustainable part-
nerships with significant involvement 
from academic institutions, includ-
ing research, training, and capacity 
building.

	 5.	 It will be a good base to collaborate with 
many other global institutions working 
in low- and middle-income countries 
(LMICs) to avoid duplications.

	 6.	It is an opportunity to provide a model 
for implementing a highly advanced 
service on a regional level that con-
tinuously strives to provide ‘appro-
priate treatment’ and high-quality 
services in an appropriate setting that 
will improve the health of the patient 
in the most cost-effective manner 
given the society (appropriate care is 
society-centred).

The Goals
The short- and medium-term goals for this 

programme were:

	 1.	Adding paediatric spine service as 
a part of the paediatric orthopaedic 
services in MCH with the support 
of Dr Antonio Costa, head of ortho-
paedic services in Mozambique, a 
fellow of the orthopaedic college of 
Mozambique, and Fellowship of the 
College of Surgeons (FCS) COSECSA.

	 2.	Establishing scientific cooperation 
with highly experienced paediatric 
spine surgeons who come on a regular 
basis, aiming to improve surgical ser-
vices, screening, tracking, and follow-
up protocols.

	 3.	Getting funds for a 3-year programme 
aiming primarily at local capacity 
building through teaching and direct 
clinical service in the field of paedi-
atric orthopaedic including paediatric 
spine surgery.

The long-term strategy for this programme was:

	 1.	Helping local healthcare workers to 
help themselves in the long run, using 
what is available locally.

	 2.	Building capacity and developing 
country-specific training programmes 
in the COSECSA region.

Methods and Results

From previous experiences with paediatric 
spine programmes, we know that the first mis-
sion is crucial, especially when beginning from 
scratch. The first mission can be looked at with 
skepticism from the local health professionals 
with a big question of ‘can this be done here?’, 
especially if they are already adapted to a path-
way that was satisfactory, e.g. sending patients 
to India or South Africa for these surgeries. 
Considering the complications from these com-
plex spine surgeries, any mistake might cause 
catastrophic results that would close the pro-
gramme, and it will be extremely hard to con-
vince the health authorities to continue with it

From the beginning, Dr Antonio Costa’s help 
was used to arrange a multidisciplinary team. 
Meetings with the head of paediatrics, the inten-
sive care unit (ICU), radiology, and anaesthesia 
departments discussed paediatric spine surgery 
and the needs from these departments preop-
eratively and postoperatively. The deficiencies 
faced were discussed, mainly the inability to do 
MRI in the hospital because the machine is not 
working, which led to an arrangement to do the 
MRI outside of the hospital, with the financial 
support of a private radiology centre for selected 
cases, mainly the EOS cases.

Additionally, the anaesthesia department 
asked to have an experienced anaesthetist 
because they did not have experience in this 
field. There was also a lack of tranexamic acid, 
and we needed to work without it.

Our first mission included a finding a paedi-
atric spine surgeon, an anaesthetist experienced 
in dealing with scoliosis surgeries, a neuromon-
itoring technician highly experienced in intra-
operative neuromonitoring, and a staff nurse 
who is competent in the operating room (OR) 
(Figure 9d.1). Our aim was to help establish a 
team in which each one of the team members 
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would train a local health worker during the 
surgeries, while maintaining optimum safety 
conditions

We did five scoliosis cases, two EOS cases 
were performed using the apex active correc-
tion (APC) technique. The APC technique is a 
modification of the SHILLA technique and has 
advantages in decreasing complications, par-
ticularly in LMICs. All cases were done with 
the active participation of two local orthopaedic 
surgeons nominated by the head of the MCH 
orthopaedic department to be the future paedi-
atric spine surgeons (Figure 9d.2).

A C-arm of good quality was available. The 
surgical implants and instruments were avail-
able as a generous donation from a company 
that manufactures spinal surgical equipment. 
The OR table used was a not a table designed 
for spinal surgery, so pillows were placed at the 
upper chest and pelvis with the patient in the 
prone position to remove any pressure on the 
abdomen.

The surgeon needs to look at every detail, 
such as avoiding pressure on bony prominences 
and ulnar and femoral nerves, be sure that anti-
biotics are given 30 minutes before incision, and 
try to avoid crowding in the OR

Because tranexamic acid and cell savers were 
not available, specific precautions were taken 
to minimise the bleeding by doing careful dis-
section and placing the incisions in harmony 
with the anchor sites. Usually, I begin with a 

small proximal incision to install the proximal 
anchors, extend the incision to the apex to install 
the tethering screws, and then extend the inci-
sion to install the distal anchors.

Both cases were transferred postoperatively 
to the ICU with all postoperative details written 
out to ensure that everything was done accord-
ing to the protocol and to answer any questions 
related to the patient details. We try to get the 
patient out of bed on the first or, at most, sec-
ond postoperative day so that the Foley catheter 
can be removed and the patient can regain bowel 
sounds with the ability to take food orally and 
stop IV fluids. We needed to be sure that the 
patients would have the ability to move com-
fortably within 5 days after surgery before they 
went back home, as both patients lived far from 
the capital, and it was hard for the child and the 
family to come frequently. We utilised internet 
and smart phone technologies to follow-up on 
the patient pictures, x-rays, and lab investiga-
tions regarding general conditions through the 
local doctors who participated in the surgery

With the success of the first mission, every-
body was enthusiastic in implementing this 
technique, including the health authorities in 
Mozambique, the sponsoring company, and 
of course our team. The second mission was 
done in 2019, with four cases of scoliosis, two 
of which were EOS cases done with the same 
technique as the previous mission. The differ-
ence during the second mission was clear in 

FIGURE 9D.1  The neuromonitor in the operative room run by our neuromonitoring technician.
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the mood of the local OR workers being more 
relaxed and confident. The surgeons contributed 
more in the placement of the screws, there was 
more participation by the local OR nurse, and 
the ICU managed the cases better.

Our successful experience in implementing 
EOS services in a LMIC was due to:

	 1.	 Implementing within the context by:
	 a.	 Having clear support from the 

MOH and the head of the MCH 
orthopaedic department to do 
this programme through a MOA 
with a clear timetable. This is of 
great importance because, in most 
LMICs, the MOH has most of the 
health resources, and the only way 
to do complicated cases is by doing 
them in the central governmental 
or university hospitals.

	 b.	 Doing these surgeries in a hos-
pital that all people can access 
for free because these surgeries 

are expensive for most people in 
LMICs.

	 c.	 Giving sustainability for this pro-
gramme by acknowledging the 
local multidisciplinary team and 
engaging them in the programme. 
After all, it is not only surgery.

	 d.	 Giving the local health profes-
sionals space to be engaged and 
understand that, at the end of this 
programme, they will be able to 
comfortably do most of the cases.

	 e.	 Using regular implants that make 
it easier for the government to buy 
cost-effective implants that can do 
the work.

	 f.	 Doing the surgeries in accordance 
with the appropriate basis but with 
adjustments that will work within 
the context, e.g. techniques to 
minimise bleeding; doing the sur-
gery with accepted universal tech-
niques, such as posterior tethering; 

FIGURE 9D.2  Local surgeon placing screws.
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and avoiding risky procedures such 
as osteotomies.

	 2.	Using the APC technique.
		  APC is a relatively new technique 

and one that is considered a modifica-
tion of the SHILLA technique. This 
is essentially a nonfusion SHILLA 
procedure that is performed by plac-
ing pedicle screws on the convex side, 
above and below the wedged vertebrae. 
The pedicle screws are compressed 
before final tightening to create an 
artificial compensatory pressure on the 
vertebral body, gradually allowing its 
remodulation (reverse modulation) and 
reduction in the wedging over time. In 
contrast to the conventional SHILLA 
approach, the addition of APC could 
reduce future loss of correction, and 
eliminate the complications related to 

the need for osteotomies as a byprod-
uct. This is because no screw is 
required at the concave side of the apex 
(Figure 9d.3 and 9d.4).

		  We did a study comparing the 
results of 20 cases done with the APC 
technique and 26 cases with the tradi-
tional growing rod [2]. The APC was 
performed to modulate the apical ver-
tebra. The sliding of the rods was done 
through connecting the tethered rod 
with proximal and distal rods, thereby 
permitting spine growth without the 
need of distraction under general 
anaesthesia (Figure 9d.5). The study 
suggested clinical equivalency of cor-
rection between the APC and tradi-
tional growth rod systems but sound 
that growth rod procedures displayed 
higher complications rates than APC.

FIGURE 9D.3  Preoperative infantile idiopathic scoliosis for a 4-year-old child.

FIGURE 9D.4  Postoperative active apex correction (APC) technique.
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Advantages of the APC technique include:

	 1.	Tethering effect through poste-
rior approach, which is the popular 
approach of most spine surgeons.

	 2.	Fixation of the rod in the centre of the 
deformity without fusion will improve 
the rigid fixation.

	 3.	The distance from the rod to the apex 
of the spinal deformity is minimal, 
which will give more efficiency to 
compression.

	 4.	No direct compression on the interver-
tebral disc.

	 5.	Rod fixation goes with the structural 
geometry of the spine.

	 6.	Neurocentral synchondroses is not 
affected by this technique.

The APC technique is easy to implement in 
LMICs because:

	 1.	The technique is done using posterior 
approach, which is a popular approach 
for most spine surgeons.

	 2.	There is no need for any special 
implants. The procedure can be done 
with regular spinal implants produced 
from any company with no need for 
specific expensive implants.

	 3.	The technique can be done with hybrid 
fixation in case there is no navigation 
or good quality digital C-arm.

	 4.	The technique overcomes the lack 
of regular follow up and the need for 
frequent distractions every 6 months 
because the rods will slide up to 4 cm.

FIGURE 9D.5  Sliding of the rods through dominos avoiding recurrent distraction surgeries under GA.
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To make this programme sustainable, we need 
to:

	 1.	Arrange for a budget to get good qual-
ity and more cost-effective implants 
than what we used before and an intra-
operative neuromonitor.

	 2.	 Involve the local community in fund-
ing these projects.

	 3.	Make this programme regional by 
merging it with the educational 
COSECSA programmes for orthopae-
dic and neurosurgery residency and 
paediatric orthopaedic fellowship.

	 4.	 Increase the role of online educational 
activities such as webinars and blended 
learning.

CONCLUSION

Paediatric spine surgery, including EOS, is a 
service with high priority, as the timely manage-
ment of this condition is considered a life-saving 
measure (Figure 9d.6). Part of the management 
can be conservative with casting under general 
anaesthesia, which can be therapeutic in infan-
tile idiopathic scoliosis cases and would also 
work as a delaying technique for surgery for 
other EOS cases.

Implementing the programme in LMICs 
needs to begin with the clear vision that most 
health services come through the MOH. In 
these complex surgeries, a MOA with the MOH 
is mandatory, as well as critical support from 

the head of the orthopaedic and/or neurosur-
gery departments, that in our case we were 
very lucky to have. Making these programmes 
regional helps to decrease the financial burden, 
with consistency in multicentre educational and 
research activities. Get motivated health work-
ers who will lobby MOH officials to improve the 
service in the future.

Surgery, which plays big role in managing 
these cases, can be done in these areas within 
the health and financial context by applying 
techniques that can overcome excessive intraop-
erative bleeding, expensive implant usage, and 
a malfunctioning follow-up system, as well as 
avoiding the risk of doing complicated proce-
dures such as osteotomies or putting screws in 
severely deformed pedicles. One of these tech-
niques is the APC technique that we used safely 
for the complicated cases we did in MCH. There 
are many other techniques, e.g. the Miladi tech-
nique [4], that would benefit the surgeon by not 
bearing big risks in doing these surgeries and 
can be done with regular spine implants pur-
chased from many companies

One of the most important factors in estab-
lishing a sustainable programme for these com-
plicated surgeries is the relationship between the 
expert and the local surgeons [5]. The relation-
ship needs to be based on adding knowledge 
and getting the local surgeons more involved 
through hands-on guided learning. This involves 
appropriate mentoring, supervision, guidance, 
assessment, feedback, and must be planned on 
a timescale that is long enough to sufficiently 

FIGURE 9D.6  Neglected case of congenital kyphoscoliosis affecting the pulmonary function.
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enable learning from experience and from trial 
and error.

Such a collaborative approach would require 
a dose of humility and an understanding of the 
expert’s role in perspective, including what they 
do not know and what they rely on the local 
surgeon for help with. Doing so will encourage 
innovation by adapting existing technologies to 
best fit a complex local context.
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INTRODUCTION

Early-onset scoliosis (EOS) represents a sub-
group of spine deformity patients in the paediat-
ric population in which management challenges 
can be significant. Dealing with this condition, 
even in a setting with substantial resources avail-
able, can be very difficult, depending on the par-
ticulars of the affected patients and the nature 
and severity of their conditions. This situation 
will naturally become even more complex in a 
setting where resources are limited.

In this chapter we will describe some of the 
aforementioned challenges. Also, how these 
have been addressed in Chile, a country with 
relatively good health indicators and in the mid-
dle ground in the scale of socioeconomic devel-
opment, but with limited resources in this area 
of tertiary health provision. In this matter, it is 
representative of a number of countries, particu-
larly in the Latin America, Eastern European, 
Middle Eastern, and some regions of Asia.

HEALTH PROVISION ORGANISATION

In keeping with a majority of countries in the 
region mentioned above, Chile has a health sys-
tem that combines provision from public medi-
cine and private insurers, with corresponding 
public and private hospitals. Here, we will con-
centrate on public health service provision by 
the state, both because it represents the greater 
challenge from the volume of patients and 

complexity of cases and because the provision 
from private insurance varies greatly and is dif-
ficult to encompass in one single representative 
group.

The management of paediatric spinal defor-
mity can vary greatly in its complexity and in 
the resources required. In the case of EOS in 
particular, it is not infrequent that these chal-
lenges are far greater than in those of a patient 
representative of an average case of adolescent 
idiopathic scoliosis; managing a young child 
with a severe and complex deformity, with the 
frequent addition of significant comorbidities 
and that will probably require various surgical 
interventions starting at an early age can quite 
significantly stress the health system [1, 2]. As 
an example, a brief list of typically required 
resources may include:

•	 Assessment by a paediatric spine 
deformity specialist requiring multiple 
visits, frequently for patients who will 
have to travel from sometimes distant 
regions to a tertiary health provision 
location.

•	 Assessment by other medical special-
ists, such as anaesthesiology, cardiol-
ogy, respiratory medicine, genetics, 
and others. Again, this usually requires 
repeated travel to a tertiary provider for 
many patients and their family.

•	 Magnetic resonance imaging (MRI) 
for spinal canal evaluation that must 
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usually be performed under general 
anaesthesia.

•	 Computerised tomography (CT) scans 
for anatomical details that require sig-
nificant radiation exposure for some 
patients.

•	 The use of serial casting methods that 
again will frequently require general 
anaesthesia and repeated visits to the 
tertiary provider centre.

•	 The use of growth-friendly implants 
for deformity correction. These are 
often costly and may represent a sub-
stantial proportion of the financial bur-
den of treating patients with EOS.

•	 The potential need for replacing a 
growth-friendly system for a definitive 
scoliosis correction system at a later 
date.

The above list succinctly represents some of the 
difficulties, both financial and administrative, 
associated with treating patients with EOS. In 
this chapter, we will detail some of the adapta-
tions, both from the administrative and the med-
ical aspects, that we have utilised in our setting 
when approaching this condition.

Administrative Organisation

As mentioned above, there are substantial costs 
involved in treating this condition. Historically, 
even in a public health system aiming for uni-
versal coverage, as is provided in Chile, the pro-
portion of the cost of implants in particular and 
the opportunity for receiving the required treat-
ments (usually in the form of obtaining a slot 
in the operating theatre waiting list for surgery) 
were transferred to the patient and their families. 
Many times, patients were required to either 
provide the funds or even directly acquire the 
implants, and it was also commonly observed 
that a slot in theatre was only obtained after 
repeated insistence from the patient’s family to 
the designated hospital authorities. An enormous 
breakthrough resulted from a law reform that 
was adopted in 2005; this was initially named the 
AUGE and is now known as the GES (explicit 
health warranty) law. This law was focussed 
on assigning both a timing (opportunity), a 

competent provider (quality), and the required 
resources (financial protection) for treating a list 
of pathologies, which includes spinal deformity. 
In particular, for spinal deformity it was deter-
mined that patients of up to 23 years old who 
required surgery for their condition should be 
treated within a year from surgical indication. 
Also, in keeping with its complexity, the pub-
lic health ministry assigned the responsibility 
for surgical treatment of the condition to only 
a few hospitals. It was the responsibility of the 
hospitals to provide both the technical expertise 
and the required resources, implants included, 
for surgical treatment. For this purpose, the 
health ministry assigned funds that were consid-
ered adequate for covering the cost of treating 
each case. Since its introduction, this law has 
allowed patients and their families to be treated 
in a timely manner, with a reasonably equivalent 
level of expertise in certified hospitals. The law 
has been modified since it’s introduction; for 
example, inclusion of neural monitoring, which 
was not initially covered; the maximum time 
allowed from surgical indication to the actual 
surgical intervention was reduced from 12 to 9 
months; and better financial coverage was spe-
cifically introduced for neuromuscular scolio-
sis, accounting for the usually greater resource 
expenditure required for treating patients with 
this condition.

This author is not an expert in public health 
and, as such, cannot be a judge of this aspect of 
the health reform mentioned. The above infor-
mation is provided as an example of the enor-
mous impact that changes in health organisation 
can have in treatment in this complex area of 
spine surgery, both for patients and their fami-
lies and health providers. It is the belief of this 
author that, in Chile, the introduction of this 
law has put the interest of the patients first and 
resulted in a vast improvement in the manage-
ment of those affected.

EOS TREATMENT

Epidemiology

The true prevalence of EOS is difficult to deter-
mine, mainly because it encompasses a vari-
ety of inhomogeneous diagnoses [1, 3]. As an 
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indicator, in our institution, patients who were 
treated with either a growing system or subject 
to focal surgery for congenital scoliosis in the 
undeveloped spine (an indication commonly 
contemplated for patients under 7 years of age 
in our institution) accounted for 1.6% of the 
population of patients subject to surgery. Thus, 
in keeping with most reports, EOS accounts 
for roughly 1.5%–2.0% of the paediatric spine 
deformity population [1].

An additional problem, for both review-
ing the results of treatment and planning for 
resource allocation in the public health system 
in our region is that we lack a centralised data-
base for these patients. Again, with the GES 
law, there is some advance in this matter, as the 
prevalence of spine deformity in general in the 
Chilean population is now clear to the ministry 
of health.

EOS presents multiple additional challenges 
to the treatment of the spinal deformity itself. 
The Scoliosis Research Society guidelines on 
EOS provide focus on the obvious need to con-
sider the potential sequelae of limitation in both 
the growth of the spine and the thorax, the pres-
ence of additional diseases that can influence 
treatment, and the possibility of requiring mul-
tiple surgeries for the same patient are just some 
of these [4].

One of the key concepts to consider when 
treating this group of patients is that if surgi-
cal intervention cannot be avoided, it should be 
delayed for as long as it is possible to allow for 
the maximum period of spinal growth. Besides 
surgery, the only treatment that has been dem-
onstrated to be effective in avoiding progression 
of deformity is the use of bracing and/or casting 
techniques [5]. Sequential casting under anaes-
thesia is a method that has been used for a few 
years in our setting. This is a preferred method 
for patients who present a noncongenital defor-
mity that is at least moderately flexible. In our 
unit, the procedure usually involves two or three 
instances of a cast brace, which is modelled 
under general anaesthesia. The consecutive epi-
sodes of cast bracing allow for a moderate but 
progressive initial correction and are separated 
usually 3 weeks after the final cast bracing. This 
is finally replaced for a thermoplastic remov-
able brace that is frequently used by the child 
for 6 to 8 months before it requires replacement, 

depending on body growth. The patient receives 
instructions on constant use of the brace (23 
hours to allow for hygiene) and is reviewed 
every 6 months, both clinically and with an 
x-ray that is obtained with the brace removed 
for at least 4 hours prior to obtaining the image. 
Treatment is considered successful is the curve 
is maintained within 5° of the Cobb angle com-
pared to the previous image. Treatment adhe-
sion can be a problem, particularly during the 
warm weather. The patient’s family is encour-
aged to maximise time of usage, but patients 
are usually allowed to remove the brace during 
short periods for swimming or other forms of 
exercise that may stimulate trunk mobility. With 
the notable exception of a majority of patients 
with congenital deformity, a trial of casting and/
or bracing is almost always considered for EOS 
of greater that 30° in our institution. As men-
tioned, this can be effective for curve magnitude 
reduction in some patients and as a time gaining 
procedure to allow for spinal growth before sur-
gery in others.

Surgical Management

Although every effort is made to avoid surgery 
in small children, should the curve increase 
during brace treatment, the patient should be 
considered for growth-friendly surgical inter-
vention. The problem associated with early sur-
gical intervention in these patients is twofold: 
early fusion will limit thoracic cage volume, 
which can have a deleterious effect on respira-
tory capacity, and, as a sequela, it may render 
the patient with a relatively short trunk respec-
tive of his or her lower extremities.

The available options for surgical man-
agement in EOS have changed significantly 
in recent years [2, 6, 7]. Of note, more recent 
advances include rib-based distraction systems 
that use ribs or a combination of rib and spinal 
or pelvic anchoring points for distraction (such 
as the vertebral expansion titanium rib device; 
VEPTR) and magnetically controlled growing 
rods (MCGR) that allow for elongation without 
repeated surgical intervention, and nonmag-
netic systems that are small-size specific and 
may incorporate sliding implants specifically 
designed for elongation [8]. The VEPTR device 
has been used in the public setting in our region, 
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and its concept has been adapted to include 
rib anchoring points obtained using more tra-
ditional laminar hooks applied as rib hooks, 
mainly because of cost containment. Although 
MCGR systems are available in Chile, it serves 
as an example of how the elevated cost results 
in a gap when the system is not provided for 
in public hospitals. The methods almost exclu-
sively used in public hospitals in Chile consist of 
a variety of nonmagnetic distraction systems for 
repeated elongation. Literature suggests elonga-
tion should occur usually every 6 months, but 
the 9-month period of elongation modality is 
also accepted and is frequently used in our unit, 
mainly because it reduces the pressure on sur-
gical theater time from patient waiting lists for 
surgery, which is a constant limitation in pub-
lic hospitals. The method preferred consists of 
two or three level fixations in the extremes of 
the curve, using either pedicle screws, hooks, or 
a combination thereof. We perform a fusion of 
these points of fixation, attempting to reduce the 
frequent complication of implant dislodgment 
associated with this technique. Longitudinal 
rods are fitted with an elongation system and 
are inserted under the fascia, aiming to mini-
mise soft tissue disruption close to the section 
of the spine that will be elongated, as this tends 
to produce spontaneous fusion, particularly in 
younger children (Figures 9e.1– 9e.3). For cases 
in which the main curve is particularly rigid 
and combines with a kyphotic component, we 
sometimes elect to include a convex growth-
arrest by adding three or four points of pedicle 
screw insertion in the convexity, using a small 
additional incision (Figure 9e.4). As with every 
distraction technique, the law of the diminish-
ing returns applies, and this will result in less 
effective elongation after consecutive attempts. 
Because of this, it is not frequent for us to go 
beyond a fourth or fifth elongation procedure.

Growth-friendly instrumentation may be con-
sidered conceptually as a temporising procedure 
that should ultimately be replaced with a defini-
tive instrumentation and fusion. The indication 
for this may be from the patient attaining final 
trunk growth or because of recurrence of spinal 
deformity after the initial correction obtained 
(a phenomenon not infrequently observed dur-
ing the increased peak growth velocity of the 

FIGURE 9E.1  A sequelae of short trunk relative 
to lower extremities in a 16-year-old boy who had a 
posterior spinal fusion for severe infantile idiopathic 
scoliosis at age 5.

FIGURE 9E.2  An example of a proximal rib-based 
anchor using laminar hooks, used, in this case, for 
the revision of a patient who presented proximal 
implant pull-out and resulting poor bone stock.
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preadolescent and adolescent period). However, 
it is fairly common to observe that patients who 
had growth-friendly instrumentation installed 
maintain an adequate control of their spinal 
deformity with no significant symptoms years 
after the procedure. For this reason, an indica-
tion to replace it for a definitive, adult-size sco-
liosis instrumentation system is only affected in 
roughly 25% of patients.

The management of EOS may sometimes be 
particularly challenging. Because of difficulties 

such as those related to patient’s early age at 
initial surgery, the surgical technique or type 
of implants employed, the development of com-
plications during treatment, and occasionally 
because of an unforeseen effect of body growth, 
tertiary reference centres occasionally have to 
deal with failed EOS surgery patients that con-
stitute a particularly complex patient population. 
In our region, it is in this setting that on very 
particular situations, the public health system 
may require and provide the required funding to 

FIGURE 9E.3  A 7-year-old girl with significant kyphoscoliosis and a distraction system combining convex 
growth-arrest at the apex of the thoracic curve. The aim in this case is to combine convex growth-arrest with 
improved implant protection from pull-out. The potential drawback is reduced growth potential when com-
pared to fixation and fusion limited to the proximal and distal anchor points.

FIGURE 9E.4  Operative view of the technique of mini-open installation of a posterior distraction system.
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a private hospital specialist team to participate 
in the treatment of these highly complicated 
cases. This frequently occurs because the pri-
vate hospital can, on occasion, offer a form of 
advanced technology that is not available in the 
public hospital and that may make a substantial 
difference in dealing with these particularly 
complex cases. As an example of this situation, 
we include the case of a patient (Figures 9e.5– 
9e.6) with a very severe case of progressive 
kyphoscoliosis after multiple previous surgi-
cal attempts, that was managed with a period 
of halo-gravity traction, had surgical planning 
aided with a 3D printer model of his CT images 
and was subject to surgery with navigation and 
intraoperative CT control. In situations such as 
the one described, it becomes apparent that, 
albeit a small one, there exists a gap in techno-
logical developments available in some private 
institutions when compared to public hospitals. 
It also shows that, in justified cases, in our coun-
try, the public health provider will act symbioti-
cally for the benefit of the patient.

CONCLUSION

EOS constitutes a small proportion of the pae-
diatric spinal deformity populations subject to 
treatment. Complexities originating from the 
spinal deformity itself, the patient’s medical 
comorbidities, and limited available resources 
and administrative and geographical challenges 
result in this area of spine deformity treatment 
presenting a more substantial proportion of 
resource expenditure. In Chile, public health 
initiatives that have improved organisation have 
designated a limited number of highly special-
ised centres for treatment provision and many 
times the incorporation of adaptations of the 
currently available technical methods have 
allowed for adequate treatment of very complex 
cases and, together with the growing experience 
of surgical teams, improved the treatment of 
these patients for their benefit and that of their 
families. This is of course a dynamic situation, 
and the incorporation of new techniques and 
implants that have a proven benefit remains a 
responsibility for the health provider.

FIGURE 9E.5  A 9-year-old child with a history of five prior surgeries for congenital scoliosis, the index 
surgery at age 3, followed by various attempts at correcting complications The latest intervention was 2 years 
prior to his consultation and included partial implant removal with development of progressive kyphosco-
liosis. The three figures show the standing anteroposterior and lateral views and an anteroposterior view in 
decubitus under traction.
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9f Evolution of Experience and 
Practise in Two Nations

Ujjwal Kanti Debnath,

INTRODUCTION

Thirty years ago, I was apprenticing with the 
first scoliosis surgeon in India, Dr R. N. Mitra 
in the early 1990s. He was trained by Dr Walter 
P. Blount at Milwaukee and later with Dr John 
E. Hall in Toronto. He had been treating chil-
dren with spinal deformity since the 1960s in 
Kolkata, India. During these 4 years of train-
ing with him, I first came across few children 
between 2–8 years of age with scoliosis (infan-
tile or juvenile idiopathic types). I observed that 
many of these children had resolution of the 
spinal deformity over a period of time. Since 
the days of Hippocrates, orthopaedic surgeons 
were taught that infantile scoliosis worsens with 
growth [1]. Scott and Morgan [2] noted two 
patterns of curve behaviour: progressive and 
resolving. However, when left untreated, the 
condition can get worse, leading to back pain; 
impaired cardiorespiratory function; and physi-
cal, psychological, and social disability [3,4].

India-born Dr Mehta had the pioneering 
idea of casting babies with progressive curves 
and introduced rib-vertebral angle deformity 
(RVAD) [5, 6]. I was trained to apply casting 
on these children followed by bracing. Children 

with proximal thoracic curves required the 
use of a Milwaukee Brace, which is usually 
not well-tolerated (Figure 9f.1) [7–9]. My con-
scious effort to find a solution for those chil-
dren with infantile or juvenile scoliosis started 
building. I scripted the first monograph on 
scoliosis in India, Scoliosis – Facts, Figures 
& Follow-Up for Clinical Research [7]. This 
book included contributions from Dr John Hall,  
Dr Alf Nachemson, Dr John Kostuik, Dr Robert 
Winter, and Dr Yves Cotrel

The concept of early-onset scoliosis (EOS) 
was just evolving after Prof Dickson from Leeds 
coined the term in the early 1990s [10, 11]. This 
classification was based on the functional abili-
ties of the child connected with their lung and 
thorax growth [12]. There is an increase in the 
alveolar growth and number in the first year 
of life that reaches its maximum by the age of 
8 years [13]. The use of growing instrumenta-
tion may delay definitive fusion and may help to 
maintain pulmonary health [14].

Currently, EOS includes all forms of scolio-
sis in children below the age of 10 who have spi-
nal curvature more than 10° [15]. A higher rate 
of comorbid disorders is associated with infan-
tile and juvenile scoliosis [16, 17]. In the long 
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term, infantile and juvenile scoliosis have high 
mortality [18].

My pursuit for further knowledge and skill 
to understand the disease led me to the British 
Isles. I spent a few years in Ireland, where I had 
tried to set up a school screening programme to 
detect children with EOS in a county hospital, 
but this failed due to lack of funding. Later, I 
passed the Fellowship of the Royal Colleges of 
Surgeons exam (FRCS) and went to the United 
Kingdom.

NOTTINGHAM, 1999

In the first few months at Queens Medical Centre 
(QMC), Nottingham, it was difficult to keep pace 

with the scoliosis world. Dr John Webb, legend-
ary spine surgeon, had enormous experience in 
treating difficult spinal problems. It was difficult 
in those days to be in his surgical theatre because 
there was a significantly high number of sur-
geons converging to train here from around the 
world. I spent most of my time in the clinic see-
ing as many patients with spinal deformity. This 
improved my knowledge about the different indi-
cations for surgery in each patient, and I kept my 
notes for my future reference. I observed many 
postoperative follow up patients who had unilat-
eral growth arrest, segmental posterior instru-
mentation without fusion (Luque Trolley with 
or without convex epiphysiodesis) [19]. Convex 
epiphysiodesis alone did not prevent deformity 
progression and the addition of instrumentation 
could slow progression but did not reverse it [20]. 
The initial results of treatment of progressive 
EOS with Luque Trolley alone at this centre were 
disappointing, so an apical convex epiphysiodesis 
was added. I realised that convex epiphysiodesis 
has a tethering effect on growth phenomenon and 
should be avoided when growth guided instru-
mentation is used.

In Luque Trolley, initially called ‘L’ rods, 
were used with the straight ends being left long 
to allow for spinal growth. The ‘L’ portion is 
secured to the laminae of the end-vertebrae 
(Figure 9f.2). Subsequently, ‘U’ rods were used 
(Figure 9f.3a & b). The Luque Trolley acts as a 
brace for the spine against curve progression. The 
curve correction by this method was predicted by 
two factors, i.e. less upper end vertebral tilt and 
concave rib droop [21]. The results of Klemme 
et al. [22] suggest that progressive scoliosis can 
be controlled in many children while allowing 
normalised growth of instrumented spinal seg-
ments. The progressive structural changes alter 
the curve response to incremental distraction. 
These changes determine the treatment duration 
and ultimate gain in spinal length.

I had met many spinal fellows at Nottingham 
from around the world who remain great 
friends; most notable was Dr J. R. McConnell 
from Allentown, Pennsylvania. My interaction 
with them had updated my knowledge on surgi-
cal management of EOS. Subsequently, I joined 
as a specialist trainee in orthopaedics in Cardiff 
in 2002.

FIGURE 9F.1  Photograph of a 2-year-old girl with 
EOS treated with Milwaukee bracing in 1972 (from 
monograph by Mitra and Debnath, 1995).
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CARDIFF, 2005

During my training in Cardiff, I had devel-
oped the first web-based scoliosis registry 
and database for the spinal unit at University 
Hospital of Wales (UHW) with help from Dr 
John Howes, Consultant Spine Surgeon. He 
had invited Dr Robert Campbell from the 
United States who had developed VEPTR (ver-
tical expandable titanium prosthetic rods). He 
demonstrated the technique of application in 
children with thoracic insufficiency syndrome 
[23, 24] [Figure  9f.4]. This technique indi-
rectly fixes scoliosis without fusion. VEPTR 
treatment has demonstrated continued spinal 
growth with serial expansion improving the 
coronal curves [25]. Over the next few years, 
a hybrid technique using growing rods with 
VEPTR was introduced to reduce the com-
plications. The hybrid technique incorporates 
the VEPTR concept by using ribs as proximal 
anchor sites but also uses pedicle screws for 
distal anchors [26, 27].

NOTTINGHAM, 2007

I returned to QMC, Nottingham, to do my 
spinal fellowship programme. I now had the 
opportunity to do surgeries alongside Dr J. K. 
Webb, Dr S. M. H. Mehdian, Dr M. P. Grevitt, 
and Dr B. J. C. Freeman. These surgeons had 
wide clinical and surgical acumen. The most 
notable experience was with Dr Webb, who I 
consider my mentor in spine surgery (spine 
guru) (Figure 9f.5). I had done many complex 
surgeries independently with his guidance with 
or without him. I devoted most of my time 
on spinal clinics, surgery, and research in the 
unit. I was reviewing the EOS cases performed 
here. The growth-rod concept had evolved in 
Nottingham, like elsewhere, in the last 5 years. 
The idea behind growth rods in treating EOS 
is to correct spinal curvature and permit skel-
etal growth. Luque Trolley was abandoned due 
to high incidence of complications, spontane-
ous fusion, and inadequate spinal growth. This 
technique was replaced by dual growth rods 
and sublaminar wiring (Figure  9f.6a–b). We 

FIGURE 9F.2  Postoperative AP view x-rays of a 
9-year-old boy with EOS and Luque Trolley in ‘L’ 
configuration. FIGURE 9F.3A  AP view x-ray of a 16-month-old 

girl with EOS.
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used proximal (hooks or screws) and distal ped-
icle screws as anchors. The two titanium rods 
placed side by side anchored with sublaminar 
wires. In our experience, proximal fixation was 
obtained over three levels with at least five fixa-
tion points. We performed lengthening every 6 
to 12 months, depending on the age. It has been 
shown that frequent lengthening (≤6 months) 
may have greater curve correction and over-
all increased spinal growth [28, 29]. Ouellet 
et al. [30] published five patients treated with 
a modern Luque Trolley technique in which 
the proximal and distal ends of the construct 
were instrumented and fused. I worked with  
Dr Mehdian, an innovative surgeon with whom 
I have published many papers. He showed me 
the use of an H bar construct (Figure 9f.7) for 
EOS neuromuscular scoliosis (spinal muscular 
atrophy, Duchenne muscular atrophy, and cere-
bral palsy) [31, 32].

In the flurry of surgeries and my ongoing 
thesis work on lumbar spondylolysis, I was 

studying the timing of definitive fusion for 
these EOS children who had grown as adoles-
cents (the research question that had intrigued 
me 7 years ago). I presented a paper in Scoliosis 
Research Society (SRS) meeting at Salt Lake 
City, Utah [33]. During this meeting, I learnt a 
lot through presentations by many surgeons who 
were engaged in different types of research with 
EOS. Most surgeons were discussing the dis-
traction-based strategies, and only a few spoke 
on growth-guided strategies for the treatment of 
EOS (Figure 9f.8). Notable papers did imprint 
an image of the various kinds of EOS treat-
ment based on multiple surgical experiences, 
e.g. Dr Flynn on VEPTR [34], Dr Akbarnia 
on congenital scoliosis (posterior resection and 
growing rods) [35] and SHILLA procedure by 
Dr McCarthy. McCarthy et al. [36] developed 
the SHILLA growth guidance system (SGGS), 
which included short segment posterior fixation 
and fusion at the apex of the deformity. The rods 

FIGURE 9F.3B  5 years postoperative AP view 
x-ray at 7 years of age with Luque Trolley in ‘U’ 
configuration.

FIGURE 9F.4  AP view x-ray of a 6-year-old boy 
with EOS and thoracic insufficiency syndrome 
treated with VEPTR.
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can slide across the proximal and distal anchor 
points. The complications of rod breakage were 
reported up to 30% of patients [36].

Tsuji et al. from Nagoya, Japan, presented 
a casting technique to reinforce conserva-
tive treatment in EOS until growing rod sur-
gery could be performed [37]. The need for 

repeated surgeries under general anaesthesia is 
a major drawback in growth-rod surgery. High 
incidence of anaesthetic and wound complica-
tions were reported [38, 39]. Patients who were 
younger at the time of initial surgery had higher 
complication rates, as I observed in a 10-year-
old boy who had multiple surgical debridements 

FIGURE 9F.5  Dr John Webb (spine guru) and Dr U. K. Debnath at QMC, Nottingham, 2007.

FIGURE 9F.6A  AP view x-ray of a 7-year-old boy 
with EOS.

FIGURE 9F.6B  Postoperative AP view x-ray 
showing posterior hybrid Luque fixation in the same 
boy.
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for ongoing infection following growth rods at 6 
years of age.

During this period of my fellowship, I had 
learnt significantly through interactions with a 
multidisciplinary team that included a spinal 
clinical nurse specialist, clinical psychologist, 
paediatrician, radiologists, anaesthetists, phys-
iotherapists, and of course the theatre staff. The 
tertiary care UK hospitals have a well-tuned 
multidisciplinary team for delivering children’s 
spine surgery. This group of clinicians meets to 
review the proposed benefit and risk of spinal 
surgery for the child. The parent and families 
are provided with all the necessary information 

at their preoperative visit by the nurse who com-
prehensively reinforces the procedure and plan. 
Clinical photography forms an essential part 
of the management. As part of the team, we 
all were responsible for providing compassion-
ate, high-quality, safe care whilst working in an 
acute fast-paced environment.

I successfully performed many operations to 
correct the spinal deformities in children and 
my 1-year fellowship ran out before I realised. 
During this time, I was supported by all my  
co-fellows, who were incidentally neurosur-
geons, and became great friends for life.

OPERATION STRAIGHT 
SPINE (OSS), KOLKATA

‘Operation Straight Spine’, a transatlantic col-
laboration between the two surgeons for treating 
spinal problems in the underprivileged children 
in India, was taking shape. In November 2006, 
Dr J. R. McConnell, a consultant spine surgeon 
and I embarked on this journey with a team to 
perform a spinal surgical workshop at a chari-
table teaching hospital in Kolkata (Figure 9f.9). 
This required a tireless, organised effort in an 
uncharted sea. Following the success of the 
first surgical workshop in 2006, I was travelling 
between India and UK to establish this annual 
programme doing at least 10 spinal operations. 
At this time, we treated few children with EOS. 
Many of them underwent simple traditional dual 
growing rods (TGR) with dominos in which the 
rod slides.

KOLKATA, 2011

I relocated from London to Kolkata in 2011 
and started to practise spine surgery at a pri-
vate hospital. But my engagement with spinal 
patients of OSS continued in a more organised 
fashion in the charitable sector. The annual 
workshops continued to support the cause. EOS 
cases were evaluated in a weekly clinic. Our 
work was gradually recognised by SRS who 
endorsed the programme as the first global out-
reach programme (GOP) for spinal surgery site 
in India. We were honored at an SRS meeting 
at Anchorage, Alaska, in September 2014 for 
‘Operation Straight Spine’. 

FIGURE 9F.7  AP view x-ray of 9-year-old boy with 
neuromuscular EOS treated with Luque Trolley with 
H bar.
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LONDON, 2015

I returned to the UK for a short fellowship 
at Great Ormond Street Hospital, London. I 
reviewed many children with EOS who were 
idiopathic, congenital, neuromuscular, or syn-
dromic. I was introduced to magnetically con-
trolled growing rods (MCGRs) here, and I did 

many implantation, removal, exchanges, and 
revisions for EOS children. The MCGR proce-
dure can be safely and effectively used in outpa-
tient settings minimising psychological distress 
and improved quality of life [40, 41].

I was part of an audit on 46 EOS patients 
treated in past 3 years who had undergone 
MCGR. The mean age was 6.8 ± 1.9 years at 

FIGURE 9F.8  Schematic diagram of growing rod techniques.

FIGURE 9F.9  Dr J. R. McConnell (Allentown, Pennsylvania) and sister Marian Barry (London) with Dr U. 
K. Debnath during OSS 2010 at surgery in Kolkata, India.
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the time of primary surgery. The major coronal 
curve magnitude improved from a mean Cobb 
angle of 70° (preoperative) to 34° (postopera-
tive) in primary cases. Device failure occurred 
in 16 children (28%), leading to a decision for 
operative revision in 14 cases. It was observed 
that four patients developed a superficial wound 
infection. In the dual rod group, two patients 
had pull-out of proximal hook and another had 
prominent metalwork. Six patients had a rod 
breakage.

The MCGR consists of a titanium spinal 
distractible rod with an enlarged midpor-
tion containing a rotating mechanism (thick-
ened actuator portion that houses the magnet) 
(Figure  9f.10a and b). Dual rods have been 
shown to produce increased distraction forces 
and to allow for differential correction [41]. 
The maximum length distractible is 4.8 cm. 
During outpatient distraction visits, patients 
were positioned prone, and a skin marker was 

used to mark the internal magnet. A hand-held 
magnetic external remote controller (ERC) was 
placed on the patient’s back. Once the magnetic 
field was applied, the rod lengthens thus dis-
tracting the spine. Although MCGR has reduced 
the number of planned surgeries for distraction, 
there are incidences of unplanned visits to the 
operation theatre [42]. A skill well learnt could 
not be transferred to the patients in my practice 
due to the enormous costs [43].

The National Health Services’ (NHS) 
machinery of a multidisciplinary team was 
more established in this hospital. The surgical 
team (nurse in-charge, scrub nurses, and scrub 
technicians) prepared the environment and the 
necessary instruments and equipments in readi-
ness for an anaesthetic, surgery, or recovery 
of patients. Patient safety and good practice 
depends on an effective surgical team working 
along with a highly skilled surgeon. The whole 
team enhances the performance of the team and 

FIGURE 9F.10A  Postoperative AP view x-rays of a 
6-year-old with single MAGEC rod.

FIGURE 9F.10B  Postoperative lat view x-ray of the 
same boy.
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results in good patient outcomes. This organised 
facility was lacking in my practice in India.

SRS GOLDEN JUBILEE MEETING, 
MINNEAPOLIS, MINNESOTA, 2015

The SRS committee awarded me with a schol-
arship to attend the 50th annual meeting in 
Minneapolis, Minnesota, in October 2015. I 
attended the precourse meeting on EOS, which 
updated my ongoing learning. There was still no 
consensus on ideal age, threshold Cobb angle, 
and lengthening interval

Instrumentation for EOS is based on either 
distraction, guided-growth, or compression-
based strategies (Figure 9f.8). Most surgeons 
were using distraction-based growth rods (sub-
muscular insertion) for EOS between 4–10 years 
of age with a curve over 70° [44]. Dr Akbarnia 
reported 46% complications (mostly implant 
failures and infection) and a spinal growth of 1.8 
cm/yr [28]. Compression-based techniques have 
gained attention with the development of ante-
rior vertebral body tethering, e.g. stapling [45]. 
SGGS had fewer surgeries (2.8) compared with 
growth rods (7.4) but had high rates of complica-
tion [46]. The TGR group had more surgeries, 
but SGGS patients had more unplanned proce-
dures [47].

KOLKATA 2016–20

I continued to deliver the OSS programme sup-
ported by the team from the United States and 
UK. We had a good team of paediatric anaesthe-
tist and nurses led by Dr Neena Seth, Dr Meera 
Kurup, Dr Priya Krishnan and Dr Caroline 
Davies from St. Thomas’ hospital, London, who 
has always provided support for all the scolio-
sis patients during OSS. We continued doing 
the TGRs with dominos. The phenomenon of 
decreasing gains in spinal lengthening was 
reported [48]. This ‘law of diminishing returns’ 
was observed in our patients as well.

Although MCGR was advantageous in many 
respects, e.g. noninvasive outpatient lengthen-
ing, reduced risk of infection, avoiding multiple 
surgeries, and improved patient satisfaction, the 
disadvantages were complications and technical 
issues [49,50]. After gaining knowledge on dis-
traction-based systems, my inclination toward 

growth-guided techniques were influenced 
recently by a new classification of EOS [51]. 
This was deemed valid and demonstrated its 
potential use in guiding decision-making [52].

I had organised the OSS ’20 programme 
recently. We had successfully treated eight sco-
liosis patients. This time Dr Alaaeldin Ahmad, a 
paediatric spine surgeon from Palestine, joined 
us for the workshop on my invitation. He was 
discussing his new technique of guided-growth 
implantation, called Active Apex Correction 
(APC) technique. There were few unique 
aspects in this construct [53,54]. In this modi-
fied technique, the most wedged vertebra was 
selected followed by insertion of pedicle screws 
in the convex side of the vertebrae above and 
below the wedged one. Instead of apical fusion, 
apex compression was applied at the wedged 
vertebra (Figure 9f.8g). The procedure was 
more economical (using two screws instead of 
six at the apex of the curve) for underprivileged 
patients globally [53].

During this programme, Dr Ahmad per-
formed the APC technique in three children 
with EOS with my assistance (Figure 9f.11). 
One 13-year-old girl had surgery on four previ-
ous occasions. Now, the girl has grown tall, but 
there was a progressive curve decompensating 
at L2/L3 vertebral disc on radiographs. Due to a 
lack of surgeries for growth modulation for last 
3 years, she developed a crankshaft phenom-
enon. She underwent APC technique of dual 
growing rods (Figure 9f.12a–g).

‘Children diagnosed with EOS can lead 
healthy active lives if detected early and advised 
treatment in right direction’ [55]. This dictum 
holds true for many of my patients. One 14-year-
old boy with EOS had simple growing rods (with 
dominoes) when he was just 6 years old. He had 
good correction achieved through the previous 
lengthening procedures. The growth rods were 
removed this year. This gives me the utmost sat-
isfaction when such children say ‘my scoliosis 
surgery changed me and my life for the better, 
because my back is now straighter and I don’t 
have any physical restrictions’. However, recent 
evidence indicates that the removal of implants 
without fusion is an unacceptable treatment 
strategy that leads to poor outcomes [56, 57].

In my experience, patients with repeated sur-
gery in EOS demonstrated some psychosocial 
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issues. The children are anxious and depressed 
when they introspect on the multiple invasive 
procedures. It has been reported that in EOS 
children, there is abnormal psychosocial scores 
with a positive correlation between behavioural 
problems and the number of repeat surgeries 
[58].

There is no multidisciplinary team to discuss 
regarding the patient’s surgical and emotional 
needs in India. There are major gaps and health-
care inefficiencies and inequalities in India. 

The surgeon, for his own interest, builds up a 
dedicated team for a successful campaign for 
children’s spine surgery. Above all, the burden 
of caregiving, decision-making, parent coun-
selling, surgery, and postoperative follow-up is 
handled singularly by the surgeon. A dedicated 
team of spinal surgical nurses and scrub tech-
nicians have been shown to improve surgical 
outcomes [59]. Constant surveillance and con-
tinuous improvement of the quality and safety 

FIGURE 9F.11  Dr Alaaeldin Ahmad (Palestine), Dr U. K. Debnath (Kolkata, India), Dr Shah Alam (Dacca, 
Bangladesh) and spinal fellows at surgery during OSS ‘20 at Institute of Post-Graduate Medical Education 
and Research,Kolkata.

FIGURE 9F.12A  AP view x-rays of a 5-year-old girl 
with EOS treated during OSS 2012.

FIGURE 9F.12B  2 months postoperative photo-
graph of the 5-year-old girl with EOS treated with 
simple growing rods.
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of spine treatments is imperative in modern 
healthcare where the responsibility needs to be 
shared [60].

CONCLUSION

Although there are various cultural and social dif-
ferences that exist between the UK and India, the 
UK’s NHS presents an excellent working envi-
ronment in which aspiring surgeons from India 
or other nations are able to significantly progress 
their careers. The broad training and experiences 
from numerous excellent centres under many leg-
ends, enabled me to give my EOS patients and 

FIGURE 9F.12C  AP view x-rays of the same girl 
with EOS showing dual growing rods.

FIGURE 9F.12D  Photograph of the same girl at 13 
years old showing curve progression.

FIGURE 9F.12E  AP view x-rays of the same girl 
showing decompensation at L1 vertebrae.

FIGURE 9F.12G  Postoperative photograph of the 
same girl showing curve correction during OSS 
2020.

FIGURE 9F.12F  AP x-rays of the same girl show-
ing active apex compression (APC) technique of 
growth rods.
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their parents a decision, a treatment plan, and a 
prognostic idea. In India, surgeons constantly 
adjust treatment based not on accepted ‘best’ 
treatment modalities, but on what is ‘appropri-
ate’ for a particular individual. In fact, decisions 
regarding management are based on how much a 
patient or their families can afford.

The wide experience of two nations has 
certainly made me wiser. Multiple treatment 
options for EOS are available to us, and each 
has its advantages and disadvantages. ‘Choosing 
wisely’ enables us to provide the best care [61]. 
Therefore, I choose techniques that are tailored 
to the individual patient’s needs to achieve the 
best long-term functional outcome. Amongst all 
these differences, practising in India is much 
more satisfying because most patients are still 
inordinately grateful. It is a little more grati-
fying to apply the skill and knowledge gained 
from training in the NHS in treating such com-
plex spinal problems.
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INTRODUCTION

The lack of care for surgically treatable condi-
tions takes a serious human and economic toll 
and can lead to acute, life-threatening compli-
cations, resulting in chronic disabilities that 
make productive employment impossible and 
impose a burden on family members and soci-
ety. This failure to appreciate the role of surgery 
in addressing important public health problems 
is the main cause of disparities in surgical care 
worldwide. Approximately 2 billion people lack 
access to essential surgical care [7] and 28% 
of the global burden of disease is amenable to 
surgical intervention, a proportion that is higher 
in the developing world [6]. It is now clear that 
inequities in surgical delivery have resulted 
in vast numbers of the population in low- and 
middle-income countries (LMICs) being denied 
access to care for potentially treatable surgical 
diseases. To illustrate this point, 74% of all the 
surgical interventions worldwide are performed 
in the wealthiest third of the world’s population, 
whereas only 3.5% are performed on the poorest 
third [4]. These numbers may be underestimated 
when it comes to the delivery of spine care to 

LMICs, as the availability of expensive implants 
needed to treat the patients frequently does not 
exist.

PLATFORMS THAT DELIVER 
CARE IN LMICS

A major problem in LMICs is the lack of finan-
cial support for those who need healthcare, 
deterring service use and burdening household 
budgets [20]. Regardless of the funding source, 
contribution mechanisms, and collection agents 
within a health system, most LMICs share the 
same main healthcare platforms, all of which 
the authors of this chapter have been closely 
exposed to in several LMICs: private medicine, 
or ‘out-of-pocket’; private health insurance, or 
prepaid plans; and public health, or social secu-
rity insurance. Unfortunately, the availability of 
healthcare professionals with the appropriate 
training to treat early-onset scoliosis (EOS) in 
LMICs is very limited. To illustrate this point, 
the Scoliosis Research Society (SRS) has 489 
registered members in the United States, as 
opposed to seven members in Mexico, three in 
Poland, and one in Colombia [21].

Early-Onset Scoliosis Experience of EOS Management in Two Worlds-II

CONTENTS

Introduction..................................................................................................................................... 237
Platforms That Deliver Care in LMICs........................................................................................... 237
Global Spine Outreach.................................................................................................................... 239
Challenges with EOS and STSMs in LMICs.................................................................................. 239
Success or Failure?......................................................................................................................... 239
Overcoming Challenges..................................................................................................................240
Surgeon Skill and LMIC Facility Mismatch...................................................................................240
Improvising or Staying Creative?................................................................................................... 241
The Role of Outreach in Training...................................................................................................242
Conclusion......................................................................................................................................244
References.......................................................................................................................................244



238 ﻿Early-Onset Scoliosis

On average, almost 50% of healthcare 
financing in low-income countries comes from 
out-of-pocket payments, as compared with 
30% in middle-income countries and 14% in 
high-income countries [19]. Furthermore, the 
unaffordable hospital bills, expensive costs of 
the appropriate instruments and implants, and 
elevated surgeon fees make the accessibility 
of EOS treatment in the private sector nearly 
unreachable to most of the population in said 
areas.

One of the most commonly encountered 
shortcomings in private health insurances is 
coverage, and most paediatric spinal deformity 
conditions are frequently not included. If and 
when they are covered, unlike out-of-pocket sur-
geries, healthcare providers are usually limited 
to operate with a preauthorised list of implants 
that are not always the most appropriate or of 
the best quality and do not include the necessary 
instruments and technology to safely execute the 
surgeries. Considering that only 1% of the pop-
ulation in low-income and 2%–9% of middle-
income countries have private health insurance, 
expected expenses of private health insurance 
plans (i.e. copays, coinsurance, and deductibles) 
lowers accessibility to EOS treatment even 
more. This is assuming that the appropriately 
trained surgeon is within the insurance’s net-
work, otherwise EOS surgery, from the patients’ 
perspective, results in being practically an out-
of-pocket treatment.

A third platform commonly found in devel-
oping countries is the public health system, 
or social security insurances. With variable 
demand amongst different LMICs, the common 
limitations on the different modalities of public 
health systems are long waiting lists, availability 
of only a handful of institutions that specialise 
in treating specific and complicated conditions 
such as EOS, limited resources (e.g. operating 
rooms, sutures, implants, surgeons, imaging, 
etc.), and much like private health insurance, the 
struggle to operate with a preauthorised list of 
implants of questionable quality and outdated 
technology. These limitations ultimately result 
in a lower opportunity of achieving the best pos-
sible outcomes.

Unfortunately, due to the high costs involved, 
the availability of properly trained healthcare 

providers, and the appropriate infrastructure, 
the treatment of EOS in LMICs is fairly limited 
in almost every platform available in these areas. 
Luckily, there is a fourth platform to deliver care 
for paediatric spinal deformities that is rarely 
mentioned: the charitable platforms.

The literature suggests that charitable organ-
isations deliver surgery in two basic ways: by 
establishing specialty surgical hospitals, or by 
focussing on more temporary platforms [1]. 
Temporary surgical platforms are by far the 
most common and can be further classified 
into short-term surgical mission (STSM) trips 
and self-contained surgical platforms (SCSPs). 
STSMs send healthcare professionals along with 
surgical instrumentation and technology into 
LMICs’ hospitals and clinics for short periods 
of time. These often perform a restricted set of 
surgeries, relying on local physicians for fol-
low-up. SCSPs are significantly rarer and often 
spend longer in-country (months to years) than 
STSMs and carry their infrastructure with them. 
Organisations such as Mercy Ships are an exam-
ple [1]. In contrast, specialty surgical hospitals 
establish an entire physical structure dedicated 
to the treatment of one or a few related surgi-
cal conditions. Organisations such as Shriners 
Hospitals for Children fit this model.

Surgical volunteerism has become an increas-
ingly popular means for surgeons to exercise 
their generosity, share their knowledge, estab-
lish new friendships, and bridge cultural gaps. 
Many nonprofit organisations (NPO) exist with 
the purpose of providing medical and surgical 
care to children and adults in LMICs, and the 
most common way that surgeons donate their 
time and talent is through STSMs [1]. The char-
itable sector of STSMs has been growing at a 
pace surpassing the US GDP by 20% [2]. Johns 
Hopkins University and the United Nations col-
laborated on a study and found what most peo-
ple already suspected: NPOs and volunteering 
constitute a massive economic force [3]. A note 
on terminology: although some NPOs provid-
ing surgery in LMICs are faith-based, not all 
are. The word mission does not refer only to 
faith-based organisations. Similarly, the word 
charitable is usually limited to missions and 
organisations that are, at least in part, funded by 
private donations [1].
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GLOBAL SPINE OUTREACH

Our experience with EOS in areas of limited 
resources has been primarily through a NPO 
in the form of a STSM platform: Global Spine 
Outreach (GSO). GSO is a 501(c)(3) NPO that 
was founded in 2013. The mission of this organ-
isation is to provide surgery free of charge by 
collaborating with local medical communities to 
build self-sustaining spine centers by engaging 
surgeons through hands-on training and educa-
tion from leading spine surgeons from around 
the world. To accomplish GSO’s mission, it was 
essential to develop protocols to evaluate a site 
for the appropriateness and safe execution of sur-
gical care for children with spinal deformities. 
GSO was founded with the desire to have a turn-
key operation for initiation of a STSM. GSO’s 
STSMs have been occurring every 6 months 
with each mission lasting 8 days: two days for 
travel, one dedicated day in clinic and 5 con-
secutive days in the operating room (OR), most 
commonly utilising 2 ORs per day. Follow-up 
has been established with the local surgeons for 
a 1- and 3-month follow-up time points and all 
subsequent follow-ups are arranged based on the 
return visit of GSO every 6 months. Standard 
follow-up continues at 6-months postopera-
tively, 1 year, 2 years, 3–5 years, and 5–10 years.

CHALLENGES WITH EOS 
AND STSMS IN LMICS

There have been many reports including four 
systematic reviews regarding STSMs focussing 
on the safety, quality, and reproducibility [1, 2, 
5, 14]. In all four reports, the shortcomings of 
STSMs are highlighted and include: difficulty 
with follow-up; higher mortality and complica-
tion rates; the inherent difficulty of establishing 
a multidisciplinary approach in STSMs; detri-
mental cost-effectiveness when the condition 
can be treated by other platforms; inability to 
meet the large burden of unmet need as a result 
of the fragmentation in delivery due to the treat-
ment of the same conditions that are otherwise 
treated in local hospitals; and lastly, disrupting 
local infrastructure, even after the team’s depar-
ture. Given the risk of a potentially negative 
effect that STSMs could have, the need for a 
standardised protocol to initiate, maintain, and 

grow a safe and sustainable STSM trip is of the 
outmost importance.

There are presently no published reports 
that unify the safe delivery of paediatric spine 
surgical care in LMICs. The SRS has made 
tremendous efforts to provide common ground 
for various volunteer organisations to collabo-
rate and provide education. The global outreach 
committee exists to help with the collaboration, 
basic data collection, education at their annual 
meeting, and ultimately provide credibility to 
the volunteer organisations as either recognised 
or endorsed sites based on the sites’ ability to 
report data and maintain a good standing with 
the SRS. At the present time, there are four 
endorsed sites and 18 recognised sites by the 
SRS [8].

The STSM model anecdotally appeared to 
have a relatively limited role in the delivery of 
surgical care [1]. Given the potentially unsat-
isfactory results, detrimental effects on health-
seeking behaviour, and stress on the local 
infrastructure, the short-term stand-alone surgi-
cal mission, when other options exist, has been 
thought to be inefficient [1]. On the other hand, 
STSMs can provide meaningful care in the lives 
of patients who may otherwise not have access 
and a rich educational environment for the 
medical professionals and staff, allowing physi-
cians and different healthcare providers to find a 
meaningful way to offer their services outside of 
their own practices sharing their time and talent 
with others in need. In an attempt to standardise 
sustainable care provided for children with sco-
liosis and spinal deformities in LMICs, GSO has 
provided a framework (available on globalspin-
eoutreach.org) for the planning and execution of 
a STSM, from its inception to its establishment 
as a sustainable site, that includes prework, site 
visitation, pre-STSM clinic visit, initial STSM, 
and recurring STSM, using a model that has 7 
years of experience and 30 STSMs successfully 
completed.

SUCCESS OR FAILURE?

Since its foundation, GSO has executed 30 
STSMs, evaluated 1,545 patients, performed 
358 surgeries and launched four additional 
sites, now having a total of five sites in three 
countries on two continents: Poznan and 



240 ﻿Early-Onset Scoliosis

Otwock in Poland, Chihuahua and Monterrey 
in Mexico, and Cali in Colombia. One site was 
moved, including its patients, for 2 years, from 
Chihuahua to Monterrey, as there was no local 
surgeon to maintain the site at that time. GSO 
has brought 16 different US surgeons on the 
STSMs; eight surgeons have been on more than 
one STSM and six surgeons on four or more 
STSMs. Since 2013, 17 local attending surgeons 
have been engaged in an STSM, and all have 
participated in more than one mission (this does 
not include the various fellows and residents that 
have participated). There have been 106 differ-
ent volunteers on the 30 STSMs, 70 of whom 
were involved in at least two trips, 32 on three 
trips, and 17 on more than three trips. On these 
trips, five different industry partners have been 
engaged to donate implants for the STSMs, and 
four have partnered with GSO on two or more 
trips.

OVERCOMING CHALLENGES

Over the past decade several authors have raised 
concerns regarding STSMs in LMICs, particu-
larly as it relates to the lack of follow-up care, the 
safety of patients, the reproducibility and sus-
tainability, serving in parts of the world where 
the services provided are not wanted or needed, 
failure to match technology to the local needs 
and capabilities, and leaving a mess behind after 
the STSM is over. The model proposed by GSO 
does not entirely address all these concerns, and 
as with many living organisations, their current 
model is continually undergoing change. As 
their experience grows, the feedback becomes 
more mature, and the model is revised based on 
the quality assurance process.

By holding frequent and consistent confer-
ences with the host hospitals, administrative 
staff, local NPOs and surgeons, GSO has been 
able to not only ensure that patients receive 
their follow-up visits on the preestablished 
timepoints, but also to promote a comfortable 
environment for open feedback, creating oppor-
tunities to improve their model. This continuous 
interaction has also opened the opportunity to 
build bridges between cultures, strengthen rela-
tionships, and allow for a better delivery of care. 
Organisers of different STSMs often reflect on 
the importance of establishing continuous and 

mutual relationships in order to have the most 
impact [15].

The concern for safety is paramount to 
lower mortality and complication rates on any 
successful STSM, particularly as it relates to 
EOS. Strong evidence exists for an association 
between surgical volume and outcomes in North 
America [12]. Poilleux and Lobry [11] reviewed 
114 surgical missions over two decades that 
performed more than 17,000 operations in sub-
Saharan Africa and found an overall mortal-
ity of 3.3%, which is 20 times higher than in 
high-income countries (HIC). Maine et al. [10] 
reported a rate of oronasal fistula after cleft pal-
ate repair more than twentyfold higher in STSMs 
than in HIC. In their study, cases performed by 
experienced local and North American surgeons 
on a surgical mission to Ecuador were compared 
with cases performed by similar surgeons at an 
American tertiary hospital. All surgeons showed 
this twentyfold increase in complication rates, 
and no differences were found between the local 
and North American surgeons. These findings 
lead to the belief that mission volume has poten-
tially more impact than surgeon experience. 
For this reason, GSO has stayed consistent in 
regard to: 1) the number or volume of surgeries 
per STSM, 2) the duration of the STSMs, 3) the 
timing of the STSMs, and 4) the protocols that 
limit variability (e.g. establishing checklists to 
determine if a site meets the requirements for a 
GSO STSM, preoperative protocols, preanaes-
thesia checklists, blood-loss management proto-
cols, intraoperative neurologic deficit protocols, 
etc.). Limiting variables is one of the corner-
stones for reproducibility, as consistency is to 
sustainability.

SURGEON SKILL AND LMIC 
FACILITY MISMATCH

It is quite common for there to be a mismatch 
between surgeon skills and host facility. Many 
skilled surgeons volunteer their time and make 
plans to execute surgical procedures appropriate 
for their practice within an HIC and its infra-
structure, and do not fully take into consider-
ation the differences in practices between the 
LMICs and an HIC. Simple assumptions, such 
as the availability of blood products, neuromon-
itoring, haemostatic agents, or an ICU bed, can 
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have devastating consequences if the appropri-
ate measures are not taken with anticipation.

IMPROVISING OR 
STAYING CREATIVE?

As mentioned, local surgeons in LMICs are 
often exposed to deficiencies in regard to avail-
ability of quality implants, incomplete set of 
instruments (e.g. one reduction tower per pae-
diatric spinal deformity tray, no paediatric 

pedicle probes, sets with no in situ benders, etc.), 
‘hybrid’ set of implants (pedicle screws with 
different company set-screws), limited number 
of screws per surgery regardless of degree of 
deformity, unavailability of bipolar cautery or 
bone cutting burrs, just to mention a few. These 
deficiencies can force the surgeon to improvise 
in the middle of a procedure and thus run into 
trouble, but it can also create room for creativ-
ity. Figure 9g.1 shows a common wheelchair 
adapted by the patient’s father, in collaboration 

FIGURE 9G.1  Picture of a common wheelchair adapted by the patient’s father in collaboration with the 
surgeon.
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with his surgeon, in order to treat the child with 
preoperative halo-gravity traction; the same 
wheelchair is shown in Figure 9g.2 being used 
by the patient using 50% of her bodyweight for 
traction. Figure 9g.3 shows a GSO volunteer sur-
geon casting a patient hanging from the operat-
ing room’s ceiling, as a Mehta casting table was 
not available. Figure 9g.4 is a concrete screwed 
hook installed on a patient’s home to allow the 
patient to be under halo-gravity traction as many 
hours a day as possible.

THE ROLE OF OUTREACH 
IN TRAINING

Referring back to the lack of appropriately 
trained surgeons as being one of the main 

limitations to treat EOS in developing coun-
tries, many authors laud the salutary role that 
STSMs have in the education of surgical train-
ees in HIC [1]. But apart from Vargas’ study 
[16], which documented an increase in more 
complex surgeries performed by the local sur-
geons after repeated missions, no other stud-
ies have reported the impact of short-term 
missions in training. Through the evolution of 
GSO’s first site, they have been able to see the 
impact that a sustainable STSM can have on 
the local surgeons’ team. As this site matured, 
the complexity of the surgeries performed also 
increased. Initially, the surgeries performed 
were mainly simpler forms of deformity 
including traditional growing rods (TGR). As 
a result of this progressive training, the local 

FIGURE 9G.2  The same wheelchair seen in Figure 9g.1, being used for halo-gravity traction with 50% of 
the patient’s body weight.
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FIGURE 9G.3  Casting technique used by a GSO volunteer surgeon when Mehta casting tables were not 
available. The patient is suspended, under sedation, in a lateral decubitus position by a smooth-surfaced one-
inch width material, positioned at the ribs that correspond to the apex of the major curve, while two assistants 
aid to hold the head and extremities in a neutral position.

FIGURE 9G.4  Picture of a hook screwed to a concrete wall installed by the patient’s father in a bedroom to 
accomplish the daily targeted time for halo-gravity traction.
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surgeon team that started with two members 
has grown to four members, and they are now 
performing more than 150 deformity cases a 
year without GSO present (187 complex spinal 
surgeries done in 2019) only after 13 STSMs at 
that site, demonstrating the impact that STMSs 
can have in training.

CONCLUSION

Treating EOS in areas of limited resources 
implies a great deal of shortcomings, regard-
less of the platform of care delivery. It is 
firstly limited by the availability of human 
resources – paediatric spinal deformity trained 
surgeons – followed by the quality instruments 
and implants, and lastly the economic resources. 
These limitations make the treatment of EOS 
and its access more challenging than it already 
is. The authors have been exposed to all plat-
forms of care in developing countries and found 
that the best and safest environment to treat 
EOS is LMICs is through outreach. The demand 
for STSMs focussed on paediatric deformity in 
LMICs is anecdotally very high. Despite the 
concerns regarding STSMs in LMICs, NPOs, 
such as GSO, have implemented solutions to 
overcome these shortcomings. As a result, GSO 
has been approached to launch new sites, and 
the successful launch and sustainability of their 
first site was the impetus to develop a protocol 
that can be used to safely initiate and maintain 
a paediatric spinal deformity STSM to promote 
a lasting impact on the local community, show-
ing that when no other platform can treat these 
conditions adequately in a timely manner, sur-
gical missions may be the only hope for these 
patients.
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9h Cross-Border Spine Surgical 
Treatment: Issues to Consider

Harwant Singh

INTRODUCTION

In this modern age of an increasingly intercon-
nected world, many patients travel across borders 
for surgical treatment, and many surgeons travel 
across borders to deliver surgical treatment. This 
situation raises many issues about the care that 
is delivered, and it is appropriate to discuss the 
rights of the patients and the protection of sur-
geons who deliver such care, and the consent for 
spine surgery in such situations. This chapter is 
not meant to be a text on surgical ethics and law 
but to introduce some concepts in consideration 
of cross-border surgical treatment, especially 
patients’ rights, surgeon protection, and informed 
consents. As this is a developing area, the sugges-
tions in this chapter may change over time.

Categories of Cross-Border Treatments
Cross-border treatments are most pronounced 

in broadly two categories: medical tourism and 
outreach/teaching. Medical Tourism is defined 
as the process in which a patient travels out-
side his or her usual residence for the purpose 
of medical or surgical treatment [1]. This may 
be from a lesser developed region to a more 
developed region for the purposes of receiving 
technically complex procedures or, conversely, 

from a more developed, more expensive region 
to a less costly region for procedures that cost 
considerably less. The more common conditions 
for this type of travel for treatment are plastic/
cosmetic surgery and transplant surgery [2].

Medical tourism in the latter category is usu-
ally more common and are usually located in 
the emerging economies where more up-to-date 
health infrastructure exist and have the capacity 
to care for patients. This has a large revenue gen-
erating capacity for the economies concerned 
and sometimes are advertised formally. The 
major characteristic in this healthcare delivery 
is that the patient travels to the surgeon for treat-
ment. The main driver for this type of medical 
tourism are patients seeking substantially lower 
costs abroad [3].

Outreach or teaching programmes are usu-
ally when surgeons travel to the patient to deliver 
specific or complex care that is not available in 
the host region. There is also a significant teach-
ing component in delivering this complex care 
at the host institutes. Many professional surgical 
societies organise such training programmes as a 
social and educational responsibility. An exam-
ple would be the Global Outreach programme 
[4] of the Scoliosis Research Society. The main 
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driver for outreach and teaching programmes are 
the altruistic behaviour of surgeons and surgical 
societies in the interest of raising the standard of 
surgical care for the less fortunate.

HISTORICAL PERSPECTIVE

Medical responsibility is a concept that has 
been around for at least 3,700 years. The Code 
of Hammurabi (6th Babylonian King reigning 
from 1792 to 1750 BC in Mesopotamia) had 
already enacted laws to that effect. The key 
development is the concept of holding the medi-
cal professionals accountable for deaths or inju-
ries that could have been reasonably prevented. 
The Romans subsequently developed the legal 
foundation for compensation for medical inju-
ries, which qualified the injuries as intentional 
and nonintentional [5]. Of course, medical mis-
haps are really unintentional injuries.

The wide adoption of Roman Laws in the 
European continent up to the Middle Ages led 
to the development of this concept in English 
Common Law and, subsequently, in the 1800s, 
greatly influenced the development of medi-
cal law and compensation in the American 
legal system [5]. Key to the development and 
implementation of a working system to help 
adjudicate medical injuries are the concepts of 
an expert witness to ascertain the quality and 
appropriateness of treatment in question and the 
concept of standard of care.

BASIC CONSIDERATIONS

In the evolution of modern surgical ethics and 
consent to surgical treatment, the legal standard 
has shifted from what was defined as the ‘com-
munity professional standard - where a body of 
surgeons determine what to disclose to a recipi-
ent of surgical care’ to ‘the reasonable person 
standard - where the reasonable patient decides 
on what treatment he or she wants, based on all 
material risk disclosures and the outcome if the 
condition is not treated’. This is also known as 
‘informed consent’, and is the standard seen in 
almost all legal jurisdictions in the world, as 
patient autonomy is increasingly the standard 
adopted [6].

The concept of ‘informed consent’ is pri-
marily a development of surgical ethics and 

not initially a development of law, as most 
legal advocates would suggest. John Gregory, a 
Scottish physician and ethicist (1724–1773), is to 
be credited for the first concepts of a patient’s 
right to decide on the treatment proposed for 
him or her and the right to refuse treatment [7]. 
However, when it is the surgical procedure that 
has an unexpected or unsatisfactory outcome, 
legal authorities rely on the concept of medi-
cal evidence provided by an expert witness who 
will assist a court to determine if the standard of 
care was maintained in the treatment received 
by the patient.

Therefore, a framework of the ethical con-
siderations should be in place when there is 
cross-border spine surgical treatment being con-
templated. What is being discussed is just a sug-
gestion. This is new territory, and the concepts 
are evolving. At the time of writing, the world is 
experiencing an unprecedented viral pandemic 
with major travel restrictions, and its impact 
on cross-border surgical treatments is yet to be 
seen.

ETHICAL CONSIDERATIONS OF 
PATIENTS RECEIVING CROSS-
BORDER HEALTH CARE

In deciding the rights of patients in cross-border 
healthcare, the ethical considerations can be 
viewed in four convenient sections [8].

	 1.	Autonomy: This is the capacity of the 
patient to think, decide, and act on the 
basis of such thought and decision, 
freely and independently. The health 
professionals and the carers must help 
the patient come to their own decision 
by facilitation or provision of impor-
tant information about the surgery 
being planned. Also, it is important to 
respect and allow the patient to follow 
that decision, even if the health profes-
sional may not agree with it.

	 2.	Beneficence: This is the moral impor-
tance of doing good to the patient. This 
principle means doing what is best for 
the patient. The difficulty is in decid-
ing who has the power to make deci-
sions on what is best for the patient. 
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An objective, relevant health profes-
sional may determine what is in the 
best interest of a patient, however, the 
patient may choose a course of action 
that is not in his or her best interest. 
There must be a mechanism that allows 
for the resolution of such conflicts. It 
is fortunate that in the vast majority of 
situations, autonomy and beneficence 
are congruent. 

	 3.	Nonmaleficence: This is the concept 
of avoiding harm. It is logical that 
medical professionals actively work 
not to harm patients. Surgical treat-
ments have a small but real chance of 
an unexpected outcome that may be 
more harmful than beneficial. It is not 
that such treatments are to be totally 
avoided in the belief that avoiding 
harming a patient should take prior-
ity over doing good; however, the risk/
benefit probability must be evaluated, 
deciding on what is in the best inter-
est for the patient overall. In society, 
we have a duty not to harm anyone, 
whereas in clinical practise, we owe a 
duty of beneficence to our patients. 

	 4.	Justice: Allocation of resources 
in effecting the best possible treat-
ment can be a major issue when such 
resources are not available. This may 
be clinical expertise, health infrastruc-
ture or finance issues and may be the 
reason for the cross-border healthcare 
whether for medical tourism or for out-
reach/teaching programmes. The prin-
ciple of justice should be considered 
in two ways – patients with the same 
clinical condition should have access to 
the same level of care, and allocation of 
resources must be equal for all patients 
with the same clinical condition, for 
example, time, money, expertise, and 
infrastructure. 

SPECIFIC RISKS IN MEDICAL TOURISM

•	 Funding for travel: In deciding that 
treatment will be done at another geo-
graphical location, finance becomes a 
major consideration. Although such 

trips are taken because the care at the 
host country is less costly, there are 
considerations such as transportation, 
hotel, and hospital costs besides treat-
ment costs. The postsurgical treatment 
costs also must be considered, such as 
costs for repatriation and any special 
preparations thereof. There should be 
provision for funds to be available for 
this. These funds may be made avail-
able from local authorities or charities 
who deem that travelling for treatment 
is appropriate.

•	 Postoperative care/conflict in con-
tinuity of care: The surgery itself is 
only one component of the patients 
total and comprehensive care. The 
other elements include presurgical 
consultations, nonsurgical treatment, 
preoperative educational programmes, 
rehabilitation and long-term contin-
ued care after surgery [9]. It has been 
suggested that some domestic health 
professionals (from the patient’s coun-
try of origin) believe that cross-border 
healthcare compromises continuity of 
care [10], as there might be disruption 
or an incomplete flow of information. 
A meaningful discussion allowing the 
individual to make an informed deci-
sion is a major prerequisite prior to 
travel; however, the domestic health 
professional may not be in a position 
to advise or help if they are not part of 
the caregiving team. Also, it may be 
that the domestic health professional 
may prefer not to take any significant 
responsibility in the decision-making 
process so that they avoid fiduciary 
duty that brings an element of respon-
sibility should an adverse event occur 
[11]. Domestic health professionals 
insulate themselves from liability 
should an adverse event occur by not 
having any interaction with the patient 
before and after the surgical interven-
tion. This provides protection from 
liability, especially if there have been 
no referrals, no advice, no recommen-
dations, and no involvement in presur-
gical or postsurgical care. This leads to 
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a breakdown in the patient’s total care. 
In this situation, the cross-border sur-
gery only becomes an isolated compo-
nent of the patient’s total care that is 
not desirable. Interestingly, the more 
interaction a domestic health profes-
sional has with the patient, the higher 
the risk of liability, but it increases the 
quality of total care for the patient [11]

•	 Revision surgery for poor outcome: 
Risks of surgical complications are 
real, and no matter how low the prob-
ability, they do occur. An unexpected 
outcome is a disappointment both for 
the patient and the surgeon. It is more 
pronounced when complications occur 
during a patient’s return trip home. 
This may entail unexpected costs that 
were not planned for beforehand. Other 
than the unexpected surgical outcomes, 
complications such as postsurgical 
wound infections, postsurgical venous 
thromboembolism during return travel, 
and a host of other complications may 
occur when patients have no healthcare 
professional looking after them. This is 
the ‘blind spot’ in cross-border health-
care. Should there be other postsurgi-
cal complications that occur on the 
return of the patient’s return home, the 
difficulty of getting another surgeon to 
continue care may be a problem. This 
has been seen in cosmetic and trans-
plant surgeries. The revision surgery 
will add to the cost and can be substan-
tial in some instances and often under-
estimated by the patients [12].

•	 Recovery for surgical injury: Many 
centres that provide cross-border 
healthcare have built-in waiver clauses, 
that must be signed as a prerequisite 
to care, that state that there will be no 
opportunity for recovery of surgical 
damage should it occur [13]. This is a 
prudent step to reduce financial liability 
of the healthcare professional and hos-
pital. Should there be an unsatisfactory 
outcome after the surgical treatment 
abroad, recovery for the loss is subject 
to jurisdictional control. Normally, a 
claim for recovery should be filed in the 

country where the treatment was per-
formed. This requires the physical pres-
ence of the complainant in the country 
of treatment. If the surgical injury is as a 
result of negligence, the standard under 
ordinary negligence in tort entails the 
following be satisfied [14].
•	 There is a duty of care by the treat-

ing surgeon to the patient.
•	 There is failure to meet the stan-

dard of care (breach of the duty).
•	 There is injury resulting from the 

failure to meet the standard of care. 

SPECIFIC RISKS IN OUTREACH/
TEACHING PROGRAMMES

The risks inherent to patients who are receiving 
outreach or care in teaching programmes are 
essentially similar to those who travel for medi-
cal tourism.

•	 Postoperative care/conflict in conti-
nuity of care: When a surgeon has trav-
elled to a host country for the purpose 
of providing surgical care or impart-
ing clinical knowledge that involves 
surgical care, several issues may arise. 
Among these are the subsequent care 
for the patient who has received surgical 
care. It is always the practise to provide 
advice for postsurgical care, especially 
if the host facility is not familiar with 
the care provided by the visiting sur-
geon, or if there is no expertise to give 
continuing care. To this end, usually a 
carefully constructed postsurgical care 
plan is provided. A list of possible com-
plications that may develop after the 
visiting surgeon has departed should 
also be discussed and contingency plans 
made. There should also be a line of 
communication from the patient to the 
visiting surgeon should it be required. 
Should the patient wish to continue care 
with the visiting surgeon, there should 
be provision for this, too. Again, funds 
for travel and care at the surgeon’s facil-
ity may be an issue

•	 Revision surgery: Usually the surgery 
performed by the visiting surgeons are 
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exemplary, and they are excellent for 
teaching the hosts; however, unexpected 
complications can and do occur. This 
may be immediate or after the visiting 
surgeon has returned to his home facil-
ity. The complication should be managed 
satisfactorily at the host facility with the 
least delay. This also adds a dimension 
of extra cost. Again, there should be pro-
vision for the extra finances required to 
manage the complications. These could 
range from infections to revision sur-
gery should it be needed.

•	 Recovery for surgical injury: If there 
is an unexpected outcome that has led 
to a claim for surgical damages, the 
claim will be filed in the country where 
the surgery had occurred. The operat-
ing surgeon, the team, and the centre 
where the surgery was conducted may 
the subject of legal action. Issues such as 
the validity of the consent, the patient’s 
understanding the surgical procedure, 
the conduct of the procedure, and many 
more will be the focus of the action. The 
local host surgeon and facility may be 
the target of the action if the operating 
surgeon is not available. The delega-
tion and limits of legal responsibilities 
must be clear by everyone on the surgi-
cal team before the onset on treatment. 
Should the outcome of the legal chal-
lenge not be satisfactory for the treating 
team, provisions for the restitution of the 
damages should be provided for, usually 
by the treating team’s indemnity insur-
ance and the healthcare facility insur-
ance that protects for vicarious liability.

A SUGGESTED EXAMPLE OF A 
PATIENTS’ CHARTER IN CROSS-
BORDER HEALTH CARE

It is essential to have a framework of rights in 
the form of a patients’ charter in both types of 
cross-border spine surgical treatments [15].

•	 Health protection: the right to have 
services that promote health and well-
being, prevent disease, support, and 

empower those with chronic illnesses 
to actively participate in self-care. This 
includes the right to receive all infor-
mation to best manage the existing 
problem, and to know if cross-border 
surgical treatment is the best option.

•	 Access: the right to access healthcare 
services according to individual health 
needs and requirements. This includes 
the right to a specialist care plan where 
available and, where not available, 
access to appropriate cross-border 
treatment.

•	 Information: the right to give and 
receive information about their condi-
tion that requires surgical treatment. 
This includes care options, risks, and 
prognosis. The discussions should be 
in a language that the patient fully 
understands. There should be addi-
tional information provided should 
it be asked for. If a second opinion is 
requested, it should be provided by 
an independent specialist healthcare 
provider who agrees that cross-border 
health care is appropriate.

•	 Participation and informed consent: 
the right to participate in the collab-
orative process of decision-making 
related to the condition needing treat-
ment and to make informed consent 
about the proposed treatment and care. 
This includes all information related 
to risks, benefits, and consequences of 
refusal of any treatment or care: to be 
able to make an informed choice. The 
patient who is a minor or incapable 
of making an informed decision must 
have the next of kin be able to partici-
pate in the decision for surgical treat-
ment. Healthcare professionals should 
refrain from participating in such 
decisions unless in exceptional cases 
in which care is urgent or time sensi-
tive. The appropriateness of cross-bor-
der treatment also must be discussed. 
Should the cross-border treatment 
involve clinical research, it should be 
disclosed to the patient.

•	 Privacy and confidentiality: To 
expect one’s privacy is respected when 
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receiving cross-border healthcare. To 
be able to refuse information or photog-
raphy for use in teaching, especially for 
those whose surgery has been arranged 
under an outreach programme. To 
be able to access one’s own medical 
records in accordance with the proto-
cols existing at the facility delivering 
the surgical treatment.

•	 Dignity and respect: the right to be 
treated as an individual with dignity, 
patience, empathy, tolerance, and cour-
tesy. Also, the right to be given time to 
decide about any examination or treat-
ment without coercion from the health-
care providers, especially in teaching 
programmes.

•	 Safe health care: the right to safe and 
effective care. There must be access 
to health treatments and services that 
meet adequate safety standards. Also, 
the right to expect that the care received 
will be free from harm resulting from 
the poor functioning of cross-border 
facilities, medical malpractise, and 
medical error. There must be proper 
handover of care so that a seamless 
and safe continuity of care between 
services in the cross-border situation 
is ensured. The cross-border care must 
be delivered by properly qualified and 
experienced staff.

•	 Comments and complaints: the 
right to comment on cross-border care 
received and provide constructive criti-
cism and complaints. There must be a 
mechanism to facilitate this aspect of 
outcome assessment without any fear 
of retribution, compromise, or qual-
ity of care. This includes feedback, 
suggestions, and raising of concerns 
or complaints as deemed necessary. 
This should also include the significant 
others or carers of the patients who 
received cross-border care.

PROTECTION OF THE SURGEON

As discussed previously, despite delivering the 
best care by the treating team, a treating sur-
geon can be the focus of a legal action should 

there be an unsatisfactory, unexpected out-
come. The outcome can fall into one of three 
categories: 1) successful defence of the claim, 
2) unsuccessful defence of the claim for which 
there are damages to settle, and 3) A mutual 
agreement to settle without going through a 
legal proceeding. There would be a requirement 
for legal representation of the treating surgeon, 
other members of the treating team, and the 
healthcare facility. For these to be optimal (or 
regularised - to be regular) the following condi-
tions must be satisfied: 

•	 Registration to practise surgery at 
the location where the surgery was 
performed: For medical tourism, this 
is not an issue, as the surgeon is already 
registered in his or her jurisdiction; 
however, it may be an issue in an out-
reach/teaching situation in which the 
visiting surgeon should be registered to 
practise medicine and surgery through 
temporary registration at the time the 
surgery is performed. Other require-
ments to be satisfied include entry into 
the specialist’s registry, and credential-
ling at the facility the surgery is to be 
performed.

•	 Indemnity: This is also a prerequisite 
for performance of surgery. Again, this 
is not an issue for surgeons performing 
surgery in home territory, but it may 
pose an issue for visiting surgeons. 
The indemnity could be worldwide or 
in the host country for a fixed period 
of time when the surgery is performed. 
This gives the financial and legal pro-
tection to the surgeon should there be 
a legal challenge to the surgical treat-
ment done.

•	 Informed consent: The documenta-
tion of a proper informed consent is 
essential and acts as protection for 
the treating surgeons in both medi-
cal tourism and outreach/teaching 
programmes. The informed consent 
should be complete, comprehensive, 
and well understood by the patient in 
a language intelligible to him or her. 
Ideally the consent should be obtained 
by the surgeon performing the surgery.
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ISSUES TO CONSIDER WHEN 
CONSENTING TO CROSS-BORDER 
SURGICAL TREATMENTS

Informed consent is a process that ideally 
begins long before the surgical procedure and 
not at the immediate moment before the surgery. 
There should be adequate time for the patient to 
understand all issues pertaining to the surgery. 
This informed consent process should include 
the following [16]:

•	 Identify and authorise surgeon: The 
surgeon performing the procedure 
should be named, and it should include 
a statement authorising the surgeon to 
perform said procedure.

•	 Document condition to be treated: 
The diagnosis and the condition to be 
treated should be clearly documented. 
If there is more than a single diagnosis, 
this should be indicated, too.

•	 Document procedure to be done: The 
procedure to be performed has to be 
clearly and completely documented. If 
there are several procedures to be done 
at the same time, this must be clearly 
indicated.

•	 Document expected benefits: There 
must be a statement or indication of 
the benefits to be expected from the 
surgical procedure as well as some 
indication of the probability of success. 
This may be defined as a functional 
improvement or an improvement in 
pain. An objective appraisal is desired 
so that there is no ambiguity in the 
expected outcome.

•	 Explain possible complications: This 
is important in an informed consent 
process. The material risks must be 
disclosed so that the patient is able to 
make an informed decision. It is pru-
dent for the surgeon to discuss all the 
material complications him- or herself 
and not delegate this to a member of 
the team.

•	 Documentation that all alternatives 
have been discussed: For an informed 
consent to be appropriate, there should 
be a statement that the patient has 

been given information of other treat-
ments or alternatives. The patient must 
acknowledge that all alternatives have 
been presented to him prior to deciding 
on the surgery.

•	 Explanation that tissue may be 
removed for study: Sometimes tissues 
may be removed for histological or 
microbiological evaluation or study. If 
the tissue is to be used for educational 
purposes at a future date, this also 
should be indicated.

•	 	Presence of trainees for purposes of 
learning and/or medical equipment 
representatives: An indication should 
be made regarding the people who may 
be present during the surgical proce-
dure other than the surgeon and the 
treating team. Usually this will include 
surgical trainees or representatives/
vendors of the surgical equipment used.

•	 Consent understood with or without 
interpreter: If the patient does not 
understand the language of the con-
sent, ideally an interpreter familiar 
with the patient’s ethnic group or lan-
guage should be present to explain the 
details of the procedure to the patient. 
There should be direct contact between 
the surgeon, interpreter, and patient 
face to face.

•	 Anaesthetic consent and complica-
tions: An appraisal of the anaesthetic 
risks should be discussed, possibly in 
a separate consent by the anaesthetist 
who would be present. Again, this 
should not be delegated to another 
member of the anaesthetic team, but 
the anaesthetist who would be conduct-
ing the procedure.

•	 Processes for continued care: If the 
patient has travelled for the expressed 
purpose of receiving treatment in a 
medical tourism situation, there should 
be a statement regarding the continu-
ity of care so that conflict in the post-
surgical care is avoided. A referral to 
the patient’s home country should be 
provided with all the material informa-
tion regarding the treatment performed. 
Ideally there should be a process 



254 ﻿Early-Onset Scoliosis

whereby there is a facility identified 
in the home country prior to travel. 
In the situation of an outreach/teach-
ing situation, a statement regarding 
who or which facility will continue the 
care after the visiting surgeon returns 
home. In the rare situation that the 
patient wants to follow with the visit-
ing surgeon for subsequent care, this 
should be discussed and documented 
so there is clear delegation of legal 
responsibilities.

•	 Signature of patient, surgeon, 
guardian, witness, interpreter: In 
the conclusion of the informed consent 
process, all those present – patient, 
surgeon, guardian, witness and inter-
preter – should attest that the consent 
is true and proper with a signature. 
Completing the process correctly pre-
vents any issue of ambiguity should it 
arise postsurgery.

CONCLUSION

The modern interconnected world has witnessed 
the advent of cross-border surgical treatments 
seen in two main forms: medical tourism and 
outreach/teaching care. Both of these types of 
cross-border surgical treatments have inherent 
risks. The best method to minimise these risks is 
to have processes in place that protect the patient 
and the surgeon. These include a high standard 
of ethics, a patients’ charter, an appraisal of the 
risks inherent in both types of cross-border sur-
gical treatment, an informed consent of a high 
standard, and a statement of continuity of care 
so that ambiguity is reduced. With the adoption 
of these suggestions, it is hoped that the process 
of cross-border surgical treatments can be for-
malised safely with a very high standard of care 
for the patient and sufficient protection for the 
surgeon providing the care.
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10 Future Considerations

Alaaeldin Azmi Ahmad

INTRODUCTION

The coronavirus pandemic has heightened 
global attention to public health and highlighted 
the increasing linkages, through disease and/or 
health management, between different parts of 
the world. It has also brought into sharp focus 
the endemic health disparities at the institu-
tional level between developing and advanced 
economies. Though early-onset scoliosis (EOS) 
is not an infectious disease and not prone to 
the same epidemiological considerations as the 
novel coronavirus, it is, nonetheless, a global 
health problem for which vast institutional 
disparities exist between different parts of the 
world (because complex surgical problems, such 
as EOS, require significant resources to manage 
effectively) and for which health institutions in 
advanced economies can collaborate with local 
institutions in countries with limited resources 
to aid in bridging this gap.

In fact, though the pandemic has highlighted 
weaknesses in the epidemiological foundations 
in advanced countries, in the global health 
approaches toward developing countries, there 
has historically been an almost singular focus 
on infectious diseases as well as problems such 
as malnutrition to the detriment of areas such 
as complex surgical intervention. Therefore, 
whereas great strides have been made in devel-
oping countries to reduce the extent of infec-
tious diseases and malnutrition, among other 
preventable problems, there remains much to be 
wanted from global health initiatives that focus 
on surgical interventions. This is partly because 
of the complexity of surgeries such as EOS and 
partly to the myth that surgery in regions with 
limited resources cannot be cost effective and/or 

that it only serves a small part of the total global 
burden of diseases [1].

The marginalisation of surgery in the global 
health approach to developing countries has 
slowly started to change over the past decade, 
due, in part, to improvements in the epidemio-
logical status of these countries as well as the 
continuing rise of a globalised middle class in 
many of those regions. These developments 
reduce the incidence of infectious diseases, mal-
nutrition, and child mortality and increases the 
need for surgery dealing with rising incidence 
of trauma and managing long-term debilitating 
congenital conditions, even if they are not life-
threatening. Therefore, surgery is increasingly 
becoming a priority in the programmes run by 
global health organisations for decreasing the 
disparity of health services globally, and with 
recognition of spinal disorders as a cause of 
increasing burden of disability on people living 
in low- and middle-income countries [2].

EOS is a spine disorder that affects children 
10 years of and younger that, if not treated early 
and appropriately, would cause severe morbidity 
in the long run, if not death, due to its effect on 
the cardiopulmonary system in these children.

The science of EOS management has evolved 
relatively late, primarily over the past two 
decades, along with improved understanding 
of the effect of a deformed spine on the pulmo-
nary function and of long-term complications 
with surgical fusion techniques. Nonetheless, 
much of this progress has been limited to 
advanced countries, while countries with lim-
ited resources continue to face a severe shortage 
of EOS surgery services. What little progress 
has been made in these regions is the result of 
the exceptional work of a limited number of 
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surgeons who were able to develop their own 
EOS management skills despite financial and 
institutional constraints, and who have worked 
hard to instill this service in their countries and 
to transfer their expertise through training to 
younger surgeons. However, this remains a lim-
ited mode of knowledge production and transfer.

We believe that there will be major change 
in the availability of this service during the next 
decade for several reasons:

•	 Increasing prioritisation of spine sur-
gery in global surgery initiatives in 
poor countries, with rising adoption and 
support of global spine programmes by 
major orthopaedic societies.

•	 A greater role of artificial intelligence 
(AI) in the training programmes for 
spine surgeons; if utilised in global 
training programmes, this can allow 
local surgeons to improve their EOS 
management skills under appropriate 
monitoring by experts and without the 
financial burden of frequent travel.

•	 The success of a small number of local 
experts in establishing EOS services 
has also motivated young spine sur-
geons to become involved EOS prac-
tice and to use training by these experts 
to better manage these complicated 
cases within the context they are living 
in. More broadly, the dissemination of 
EOS management services, albeit lim-
ited, with successful results, has also 
encouraged health authorities in these 
countries to invest more resources to 
maintain this service.

Next, we discuss the role of health globalisation 
and training programme centres in low- and 
middle- income countries in improving EOS 
services in regions with limited resources.

CHANGE IN HEALTH 
GLOBALISATION POLICIES

There is now wide international acceptance of 
the role of surgery in the public health safety 
net and that surgery does not take away from 
other services but adds to them. It can improve 
general medical care, complements related 

healthcare facilities such as radiology, labo-
ratory, pathology services, and improves the 
trust between health institutions and the com-
munity [3]. Furthermore, there has been a shift 
in understanding the aim of global surgery. In 
the past, the main aim was to provide service 
relief through short-term volunteer missions, 
but now there is increasing attention to the role 
of global surgery in improving the local quality 
of care for people in low- and middle-income 
countries [4]. Accordingly, global organisations’ 
plans have changed from organising short-term 
missions and paying for expensive implants to 
focussing on the resources necessary to achieve 
an evidence-based spine care delivery system 
that is patient-centred and that considers the 
patient and community needs and priorities [5].

The shift in focus in global surgery organ-
isations from purely volunteer-driven efforts 
to an educational experience can be tailored 
and adapted to meet the needs of local surgical 
trainees as well as providers in host institutions. 
Academic institutions in advanced countries 
can partner with institutions in resource-limited 
countries to facilitate bridging the gap in sur-
gical workforce and to help with the training 
needs of these countries.

From an international health perspective, is 
imperative that all efforts abroad focus time and 
resources toward programmes with an emphasis 
on local education, empowerment, and sustain-
able initiatives. This includes invested interests in 
the education of local staff members and mentor-
ing models both abroad and at home. Continued 
mentoring is essential to empower the healthcare 
team to independently manage these complicated 
spine patients. With an increased focus on inter-
national health within the medical community, 
follow-up and continuity is imperative to ensure 
we are honoring our oath to ‘do no harm’.

Multiple reports suggest the cost-effective-
ness of subspecialty surgery, including paediat-
ric spine surgery [6, 7, 8], and we must recognise 
the successes of particular organisations and pro-
grammes as examples and standards of how such 
care can be offered capably, responsibly, and suc-
cessfully, even in the most resource-constrained 
setting. For example, the Scoliosis Research 
Society (SRS) started a paediatric spine defor-
mity programme in Ecuador that performed 28 
spine deformity cases over 10 years, and with 



257Future Considerations﻿

only two complications, pseudarthrosis and post-
operative delayed paraplegia, both resolved after 
reoperations [9]. The programme was effective 
in achieving good SRS questionnaire (SRS-22r) 
scores and improving health-related quality of 
life (HRQoL). The central vision of the pro-
gramme was to empower the Ecuadorian staff 
to develop a long-term, sustainable programme 
to meet the needs of Ecuadorian children with 
complex spinal deformity. Major persistent 
obstacles included securing a financial commit-
ment from the hospital as well as the ability to 
mentor a surgeon to develop a self- sustaining 
programme. Specific orthopaedic mentorship 
efforts have included training and teaching ses-
sions in Ecuador, observation and involvement 
in the operating room, and SRS- and industry-
sponsored training in the United States. After 
years of mentorship, there are a few Ecuadorian 
surgeons who are now able to independently 
perform multilevel posterior spinal fusion and 
instrumentation (PSFI).

Despite the presence of successful trials for 
global organisations in implementing paediat-
ric spine deformity surgery in some low- and 
middle- income countries, such as Ecuador with 
the SRS and Kolkata, India with Straight Spine, 
most programmes actually fail to achieve long-
term stability and independence for a variety of 
reasons, including inappropriate or incomplete 
training. When local staff are given inappro-
priate or incomplete training, there can easily 
develop a feeling among the staff that they have 
been ‘used and abused’. Furthermore, though 
subspecialty surgical care requires significant 
physical materials, there is often little thought 
about the long-term supply of these materials, 
leading to supply-chain problems later down 
the road. The disappointment sometimes goes 
the other way: in some cases, communities will 
accept outside input in areas with minimal need, 
with the hope that the providers will eventually 
bring something of more benefit to the com-
munity. This can lead to disappointment in the 
minds of the global providers and a feeling of 
being used for ulterior motives.

TRAINING PROGRAMMES

A decade ago, if a doctor in a limited-resource 
country wanted to acquire paediatric spine 

training, he or she would have to go to a centre, 
usually in a developed country, and stay for at least 
1 year to get a fellowship as a spine surgeon or as 
a paediatric orthopaedic surgeon dealing mainly 
with the spine. The trained surgeon would then 
return to his or her country, trying to implement 
the skills he or she learned during the fellowship. 
Obviously, this is a time and financially consum-
ing process, and it is not easy to overcome all the 
obstacles related to landing a position, travelling, 
and implementing the procedures learned back 
in the home country with minimal resources. 
Trainees from low- and middle-income countries 
also often face a highly regulated set of condi-
tions when visiting high-income countries, which 
focus on patient safety and liability protection for 
the host institution. Consequently, the participa-
tion of visiting trainees from LMICs is usually 
limited to observation only, with few opportu-
nities for practical experience [10]. All of these 
factors, combined with the limited pool of highly 
skilled surgical teaching staff in the home coun-
try that often necessitates external travel, have 
contributed to the truncation of training oppor-
tunities for young paediatric spine surgeons from 
countries with limited resources.

Today, one important evolving innovation 
that can help overcome some of these obstacles 
is internet-based electronic learning (e-learn-
ing), which is becoming an integral part of med-
ical courses in many countries [11] and that can 
be used to impart training skills to doctors in 
limited-resource countries without the need for 
travel and in-person fellowships abroad. More 
generally, blended learning (BL), defined as a 
technology-aided teaching approach that inte-
grates components of face-to-face and online 
learning [12], can stimulate international educa-
tion collaboration and connect skilled spine sur-
geons who can jointly contribute to the efforts 
to address local shortages of high-level spine 
training capacity. Recent literature suggests 
that BL produces better outcomes to traditional 
teaching methods in clinical disciplines [13, 
14] and achieves an improvement in theoreti-
cal knowledge combined with high acceptance 
[15]. In low- and middle-income countries, 
BL is facilitated through improving technical 
infrastructure (e.g. internet and videoconferenc-
ing facilities) and advancing staff professional 
development in BL.
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A study done by Alpaslan Senkoylu et al. [16] 
discusses the applicability of BL in a paediatric 
spine deformity course programme in particu-
lar, with orthopaedic and neurosurgeons as the 
main participants. The course included 11 lec-
tures within the online part and six case discus-
sions in the face-to-face part. The quiz scores 
were improved significantly in contrast to tra-
ditional face-to-face learning only. Though fur-
ther research is needed, this preliminary study 
suggests the likely efficiency of the BL format 
in spine deformity training for the orthopaedic 
and neurosurgeon specialist.

Artificial intelligence (AI) also includes the 
advantages of electronic simulation training. 
Complex spine surgeries, including EOS cases 
and severe deformed paediatric spine require a 
high level of proficient surgical skills for any sur-
geon dealing with these problems. Traditional 
methods of surgical training involve practise 
in the operating room by observation, assisting, 
and lastly doing the procedure with monitor-
ing. This traditional pathway is competitive and 
not easy to access for the orthopaedic surgeon 
who did not acquire enough training in paedi-
atric spine during his or her residency, com-
pounding the previously mentioned difficulties 
about acquiring a fellowship and travelling for 
the local young doctor. By contrast, computer-
based simulations in BL can overcome some of 
these problems, as they evolve as a teaching tool 
to improve the surgical skills related to highly 
technical procedures as a precursor to real 
operating room involvement. There is prelimi-
nary evidence that simulations are potentially 
even more effective than traditional methods. A 
study [17] comparing virtual simulation train-
ing (using immersive touch simulator) and tra-
ditional training (including verbal and visual 
cues to action) for novice doctors putting ped-
icle screws in lumbar spine through posterior 
approach shows the average number of errors 
per screw in the simulation group was 0.96 ver-
sus 2.08 in the nonsimulation group.

For spine surgeons in developing countries, 
virtual simulation enables the practitioner to 
train in a virtual workspace and to rehearse 
before surgery without the need to go through 
difficulties of travelling and of procuring hands-
on experience in centres in developed countries. 
Virtual simulation training is also valuable in 

giving performance feedback to the trainer and 
trainee, as the trainee can repeat the proce-
dure multiple times until he or she can master 
the technique, and the trainer can assess which 
methods work best for communicating the nec-
essary knowledge.

AVAILABILITY OF HIGHLY 
EXPERIENCED SURGEONS IN LMICS

Two decades ago, there were very few experi-
enced EOS surgeons in LMICs, with the bulk 
of surgeries offered through short-term missions 
spearheaded by global health organisations and 
experts. However, there is now a small but grow-
ing presence of a number of experts in EOS 
management based in LMICs who have been 
able to provide EOS services to the local popu-
lation while innovating ways to work around the 
problem of limited resources.

One of the major innovations revolved around 
the problem of high implant and instrument 
expenses in a constrained financial context. This 
book recounts some of the experiences of these 
experts in developing surgical methods in accor-
dance with the basic laws in EOS management 
that are safe, reliable, and maintain growth, 
while overcoming the burden of frequent sur-
geries with regular spinal implants that are 
more affordable than those traditionally used. 
As a result of these innovations, local industries 
and companies have been motivated to produce 
implants and instruments with vouchers com-
patible with the economy status in these areas.

Another venue of innovation is big data col-
lection. Big data in surgery can be defined as 
the amalgamation and integration of various 
data sources along the patient pathway to pro-
duce a rich matched data set. Technological 
advances have led to the generation of large 
amounts of data, both in surgical research and 
practise that need to be analysed to maximise 
the patient healthcare. This is done with ease 
in developed countries with the availability of 
personal tracking systems, specialised analyti-
cal skills, and technological infrastructure. By 
contrast, collecting patient data in LMICs is 
hard because of limited institutional infrastruc-
ture. In this context, data is now increasingly 
gathered by local experts through the use of 
personally available technologies such as the 
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smartphone, which contains applications used 
in clinical assessment and x-ray measurements 
for scoliosis [18].

The success of a small number of local experts 
in establishing EOS services has also motivated 
young spine surgeons to become involved in 
EOS practise and to use training by these experts 
to better manage these complicated cases within 
the context they are living in. More broadly, the 
dissemination of EOS management services, 
albeit limited, with successful results, has also 
encouraged health authorities in these countries 
to invest more resources to maintain this service 
[19]. In addition, it encourages global organ-
isations to become involved in spine education 
and research programmes, in collaboration with 
said local experts, and to gradually replace the 
short-term mission services – which can be per-
formed by the local expert instead – with long-
term resource-rich training programmes. Last 
but not least, the proliferation of EOS services, 
through a combination of local and global work, 
raises awareness about this medical condition 
and about the importance of seeking surgical 
intervention for children early on [20]. Within 
the next 10 years we hope to have EOS services 
included in numerous centres dealing with pae-
diatric orthopaedic and/or spine surgery, along 
with the necessary implants from the local 
companies and the dissemination of knowledge 
through training, fellowship programmes, and 
BL programmes to empower the local surgeon 
to manage EOS children with the resources he 
or she has.

CONCLUSION

We are now in the age of digital knowledge, and 
the means of electronic communication have 
become increasingly important after the corona-
virus epidemic. This has led to increased interest 
from local and international institutions dealing 
with spine programmes in education and train-
ing through online activities (webinars, Zoom 
meetings, etc.) as well as the hands-on training 
with virtual and augmented reality techniques. 
There is also increased interest in dealing with 
the big data in LMICs, especially with the help 
of technologies such as smart phones that can, to 
some extent, overcome the resource limitations 
in these regions. As a result of the above, there 

is an unprecedented opportunity for surgeons 
in limited-resource settings to obtain training 
opportunities and exchange information with 
the most advanced global and regional centres. 
The potential of organising the big data through 
simple tools available within limited-resource 
regions will promote research with universal 
standards.
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