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 FOREWORD BY DR. CATTERALL 
I am very pleased to be asked to provide a Foreword to this book, which I am sure has an impor-
tant place in paediatric orthopaedic education. It is a follow-up presentation to Paediatrics 
Orthopaedics, published by the same authors and now in its second edition. 
One of the problems in teaching this subject is that textbooks explain the clinical conditions 

and their treatment, but do not really help in the management of clinical problems encountered 
in an individual case, particularly when there are complications. Tis book is designed to help 
in this matter. 
 Te authors state that the book is aimed at the orthopaedic trainee and clinical fellow. I think 

that there is a further and important group, who are the recently appointed consultants who by 
their training will be able to deal with the common problems, but are out of their depth with the 
more difcult problem and need a mentor. Tis book clearly addresses this issue.
 Te way that the text is presented is helpful. Tere is a history and examination, af er which 

the problems are defned and then individually discussed. As a result, a method of management 
is evolved which the surgeon may consider. In some cases, the details of the surgical techniques 
are presented. Tey will then decide whether they can undertake the management or wish to 
seek help from other sources. Te matter can then be discussed with the patient and their family, 
and decisions made. At the end of the case, a reference back to  Paediatric Orthopaedics , second 
edition is provided. 
I am sure that this book will fnd its place in helping children with orthopaedic problems, and 

identify better methods of management in these dif  cult cases. 
I warmly recommend this book. 

Dr. Anthony Catterall, FRCS 
Consultant Orthopaedic Surgeon 

Royal National Orthopaedic Hospital 
Stanmore, UK 
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 FOREWORD BY PROFESSOR GRAHAM 

One of the many aphorisms of the late Dr Robert B. Salter was “decisions are more important 
than incisions”. Te timing of this book is inspired because in the era of COVID-19, traditional 
teaching of clinical surgery by apprenticeship, with unlimited access to patients and mentors, 
has been somewhat curtailed. Te text book  Essential Paediatric Orthopaedic Decision Making 
goes a long way to make up for limited access in these difcult times. Dr. Benjamin Joseph  
and his co-authors have compiled a practical, useful and unique text for trainees in paediatric 
orthopaedics. It will be especially useful for those at the Registrar/Resident level and for those 
undertaking Fellowship training. Sixty challenging clinical scenarios are presented, from mal-
union of a tibial fracture to pseudarthrosis of the tibia, afer failed primary surgery. Each case is 
approached in a systematic manner with a background history, key features of physical exami-
nation and a series of questions. Tis is where the reader should stop and consider the questions 
without going to the answers! If the reader approaches the carefully designed material, in the 
spirit in which it has been compiled, there will be much to learn. Te questions lead to the goals 
of surgery, followed by a list of options for the management of each case. Te option chosen by 
the surgeon is then presented, usually with intraoperative, clinical and radiographic illustra-
tions. Te majority of cases have substantial follow-up to illustrate the wisdom of the surgical 
decision-making, the surgical skill employed and the diligent post-operative care and follow-up.
 Tere is much to learn in the case material presented. In a busy Paediatric Orthopaedic Unit, 

Residents and Fellows could proftably absorb the contents of one or two cases per week, as they 
encounter them in the clinic, in the operating theatre or in post-operative follow-up. In this way, 
the context for surgical decision-making, for both rare and complex problems, would be more 
readily appreciated than in most of the specialist text books currently available. I anticipate that 
this will become a classic text, to be used in conjunction with the second edition of  Paediatric 
Orthopaedics—A System of Decision-Making. Together these textbooks will unravel many of 
the mysteries and complexities of paediatric orthopaedic decision-making. I believe that this 
book will improve the outcomes for children under our care, those children recognised in the 
Dedication: 

We dedicate this book to the children who trusted us to make the right decisions while 
treating them. 

Kerr Graham, MD, FRACS 
Professor of Orthopaedic Surgery 

University of Melbourne 
Melbourne, Australia 

xv 



 

     
 

 
 

 

  

 
  

  

 
 

 

 
 

 

  

 

 

  

  

  
 

 FOREWORD BY PROFESSOR WILKINS 
 Tis textbook, Essential Paediatric Orthopaedic Decision Making, is predicted to become a very 
important resource for the process of educating orthopaedic surgeons on the basic principles of 
managing patients with challenging conditions in the paediatric age group. 
One of the outstanding contributions this textbook is the wealth of knowledge the distin-

guished editors Benjamin Joseph, Selvadurai Nayagam and Randall T. Loder share with the 
reader from their many years of experience in managing challenging paediatric orthopaedic 
conditions. Tese esteemed paediatric orthopaedic surgeons are from dif erent continents, 
which results in a world-wide fund of knowledge and experience. 
Te concepts of teaching the principles of challenging paediatric orthopaedic conditions in 

this textbook are unique in many ways. 
Firstly, there is their innovative method of teaching the basic principles of managing the treat-

ment of these paediatric orthopaedic conditions. 
Most of the presently accepted paediatric orthopaedic texts present their material in a passive 

manner. Te basic principles are presented, but there is truly little re-enforcement of the con-
cepts presented. Ofen only one generic treatment process is proposed. Te reader must learn to 
apply these treatment principles simply by passive memory or experience. 
Tis textbook utilises the interactive approach in which various alternative procedures that 

are available for the treatment process are evaluated. Instead of suggesting only one preferred 
technique of the standard textbook’s author or authors, the emphasis in this textbook is to force 
the treating surgeon to carefully stop and evaluate the pros and cons of the available treatment 
alternatives. Rather than rushing into a specifc plan, this method of pre-evaluation increases 
the chance of a successful outcome. Tis technique of taking time to critically plan their treat-
ment process leads to a deeper and more permanent retention of assimilating the basic principles 
of managing challenging paediatric orthopaedic conditions. 
Te most valuable lesson produced with this textbook is to stimulate the paediatric ortho-

paedic surgeon to evaluate the treatment alternatives critically in developing a well-thought-out 
treatment plan. Utilising this unique interactive teaching process will be extremely valuable for 
stimulating orthopaedic residents to develop an organisational approach to their patients fol-
lowing their training process. 
Secondly, the cases presented represent complicated problems that require more than just 

applying the standard techniques for the common paediatric orthopaedic conditions. For exam-
ple, the management of a virgin clubfoot usually responds to treatment with the Ponseti tech-
nique. Te incomplete or poorly treated rigid equinovarus clubfoot requires critical evaluation 
of multiple rigid deformities that require a multiplicity of decisions and organisation of treat-
ment alternatives. Te authors have shared their vast experience with organising a treatment 
plan for these conditions that the average paediatric orthopaedic surgeon will rarely encounter. 
Te majority of conditions presented to the general paediatric orthopaedic surgeon have a 

standard, well-established treatment process. For example, treating displaced fractures of the 
distal radius and metaphyses or shafs can usually be managed appropriately with a standard 
reduction and immobilisation process. A late radial-ulnar malunion involves a more challeng-
ing treatment process that requires critical evaluation of the advantages and goals of several 
treatment alternatives. Te use of the critical evaluation process presented in this textbook will 
serve as a valuable guide to managing paediatric orthopaedic conditions that have a combina-
tion of multiple deformities or sequelae of their traumatic or disease processes. 
Te authors of this textbook have had a vast experience of treating conditions such as residual 

deformities from non- or inadequate treatment that is rarely presented to the average paediatric 

xvi



  

 
 

 
 

 
 

 

  

 

   
 

 
 

Foreword by Professor Wilkins 

orthopaedic surgeon. Te value of this textbook is in organising a treatment plan that involves 
how to critically develop a treatment algorithm that can be used to approach the challenging 
paediatric orthopaedic conditions. 
Many orthopaedic surgeons participate in orthopaedic outreach-activity in resource-poor 

areas. In these areas, they will be presented with many non- or poorly treated paediatric ortho-
paedic conditions with which they have had no experience and are not amenable to the standard 
simple orthopaedic treatment techniques seen in their home practices. Te authors of this text-
book have extensive experience with such challenging conditions and share their approaches in 
managing these complicated orthopaedic problems utilising the evaluation processes outlined 
in this textbook. 
It is predicted that this critical approach in managing complicated paediatric orthopaedics 

will become a standard teaching process for orthopaedic surgeons in the future. We as paediatric 
orthopaedic surgeons will beneft greatly by incorporating this textbook’s interactive and criti-
cal evaluation process in the management of the challenging paediatric orthopaedic problems. 
Te authors are to be congratulated for sharing their innovative approach to the management 

of challenging orthopaedic conditions in the paediatric age group in this textbook. T e ortho-
paedic community will beneft immensely from having this unique educational resource. 

Kaye E. Wilkins, DVM, MD
 Professor Emeritus 

Department of Orthopedics 
University of Texas Health Science Center at San Antonio 

San Antonio  , Texas , USA 
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 PREFACE 
In the frst and second editions of Paediatric Orthopaedics—A System of Decision-Making, the 
authors outlined a systematic approach to choosing treatment options based on factors rele-
vant to each clinical situation. As we pondered on how best we could illustrate this approach, it 
became very clear that real-life examples of patients treated would convey the message. 
In this collection of sixty illustrative cases, we have attempted to emphasise how a particular 

treatment was chosen for each case. We have used a common format throughout the book begin-
ning with a brief case summary followed by a standard list of questions. We encourage the reader 
to answer these questions before proceeding to read the rest of the chapter. 
In each chapter, the problems to be addressed and the aims of treatment are listed as are the 

various options for achieving the listed aims. Te authors then list factors that inf uenced their 
choice of treatment in the form of a table. Te details of treatment and the outcome are then 
described. 
At the end of each case, a link to the corresponding chapter in the 2nd Edition of Paediatric 

Orthopaedics—A System of Decision-Making has been included to enable the reader to get some 
more insight into rational clinical decision-making. 
We hope that the trainee and the Fellow in Paediatric Orthopaedics will fnd this book useful. 

 T e Editors 

xviii 



 
 

  
   

DEFORMITIES 



http://taylorandfrancis.com


 

   

 

  

 
 

 
 

 
   

    
 

 

   

  
 
  
  
   
 
  

CASE 1: EQUINUS DEFORMITY 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case 

An 11-year-old girl was referred with a marked equinus deformity of the right ankle. She had 
congenital talipes equinovarus (CTEV), which was treated in infancy by the Ponseti method 
with a percutaneous Achilles tenotomy. Due to compliance issues with boots and bars, the equi-
nus recurred. A tibialis anterior tendon transfer and a gastroc-soleus lengthening were under-
taken at age 3 years. A further relapse necessitated an open tenotomy a year later. T e patient 
was lost to follow-up, but at age 7 years she presented with a 20-degree equinus deformity. T e 
treating surgeon decided the deformity could not be managed with further sof tissue interven-
tion and performed a distal tibial osteotomy in an attempt to bring the ankle into dorsif exion. 
Clinical examination at presentation now revealed a 30-degree equinus contracture, a 

25-degree apex-posterior tibial deformity (recurvatum) (Figure 1.1) and a 25mm limb length 
diference with the right side shorter. Te hindfoot was mobile and pain-free. Te forefoot was 
plantarfexed but not adducted. She walked with compensatory hyperextension of the knee. T e 
neurovascular examination was normal. 

Figure 1.1 The distal tibial osteotomy has left a residual recurvatum deformity after fi ve years. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 

DOI: 10.1201/9781003106920-2 3 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Equinus deformity causing functional and cosmetic problems 
•  Dif  culty in ftting a shoe 
• Risk of recurrence during growth due to underlying CTEV 
• Limb length discrepancy (LLD) 

The Aims of Treatment 
• Correct the deformity in the tibia and at the ankle 
• Restore a mobile, pain-free, plantigrade foot to allow stability and function 
•  Prevent recurrence 

Options for Treatment 
• Correction of equinus 

⚬ Serial manipulation and casting 
⚬  Sof tissue procedures 

◽ Revision of Achilles tendon lengthening 
◽ Posterior ankle release 
◽ Plantar fascia release 

⚬ Gradual correction of ankle equinus 

◽ With a circular external fxator with or without foot osteotomies 
◽ Anterior distal tibial hemiepiphyseodesis 

⚬  Arthrodesis 

◽ Triple arthrodesis (Lambrinudi) 
◽  Ankle arthrodesis 

• Correction of recurvatum 

⚬ Tibial osteotomy (closed wedge) with acute correction and internal fxation 
⚬ Gradual correction by circular external fxation 

• Correction of tibial shortening 

⚬  Tibial lengthening 
⚬  Contralateral epiphyseodesis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Results of previous treatment 
• Residual effects of previous treatment 
• Potential adverse effects of treatment options 
• Age of the child 

  Te choice of treatment based on these factors is outlined in Table 1.1. 

4 



     

    

   

   

   

   
  

  

  

  

  

  

  
  

 
 

 

  

 

 

 
 

  

 
  

Equinus Deformity 

Table 1.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Results of 
previous 
treatment 

Serial casting was 
attempted previously 
but was unsuccessful 

Further attempts at serial casting are unlikely to 
achieve correction of the deformity of the 
foot. 

Residual effects 
of previous 
treatment 

Repeated soft tissue 
releases 

Further release or lengthening of scarred tissue 
is diffi cult, often ineffective and runs the risk 
of injury to the neurovascular bundle. 

Age of the child 11 years An ankle or triple fusion in a 11-year-old child 
with growth remaining will produce stunting 
of growth in the foot and add to a greater 
leg length difference. They may be 
considered as a salvage procedure for those 
near skeletal maturity if other options are not 
available. 

Potential 
disadvantages 
of treatment 
options 

Repeat Achilles tendon 
lengthening 

Closed wedge osteotomy 
to correct tibial 

Lengthening of the Achilles reduces 
plantarfl exion power. 1 

Closed wedge osteotomy will increase the 
limb-length difference. 

recurvatum 
Gradual deformity 
correction with an 
external fi xator 

The treatment is protracted and requires a 
great deal of co-operation from the family. 

Correction of tibial 
recurvatum 

Arthrodesis as a means of 

The degree of ankle equinus will be worsened 
by the correction of tibial recurvatum. 

Arthrodesis will result in stiffness of the foot. 
correcting equinus 

How Was This Girl Treated? 

Since the ability for gradual correction of severe and established contractures by the Ilizarov 
method is well established2 and since the tibial deformity could also be corrected by this tech-
nique, we recommended this option to the parents, explaining in detail the protracted nature 
and complexity of treatment. Te patient and family were willing to comply with their involve-
ment in the treatment. 

Treatment

 Te procedure was performed in two stages to lessen the possibility for confusion as the dis-
traction protocol for correction of tibial recurvatum and ankle equinus would be in opposite 
directions. 

Stage 1: Correction of the Tibial Deformity 
An oblique osteotomy was performed with a sagittal saw at the junction of middle and distal third 
of the fbula. A four-ring Ilizarov frame was constructed with a proximal and a distal segment, 
each parallel to the corresponding tibial segment on either side of the CORA. Intraoperatively, 
the limb was rotated under fuoroscopy to reveal an oblique plane deformity (some minor val-
gus as well as the apex-posterior deformity). Te hinges were positioned to subtend an axis in 
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a plane orthogonal to that which, when the tibia was rotated, produced a straight-looking bone 
under f uoroscopy. Te hinges were aligned slightly behind the posterior cortex so that a small 
amount of lengthening would occur during correction (Figure 1.2). A low-energy osteotomy was 
performed at the CORA and the fxator assembled with an anterior motor unit. 

(A) (B) 

Figure 1.2 Hinges were placed just behind the posterior cortex. The osteotomy was made 
between the two tibial segments. 

 Afer a seven-day latency period, correction was commenced with the parents taught to perform 
a half-turn four times a day on the anterior motor unit. 

Stage 2: Application of the Ankle and Forefoot Frame 
 Te tibia straightened afer four weeks. Te patient was taken back to theatre the following week 
for a planned revision of the circular fxator for the second stage of treatment. Te plantar fascia 
was divided through the plantar aspect of the foot under tourniquet control. Two olive wires 
were inserted across the calcaneum and attached and tensioned on a 5/8 ring to create a hind-
foot segment. Two additional wires were passed across the distal metatarsals and attached and 
tensioned on a second 5/8 ring to make the forefoot segment. Te hindfoot segment was attached 
to the distal most tibial ring with hinges medially and laterally in line with the intermalleolar 
(Inman’s) axis. Posteriorly, a universal hinge construct was placed in line with the subtalar axis 
in the event correction of hindfoot varus was required. Tis hinge unit was connected to a dis-
traction rod to enable correction of ankle equinus. 
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Equinus Deformity 

 Te hindfoot segment was attached to the forefoot segment with two motor units to distract 
the forefoot. Te forefoot segment was attached to the tibial segment through two motor units 
attached to a T-shaped construct made from a long plate and dual-posts. Tese anterior motor 
units were to correct forefoot plantarfexion while the posterior motor units corrected the ankle 
equinus. Te T-shaped construct was built far forward anteriorly so as to ensure the vector of 
force to correct forefoot plantarfexion was applied at a tangent to an arc with its centre of rota-
tion at the intermalleolar axis. Tis minimised the risk of anterior subluxation of the ankle as 
correction progressed. Further details on the assembly of this equinovarus correction construct 
are available (Figure 1.3).3 

(A) 

(B) 

(C) 

Figure 1.3 X-ray (A) and clinical pictures (B and C) of right lower limb after application of the 
hindfoot and forefoot rings and before correcting the equinus deformity. 

Postoperative Management 

 Te ankle joint was distracted frst and the presence of an increased joint space checked on x-ray. 
Tis ensured that the cartilage of the talus was not crushed against the tibial plafond in the pro-
cess of correction (Figure 1.4). 
Simultaneous correction of the ankle equinus and forefoot plantarfexion followed, and to 

this was added some forefoot distraction. A prescription was used to instruct the parents on 
how to perform the nut turns on the distraction rods and monitor compliance and progress. T e 
rate and rhythm of corrections were titrated depending on the patient’s reported tolerance at 
weekly clinic reviews. X-rays of the tibia were taken intermittently to ensure that the distal tibial 
epiphysis did not separate from the metaphysis during treatment and that the earlier tibial shaf 
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Figure 1.4 X-ray to demonstrate ankle distraction prior to ankle correction. 

osteotomy was uniting. Weekly clinic visits for review were arranged to coincide with meticu-
lous pin-site care and regular physiotherapy. Attention was paid to prevent contractures of the 
toes and knee as correction progressed. 4 

A correction to 10 degrees of dorsifexion was accomplished with the patient tolerating 
the process of treatment. A small amount of residual hindfoot varus was also corrected. T e 
improved position was held for four weeks to ensure adaptation of the sof tissues occurred to 
reduce the risk of relapse. X-rays confrmed that the tibial osteotomy had united before the fx-
ator was removed at just over fve months (Figure 1.5). 

(A) (B) 

Figure 1.5 Clinical picture of the foot position post correction (A), with x-rays (B, C, D) to confi rm 
satisfactory union and alignment of the tibial osteotomy. 
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Equinus Deformity 

(C) (D) 

Figure 1.5 (Continued) 

Under general anaesthesia, the fxator was removed and the foot placed over-corrected in a 
moulded below-knee cast for four weeks. Neutral ankle-foot orthoses (AFOs) were used in the 
day to maintain the position, and at night-time, custom-casted AFOs in overcorrection were 
substituted. Regular physiotherapy was undertaken to re-establish a normal gait and to reacti-
vate tibialis anterior action. Afer four months, a narrow posterior leaf AFO was made to prevent 
equinus contracture but allow ankle dorsifexion during the second rocker. Regular removal was 
encouraged to allow tibialis anterior activation and range-of-movement rehabilitation. 
Prolonged splint usage (for 12 months full-time, and night-time until post-pubertal growth 

spurt) was recommended afer completion of successful treatment. At the fnal follow-up, the 
girl had 12mm limb length discrepancy that is well tolerated and is partly compensated for by 
the use of an AFO. Te girl needs to be followed up till she is skeletally mature. 

Comment 

 Tis case draws two important pointers in CTEV incalcitrant to Ponseti treatment. T ere can 
be diferent reasons for failure in Ponseti treatment, and a return to this may not always be fea-
sible. Classic open surgery with sof tissue releases and tendon lengthenings have a small role to 
play but must not be repeated if unsuccessful or faced with rapid relapses. Te scarring induced 
through repeated surgery adds stifness to a recurrent deformity. Gradual correction by Ilizarov 
treatment is useful for such cases and even for those cases of severe deformities untreated previ-
ously but predicted to be cast-resistant.5

 Te second feature is the use of osteotomy to correct for ankle equinus. Tis is not a good early 
option for children with resistant equinus (the osteotomy remodels quickly) but may have a role 
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in the skeletally mature. If chosen as a treatment option, the osteotomy is located in the supra-
malleolar region with appropriate posterior translation of the distal segment to follow osteotomy 
principles, Rule 2. 
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CASE 2: E QUINOVARUS 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case 

A 14-year-old boy with ataxia telangiectasia (a life-limiting condition associated with sensitivity 
to radiation)1 presented with a progressive deformity of the right foot (Figure 2.1). T e defor-
mity had deteriorated to the point that it was difcult to accommodate his foot in an ankle-foot 
orthosis (AFO), rendering the orthosis inefective in controlling the deformity. Te patient used 
a powered wheelchair for mobility but was able to stand for transfers and use a Kaye walker and 
walk for therapy. He did not have any pain in the foot. 

Figure 2.1 The patient’s right foot was in a position of severe equinovarus and was only partially 
correctable. 

On examination, he had an equinovarus deformity of the right foot. Te ankle was in 15 degrees 
of plantarfexion with the knee fexed; when checked with the knee in extension, the equinus 
deformity increased to 30 degrees. Forefoot adduction and hindfoot varus could be only par-
tially corrected passively. 
During formal gait analysis and foot assessment, motor power of plantarfexion and inversion 

was found to be MRC grade 4, whereas dorsifexion and eversion were MRC grade 3. 
Gait analysis with the aid of a Kaye walker showed that initial foot contact on the right side 

was on the lateral border of the forefoot which then rolled over the ankle for progression.
 Te boy was keen to have the deformity corrected but was averse to having to use an orthosis. 

Questions 
• What are the problems related to his right foot that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed 
• Deformity of the right foot 
• Risk of recurrence afer treatment due to an incurable, progressive neuromuscular 

condition 

The Aims of Treatment 
• Correct the deformity and achieve a pain-free, plantigrade foot 
• Minimise the risk of recurrence of the deformity 
• Reduce a dependence on orthotics 

Options for Treatment 
• Correcting the deformity 

⚬ Serial manipulation and casting 
⚬  Sof tissue procedures and orthoses 

◽  Sof tissue release 
◽  Tendon transfer 

⚬ Gradual correction with circular frame 
⚬ Extra-articular osteotomies (e.g., mid-tarsal osteotomies) 
⚬  Triple arthrodesis 

• Minimising risk of recurrence 

⚬ Muscle re-balancing by weakening the invertor and plantarf exor 

◽  Tenotomy 
◽  Tendon lengthening 
◽  Tendon transfer 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Natural history of the underlying condition 
• Severity of the deformity 
• The patient’s wish to discard orthoses 
• Age of the patient 

 Te choice of treatment based on these factors is outlined in Table 2.1. 

Table 2.1 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Natural history of Progressive disorder High risk of recurrence of deformity. 
underlying condition Even if correction of the deformity is 

achieved by serial casting or the 
Ilizarov technique, recurrence is highly 
probable as the muscle imbalance is 
not addressed. 

(Continued) 
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Equinovarus 

Table 2.1 (Continued) 

Factors Treatment Implications 

Severity of deformity 

The patient’s wish to 
discard orthoses 

Age of the patient 

Moderately severe 
deformity that cannot 
be completely 
corrected passively 

He was adamant that he 
did not wish to 
continue with his 
AFOs 

14 years 

It is unlikely that serial casting would 
achieve complete correction. Even if 
the deformity is corrected, an orthosis 
would need to be worn indefi nitely. 

Treatment that entails the use of 
orthotics is unacceptable. 

A triple arthrodesis is considered 
acceptable at this age as the growth 
of the foot is almost complete. 

How Was the Boy Treated? 

Decision-making was infuenced by the desire to achieve the stated aims with one operation and 
limit the need for further surgery in the event of recurrence.2 In spite of the usual practice of using 
joint-preserving procedures in Paediatric Orthopaedics, a triple arthrodesis was chosen as com-
plete acute correction of the deformity is possible with this option.3 Lengthening of the Achilles 
tendon and the tibialis posterior were chosen as the method of re-balancing muscle forces to  
reduce the risk of recurrence of deformity. Tendon transfers and tenotomy were not considered 
as the results of tendon transfers are unpredictable in progressive neurologic conditions and a 
tenotomy could result in overcorrection if some power is present in the opposing muscle group.
 Te procedures were performed under general anaesthesia with regional blocks. T rough a 

postero-medial approach, z-lengthening of the Achilles tendon and the tibialis posterior was 
performed, but the tendons were not sutured at this stage. A modif ed Ollier’s4 curvilinear inci-
sion was used to perform the triple arthrodesis (Figure 2.2). Care was taken to protect the sural 
and superfcial peroneal nerves. Te extensor digitorum brevis (EDB) was elevated with sharp 
dissection from proximal to distal, and the fat was removed from the sinus tarsi (Figure 2.3). T e 
anterior process of the calcaneum was osteotomised (Figure 2.4). Te anterior facet of the sub-
talar joint, head of the talus and the talonavicular joint were identifed. An elevator was passed 
deep to the peroneal tendons and the tendons retracted posteriorly, exposing the capsule over 
the posterior facet of the subtalar joint. Te capsule was removed using a rongeur. T e calcaneo-
cuboid joint and the talonavicular joint were exposed and their capsules excised (Figure 2.5).
 Te articular cartilage of the three joints were denuded to expose bleeding subchondral bone 

( Figure 2.6 ). Afer resecting of appropriate bone wedges, the foot was manipulated to a corrected 
neutral position. Te subtalar joint was fxed with a single 6.5 mm partially threaded cannulated 
screw inserted through the talar neck. Te talonavicular and calcaneocuboid joints were held 
in the desired position with K-wires temporarily and later fxed defnitively with locking plates 
(Figure 2.7 ). Te Achilles and tibialis posterior tendons were repaired at the appropriate tension 
using non-absorbable sutures. A plaster back-slab was applied to protect the wounds for the f rst 
two weeks. 

Post-Operative Management 

Weight-bearing was avoided for the frst six weeks. An AFO mould was cast at the time of wound 
review two weeks post-operatively. At six weeks, these new orthoses were used to maintain the 
correction of equinus and prevent contractures in the tibialis posterior or Achilles tendon during 
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Figure 2.2 The modified Ollier’s incision incorporates the middle of the calcaneocuboid joint in 
order to facilitate plate fixation after joint preparation and coaptation. 

Figure 2.3 The EDB is elevated sharply and lifted anteriorly to expose the sinus tarsi. 

Figure 2.4 The anterior process of the calcaneum is removed to facilitate joint preparation. 
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Equinovarus 

Figure 2.5 The talonavicular joint is prepared by patient and sequential removal of the exposed 
articular cartilage until, eventually, the medial side of the joint can be visualised. 

Figure 2.6 The posterior facet of the subtalar joint is exposed and prepared. The fl exor hallucis 
longus tendon can be seen in the depths of the wound on the medial side of the joint, indicating 
adequate exposure. 

(A) (B) 

Figure 2.7 The corrected position is held using (A) a cannulated screw placed through the 
dorsal wound which holds the subtalar joint and (B) utility plates across talonavicular and calca-
neocuboid joints. 15 
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Figure 2.8 The pre-operative and post-operative radiographic appearances are shown. 

Figure 2.9 Post-operative clinical photographs demonstrating the final corrected position of 
the right foot. 

healing. Te AFO was used continually for three months and then recommended for night-time 
use for another 12 months to avoid a recurrence of deformity.
 Te pre-operative and current radiographic and clinical images are shown in Figures 2.8 

and  2.9 .
 Te patient is able to stand with a plantigrade foot both in and out of his orthoses. He and his 

family are satisfed that the aims of surgery have been met. 

Comment 

 Te triple arthrodesis is ofen referred to as a salvage procedure. Whilst this is true for most 
problems of hindfoot and midfoot deformity, it remains an assured method for restoring a 

16 



  
 

  
   

   
 

      
 

   
  

     

  

Equinovarus 

well-aligned foot that is stable and pain-free. Te boy should be followed up into adulthood to 
see the long-term efects of arthrodesis. 
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CASE 3: CALCANEUS DEFORMITY 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case 

A skeletally mature adolescent male was referred with a deformity of the lef foot that developed 
following posteromedial sof tissue release for congenital talipes equinovarus (CTEV) as an infant. 
Clinical examination showed excessive dorsifexion of the ankle joint (Figure 3.1) with no 

plantarfexion beyond the neutral position of the ankle. He stood with a calcaneus posture of the 
hindfoot with the forefoot barely able to reach the ground. His gait pattern was distinctly abnor-
mal; in the stance phase, only the frst of the three rockers of foot progression (i.e., heel strike) 
was present. He attempted to achieve foot fat by excessively plantarfexing his toes, and push-of 
was absent. Te power of ankle plantarfexion was Grade 3+ on the MRC scale. Te power of all 
other muscles around the foot and ankle were normal. Lateral weight-bearing radiographs of the 
foot showed that the calcaneal pitch was abnormally high (43 degrees) and that there was a cavus 
deformity (Figure 3.2). 

Figure 3.1 Excessive passive dorsiflexion from continued weakness of gastrocnemius-soleus 
after excessive lengthening of the Achilles tendon in a posteromedial release for CTEV. 

Figure 3.2 The reversed articular slope of the distal tibia achieved by guided growth has failed 
to reduce the impact of the weak plantarfl exion in gait. The os calcis is in calcaneus. 
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Previous treatment attempted to improve the situation by guided growth. An 8-plate was posi-
tioned across the distal tibial physis posteriorly to reverse the sagittal slope of the ankle joint, 
thereby changing the arc of dorsifexion and plantarf exion.1 However, this did not improve the 
push of signifcantly although excessive ankle dorsifexion had been reduced. 

Questions 
• What are the problems that need to be addressed in this adolescent? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
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Calcaneus Deformity 

The Problems to Be Addressed 
• Weakness of ankle plantarf exion 
• Calcaneus position of the hindfoot 

The Aims of Treatment 
• Improve strength of ankle plantarf exion 
• Prevent excessive dorsifexion of the ankle 
• Improve calcaneus posture of hindfoot and the cavus 

Options for Treatment 
• Increasing strength of ankle plantarf exion 

⚬  Tendon transfer 

◽ Tibialis anterior transfer to Achilles tendon (Peabody)2 
◽ Flexor digitorum longus (FDL) to Achilles tendon 

⚬ Plication of the over-lengthened Achilles tendon 
⚬ Increase the lever arm of the gastroc-soleus by a calcaneal proximal displace-

ment osteotomy 

• Preventing excessive dorsifexion of the ankle 

⚬ Guided growth of distal tibial growth plate 
⚬ Plication of the Achilles tendon 

• Improving the calcaneus posture of the hindfoot 

⚬ Calcaneal displacement osteotomy (proximal shif ) 3,4 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the patient and status of skeletal maturity 
• Previous surgery 
• Effects of tendon transfer for augmenting the power of plantarfl exion 
• Effects of calcaneal displacement osteotomy 

  Te choice of treatment based on these factors is shown in Table 3.1. 

Table 3.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the patient and Skeletally mature Options involving modulation 
the status of skeletal adolescent of growth are not feasible 
maturation as the growth plate is 

fused. 

Previous surgery Guided growth of the This procedure cannot be 
distal growth plate repeated as the growth 

plate is fused. 

(Continued) 
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Table 3.1 (Continued ) 

Factors Treatment Implications 

Effects of tendon Tibialis anterior transfer Transfer of the tibialis anterior 
transfer will cause the fi rst ray to 

drop, and this will 
accentuate the cavus 
deformity. Furthermore, this 
is a non-phasic transfer. 

Flexor digitorum longus This is a phasic transfer, but 
(FDL) transfer the muscle is not as strong 

as the tibialis anterior. 

Effects of calcaneal Proximal shift of The osteotomy reduces both 
displacement tuberosity of the the calcaneal pitch and the 
osteotomy calcaneum cavus deformity and 

increases the lever arm of 
the gastroc-soleus muscle. 

How Was This Boy Treated? 

Based on the various factors that needed to be considered, a decision was made to perform a 
proximal displacement osteotomy of the calcaneum and a plication of the Achilles tendon, and 
to augment the gastroc-soleus by transferring the FDL to the Achilles tendon. Templates of 
the hind foot bones were prepared from calibrated lateral x-ray images, and simulations of the 
planned osteotomy were done (Figure 3.3a,  3.3b). 

(A) 

Figure 3.3a– 3.3b Analysis of the deformity and correction using software-based image manip-
ulation allows simulation to guide surgery. Here an oblique osteotomy through the os calcis 
would need to be rotated through an axis of rotation based around the centre of the ankle 
to reposition the arc of dorsifl exion-plantarflexion. The simulation indicates proximal shift and 
angulation would achieve the desired effect. 
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Calcaneus Deformity 

(B) 

Figure 3.3a–3.3b (Continued)

 Trough a postero-lateral incision parallel to the lateral border of the Achilles tendon, the sural 
nerve and short saphenous vein were protected, and a Z-plasty of the Achilles tendon was per-
formed. Te interval between peroneus longus and fexor hallucis longus (FHL) was developed, 
and the FHL and the posterior tibial neurovascular bundle were retracted medially, exposing the 
posterior ankle, subtalar joint and dorsal surface of the calcaneum (Figure 3.4a). K-wires were 
inserted into the calcaneum under x-ray guidance—to defne a closing wedge with its base on the 
dorsal surface of the calcaneum (Figure 3.4b). Te size of this wedge was determined from the 
pre-operative simulations shown in Figures 3.3a  and  3.3b. Te wedge was excised using broad 
osteotomes following the guide wires (Figures 3.4c,  3.4d). Te wedge of bone was removed and 
the osteotomy closed, and the tuberosity was shifed proximally to improve the calcaneal pitch 
further. Te osteotomy was fxed with cannulated lag screws and two-hole plates applied across 
the osteotomy (Figures 3.4e,  3.4f). 

(A) (B) 

Figures 3.4a–3.4f A sequence of intraoperative x-ray images showing how the size of wedge— 
as determined through preoperative planning and simulation of correction—is created at sur-
gery and removed and the osteotomised fragment shifted proximally before internal fi xation 
with a pair of two-hole plates and screws. 
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(C) (D) 

(E) (F) 

Figures 3.4a–3.4f (Continued)

 Te FDL tendon was harvested with the ankle plantarfexed to allow a generous length to be 
retrieved. Te tendon was sectioned as far distally as possible, and the distal stump was attached 
to the FHL. Te ankle was then held in a position of about 15 degrees of plantarfexion, and the 
Z-plasty of the Achilles tendon was repaired under tension in this position so as to achieve some 
shortening of the tendon. Te shortened Achilles tendon was augmented by weaving the proxi-
mal stump of the FDL through the Achilles tendon under tension. Te tourniquet was def ated 
and haemostasis assured prior to wound closure. A below-knee plaster slab was applied to hold 
the ankle in plantarf exion. 

Post-Operative Management 

A scheduled wound check at around two weeks was followed with a change of the plaster slab 
support to a full cast holding the ankle at 15 degrees plantarf exion. Te cast was removed at 
eight weeks and a hinged ankle foot orthosis (AFO) set in plantarfexion was used for a fur-
ther four weeks. Physiotherapy sessions to reinforce active plantarfexion activity were begun, 
and dorsifexion beyond neutral was prevented. Te AFO was set to plantigrade at 12 weeks, 
and physiotherapy continued for active strengthening of the gastrocnemius and soleus muscles 
( Figure 3.5 ). Te AFO was discontinued at six months. 
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Calcaneus Deformity 

Figure 3.5 The post-operative weight-bearing lateral x-ray with an improved calcaneal pitch 
and reduction of the high-arched foot deformity. The patient’s gait had also improved. 

An inspection of gait at the fnal follow-up revealed the second rocker of foot progression (stance 
phase) had been restored. Tere was an improved push-of, although it was still evident that the 
patient was using his toes to assist in this action. Formal assessment of the gastroc-soleus action 
showed power at MRC grade 4. Te appearance of the foot when standing had improved mark-
edly (Figure 3.2,  Figure 3.5), and the overall clinical result was pleasing to both the patient and 
his parents. 

Comment 

 Diferent techniques of calcaneal osteotomy to reduce calcaneal pitch have been described.3,4 T e 
authors use an osteotomy and displacement method that attempts to achieve deformity correc-
tion around a CORA that is the centre of rotation of the ankle. Te simulations in Figures 3.3a 
and  3.3b show that for this correction to be achieved, a proximal displacement and angulation 
of the calcaneal tuberosity fragment is needed. Tis was replicated during surgery but using a 
closing wedge method instead of opening wedge. 
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CASE 4: CAVOVARUS DEFORMITY 

David A Spiegel 

Case 

A 13-year-old female with a history of Charcot-Marie-Tooth 1a secondary to  PMP22 duplication 
presented for the evaluation of her feet. 
She had bilateral progressive foot deformities, more severe on the lef. She had been treated 

with physical therapy, stretching and serial casting and had worn shoe inserts in the past but 
refused to wear an AFO. She had been able to run and jump in the past, although her par-
ticipation in sports had been limited in comparison to her peers. Recently her function had  
deteriorated and the deformity worsened on the lef side. She frequently tripped and fell. She 
complained of pain on the lateral side of her ankles and medially near the origin of the plantar 
fascia. She also complained that she was easily fatigued and that she had trouble with clearing 
her lef foot when she walked. 
On clinical examination, she had bilateral cavovarus deformities; the lef side was consider-

ably more severe than the right (Figure 4.1a–c). Her right foot dorsifexed 10° beyond neutral 
while the lef side dorsifexed only to neutral. Te power of dorsifexion and eversion on the 
right was Grade 4 (MRC Grade) and Grade 4 on the lef. Her tibialis posterior was Grade 4. She 
had decreased sensation to vibration and pinprick extending up to the middle of her leg. T ere 
was fxed plantar fexion of the lef frst metatarsal with contracture of the plantar fascia. On the 
right side her plantar fascia was also tight, though the cavus was passively correctable. Her heel 
could be moved into 5° of valgus on the prone hind-foot fexibility test on the lef. She ambulated 
independently with a mild foot drop on the lef , and her lef foot remained supinated in both 
swing and stance phases. Weight-bearing radiographs were obtained (Figure 4.2a, b), and the 
alignment was consistent with the typical changes seen in a cavovarus foot.1 

(A) (B) 

Figure 4.1a–c Clinical photos of the left cavovarus foot. 
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(C) 

Figure 4.1a–c (Continued) 

(A) (B) 

Figure 4.2a, b On the standing AP radiograph, there is a parallel relationship between the 
long axes of the talus and the calcaneus consistent with hindfoot varus. “Over-reduction” of the 
navicular on the talar head (talo-navicular coverage angle 26°) is present. The fi rst metatarsal is 
adducted relative to the talus (AP talo-first metatarsal angle: −30°; normal range: +10 to −7°). 
Recognizing that the tibia is not completely vertical on the weight-bearing lateral radiograph, 
there is plantarflexion of the first metatarsal with talo-first metatarsal angle (Meary angle) of 26°. 
Both the tibio-calcaneal angle (76°) and the calcaneal pitch angle (28°) are within normal ranges, 
suggesting that the ankle is not in equinus. 
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Cavovarus Deformity 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed with Reference to the Left Foot Are 
• Progressive deformity of the foot 
•  Foot pain 
• Poor foot clearance during swing phase due to weakness of pretibial muscles 
• Poor stability in stance phase due to muscle imbalance and fxed skeletal deformity 

The Aims of Treatment in This Girl Are to 
• Correct deformity and achieve a plantigrade foot 
• Balance muscle forces around the ankle and foot 
•  Relieve pain 
• Enable ambulation without the need for an orthosis, if possible 

Options for Treatment 
Since all non-operative measures have been tried in this girl, surgical options only were 
considered. 

• Options for correcting the deformity and achieving a plantigrade foot 

⚬  Sof tissue release/lengthening of structures contributing to the deformity2–7 

◽ Tendon release/lengthening or transfer 

• Heel cord lengthening 
• Tibialis posterior release/transfer 
• Peroneus longus release/transfer 

◽ Plantar fascia release 

⚬  Osteotomies8,9 

◽ Extension osteotomy of the medial column 

• Basal metatarsal osteotomy 
•  Cuneiform osteotomy 

◽  Mid-tarsal osteotomy 
◽  Calcaneal osteotomy 

⚬  Arthrodesis10 

◽  Triple arthrodesis 

• Options for rebalancing muscle forces around the ankle and foot2–7 

⚬ Tibialis posterior transfer to the dorsum of the foot lateral to the axis of the 
subtalar joint 

⚬ Peroneus longus transfer to the peroneus brevis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of symptoms 
• Severity and fl exibility of the deformity 
• Power of muscles acting on the ankle and foot 
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Cavovarus Deformity

 Te factors taken into consideration in the choice of treatment are shown in Table 4.1. 

Table 4.1 Factors Affecting the Choice of Treatment 

Factors Treatment Implications 

Age of the child 

Severity of 
symptoms 

Severity and 
fl exibility of 
each deformity 

Power of muscles 
acting on the 
foot and ankle 

13 years 

The girl has signifi cant 
symptoms related to her 
feet that are affecting her 
gait 

Cavus deformity is only 
partially correctable 

Forefoot deformity primarily 
involves the fi rst ray which 
is plantarfl exed; the lateral 
rays are not affected 

Hindfoot varus is supple and 
can be passively corrected 

Ankle dorsifl exors: 
Tibialis anterior—Grade 3 
(L), Grade 4 (R) 

Toe dorsifl exors—Grade 3 
(L), 4 (R) 

Ankle plantarfl exor: 
Gastroc-soleus—Grade 5 

Invertors: 
Tibialis posterior—Grade 4 
Tibialis anterior—Grade 3 
Evertors: 
Peroneus longus—Grade 4 
Peroneus brevis—Grade 3 

Deformities in the younger child are supple 
to begin with; by the age of 13 the 
deformities tend to become more rigid. 

Surgical intervention to alleviate her 
symptoms is indicated as non-operative 
measures have failed. 

Release of the plantar fascia alone may not 
suffi ce; an osteotomy to dorsifl ex the fi rst 
ray or the forefoot may be required. 

If an osteotomy is considered necessary after 
release of the plantar fascia, it may be 
limited to the fi rst ray. 

Correction of the forefoot pronation and 
release of the tibialis posterior is likely to 
improve the hindfoot varus without having 
to resort to a calcaneal osteotomy. 

Ankle dorsifl exors power needs to be 
augmented by a tendon transfer to 
improve foot clearance in the swing phase. 

Improving the muscle balance at the ankle 
can reduce the chances of an equinus 
deformity developing. 

Ideally, tendons of muscles with Grade 5 
power only should be considered for 
transfer if the aim is to restore function. 
However, muscles with Grade 4 power may 
be transferred to improve muscle balance 
to correct deformity and to minimise 
chances of recurrence of deformity by 
removing a deforming force. 2–7 

Thus, tibialis posterior may be transferred to 
correct the hindfoot varus and improve 
muscle balance at the subtalar joint, and 
peroneus longus may be transferred to 
correct the fi rst metatarsal drop and 
restore muscle balance at the fi rst ray. 

Since cavovarus deformity develops due to an underlying neurologic condition in the vast major-
ity of instances, it is important that the diagnosis is made before embarking on treatment of the 
deformity. Te diagnoses include those involving the central nervous system (cerebral palsy, 
traumatic brain injury, Friedrich’s ataxia), spinal cord (polio, tethered cord, myelodysplasia), or 
peripheral nervous system (hereditary motor and sensory neuropathy).2,3 Less common causes 
may include residual clubfoot deformity, post-traumatic deformity (compartment syndrome, 
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Essential Paediatric Orthopaedic Decision Making 

pilon or talar neck fractures), and idiopathic.2,3 Te commonest cause is a hereditary sensory 
and motor neuropathy (HSMN), especially Charcot-Marie-Tooth disease (CMT), as in this girl. 
Treatment strategies and the anticipated outcomes should be based on the natural history of 

the underlying disease (static versus progressive). Since in this child the natural history is one 
of progression, we cautioned her and her parents that it is possible that the intervention may not 
relieve her pain completely, that she might need to use orthoses in the future to address muscle 
weakness or relapse of her deformity due to her progressive weakness and that further surgical 
intervention might be required in the future. 

How Was This Child Treated?

 Te patient underwent a lef plantar fascia release, followed by a dorsifexion osteotomy of the 
base of the frst metatarsal, transfer of the peroneus longus to the peroneus brevis, and transfer 
of the tibialis posterior to the lateral cuneiform. Intra-operatively, she achieved 10° of passive 
ankle dorsifexion, and a simulated weight-bearing view continued to demonstrate a normal 
tibio-calcaneal angle and a normal calcaneal pitch angle, so lengthening of the gastroc-soleus 
was not required. Te peroneus longus was transected at the level of the distal calcaneus and 
attached to the peroneus brevis using a Pulvertaf weave. An interference screw was used for 
fxation of the transferred tibialis posterior tendon. Tough the right foot was asymptomatic, we 
performed a plantar fascia release. 

Post-Operative Management 

 Te patient was placed in a weight-bearing short leg cast on the right side, and on the lef a short 
leg splint to allow for swelling. A short-leg cast was placed on post-operative day 10. At six weeks, 
she was transitioned to an AFO and was started on physical therapy. Te right side was placed in 
a CAM boot, and she was allowed to bear weight as tolerated. 
At three months, she was ambulating in her AFO without discomfort, and her goal was to 

develop sufcient strength to become brace-free (Figure 4.3). While her hindfoot did tilt into 
some valgus on the hindfoot fexibility test, she had a few degrees of residual varus when 
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Cavovarus Deformity 

(A) 

(B) 

(C) 

Figure 4.3a–c Standing post-operative images of the left foot from the front (A), side (B) and 
back (c). 

standing which will need to be followed; she may potentially beneft from a calcaneal osteotomy 
if this does not remain stable. 

Comment 

 Te principles of surgical treatment of cavovarus are: 

• to restore range of motion through sof tissue release and osteotomy, 
• to balance muscle forces by tendon transfer. 

Arthrodesis a salvage procedure for severe, rigid deformities and arthritic changes. Te menu of 
surgical options is extensive and must be tailored to the individual patient. Te optimal timing 
of surgery has yet to be established, and it seems reasonable to take a reactive stance and treat 
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only those with persistent symptoms or functional problems despite non-operative measures, 
though some may argue that early sof  tissue interventions may possibly delay or alleviate the 
need for more extensive procedures such as triple arthrodesis later on. 
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CASE 5: CONGENITAL VERTICAL TALUS 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case 

A 6-week-old boy presented with congenital rocker-bottom deformities of both feet. He was oth-
erwise a healthy baby born at full term afer an uncomplicated pregnancy and a birth weight of 
3.35 kg. On examination, both hindfeet were in fxed equinovalgus. Te forefeet were dorsif exed 
and abducted (Figure 5.1). Te head of the talus was palpable in the plantar aspect of both feet. 
Te upper limbs, knees, hips and spine were normal with no features of arthrogryposis or spinal 
dysraphism. Tere was no facial dysmorphism suggesting that this was part of a syndrome and 
genetic analysis excluded chromosomal abnormalities associated with this deformity. An ultra-
sound showed normal hips. 

(A) (B) 

(C) 

Figure 5.1 Clinical pictures of bilateral foot deformities in an infant. The forefeet are so abducted 
that when the baby is prone (A) the feet appear to be pointing backwards. 

A lateral radiograph of the foot in maximum plantarfexion revealed that the forefoot was unable 
to plantarfex owing to irreducible subluxation at the talonavicular joint. Te talus was severely 
plantarfexed, and its long axis was not colinear to the axis of the f rst metatarsal (Figure 5.2), 
distinguishing congenital rocker bottom deformity or congenital vertical talus (CVT) from a 
positional calcaneovalgus deformity and severe planovalgus. 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

Figure 5.2 Plantarflexion views showing the axis of the talus not colinear to the axis of the fi rst 
metatarsal. 

Questions 
• What are the problems that need to be addressed in this infant? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this infant? 
• How long would you follow-up this child afer completion of treatment? 
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 Congenital Vertical Talus 

The Problems That Need to Be Addressed Are 
• Complex deformity involving the forefoot and the hindfoot 

⚬  Ankle equinus 
⚬  Hindfoot valgus 
⚬  Forefoot dorsif exion 
⚬  Forefoot abduction 
⚬  Talo-navicular dislocation 

•  Sof tissue contractures 

⚬ Joint capsules and ligaments 

◽ Ankle joint—posterior capsule 
◽ Talo-navicular joint—dorsal capsule 

⚬  Tendons 

◽  Achilles tendon 
◽  Tibialis anterior 
◽ Extensor digitorum & extensor hallucis 
◽ Peroneus longus and brevis 

The Aims of Treatment Are to 
• Establish a pain-free, mobile, plantigrade foot by 

⚬ Reducing the talonavicular joint 
⚬ Correcting the forefoot deformity 
⚬ Correcting the hindfoot deformity 

• Prevent recurrence of deformity 

Options of Treatment to Fulfil Each Aim 
Reducing the talonavicular joint and correcting hindfoot and forefoot deformities 

• Serial manipulation and casting 
• Serial manipulation and minimally invasive surgery 
• Open reduction of talonavicular dislocation and sof tissue release 
• Open reduction of talonavicular dislocation and sof tissue release with tendon  

transfers 
•  Salvage surgery 

⚬  Navicular excision 
⚬  Subtalar fusion 

Preventing recurrence of deformity 

•  Bracing 
• Tendon transfer (Tibialis anterior to the neck of the talus) 
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FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Underlying condition 
• Risk of stiffness of the foot 
• Response to treatment 

  Te choice of treatment based on the factors that infuenced treatment are outlined in Table 5.1. 

Table 5.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child Infant The chances of achieving correction by 
serial manipulation and casting are best 
in the young infant.1,2 

Salvage surgeries such as navicular 
excision and joint fusion are only 
resorted to in older children. 

Underlying condition Idiopathic CVT The chances of achieving correction by 
serial manipulation and casting are best 
in children who do not have 
arthrogryposis or spina bifi da. 

Risk of stiffness following Soft tissue release Treatment by extensive open soft tissue 
treatment releases and open reduction of the 

dislocation is often associated with skin 
healing issues and stiffness of the foot. 3 

Response to treatment Good response to serial In an infant, treatment should begin with 
manipulation serial manipulation. If satisfactory 

correction of all components of the 
deformity is achieved, no further 
intervention apart from maintaining the 
correction is warranted. 

Partial correction of Limited soft tissue release with 
deformity with serial talonavicular joint reduction is justifi ed. 
manipulation 

Poor response to serial More extensive soft tissue release and 
manipulation talonavicular joint reduction may be 

required. 

Recurrence of deformity Tibialis anterior tendon transfer to the 
following satisfactory neck of talus is a good option. 
correction 

Recalcitrant deformity in Salvage procedures are to be considered 
the older child only if prior treatment attempts are 

unsuccessful and the child is old 
enough. 
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 Congenital Vertical Talus 

How Was This Child Treated? 

Social circumstances surrounding the child incurred a delay in treatment. Consequently, serial 
manipulations and casting were carried out in the clinic on both feet simultaneously at the age 
of 8 months. 
 T e f rst step was to bring the forefoot into plantar fexion and inversion while maintaining 

the position of the talus with pressure from the plantar aspect of the foot. Te foot position was 
maintained in an above-knee cast. Te manipulations were repeated every week. An x-ray was 
taken at fve weeks to ensure the alignment of the talonavicular joint (as seen from the axis of the 
talus and frst metatarsal—Figure 5.3) was satisfactory. 4,5 

Figure 5.3 Lateral plantarflexion view of the left foot taken fi ve weeks after serial manipulation 
and casting. 

When the alignment was confrmed, the fnal cast was removed a week later under general 
anaesthesia and the talonavicular fxation performed. Te right foot was found to be stif er and 
required an open reduction of the talonavicular joint. A 2 cm incision was made over the joint 
medially; a capsulotomy was performed and the joint visualised. Te subtalar joint was freed 
partly by dissection to allow the talus to be elevated and thus the talonavicular joint reduced. 
Te reduction was held with a 2 mm Kirschner wire passed retrograde. On the lef side, a small 
incision exposing the joint conf rmed a satisfactory reduction, and this was then held with a 2 
mm wire (Figure 5.4). Both sides had a percutaneous Achilles tenotomy to allow correction of 
the hindfoot equinus. Afer closure of wounds, above-knee plaster-of-Paris casts were applied 
with the foot in neutral and the ankle in 5 degrees of dorsif exion. 
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(A) (B) 

Figure 5.4 Intraoperative fluoroscopy showing reduction and K-wiring of the talonavicular joint 
of the left foot. 

Post-Operative Management 

 Te wires were removed in the clinic at fve weeks and new casts applied for a further two weeks 
in a more dorsifexed position at the ankle. Te baby was then ftted with a ‘boots and bars’ brac-
ing system to keep the feet pointing forwards. Tis was worn for 23 hours a day for the f rst three 
months, and thereafer only during sleep until the age of 18 months. A solid AFO was made then 
to hold the forefoot in 30 degrees of plantarf exion. Te parents were encouraged to perform 
regular stretches of the forefoot. At 17 months, the child was walking with pain-free plantigrade 
feet (Figure 5.5). Follow-up for recurrence of contractures and muscle imbalance will continue 
until skeletal maturity. 

(A) (B) 

Figure 5.5 Lateral radiographs taken (A) five weeks post-procedure and (B) three months post-
procedure demonstrating satisfactory alignment of the axis of the talus and the fi rst ray. 

40 



 

  
 

 
   

       

  
  

    
 

  
   

    
  

 
  

    
    

 
   

 

  

 Congenital Vertical Talus 

Comment 

 Te Dobbs method of treating congenital vertical talus has evolved to become a f rst-line treat-
ment. It is minimally invasive, induces little scarring but requires careful interpretation of serial 
x-rays to know if the technique is achieving the desired efect of reducing the talonavicular dislo-
cation. 5 Relapse continues to be a signifcant problem, and follow-up studies to skeletal maturity 
have yet to be published.1,6 
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CASE 6: PLANOVALGUS DEFORMITY 

Leo Donnan 

Case 

A 12-year-old boy presented with increasing symmetric deformities of both feet. He complained 
of an ache along the medial aspect of his feet which was related to physical activity. Te pain in 
his feet was severe enough to make him withdraw from playing sport. His parents also noted that 
his shoes were getting wrecked in a very short period. 
When viewed from behind while standing, the “too many toes sign” (Figure 6.1a) was positive 

(lateral four toes were visible). He walked awkwardly with an external foot progression angle of 
25 degrees, complete collapse of the medial arch (Figure 6.1b) with signifcant hind foot valgus, 
forefoot abduction and a poor push-of . 

(B) 

(A) 

Figure 6.1 Appearance of the feet while weight-bearing. Forefoot abduction with a positive 
“too many toes sign” (A) and complete collapse of the medial arch (B) are clearly seen. 

Passive elevation of the great toe did not restore the medial longitudinal arch, but on tip-toe 
standing the contour of the arch did improve and the heel valgus came to neutral but not into 
varus. Te gastrocnemius and soleus were contracted. Te forefoot was supinated, and when 
the hind foot was stabilised in the neutral position the frst ray was grossly elevated. T e power 
of plantarfexion was Grade 4 (MRC grade). He had moderate generalised ligament laxity. T e 
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ranges of motion of the subtalar and mid-tarsal joints were limited by the respective deformities, 
but there was no pain on passive movement. 
Weight-bearing anteroposterior and lateral radiographs of the feet confrmed the forefoot 

abduction with uncovering of the medial part of the talar head1 (Figure 6.2a), the collapsed arch 
with reduction of the calcaneal pitch and plantarfexion of the talus (Figure 6.2b). Tere were no 
arthritic changes in the subtalar and mid-tarsal joints. 

(A) 

(B) 

Figure 6.2 Standing radiographs of feet showing forefoot abduction with uncovering of talar 
head (A) and reduced calcaneal pitch with plantar fl exion of talus (B). 
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Planovalgus Deformity 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this boy af er treatment? 
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The Problems That Need to Be Addressed Are 
• Progressive hind foot valgus, forefoot abduction and collapse of the medial longitu-

dinal arch 
• External rotation of the foot and lever arm dysfunction with weak push-of 
• Pain in the foot 

The Aims of Treatment in This Boy Are to 
• Correct the hind foot valgus and forefoot abduction 
• Restore the normal medial longitudinal arch 
• Improve the gait pattern 
• Relieve foot pain and improve shoe wear 

Options for Treatment 
• Correcting the hind foot valgus 

⚬ Medial displacement calcaneal osteotomy2 
⚬ Calcaneo-stop procedure (arthroereisis)3 
⚬ Subtalar fusion and triple fusion 

• Correcting forefoot abduction 

⚬ Lateral column lengthening 

◽ Calcaneal lengthening (opening wedge)4 
◽ Cuboid osteotomy (opening wedge) 

⚬ Medial column shortening 

◽  Medial cuneiform osteotomy (closing wedge) 

• Restoring the medial longitudinal arch 

⚬  Orthotic management 
⚬  Reef ng the spring ligament and the tibialis posterior along with the bony sur-

gery (sof tissue procedures alone have no role in the management of the pla-
novalgus foot deformity) 

⚬ Lengthening the triceps surae 
⚬  Plantar fexion of f rst ray 
⚬ Correcting the hindfoot valgus and forefoot abduction as outlined previously 

• Improving the gait pattern 

⚬ Correct the out-toeing gait 
⚬ Improve the lever arm of the triceps surae and improve the push-of 

◽ Correct the hind foot valgus 
◽ Increase ankle range of motion 

• Relieving pain and reduce wearing down of shoes by correcting the deformity 
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Planovalgus Deformity 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The presence of pain 
• The age of the boy 
• The severity of the deformity 
• Presence of ligament laxity 
• Presence of arthritic changes 

  Te choice of treatment based on these factors is outlined in Table 6.1. 

Table 6.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Presence of pain in the 
feet 

Pain severe enough to 
be forced to limit 
physical activity 

Age of the boy 12 years 

Severity and rigidity of 
the deformity 

The planovalgus 
deformity is severe 

The deformity is 
moderately rigid—the 
hind foot valgus can 
be passively corrected 
only to the neutral 
position 

Presence of generalised 
ligament laxity 

Moderate laxity present 

Presence of arthritic 
changes 

No clinical or radiologic 
features of arthritis 

This justifi es intervention (asymptomatic 
planovalgus often does not require any 
treatment). 

No scope for spontaneous resolution 
(planovalgus deformity may resolve in 
young children). 

Treatment in an orthosis is not justifi ed 
(may be considered in mild cases). 

Release of contracted triceps surae is 
indicated to facilitate correction of the 
hind foot valgus. 

Calcaneo-stop procedure or arthroereisis 
is more suited for a fl exible foot. 

Relying on soft tissue surgery alone is 
inappropriate as the propensity for 
recurrence is very high. 

Options that avoid stiffening of joints are 
preferred in the absence of arthritis (no 
justifi cation for performing subtalar or 
triple arthrodesis). 

Mild deformities, without a signifcant calf contracture, can be managed with an appropriate 
orthosis or the calcaneo-stop procedure, which is a form of arthroereisis that helps correct the 
hind foot valgus. More signifcant deformities, as in this boy, require bony correction to restore 
the normal alignment of the foot. Te spring ligament and the tibialis posterior that have been 
excessively stretched need to be plicated, and the contracted triceps surae must be lengthened. 
Tose with signifcant secondary joint changes may need a triple fusion. 
 T e fnal options for bony surgery in this boy include: 

• Calcaneal displacement osteotomy 
• Lateral column lengthening 
• Medial column shortening 

How Was This Child Treated? 

A calcaneal lengthening osteotomy, with K-wire stabilisation of calcaneocuboid joint, was per-
formed to correct the talar plantar fexion and forefoot abduction (Figure 6.3a  and  b). T e spring 
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ligament was plicated and tibialis posterior tendon advanced to correct the medial laxity (Figure 
6.4a, 6.4b). A dorsal opening wedge osteotomy of the medial cuneiform (Cotton) corrected the 
abnormal dorsifexion of the frst ray and fnally, the calf contracture was released by performing 
lengthening in Zone 1 (Strayers). 

(A) (B) 

Figure 6.3 Marking of surgical incisions. 

(A) 

Figure 6.4 Calcaneal lengthening and medial capsular plication with tibialis posterior re-tensioning. 
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Planovalgus Deformity 

(B) 

Figure 6.4 (Continued) 

Lateral column lengthening provides a powerful correction at the site of deformity (calcane-
opedal unit) whilst maintaining foot mobility and suppleness. Healing is rapid with few compli-
cations, returning patients to independent ambulation expediently. 
In this case, small titanium implants were used to illustrate positioning. In most cases, auto-

graf is completely satisfactory. 

Post-Operative Management 

A well-padded, split below-knee cast was applied and retained for six weeks with a cast change at 
two weeks for wound check and to permit K-wire removal. Weight-bearing was avoided till the 
cast was removed and check radiographs showed adequate healing of the osteotomies. 
Moulded insoles for the shoes were used to support the corrected foot posture, and exercises 

to strengthen the tibialis posterior and calf muscles were begun. 

Follow-Up 

At six months afer surgery, the feet were stable and pain-free, so a graduated return to sports 
was allowed (Figure 6.5a  and  b) and (Figure 6.6). He needs to be followed up to see if he remains 
free of symptoms in the long term. 
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(A) 

(B) 

Figure 6.5 Standing radiographs of feet showing correction of forefoot abduction with 
restoration of calcaneal pitch and longitudinal arch. 

Figure 6.6 Appearance of the feet showing correction of deformities. 
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Planovalgus Deformity 

Comment 

Successful correction of the planovalgus foot relies on a careful analysis of the deformity and 
application of considered bony and sof tissue corrections to achieve a lifelong stable result.5 
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CASE 7: VALGUS DEFORMITY OF THE HINDFOOT 

Hitesh Shah and Benjamin Joseph 

Case 

A 7-year-old boy presented with complaints of a deformity of the right foot frst noted at birth 
(Figure 7.1). In early childhood, release of sof tissues in the lateral aspect of the leg and ankle had 
been done (exact details of the surgery are not known), but the deformity persisted. 

(A) (B) 

Figure 7.1 Severe valgus deformity of the right hindfoot. 

On examination, apart from severe valgus deformity of the right hindfoot, there were no other 
deformities of the extremities. Te normal proportions of body segments were maintained apart 
from a 3.0 cm shortening of the right lower limb which was mainly in the foot (Figure 7.2). 
Passive dorsifexion of the ankle was 15 degrees more than that of the normal limb, and plantar 
fexion was reduced by 30 degrees. Te peroneal tendons stood out prominently, and no passive 
inversion of the hindfoot was possible. Mid-tarsal movements were normal. Te gait was awk-
ward with a poor push-of . 

Figure 7.2 There was 3.0 cm shortening of the limb which was predominantly in the foot (broken 
line). The tibia was only 0.5 cm shorter (solid black line). 
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Essential Paediatric Orthopaedic Decision Making 

Plain radiographs of the foot and ankle were difcult to interpret on account of the severe valgus 
deformity (Figure 7.3). Te ankle mortise was not grossly tilted in valgus, the distal tibial epiphy-
sis was not wedge-shaped, and the lateral malleolus was not situated proximally. Te absence of 
these features indicated that the deformity was not at the ankle. Since the subtalar joint could 
not be visualised clearly on the plain radiographs, CT scans were done. Te CT scan clearly 
showed that the ankle joint was almost horizontal but the subtalar joint was abnormally inclined 
at about 65 degrees from the horizontal. On account of this, the calcaneum was not under the 
tibia but was laterally displaced (Figure 7.4a,  b). 

(A) (B) 

Figure 7.3 Plain radiographs of the ankle. The antero-posterior view (A) shows that the distal 
tibial growth plate is almost horizontal, and the distal tibial epiphysis is not wedge-shaped. In 
the lateral view (B), the subtalar joint cannot be seen as the calcaneum overlies the talus. 
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Valgus Deformity of the Hindfoot 

(A) (B) 

Figure 7.4 (A) CT scan section through the ankle and subtalar joints shows that the ankle joint is 
almost horizontal but the plane of the subtalar joint is 65 degrees from the horizontal. (B) Three-
dimensional reconstruction of the CT scan shows that the calcaneum is displaced laterally (white 
circle outlines the calcaneal tuberosity). 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available treatment options? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems to Be Addressed in This Boy Include 
• An unacceptable valgus deformity of the hindfoot 
• Lateral displacement of the heel with lever arm dysfunction resulting in a weak 

push-of 
• Limb length inequality mainly confned to the foot 

The Aims of Treatment in This Boy Are to 
• Correct the deformity and restore the normal alignment of the calcaneum in relation 

to the tibia 
• Equalise limb length or minimise limb length inequality 

Options for Treatment 
• Medial displacement osteotomy of the calcaneum 
•  Subtalar fusion 
• Subtalar fusion afer wedge resection 
• Limb length equalising procedure on the tibia 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Site of the deformity 
• Severity of the deformity 
• Suppleness of the foot 
• Site of shortening

 Te choice of treatment based on these factors is shown in Table 7.1. 

Table 7.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Site of the deformity Subtalar joint Since the deformity is at the subtalar joint (and not 
at the ankle), surgery should be centred on the 
subtalar joint. 

Severity of deformity Severe  The valgus deformity is too severe to get suffi cient 
correction by a displacement osteotomy of the 
calcaneum.1 

A liberal wedge resection followed by fusion is 
needed in this boy. 

In the presence of such a severe valgus deformity, a 
medial approach to the subtalar joint is safer than 
the standard lateral approach while a wedge 
resection of this magnitude is performed. 2,3 

Suppleness of the The foot Classical techniques of fusion of the subtalar joint like 
foot cannot be the Dennyson and Fulford technique 4 cannot be 

passively employed as the heel cannot be passively inverted. 
brought to Furthermore, correction of the lateral displacement 
the neutral of the heel will not be possible by performing a 
position classical subtalar fusion. 

(Continued) 
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Valgus Deformity of the Hindfoot 

Table 7.1 (Continued) 

Factors Treatment Implications 

Site of shortening Shortening is 
mainly Since the shortening is in the foot, lengthening of 
confi ned to the tibia should be deferred till the length gained 
the foot by surgery on the foot becomes clear. 

How Was This Boy Treated?

 Trough a curved lateral incision, the peroneal tendons were lengthened, and through a horizontal 
medial incision the sustentaculum tali was identifed and a medial-based wedge of bone was excised 
from the talus and calcaneum astride the subtalar joint (Figure 7.5a). Te wedge was closed; this 
enabled the heel valgus to be corrected and the calcaneum to be aligned under the tibia. T e talus 
and calcaneum were fxed with a single Blount staple. A Kirschner wire was passed from the heel 
into the distal tibia (Figure 7.5b). At the end of the operation, the foot was plantigrade; the medial 
longitudinal arch was restored, and appearance of the foot was normal (Figure 7.6a,  7.6b,  7.6c). 

Post-Operative Management 

 Te foot and ankle were immobilised in a below-knee cast for six weeks, afer which the Kirschner 
wire was removed and full weight-bearing was permitted. 

(A) (B) 

Figure 7.5a (A) The planned osteotomy lines in the talus and calcaneum are shown in white. (B) 
Intra-operative radiograph shows that talo-calcaneal relationship is restored and the calcaneum 
lies under the tibia. 
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(A) (B) (C) 

Figure 7.6a ,  7.6b,  7.6c Post-operative appearance of the foot. 

Follow-Up

 Te boy was followed up for 2.5 years. At the last follow-up, the deformity remained well cor-
rected ( Figure 7.7). Te limb length inequality was 1.3 cm, and the gait pattern had improved 
signif cantly. 

Comment 

 Te boy had a very unusual deformity with abnormal inclination of the subtalar joint. He needs 
to be followed up till skeletal maturity to monitor the limb lengths and to see if the correction 
is maintained.
 Tis case is ideal to illustrate the extent to which shortening of the foot can contribute to lower 

limb length discrepancy.5 

Figure 7.7 Appearance of the right heel at the last follow-up visit; the valgus deformity has 
been corrected to a very large extent, and the height of the heel has improved. 
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Valgus Deformity of the Hindfoot 
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CASE 8: CONGENITAL PSEUDARTHROSIS OF THE TIBIA 

Benjamin Joseph and Hitesh Shah 

Case 

An 8-year-old boy, the son of a gardener from a city in south India, presented with anterior 
bowing of the right leg. He had undergone surgery for this on two previous occasions without 
success. He had features of neurofbromatosis type I with café-au-lait spots. Tere was frank 
abnormal mobility at the junction of the middle and lower thirds of the leg and shortening of 
two centimetres. Antero-posterior and lateral radiographs of the leg are shown in Figure 8.1. 

(A) (B) 

Figure 8.1 Antero-posterior and lateral radiographs of the leg showing Crawford type IV 
pseudarthrosis of the tibia and fi bula. 
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Essential Paediatric Orthopaedic Decision Making 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Congenital Pseudarthrosis of the Tibia 

The Problems That Need to Be Addressed Are 
• Obtain union in this boy in whom two previous attempts have failed 
•  Even afer obtaining union, there is signifcant risk of re-fracture1 
•  Limb-length inequality 

The Aims of Treatment in This Boy Are to 
• Obtain union of the pseudarthrosis 
• Minimise the risk of a re-fracture 
• Equalise limb lengths by skeletal maturity 

Options for Treatment 
Currently, there are three options for obtaining union of a pseudarthrosis; they are: 

• Excision of the pseudarthrosis and intra-medullary rodding and bone graf ing 2–5 
• Excision of the pseudarthrosis and Ilizarov fxator application and bone graf ing6,7 
• Excision of the pseudarthrosis and vascularised free f bular transfer.8

 Te results of these three methods of treatment are comparable.9,10
 Te treatment options for minimising the risk of re-fracture include: 

• Retaining an intra-medullary rod in the tibia till skeletal maturity and 
• Bracing of the leg with a protective orthosis. 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Presence of additional deformities of the tibia (e.g. proximal tibial bowing) and 
ankle valgus 

• Extent of shortening 
• Availability of technical expertise 
• Cost considerations

 Te choice of treatment based on these factors is shown in Table 8.1. 

Table 8.1 Choice of treatment based on factors infl uencing decision-making 

Factors Treatment Implications 

Presence of additional 
deformities of the 
tibia (e.g. proximal 
tibial bowing) and 
ankle valgus 

Extent of shortening 

There were no 
additional 
deformities of the 
tibia and ankle 

2 cm shortening in an 
8-year-old boy 

The Ilizarov technique would have been 
preferred if in addition to dealing with 
the antero-lateral bowing there was 
signifi cant shortening and posterior 
bowing of the proximal tibia. Since 
these additional deformities were not 
present, the Ilizarov technique was not 
chosen. 

Since this extent of shortening could be 
managed by contralateral proximal 
tibial epiphyseodesis a couple of 
years later, concomitant limb 
lengthening was not considered. 

(Continued) 
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Table 8.1 (Continued) 

Factors Treatment Implications 

Availability of technical No one trained in Free fi bular transfer was not feasible for 
expertise microvascular this reason. 

techniques was 
available 

Cost considerations The family had limited A simple and cheap method of 
fi nancial resources treatment, namely intra-medullary 

rodding and bone grafting, was the 
preferred choice. 

How Was This Child Treated?

 Te boy was treated by excision of the pseudarthrosis, which entailed: 

• Resection of about 5mm of the sclerotic bone from the tip of each fragment of the tibia 
till some fresh bleeding from the bone ends was seen, 

• Meticulous excision of fbrous tissue between the fragments of the tibia and 
• Circumferential excision of about 2 cm of thickened periosteum around the pseudar-

throsis site. 

 Te angulation was corrected, and it was ensured that the fragments of the tibia were in good 
contact (no gap between the fragments and no overlap of the fragments). 
 Te tibia was fxed with an intramedullary Rush rod of 4 mm thickness inserted from the heel, 

through the calcaneum and talus into the distal tibia and across the pseudarthrosis site. 
A long cortical strut of bone was harvested from the subcutaneous surface of the opposite tibia, 

divided into three pieces and placed around the site of the pseudarthrosis (Figure 8.2a–8.2d). 
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Congenital Pseudarthrosis of the Tibia 

(A) (B) (C) (D) 

Figure 8.2 The pseudarthrosis was excised, and the tibia has been fixed with a Rush rod passed 
from the heel into the proximal tibial metaphysis (A, B). The tibial fragments are in good contact. 
A long strut of cortical bone has been harvested from the subcutaneous surface of the opposite 
tibia (C, D) and divided into three pieces and placed around the pseudarthrosis site (A, B). 

No attempt was made to fx or graf the fbula or to obtain cross-union of the tibia and f bula. 

Post-Operative Management 

A groin-to-toe cast was applied afer the operation and retained till union of the tibia was noted 
on the radiograph; weight-bearing on this limb was not permitted till the cast was removed. 
T ereafer, a thermoplastic clam-shell orthosis was used whenever he was ambulant. 
 Te opposite limb (graf donor limb) was encased in a groin-to-toe cast, and weight-bearing 

was not permitted for six weeks. 
Sequential radiographs were obtained every six weeks till union of the pseudarthrosis was 

confrmed (Figure 8.3,  8.4). Following sound union, the boy was followed-up annually till skel-
etal maturity. Te intra-medullary rod was retained and bracing was continued till skeletal 
maturity. 
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(A) (B) (A) (B) 

Figures 8.3 and 8.4 The radiographic appearance six weeks following surgery (8.3A, B) and 
eight months following surgery (8.4A, B); early union is noted at six weeks. At eight months, 
sound union with continuity of four cortices (anterior, posterior, medial and lateral) is evident.

  Te tibia remained soundly united till skeletal maturity (Figures 8.5,  8.6). Te Rush rod remained 
intact, and at skeletal maturity the tip of the rod had receded towards the middle third of the 
tibia but was still supporting the pseudarthrosis site (Figure 8.6). 
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(A) (B) (A) (B) 

Figures 8.5,  8.6 Six years following surgery, the tibia remained united (8.5A, B), and at skeletal maturity (nine years following surgery) sound union 
persisted. The tip of the Rush rod has receded to the junction of the upper and middle thirds of the tibia (8.6A, B).  
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(A) (B) 

Figure 8.7 The opposite tibia from where bone graft was harvested appears normal (8.7). 

At skeletal maturity, there is 4 cm shortening of the tibia which needs to be addressed. Limb 
length equalisation by contralateral epiphyseodesis had been ofered earlier, but the parents pre-
ferred to avoid surgery again on the normal limb. Te ankle and sub-talar joints remain stif on 
account of the rod crossing the ankle and subtalar joints. Te donor site on the normal tibia has 
healed with no apparent ill efect; at skeletal maturity, the tibia appears normal (Figure 8.7). 

Comment 

Some studies have suggested that in addition to using one of the methods mentioned here, use 
of periosteal graf s, administering bisphosphonates or the use of bone morphogenetic protein 
improves the union rate. However, none of these studies are Level I studies, and none have fol-
lowed the patients till skeletal maturity. 
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Congenital Pseudarthrosis of the Tibia 
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CASE 9 : CONGENITAL POSTEROMEDIAL BOWING OF THE TIBIA 

Nick Green and James A Fernandes 

Case 

A 7-year-old girl born with posteromedial bowing of the lef tibia was referred for persistent 
deformity of the tibia and shortening (Figure 9.1a). She had calcaneovalgus at birth that was 
treated with stretches; later orthotics were used for the limb length discrepancy. 

(A) (B) 

Figure 9.1 (A) Shows pelvic obliquity and knee joint creases at different heights, indicating that 
most or all the discrepancy is below the knee. (B) Shows a posteromedial pucker sign which might 
indicate a fi eld defect. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 9.1 (C)  Demonstrates mechanical axis view with a 5.5 cm block slightly over-correcting 
the pelvis and annotations of joint line angles and mechanical axes. 

Examination revealed posteromedial bowing of the tibia and a pucker sign at the apex of the bow 
( Figure 9.1b ).1 Te shortening that was entirely in the tibial segment measured 5.5 cm both with 
the block test and on calibrated mechanical axis–view x-rays (Figure 9.1c). Predicted height and 
leg length discrepancy at maturity were 166 cm and 6.7 cm respectively.2,3 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the options to treat each aim? 
• What are the factors that infuence choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child? 
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Congenital Posteromedial Bowing 

The Problems That Need to Be Addressed Are 
• 6.7 cm of tibial shortening at maturity 
• Posteromedial angulation deformity of the tibia 

The Aims of Treatment in This Girl Are to 
• Equalise or compensate for limb length discrepancy 
• Correct tibial angular deformity 

Options for Treatment to Fulfil Each Aim4 

• Equalising or compensating for lef-sided short tibia 

⚬ Orthotic: combination of heel and shoe raise 
⚬ Planned epiphyseodesis of contralateral tibia 
⚬ Lengthening with external fxator 
⚬ Correction with lengthening nail (older child) 
⚬ Combination of the previous 

• Apex posteromedial deformity correction 

⚬ Partial correction by creation of secondary deformity using guided growth 
⚬ Acute correction with internal fxation 
⚬ Gradual correction with external fxation 

Summary of Options for Lower Limb Treatment 
• Orthotic/guided growth/epiphyseodesis approach: In situations where prolonged 

treatment in a frame is either not wanted, or ill advised due to social or patient fac-
tors, the LLD can be managed with an orthotic until such an age where a well-timed 
contralateral epiphyseodesis can be performed. In the interim, guided growth at the 
knee and/or ankle can augment natural modelling out of the deformity, albeit away 
from the CORA and thus creating a secondary translational deformity. 

• External Fixator: Optimal deformity correction can be achieved with a bi-focal tibial 
osteotomy which can be staged or simultaneous. Te proximal metaphyseal osteot-
omy is used for lengthening, and the distal osteotomy at the CORA is for angulation 
correction and minor lengthening. 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of limb length inequality 
• Associated angulation deformity 
• Parents’ acceptance or rejection of treatment option

 Te choice of treatment based on these factors is shown in Table 9.1. 
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Essential Paediatric Orthopaedic Decision Making 

Table 9.1 Choice of Treatment Based on the Factors That Influenced the Decision 

Factors Treatment Implications 

Age of the child 7 years This primary school age is an optimal 
time for lengthening techniques as 
the child is better at understanding 
the goal, and demands of treatment. 
The consequences of interruptions in 
schooling are also arguably low. 

Severity of limb length Severe shortening An entirely tibial segment severe 
inequality shortening of 6 to 7 cm cannot reliably 

or accurately be treated with an 
all-tibial epiphyseodesis. The resulting 
short segment might also result in a 
poor cosmetic outcome. Patient 
predicted height also weighs into the 
decision on whether to maintain or 
sacrifi ce leg length. 

Associated angulation Posteromedial bowing The presence of angulation as well as 
deformity shortening perhaps tips the balance 

towards a frame technique which 
addresses both problems in the same 
episode. Guided growth will not 
achieve anatomic alignment since the 
CORA is in the diaphysis. 

Parents’ acceptance or Accepted This is based on psychological, social 
rejection of frame and economic factors, as well as a 
option proper understanding of what 

treatment entails. 

How Was This Girl Treated?

 Te LLD was proving difcult to compensate in an orthosis, and so the family elected to go 
ahead with lengthening surgery using an external fxator.5,6 Te surgical tactic was a 4-ring con-
struct (including a heel ring), a 2-stage bifocal tibial osteotomy with angular correction and 
some length gain from a distal osteotomy at the CORA (frst stage) and later a second proximal 
metaphyseal osteotomy for most of the lengthening (second stage). 

Stage 1 : Te joint lines, growth plates and tibial anatomic axes were marked under f uoros-
copy. Percutaneous fbular osteotomy was performed. Te proximal 2-ring construct was 
made and aligned with the proximal tibial anatomic axis. Tis proximal 2-ring block was 
connected via 4 double hinges, in the plane of the deformity to a third ring distally which 
was aligned with the distal tibial anatomic axis. A fnal half ring was used at the heel with 
cross olive wires and connected with rods to the distal tibial ring, and the ankle joint was 
distracted by 3 mm to of-load the joint. A percutaneous low-energy distal tibial osteotomy 
was performed at the level of the deformity. 

Post-Operative Care 

She was allowed to weight-bear as tolerated. Afer a latency period of fve days, distraction was 
commenced at 1 mm per day between the second and third rings to create enough clearance 
for angular correction (Figure 9.2). Diferential distraction was then performed to correct the 
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Congenital Posteromedial Bowing 

deformity. Te amount of lengthening at this osteotomy was limited to 20 mm as the regenerate 
at this location is not as exuberant, partly due to the lack of muscle anterior and medially and 
some degree of congenital sof tissue dysplasia. 

Figure 9.2 AP radiograph demonstrates the 4-ring frame construct with the proximal ring block 
intentionally slightly open anteromedially. The stage 1 tibial and fibular osteotomies are distract-
ing, and some angular correction has occurred. 

Stage 2: A proximal tibial osteotomy was performed four weeks later. Afer a latency of f ve 
days, distraction was performed at 1 mm per day till a total of 60 mm lengthening was 
achieved (Figure 9.3). Regular physiotherapy helped to maintain knee range of motion  
throughout lengthening. At three months, the metaphyseal osteotomy site was consolidat-
ing well (Figure 9.4a), but the original diaphyseal osteotomy site showed poor regenerate 
with a wide fbrous interzone (Figure 9.4b). To stimulate this site, an “accordion” program 
of cyclical compression and distraction was initiated. Despite this, the distal regenerate 
was poor, and she underwent debridement of fbrous tissue and autologous iliac crest 
grafing. At six months, the grafed regenerate site looked satisfactory (Figure 9.4c), and 
the frame was removed and a hinged cast-brace was applied. Due to a communication 
failure, lack of pain in the cast and six months of frustrated mobility, the child was too 
enthusiastic in mobilisation, which included activities such as trampolining. Tis led to 
bending of the regenerate, diagnosed two months later when the cast-brace was discarded 
(Figure 9.5  and  9.6). We expect some remodelling to occur, but further surgery is likely. 

75 



 

 

 
       

Essential Paediatric Orthopaedic Decision Making 

Figure 9.3 AP radiograph demonstrates the stage 2 proximal osteotomy which is distracting 
and forming optimal regenerate. Note that the ankle and knee joints are nearly parallel but the 
regenerate at the stage 1 osteotomy sites are lagging behind the proximal regenerate. This 
might further suggest that there is a fi eld defect at the deformity site. 

(A) (B) 

Figure 9.4 (A) Spot lateral radiograph of proximal tibial regenerate shows progressive consoli-
dation. (B) Spot lateral radiograph of distal tibial regenerate shows poor regenerate anteriorly. 
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Congenital Posteromedial Bowing 

Figure 9.4 (C) Spot lateral radiograph shows the site after grafting and healing. 

(A) (B) 

Figure 9.5 (A) AP radiograph shows some medial angulation of the distal regenerate site and 
therefore a valgus distal segment. Despite this, the leg looks quite straight. (B) Lateral radio-
graph shows reasonable sagittal mechanical axis restoration. The distal regenerate is still  
consolidating. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 9.6 Clinical photo demonstrating restoration of limb length with knees at similar heights 
and the apex medial tibial deformity. Also note the pre-existent cavovarus deformity of the left 
foot, which needs to be considered when contemplating further surgery. 

Comment 

 Te senior author pre-sets the proximal rings with slight divergence with more opening antero-
medially. At stage 2 when lengthening is performed through a proximal osteotomy between 
these rings, the expected deformity due to diferential muscle tension will be procurvatum and 
valgus. When this anteromedial opening is corrected through diferential lengthening, it will 
achieve a straight regenerate. 
Although the patient is functioning well, partial loss of correction at the last hurdle was dis-

appointing and is a lesson of the complexity of this treatment modality throughout all stages.7 
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CASE 10: TIBIAL TORSION 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case 

A 9-year-old girl presented three months following a tibial fracture managed conservatively in 
another institution (Figure 10.1). At the time of cast removal, the girl and her family became 
concerned about the appearance of her leg. Tey described her foot turned out to the side when 
she walked, and, when trying to correct this, her knee would turn in. 

(A) (B) (C) 

Figure 10.1 (A) Left tibial fracture with proximal fibula fracture at time of injury. (B) Left tibial 
fracture three months following injury demonstrating malunion in valgus. (C) A clinical photo-
graph of the leg following cast removal, demonstrating external tibial torsion of the tibia. 

Clinical examination revealed an out-toeing gait from a tibial fracture malunion in valgus  
and external rotation (Figure 10.2). Te ‘sudden’ appearance of this acquired torsional defor-
mity caused distress to the patient and her family. Clinical assessment of the rotational prof le 
revealed 35 degrees external torsion to the tibia as compared to 5 degrees of external torsion on 
the contralateral side.1 Sagittal plane alignment revealed mild translation without angular defor-
mity, and there was a 7-degree valgus deformity in the coronal plane. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 10.2 Low-dose EOS long leg radiographs taken eight months following the injury. With 
the feet facing forward (A) the left patella is in an internally rotated position and the valgus 
deformity of the tibia is evident. With patellae facing forwards (B) the left foot is externally 
rotated relative to the right. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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Tibial Torsion 

The Problems That Need to Be Addressed 

•  Te cosmetic impact of the torsional malunion, producing signifcant concern for the 
patient and her family. 

• Potential for torsional deformity adversely afecting the child’s ability to run and par-
ticipate in sports. 

•  Te lateral mechanical axis deviation caused by the valgus tibial deformity. 

The Aims of Treatment 

• Correct torsional deformity 
• Restore the normal mechanical axis 

Options for Treatment 

• Correction of torsional abnormality 
⚬ Acute derotation osteotomy 
⚬ Gradual derotation osteotomy 

• Correction of valgus deformity 
⚬ No intervention—wait for spontaneous remodelling. 
⚬ Corrective osteotomy simultaneously with torsional correction. 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the patient 
• Remodelling potential of deformity 
• Level of osteotomy 
• Acute versus gradual correction

 Te choice of treatment based on these factors is shown in Table 10.1. 

Table 10.1 Choice of Treatment Based on the Infl uencing Factors 

Factors Treatment Implications 

Age of the 9 years 
child 

Remodelling 30-degree torsional 
potential of deformity 
deformity 

Level of Supra-malleolar 
osteotomy osteotomy 

Osteotomy at the 
site of deformity 

Remodelling may improve the valgus deformity as the 
patient is under 10 years of age. 

At age 9 years, the likelihood of signifi cant remodelling 
of a rotational deformity of this magnitude is very 
small. 

Tibial derotation osteotomies for correcting foot 
progression are usually performed in the supra-
malleolar region. In this child, if a supra-malleolar 
osteotomy was done with valgus correction, an ‘S’ 
shape deformity would be created. 

The alternative would be to correct rotation alone at 
the supra-malleolar level and allow the valgus 
deformity to remodel. 2 

The CORA of the valgus deformity resolved to the 
junction of the middle and distal thirds of the tibia. 
An osteotomy at this level would allow the valgus to 
be corrected without translation and facilitate a 
derotation at the same level. 

(Continued) 
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Essential Paediatric Orthopaedic Decision Making 

Table 10.1 (Continued) 

Factors Treatment Implications 

Acute versus Gradual correction Gradual derotation using an external fi xator is an option 
gradual for large deformities and makes injury to the common 
correction peroneal nerve less likely. This technique also allows 

the adjustment to be tailored until the patient and 
family are satisfi ed that the correction is optimal. 

Acute correction Acute derotation from external rotation to internal 
rotation of 30 degrees may risk a stretch injury to the 
common peroneal nerve. 

Acute derotation over 20 degrees should be combined 
with common peroneal nerve decompression. 3 

How Was the Girl Treated? 

In view of the cosmetic and potential functional issues the deformity was causing, with little 
scope for spontaneous resolution, it was decided to proceed with operative intervention. 4 
Fixation chosen was a locking plate inserted submuscularly.5 An external fxator-assisted  

technique was used to facilitate an accurate acute correction. 
Both lower limbs were prepped and draped to permit intraoperative comparison with the 

normal contralateral side during surgery. 
A common peroneal nerve neurolysis was performed under tourniquet through an incision 

over the interval between the lateral head of the gastrocnemius and the peroneus longus (PL) 
muscle bodies. In this interval, using loupe magnifcation, the motor nerve to PL and the super-
fcial peroneal nerve were identifed and followed proximally. Te attachment of PL to the head 
of the fbula was released, and the deep peroneal nerve was released as it traversed across the 
intermuscular septum into the anterior compartment ( Figure 10.3 ). Te tourniquet was released 
and haemostasis ensured. 

(A) (B) (C) 

Figure 10.3 (A)  The common peroneal nerve (CPN) is identified entering peroneus longus (PL) 
in the plane between that muscle and the lateral head of gastrocnemius (seen posterior to the 
nerve). (B) By tracing of the edge of PL lying over the nerve, the origin of PL from the head of the 
fi bula is identified and can be detached sharply. This allows retraction of PL and visualisation of 
the branches of the CPN. (C) Careful dissection will reveal the motor branch to PL (MB to PL), 
superficial peroneal nerve (SPN), deep peroneal nerve (DPN) and the septum between peroneal 
and anterior muscle compartments (IM septum). 
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Tibial Torsion 

 Image intensifer guidance was used to identify the planned position for the osteotomy. A mono-
lateral rail external fxator system (LRS Advanced, Orthofx SRL, Bussolengo, Italy) with a dero-
tation arc was used to achieve accurate derotation and simultaneous correction of the valgus 
deformity (Figure 10.4). 

(A) (B) 

Figure 10.4 (A) A derotation arc of radius 100 mm is set to correct 30 degrees of external rota-
tion. A ruler is used to position the arc 100 mm from the centre of the bone so that the derotation 
does not produce unwanted translation. (B) Half pins are inserted above and below the planned 
osteotomy level in order to allow correction of the external tibial torsion as well as the valgus of 
the distal tibia following osteotomy. 

A low-energy, De Bastiani–type osteotomy was created through saline-cooled drilling and 
division of the bone using Hibbs osteotomes. Te derotation was completed and the valgus 
deformity corrected. T e image intensifer was used to check the mechanical axis of the limb 
and clinical examination used to confrm that the rotational profle of the limb was equal 
to the opposite side. Full correction was achieved without the need for an osteotomy of the 
f bula. Te proximal and distal tibio-fbular joints were screened to ensure no subluxation or 
abnormality. Te monolateral fxator was used to compress the osteotomy site, and the posi-
tion of correction was rechecked before defnitive fxation. A submuscular plane beneath the 
anterior compartment muscles was created through proximal and distal incisions, with great 
care taken to avoid injury to the neurovascular bundle in the anterior compartment. A large 
fragment plate was contoured and positioned with locking screws before the external fxator 
was removed (Figure 10.5). 
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(A) (B) 

Figure 10.5 (A) The osteotomy is made, the derotation is performed, and then compression is 
applied using the rail system. (B) A submuscular plane is developed and a custom-contoured 
plate is used to secure the corrected position using locking screws prior to fi xator removal. 

Post-Operative Management 

Postoperatively, the patient was allowed to partially weight-bear 50% of body weight using 
crutches and was followed up in the elective clinic. Physiotherapy was commenced to optimise 
knee and ankle range of motion, and full weight-bearing was permitted at six weeks. By three 
months, she was able to participate fully in sports (Figure 10.6). 
Twelve months after surgery, the plate was removed. The patient and her family com-

mented that the leg was back to ‘normal’ immediately after surgery and that the stated aims 
of improving the appearance of the leg as well as her ability to participate in sports had 
been achieved. Clinical images taken at the most recent follow-up appointment are shown 
in Figure 10.7. 

Comment 

In clinical practice, the problem resulting from torsional malalignment is one of either 
foot progression or patellar progression. Clinical assessment will need to include an obser-
vation of gait and static examination of both femoral and tibial profiles. The presence of 
angular malalignment may interfere with the reliability of clinical examination for assess-
ing torsion. 
CT imaging may not show the infuence of dynamic elements resulting from the torsional 

problem. Over-reliance on these images for making quantitative decisions on the amount of 
derotation is not advised. A potential solution is the use of gait analysis where the asymmetry in 
behaviour of the two sides may be compared easily and measured. 
In most cases of tibial torsion, a supra-malleolar osteotomy may be performed. This 

case demonstrates the principle of using an external fixator-assisted technique in order to 
achieve the planned amount of correction accurately. Deformities of up to 20 degrees would 
usually not require decompression of the common peroneal nerve before correcting from 
external to internal rotation. Derotation from internal to external rotation does not require 
neurolysis. 
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Tibial Torsion 

(A) (B) 

Figure 10.6 Postoperative appearance at fi ve months following surgery showing consolidation 
of the osteotomy site and realignment of the tibia with a submuscular tibial plate. 

Figure 10.7 Clinical photographs demonstrating equalisation of the torsional profile of the 
lower limb following surgery. 
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CASE 11 : FLEXION DEFORMITY OF THE KNEE 

Hitesh Shah and Benjamin Joseph 

Case 

A 14-year-old girl presented with inability to walk on her feet. She had multiple symmetric 
deformities of the upper and lower limbs since birth. Te deformities included f exion deformity 
of the knees, equinovarus deformities of the feet and fexion of the elbows and wrists (Figures 
11.1, 11.2). A diagnosis of arthrogryposis multiplex congenita had been made when she was a 
young child, but no corrective surgery had been done because of severe f nancial constraints. 

Figure 11.1 Bilateral fi xed fl exion deformities of the knee with severe equinovarus deformities. 

Figure 11.2 Bilateral symmetrical fl exion deformities of the wrist. 

She was a cheerful and intelligent girl who stood and walked on her knees (Figure 11.3) and was 
remarkably independent in spite of the deformities of the extremities. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 11.3 Kneel standing with good balance. 

Examination of the Knees 

Both knees had a fxed fexion deformity of 40 degrees. Te quadriceps muscle was exceedingly 
weak (MRC Grade 2). Full fexion of the knees could be achieved both passively and actively with 
normal power (MRC Grade 5) of the hamstring muscles. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Flexion Deformity of the Knee 

The Problems Related to the Knees That Need to Be Addressed Are 
•  Fixed f exion deformities 
• Weak quadriceps muscle and muscle imbalance 
• Risk of damage to neuro-vascular structures while correcting the knee deformities 

The Aims of Treatment in This Child Are to 

• Correct knee fexion deformity without causing damage to the neuro-vascular structures 
• Deal with quadriceps weakness 

⚬ Restore power of active knee extension 
⚬ Prevent knee from buckling during the stance phase of gait 

• Prevent recurrence of the deformity 

Options for Treatment to Fulfil Each Aim 

• Correction of knee f exion deformity 
⚬ Traction and serial plaster casts1 
⚬  Posterior sof tissue release2 
⚬ Anterior epiphyseodesis of the distal femur3,4 
⚬ Supracondylar femur extension osteotomy5 
⚬ Femoral shortening with or without extension of the distal fragment6,7 
⚬ Gradual correction of knee deformity with an external fxator 8,9 

• Dealing with quadriceps weakness 
⚬ Dynamic correction—Hamstring transfer to quadriceps 
⚬ Static correction—Knee-ankle-foot orthosis 

• Prevention of recurrence of the deformity by correcting muscle imbalance 
⚬ Hamstring transfer to quadriceps 
⚬  Orthosis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

The factors that infl uenced the choice of treatment of the knee deformity were: 

• The underlying disease and its natural history 
• The age of the child 
• The severity of knee deformity 
• Muscle power of the quadriceps and the hamstrings 
• The side involved 

 Te choice of treatment based on these factors is shown in Table 11.1. 

Table 11.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The underlying Arthrogryposis Good candidate for tendon transfer as the power of 
disease and its multiplex congenita the transferred tendon will not deteriorate over 
natural history Non-progressive 

disease 

time due to the non-progressive nature of the 
disease. The child should be able to co-operate 

Normal intelligence with rehabilitation as her intelligence is good. 

(Continued) 
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Table 11.1 (Continued) 

Factors Treatment Implications 

The age of the 
child 

14 years Pubertal age—growth modulation by 
epiphyseodesis not feasible.3,4 

The severity of 
knee deformity 

40 degrees Acute correction runs the risk of neuro-vascular 
stretch. 

Gradual correction with traction or external fi xator 
may be considered. 

Alternatively, femoral shortening may be done. 6,7 

Muscle power of 
the quadriceps 
and the 
hamstrings 

Quadriceps: Grade 2 
Hamstrings: Grade 5 

Muscle imbalance needs to be corrected to prevent 
recurrence of deformity. 

Tendon transfer (hamstring to quadriceps) could 
restore muscle balance and also the power of 
active knee extension.10 

The side 
involved 

Bilateral symmetric 
deformities 

Bilateral femoral shortening will not result in limb 
length inequality. 

How Was This Girl Treated?

 Te girl was treated with bilateral supracondylar femoral shortening and hamstring to quadriceps 
transfer. Once the osteotomy was performed, the fragments were allowed to overlap (Figure 11.4a, 
11.4b ). T e fexion deformity could be corrected completely by merely shortening the femur, and 
hence the distal fragment was not extended. A segment of the femur of the same length as the 
extent of overlap of the fragment was excised (Figure 11.4c), and the fragments were f xed with 
contoured plates and screws. Bilateral triple arthrodesis was also done in the same sitting. 

(A) 

(B) 

(C) 

Figure 11.4 (A), (B), (C)  The extent of overlap of the fragments and length of bone excised 
(double-sided arrow). 
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Flexion Deformity of the Knee 

Post-Operative Management 

Both lower limbs were protected in groin-to-toe casts for six weeks. Weight-bearing was permit-
ted afer three months when sound union of the femoral osteotomy was seen on radiographs 
( Figure 11.5a ,  11.5b ). 

(A) (B) 

Figure 11.5 Anteroposterior (A) and lateral (B) views show sound union of both femurs that were 
shortened. 

Follow-Up 

Active knee extension was restored, and deformities of the knees and feet were adequately cor-
rected ( Figure 11.6a ,  11.6b ). Te girl began walking on her feet initially with ankle-foot orthoses 
and the support of a walker (Figure 11.7). Te orthosis was discarded afer a year. She gradually 
began walking independently and was walking well without the walker when last seen four years 
afer the surgery, by which time she was skeletally mature. 

(A) (B) 

Figure 11.6 Active knee extension has been restored (A), and the deformities are well corrected (B). 
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Figure 11.7 The child began walking with ankle-foot orthoses and a walker. 

Comment 

Later dorsal carpal wedge osteotomies were also performed to improve hand function. 
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CASE 12 : GENU RECURVATUM 

Hitesh Shah 

Case 

A 17-year-old boy presented with a deformity of the right knee and shortening of the limb that 
had developed gradually and progressed over the course of fve years following a traf  c accident. 
Te details of the exact nature of injury and treatment were not available apart from the fact that 
he was treated in a plaster cast for six weeks. 
On examination, there was genu recurvatum of 30 degrees, and the normal prominence of the 

tibial tuberosity was not present (Figure 12.1a,  12.1b). 

(A) (B) 

Figure 12.1 (A) Genu recurvatum (30 degrees) on the right side.  (B) Normal prominence of the 
tibial tuberosity is absent.

 Knee fexion was limited to 75 degrees. Tere was no coronal plane deformity at the knee. 
Shortening of 3 cm of the tibia was present. Te lateral radiograph of the knee showed an abnor-
mal forward inclination of the tibial articular surface (Figure 12.2a). Te proximal tibial growth 
plate was completely fused, while the femoral and fbular growth plates were almost fused. 
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(A) (B) 

Figure 12.2 Anteroposterior (A) and lateral (B) radiographs of the knee show that the growth 
plates of the femur and the fibula are almost fused, while the proximal tibial growth plate is 
completely fused. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this patient? 
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Genu Recurvatum 

The Problems That Need to Be Addressed Are 
•  Genu recurvatum 
• Limitation of knee f exion 
• Shortening of the tibia 

The Aims of Treatment in This Boy Are to 
• Correct the genu recurvatum deformity 
• Equalise limb lengths 

Options for Treatment to Fulfil Each Aim 
• Correction of the knee recurvatum deformity 

⚬  Acute fexion osteotomy of the proximal tibia with an anterior open wedge1 
⚬  Acute fexion osteotomy of the proximal tibia with a posterior closed wedge 2 
⚬ Gradual correction of the deformity with an external fxator3,4,5 

• Equalising limb lengths 

⚬ Lengthening of the short tibia 
⚬ Shortening the opposite tibia 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT WERE 

• The age of the boy and the degree of skeletal maturation 
• The severity of deformity 
• The presence of associated shortening of the tibia 
• The amount of shortening

 Te choice of treatment based on these factors is shown in Table 12.1. 

Table 12.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The age of the boy and 
the degree of skeletal 
maturation 

17 years of age and 
virtually skeletally mature 

Further progression of the deformity 
will not occur as the tibial growth 
plate is completely fused. 
Consequently, there is no risk of 
recurrence of deformity following 
correction. 

Options that entail growth 
modulation are not feasible since 
the growth plate is fused. 

(Continued) 
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Table 12.1 (Continued) 

Factors Treatment Implications 

The severity of deformity 30 degrees Acute correction with an anterior 
open wedge runs the risk of 
excessive stretching of the skin 
over the proximal tibia and wound 
dehiscence. 

This complication can be avoided 
either by gradual correction with 
an external fi xator or acute 
correction with a posterior closing 
wedge. 

The presence of 3 cm of shortening at Since limb length equalisation and 
associated shortening of skeletal maturity deformity correction are required, 
the tibia and severity of a single procedure that can tackle 
shortening both should be the preferred 

option. 
Though limb length inequality of 3 
cm at skeletal maturity may be 
corrected by shortening of the 
contralateral tibia, it entails surgery 
on both the limbs since the 
deformity also needs correction. 

Gradual deformity correction 
combined with limb lengthening 
with the aid of an external fi xator is 
the most acceptable option.5 

How Was This Boy Treated?

 Te boy was treated with an osteotomy of the proximal tibia, gradual correction of the deformity 
and lengthening of the proximal tibia. An Orthofx Garches clamp was used to facilitate precise 
correction of the abnormal inclination of the tibial articular surface (Figure 12.3a,  12.3b). T e 
clamp was applied parallel to the tibial articular surface and as the deformity was corrected, the 
clamp tilted the articular surface backwards and restored the normal alignment (Figure 12.4a, 
12.4b ). 

Post-Operative Management 

Distraction was begun 10 days afer the osteotomy was performed and proceeded at the rate 
of 1 mm per day. Afer gaining 1 cm, the sagittal plane correction was done gradually. Once 
the sagittal deformity was corrected, another 2 cm lengthening was done. Excellent regenerate 
formed in the osteotomy gap (Figure 12.5a –12.5d). Te external fxator was removed af er the 
regenerate consolidated ( Figure 12.5d). 
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(A) (B) 

Figure 12.3 Post-operative anteroposterior (A) and lateral (B) radiographs show the proximal 
tibial osteotomy. 

(A) (B) 

Figure 12.4 (A) The lateral radiograph shows straight distraction in progress.  (B) Correction of the 
sagittal plane deformity was achieved after initial straight distraction. 
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(A) (B) 

(C) (D) 

Figure 12.5a– 12.5d Serial radiographs show distraction osteogenesis at the proximal tibia with 
good regenerate formation. 
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Follow-Up 

One year later, the genu recurvatum and the shortening were corrected, and 120 degrees of knee 
fexion was possible (Figure 12.6). He had normal function of the limb. 

(A) (B) 

(C) 

Figure 12.6 Full extension and fl exion of the knee were present at skeletal maturity. 
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CASE 13 : GENU VARUM 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case

 Tis adolescent girl with a family history of hypophosphataemic X-linked rickets presented with a 
deformity of the right knee. Te condition was diagnosed early in childhood with bilateral lower 
limb deformities managed successfully with intermittent use of guided growth through implanta-
tion of 8-plates. Just prior to her 13th birthday, recurrence of her lower limb deformities was noted. 
Correction was recommended with one side being treated at a time, and treatment of the lef 

side was successfully completed prior to the current presentation. 
Clinical inspection showed a mild degree of short stature and varus alignment of the right leg. 

She walked with a lateral thrust on the right knee during the stance phase. Te right knee had no 
tender areas and had a full range of movement. Stressing into varus with the knee held in slight 
fexion demonstrated some laxity of the lateral restraints of the knee joint. 
Standing x-rays confrmed the varus alignment of the right lower limb with 8-plates from pre-

vious surgery remaining in situ (Figure 13.1). Deformity analysis showed that distal femoral and 

Figure 13.1 Standing full-length views showing a normal mechanical axis on the left lower limb 
post–corrective surgery and medial axis deviation on the right side. 
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(A) (B) 

Figures 13.2a– 13.2b Deformity analysis using population-based normal values indicates defor-
mities in the distal femur and proximal tibia with CORAs located as shown (red dots). Simulation 
of correction shows a cumulative improvement in the position of the mechanical axis with each 
level of correction. The intermediate position in the simulation is the contribution from the fem-
oral correction and the final position after the tibial correction is added (A). This fi nal image 
confirms that normalising the position of the mechanical axis is best achieved by osteotomies 
of both femur and tibia. 

proximal tibial deformities (anatomical LDFA 87°; MPTA 82°) were contributing to the genu 
varum ( Figures 13.2a ,  13.2b ). Te CORA of the deformities was identifed using population-
based average values as the basis for normal knee alignment (anatomical LDFA 81°; MPTA 87°). 
A lateral x-ray of the femur showed that there was a procurvatum deformity in the lower half of 
the femur (Figure 13.3). Assessment of bone age suggested that there was less than two years of 
growth remaining before skeletal maturity. 
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Genu Varum 

Figure 13.3 There is a procurvatum deformity in the distal femur. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
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The Problems That Need to Be Addressed 
• Varus deformity of the right knee that has resulted in: 

⚬ An abnormal mechanical axis of the right lower limb 
⚬ Lateral thrust arising from an adduction moment at the knee 
⚬ Risk of gradual stretching of ligamentous and capsular restraints on the lateral 

side of the knee 

• Procurvatum deformity of the right femur 

The Aims of Treatment Are to 
• Correct the relevant deformities in the femur and tibia such that the mechanical axis 

is restored to normal. 
• Correct the mechanical axis sufciently to eliminate the knee adduction moment. 

Options for Treatment of Genu Varum 
•  Guided growth1 

•  Osteotomy2–4 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the patient 
• Site of deformity 
• Associated deformities in other planes 
• The patient’s preference to avoid external fi xation 
• Outcome of previous treatment on the contralateral side

 Te choice of treatment based on these factors is outlined in Table 13.1. 

Table 13.1 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Age of the patient 

Site of deformity 

Associated 
deformities in 
other planes 

Patient’s preference 

Outcome of previous 
treatment on the 
contralateral side 

13 years—approaching skeletal 
maturity 

The distal femur and the 
proximal tibia are contributing 
to the deformity 

Procurvatum deformity of the 
distal femur 

The patient will not accept 
treatment with an external 
fi xator 

The opposite limb was treated 
with osteotomies and acute 
correction and external 
fi xator-assisted internal fi xation 

Guided growth is not a feasible 
option as there is too little growth 
remaining for temporary 
epiphyseodesis to be effective. 

The deformity components in both 
the femur and the tibia need to be 
addressed. 

Since deformities in two planes are 
present, correction with the Ilizarov 
external fi xator is a good option. 

Osteotomies with acute correction 
and internal fi xation are the only 
available option in this patient. 

Since the outcome of treatment of 
the opposite limb was very 
satisfactory, the same strategies 
may justifi ably be followed. 
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Genu Varum 

How Was the Girl Treated?

 Te chosen method of treatment was acute correction of deformities by osteotomies and exter-
nal fxator-assisted internal fxation. Tis method allows the surgery to be performed in a 
minimally invasive fashion which, in turn, facilitates recovery. Te external fxator is used only 
intra-operatively to hold and adjust the osteotomy to the desired degree of correction, at which 
point internal fxation is substituted. 

Femur 
A rail fxator was used to facilitate compression across the osteotomy prior to internal fxation. 
Te fxator was applied from the medial side (Figure 13.4a). Te half-pins were inserted with 
care to avoid injury to the neurovascular structures (Figure 13.4b). Te external fxator was posi-
tioned out of the way of the intended internal fxation and substitution carried out whilst the 
fxator was still holding the corrected deformity under compression. 

Figures 13.4a– 13.4f A sequence of intra-operative x-ray images showing how the rail fi xator 
is applied on the medial side both distal (A) and proximal (D) to the intended osteotomy in the 
femur. Accurate positioning of the half-pins will allow both coronal and sagittal plane deformi-
ties to be corrected acutely after osteotomy (A–D). Lateral translation of the osteotomy (the 
CORA is proximal to the osteotomy) can be adjusted to optimum (E). The rail fixator can com-
press the osteotomy in the desired position whilst a plate is applied using the minimally invasive 
percutaneous plate osteosynthesis (MIPO) technique from the lateral side (F).

 Te osteotomy was performed through a limited distal femoral incision on the lateral side 
( Figure 13.4c ) Te osteotomy was compressed through the fxator and the desired degree of cor-
rection confrmed by x-ray (Figures 13.4d,  13.4e). Te plate was applied in the extra-periosteal, 
submuscular plane and fxed without compression (none is needed as this is maintained by the 
fxator) (Figure 13.4f). Te fxator was then removed, and wounds closed. 

Tibia
 Tere was a coronal deformity with the CORA at the level of the proximal tibial physis (Figure 
13.2a ).
 Te position of the CORA was identifed on intra-operative x-ray and a half-pin inserted at 

this point (Figures 13.5a,  13.5b). With the appropriate sleeve through a Rancho cube placed over 
this half-pin, a check was then made to see if the holes in the cube were able to trace out a curve 
centred around the pin (Figures 13.5c,  13.6). Multiple drill holes were made through this hole 
using drill sleeves ( Figures 13.5d ,  13.7 ). Te external fxator was applied from the medial side 
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with two half-pins proximal to and two distal to the intended dome osteotomy. An osteotomy of 
the fbula was made in the proximal third. Te half-pins of the rail fxator were inserted in the 
coronal plane ( Figures 13.5e ,  13.5f ,  13.8 ). 

Figures 13.5a– 13.5h A sequence of intra-operative x-ray images showing the creation of a 
dome osteotomy and the application of the rail fixator in the coronal plane from the medial 
side. The half-pin which mimics the axis of correction of angulation (ACA) placed over the CORA 
allows a Rancho cube to be rotated about it as a centre (A, B). X-ray screening of this will deter-
mine which holes of the Rancho cube are best suited for drilling out the dome osteotomy (C, D). 
The fixator half-pins are inserted in the coronal plane from the medial side (E, F). After the 
osteotomy is completed and the desired position obtained, compression can be applied by the 
fixator before the submuscular plate is fixed from the lateral side (G, H). 

Figure 13.6 Once the decision has been made as to which hole in the Rancho cube is to be 
used, the curve of prospective drill holes can be marked on the skin and the incision made 
accordingly. 
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Genu Varum 

Figure 13.7 Drilling along the curve determined by the Rancho cube rotating around the ACA 
of the half-pin inserted at the CORA. Care should be taken, and lateral x-ray views carefully 
observed to avoid over-penetration of the posterior tibial cortex. 

 Te osteotomy was performed by connecting the drill holes and distracted by the fxator to 
ensure it was complete. Acute correction of angulation was performed, and the osteotomy was 
compressed (Figure 13.5g). Incisions at the level of proximal and mid-tibia were made, the plane 
deep to tibialis anterior was developed, and a proximal lateral tibial plate was inserted in this 
submuscular plane (Figure 13.5h). Te plate was fxed in neutral as the compression was main-
tained by the fxator. Te fxator was removed and the wounds closed (Figure 13.9). 

Post-Operative Management 

Partial weight-bearing was permitted as soon as the patient was comfortable. X-rays at 6 and 12 
weeks recorded the progress of healing and restoration of normal alignment of both lower limbs 
( Figure 13.10 ). 

Comment 

Many conditions result in deformities in the coronal and sagittal planes; it is with the former 
that symptoms arise as both ankle and knee joints compensate well for deformities in the sagit-
tal plane. Te minimally invasive method of guided growth is efective in the growing child for 
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Figure 13.8 The rail fixator will allow for fine adjustments to be made and compression applied 
across the osteotomy. 

Figure 13.9 Two incisions allow for submuscular plating of the osteotomy. The third anterior 
incision is that for the dome osteotomy. The sutured incision postero-laterally is that which 
allowed for the fi bular osteotomy. 
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Genu Varum 

Figure 13.10 Standing full-length view showing a normal mechanical axis on both lower limbs. 

coronal plane deformities around the knee. Te pre-requisite is that the child has at least two 
years (and preferably three years) of growth remaining and that the physis is working normally. 
Correction by osteotomy is applicable at any age. It is a more invasive procedure but is able to 
address sagittal plane elements of the deformity also. Te methods by which this can be achieved 
include by creating wedges (open or closed) or by use of a dome technique; fxation of the oste-
otomy can be by means of internal or external fxation.2–4 

Much concern is raised about the need for bone grafing when performing open-wedge oste-
otomies; this can be avoided simply by good contact achieved by compression of the osteotomy 
and the care taken to preserve biological reserve for healing through the minimal access oste-
otomy and the nature of percutaneous osteosynthesis. 

111 



  
  

    
  

 
  

  
   

   

Essential Paediatric Orthopaedic Decision Making 

References 
1. Stevens PM, Novais EN. Multilevel guided growth for hip and knee varus secondary to chondrodyspla-

sia. J Pediatr Orthop. 2012;32(6):626–30. 
2. Takahashi T, Wada Y, Tanaka M, Iwagawa M, Ikeuchi M, Hirose D, et al. Dome-shaped proximal tib-

ial osteotomy using percutaneous drilling for osteoarthritis of the knee.  Arch Orthop Trauma Surg. 
2000;120(1–2):32–7. 

3. Amer AR, Khanfour AA. Evaluation of treatment of late-onset tibia vara using gradual angulation 
translation high tibial osteotomy. Acta Orthop Belg. 2010;76(3):360–6. 

4. Park YE, Song SH, Kwon HN, Refai MA, Park KW, Song HR. Gradual correction of idiopathic genu 
varum deformity using the Ilizarov technique. Knee Surg Sports Traumatol Arthrosc. 2013;21(7):1523–9. 

112 



 

   

 

  

 
  

  

  
  

    

    
 

 

CASE 14 : GENU VALGUM 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case 

A 12-year-old girl presented with pain on the medial and anterior aspects of both knees related 
to exertion. Tere was no signifcant past medical history and no previous trauma. No symp-
toms of instability, swelling, giving way or locking were described. Te girl had not attained 
menarche. 
Clinical examination showed bilateral symmetrical genu valgum. Tere was mild femoral 

anteversion, but otherwise the rotational profle was unremarkable. Tere was tenderness over 
the medial aspect of the proximal right tibia without evidence of swelling or erythema. T e 
patella and knee ligaments were stable to stress-testing (Figure 14.1). 

(A) (B) 

Figure 14.1 Weight-bearing AP x-rays demonstrating lateral mechanical axis deviation and the 
mechanical Lateral Distal Femoral Angle (mLDFA) and Medial Proximal Tibial Angle (MPTA) on 
both sides. 
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(C) (D) 

Figure 14.1 (Continued) 

A full-length standing AP EOS x-ray revealed bilateral valgus knee alignment with lateral 
mechanical axis deviation. Te mechanical lateral distal femoral angles (mLDFA) were 83° and 
82° (normal values 87° ± 3°), and the medial proximal tibial angles (MPTA) were 89° and 90° 
(normal values 87° ± 3°).1 

X-rays of the knees were otherwise normal with no suggestion of metabolic bone disease or 
skeletal dysplasia. MRI of the knees did not reveal any signifcant pathology within bone or over 
the pes anserinus on the right side. Te cause of pain was attributed to repeated stresses on the 
medial collateral ligament and medial capsular structures while walking and running. 

Questions 
• What are the problems related to the right lower limb that need to be addressed 

in this girl? 
• What are the aims of treatment? 
• What are the available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
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Genu Valgum 

The Problems That Need to Be Addressed 
• Deformity of both knees with mechanical axis deviation 
• Bilateral anterior knee pain and pain on the medial aspect of both knees 
• Awkward appearance of the limbs 
• Abnormal loading of the knees with potential long-term adverse ef ects 

The Aims of Treatment 
• Correct the deformities and restore normal mechanical axes of the limbs 2 with the 

hope of 

⚬ Relieving knee pain 
⚬ Improving the cosmetic appearance 
⚬ Restoring normal loading of the knee 

Options for Treatment 
•  Hemi-epiphyseodesis 

⚬ Medial distal femur 
⚬ Medial proximal tibia 
⚬ Both femur and tibia 

•  Osteotomy 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the patient 
• Natural history of the deformity 
• Site of the deformity 
• Status of the growth plates 
• Nature of surgery 

 Te factors that infuenced the choice of treatment are outlined in Table 14.1. 

Table 14.1 Choice of Treatment Based on the Factors Infl uencing Treatment 

Factors Treatment Implications 

Age of the patient 12 years Spontaneous resolution of 
physiologic genu valgum may be 
expected till around the age of 7 
years. Thereafter, no resolution 
occurs. Hence, intervention in this 
girl is justifi ed. 

Since there is suffi cient growth 
remaining, growth modulation by 
temporary epiphyseodesis is worth 
attempting. However, the 
intervention should not be 
delayed further as the window of 
opportunity will close soon. 

(Continued) 
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Table 14.1 (Continued) 

Factors Treatment Implications 

Natural history of the 
deformity 

Idiopathic genu 
valgum 

Since there is no underlying 
metabolic disease or skeletal 
dysplasia, the deformity is not 
likely to progress. 

Site of the deformity The deformity is in 
the distal femur 
with no 
contribution from 

Since the deformity is in the distal 
femur, surgery should be on the 
femur only. 

the proximal tibia 

Status of the growth 
plates 

Healthy growth 
plates 

Guided growth works more 
predictably if the growth plate is 
healthy. 

Nature of surgery Guided growth 
versus osteotomy 

Guided growth is far less invasive 
and far simpler than an osteotomy. 

How Was the Child Treated? 

Under general anaesthesia with tourniquets, the distal femoral physis was identifed and the 
level marked using f uoroscopy. A small medial longitudinal incision was made centred on the 
level previously marked. Te vastus medialis muscle was identif ed and retracted anteriorly of 
the periosteum with care. Attention was paid to avoid injury to the saphenous vein and nerve, 
medial patellofemoral ligament, the physis and the perichondral ring as inadvertent dissection 
of the physis could cause permanent growth disturbance.
 Te 16 mm 8-plate was positioned centrally over the physis on the AP fuoroscopy image and 

in the centre of the distal femoral physis on the lateral view; it was held in place with a 21-gauge 
needle inserted through the central hole of the plate directly into the physis. A threaded guide-
wire was then passed through the centre of the distal hole into the epiphysis, ensuring that the 
8-plate was perpendicular to the physis and that the wire was parallel or divergent from the 
physis. A second threaded guidewire was passed into the metaphysis through the proximal hole 
of the 8-plate, ensuring that the trajectory would not enter the physis. Two cannulated screws, 
about one-third the length of the physis, were inserted over the guidewires afer some initial pre-
drilling. Te guidewires were extracted at the end (Figure 14.2).
 Final f uoroscopy checks were made to confrm satisfactory location of the plates and the knee 
fexed and extended to ensure that no sof tissues were trapped or inhibited. A small piece of 
bone wax was inserted into the cannulated hole at the end of each screw as a plug to prevent 
intramedullary bleeding into the surrounding tissues. Local anaesthesia was inf ltrated around 
the periosteum before closure. 

Post-Operative Management 

Post-operative physiotherapy and full weight-bearing with assistance were started on recovery 
from anaesthesia. At 10 days post-surgery, the wounds were checked and the recovery of knee 
movements confrmed to be full. 
Standing full-length EOS x-ray images were obtained at three months to ensure that the plates 

were still in the correct position and to monitor for rapid corrections that can occur during 
growth spurts (Figure 14.3). 
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Genu Valgum 

(A) (B) 

(C) (D) 
Figure 14.2 Intraoperative images for 8-plate insertion into the left knee. 

 Te patient acknowledged some improvement in pain at six months post-surgery. T ere had 
been a growth spurt and the axis corrected within nine months. Both 8-plates were removed as a 
day-case; particular attention was paid to preserving the sof tissues and physis during removal. 
Tere was a good recovery, and at six months afer plate removal the alignment was satisfactory 
and she was pain-free and participating regularly in sports (Figure 14.4). 

Comment 

Femoral 8-plates correct at an average of 0.7° per month and the tibia corrects at 0.5° per month.3 
Approximately 6° of correction were required on the right knee and 8 on the lef. With the 
patient’s age at 12 years and being pre-menarche, there was sufcient time to correct the align-
ment with femoral 8-plates alone.
 Te association between lower limb malalignment and future osteoarthritis, in particular the 

threshold above which intervention is warranted, is controversial.4 Mild asymptomatic genu val-
gum in a younger child can be monitored. In this case, there were symptoms, and the mechani-
cal axes were almost outside the lateral compartment of the knee. 
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Figure 14.3 AP x-ray at nine months post–plate 
insertion. 

Figure 14.4 AP x-ray at six months post–plate 
removal. 
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CASE 15 : COXA VARA 

Leo Donnan 

Case

 Tis 4-year-old boy had been attending the facio-maxillary clinic for a minor clef palate when 
his parents raised the issue about his short stature and waddling gait. A referral to orthopaedics 
was made, where he was noted to be below the 1st percentile for height and mild disproportion 
between his limb and truncal height. He had exaggerated lumbar lordosis and genu valgum. He 
walked with a waddling gait and complained of tiring easily. 
His parents gave no family history of any signif cant musculoskeletal problems, and his two 

older siblings were of normal stature and health. 
 Te hip examination was grossly abnormal on both sides with fxed fexion deformities of 15° 

and further fexion being limited to 100°. Passive hip abduction was only 10° while the hips could 
be adducted to 60°. Internal and external rotations in extension were within the normal ranges. 
 Te clinical features of proportionate dwarfsm were consistent with an underlying bone dys-

plasia involving both the trunk and extremities. A skeletal survey confrmed the diagnosis of 
spondyloepiphyseal dysplasia (Figure 15.1). Te pelvic radiograph showed complete lack of ossi-
fcation of the capital femoral epiphysis and suggestion of severe coxa vara with Hilgenreiner 
epiphyseal (HE) angles >60° on both sides (Figure 15.2). 

(A) (B) 

Figure 15.1 (A) Generalised epiphyseal changes indicative of a skeletal dysplasia.  (B) Platyspondyly, 
anterior beaking of the vertebral bodies and exaggerated lumbar lordosis. 
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Figure 15.2 Elevated Hilgenreiner epiphyseal angles on both sides. 

An arthrogram was performed to assess the shape of the femoral head, its congruency with the 
acetabulum and how it might respond to a corrective osteotomy (Figure 15.3a,  b,  c). 

(A) (B) 

(C) 

Figure 15.3 Dynamic arthrogram of the hip shows a large un-ossified cartilaginous anlage of 
the femoral head and neck. The joint is subluxated and incongruous in the neutral position (A). 
Adduction of the hip considerably improves both the congruency and stability (B, C). 
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Coxa Vara 

Questions 
• What are the problems that need to be addressed in this child? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Coxa vara (Hilgenreiner epiphyseal angle greater than 60°) 

⚬ Abductor mechanism dysfunction producing a Trendelenburg gait 
⚬ Relative trochanteric overgrowth 
⚬ Hip joint incongruity that can potentially hasten development of degenerative 

arthrosis 
⚬ Propensity of progression of coxa vara if untreated and potential risk of recur-

rence following correction 
⚬ Propensity to develop genu valgum1 

•  Fixed fexion deformity of the hip 

⚬ Exaggeration of lumbar lordosis 

Aims of Treatment in This Case Are to 
• Correct the coxa vara and thereby: 

⚬ Halt the progression of deformity 
⚬ Improve the proximal femoral anatomy and mechanics 

◽ Improve the HE angles 
◽ Improve the relative trochanteric overgrowth 

⚬ Reduce the hip joint into a stable position 

• Reduce the fxed fexion deformity and thereby: 

⚬ Reduce the lumbar lordosis 

Options for Treatment 
• Correct coxa vara 

⚬ Valgus intertrochanteric femoral osteotomy2 
⚬ Valgus and extension intertrochanteric femoral osteotomy 

• Reduce the relative trochanteric overgrowth 

⚬  Trochanteric epiphyseodesis 

◽ Drilling of the growth plate 
◽  Screw epiphyseodesis 

FACTORS THAT INFLUENCE THE CHOICE OF TREATMENT 

• Age and stature of the child 
• Underlying cause of the deformity 
• Site of the deformity 
• Severity of the deformity 
• Range of hip motion 
• Presence of degenerative changes 
• Other associated medical issues

 Te choice of treatment based on these factors is outlined in Table 15.1. 
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Coxa Vara 

Table 15.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age and stature 

Underlying cause 

Site of the 
deformity 

Severity of the 
deformity 

Range of hip 
motion 

Presence of 
degenerative 
changes 

Other associated 
medical issues 

4 year-old with severe short 
stature 

Spondyloepiphyseal 
dysplasia 

Poor epiphyseal 
development 

HE angle greater that 60° 

There is a signifi cant 
reduction in abduction and 
a fi xed fl exion deformity. 

Importantly, the range of 
passive adduction is 60° 
while the passive fl exion is 
only 100° 

The plain radiographs and 
the arthrogram did not 
show features of 
degenerative changes 

Type II collagen disorder due 
to defects in COL2A1gene 

Choice of implant may be limited due 
to the small size of the bone, and 
alternative techniques involving 
fi xation with K-wires may be required. 3 

Coxa vara associated with bone 
dysplasia is likely to progress and may 
have less reliable treatment outcomes 
due to abnormal articular collagen.4 

Physeal and metaphyseal deformities 
are more appropriately treated by 
intertrochanteric rather than sub-
trochanteric osteotomies. 

The high HE angle results in a vertical 
shearing stress on the physis with the 
likelihood for progression. 

When high angles are combined with 
defective cartilage structure, 
progression is usually rapid and severe. 5 

It is imperative to know that there is 
enough hip range of motion in the 
plane of correction being undertaken. 

A valgus osteotomy requires a good 
range of adduction which is present. 

An extension osteotomy requires near 
normal range of fl exion which is only 
100°. 

Excessive reduction of hip fl exion by an 
extension osteotomy could make 
sitting diffi cult. 

Degenerative changes of the hip may 
preclude a proximal femoral 
osteotomy due to limited range of 
motion or the risk of worsening the 
hip loading and accelerating the 
degenerative process. 

Spondyloepiphyseal dysplasia affects 
Type II collagen and is therefore 
associated with joint laxity. This may 
lead to cervical spine instability 
underlining the importance of a 
thorough screening of the spine prior 
to any anaesthesia.6 

How Was This Child Treated?

 Te arthrogram showed that the hip reduced in adduction with improved congruency in this 
position. It was planned to perform a valgus osteotomy to reduce the HE angle to 30° and add in 
15° of extension using a paediatric blade plate. 
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Essential Paediatric Orthopaedic Decision Making 

With the patient in a supine position, a lateral approach was used to expose the proximal 
femur. Te leg was adducted to 60° and a guide passed high into the trochanter parallel to 
Hilgenreiner’s line up to the level of the physis. Te position was checked to be central in the 
femoral neck by the frog lateral view and the length of blade required determined. 
 Te seating chisel was then passed using the K-wire as a guide and with 15° of extension. A 

transverse intertrochanteric osteotomy was made, and the defnitive blade plate applied to hold 
the correction without performing any bony resection (Figure 15.4). 

Figure 15.4 Intra-operative correction. 

Post-Operative Management 

 Te child spent four weeks in a wheelchair before being mobilised with a walking frame. Once 
union was solid, a program of abductor muscle strengthening and gait training was implemented. 

Follow-Up 

Long term follow-up is essential for these types of patients as recurrence of deformity is com-
mon4 and joint degeneration may occur as part of the condition. Twelve months afer the surgery 
( Figure 15.5), the blade plates were removed, and an arthrogram conf rmed that the hips were 
well corrected and stable. 

Figure 15.5 Healed osteotomies with improved HE angles just prior to removal of the implants. 
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Coxa Vara 

At age 9, it was noted that his gait was deteriorating and that the coxa vara was recurring, and a 
further correction is planned. He was yet to develop a secondary ossifcation centre in his femo-
ral heads. Following further correction the child must be followed, till skeletal maturity as the 
risk of recurrence persists and even into adulthood because of the risk of premature degenerative 
arthritis. 
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CASE 16 : FEMORAL ANTEVERSION 

Leo Donnan 

Case 

At the age of 15, this adolescent girl was experiencing activity-related aching in both groins and 
intermittent lef patellar instability. She was tall for her age and had always been noted to be 
awkward when walking and running, and she ofen tripped when she was younger. Tere was no 
relevant family history, and her development appeared to have been normal. 
When examined, she was noted to walk with in-toeing with a 15° internal foot progression 

angle and her patellae “squinted” (Figure 16.1a,  b). She had mild ligament laxity, a straight spine 
and no evidence of spinal dysraphism. 

(A) (B) 

Figure 16.1 Patellae facing forwards and feet turned outwards (A) compared with feet forward 
and patellae turned inward (B). 

Measurement of the rotational profle of her lower limbs revealed that with the hips in extension 
there was 90° of internal rotation and −10° of external rotation, the thigh-foot angles were 10° 
external on both sides, and the lateral borders of her feet were straight. Examination of her hips, 
knees and feet was otherwise normal except for mild patellar subluxation in extension with a 
positive J sign. Neurological examination was normal. 
Radiological examination including a standing long leg radiograph and a CT scan to assess 

the rotational profle of the lower limbs were done (Figures 16.2 and  16.3).1 
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Figure 16.2 Mechanical axis radiograph of her lower limbs showed a normal profile with inter-
nally rotated patellae. 
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Femoral Anteversion 

Figure 16.3 CT scan for rotational profile showing 50° of femoral anteversion on the gunsight 
views.1 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this girl? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Excessive femoral anteversion 

⚬ Awkward in-toeing gait 
⚬ Groin pain while walking 
⚬  Patellar instability 

Aims of Treatment in This Case Are 
• Improve the appearance of gait2 
• Relieve the groin pain 
• Abolish the patellar mal-tracking 3 

Options for Treatment 
•  Observation 
• Gait retraining and pelvic stability exercises 
• Femoral de-rotation osteotomy using: 

⚬  Blade plate 
⚬  Intramedullary nail 

FACTORS THAT INFLUENCE THE CHOICE OF TREATMENT 

• Age of the patient 
• Underlying cause of the deformity 
• Presence of compensatory external tibial torsion 
• Psychological state of the patient 

 Te choice of treatment based on these factors is shown in Table 16.1. 

Table 16.1 Outline of the Choice of Treatment Based on Factors Influencing the Decision 

Factors Treatment Implications 

Age 15 years—almost 
reached skeletal 
maturity (the 
proximal femoral 
physis is not 
completely fused) 

When the physis is open, a blade plate 
device is preferred to minimise the risk of 
avascular necrosis of the femoral head. 4 
Alternatively, if an IM nail is used, the 
point of entry should be the tip of the 
trochanter and not the pyriform fossa as 
the risk of avascular necrosis is less with 
trochanteric entry. 

Underlying cause of 
the deformity 

Idiopathic femoral 
anteversion (not 
associated with 
developmental 
dysplasia of the hip 
or neuro-muscular 
disorders with hip 
instability) 

The correction of femoral anteversion is 
often needed as an essential part of 
treatment if it is associated with hip 
instability of any cause. 

The indications for correction of isolated 
idiopathic femoral anteversion are very 
much more selective. 

(Continued) 
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Femoral Anteversion 

Table 16.1 (Continued) 

Factors Treatment Implications 

Presence of “Miserable 
compensatory malalignment” 
external tibial torsion 
(“miserable 
malalignment 
syndrome”) 

Psychological state of Acceptance of gait and 
the patient posture 

Some patients with signifi cant femoral 
anteversion have a relatively normal foot 
progression angle due to increased 
external tibial torsion. If this is not 
identifi ed preoperatively, a femoral 
de-rotation without concomitant tibial 
internal rotation osteotomies can result in 
a severe out-toe gait. 5 

Many adolescents are unhappy with the way 
they look, and this can contribute 
signifi cantly to the symptoms expressed. 
Surgery may not be justifi ed in minor 
degrees of anteversion just because the 
patient is unhappy with the gait pattern. 

Whilst femoral de-rotation can be a very 
successful operation, case selection is 
important. 

How Was This Child Treated?

 Afer appropriate evaluation of this girl, it was decided that correction of the rotary mal-align-
ment would be justifed and likely to improve her symptoms. Her anteversion was measured at 
50° by CT scan, and she required at least 30° of external rotation to allow a normal foot progres-
sion and to allow her to walk with the hips in a neutral position and the patellae facing forward. 
With the patient in the lateral position, under image intensifer guidance a 2 mm K-wire was 

placed transversely just above the femoral condyles. A 2 cm incision was made above the greater 
trochanter, and a ball-tipped guide wire was introduced from the posterolateral aspect of the 
greater trochanter (Figure 16.4) and passed down the femoral shaf . Te femur was then slowly 
reamed, watching for any changes in oxygen saturation as a sign of fat embolism. 

Figure 16.4 Trochanteric entry using a percutaneous approach. 
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Figure 16.5 Healed de-rotation osteotomies with patellae facing forward. 

A subtrochanteric osteotomy was made with an intramedullary saw and fnal reaming per-
formed to remove any bone spicules at the osteotomy site. Te selected nail was passed and 
locked proximally. Te holding jig for the nail was lef in place to act as the proximal arm of 
the goniometer when compared to the distal femoral K-wire. Te distal femur was then rotated 
externally by 30° as measured with a long arm goniometer. Tis position was held whilst the 
distal cross bolts were inserted. 

Post-Operative Management 

Postoperatively, the girl was rested in bed for 24 hours whilst pain and muscle spasm were 
addressed. Weight-bearing was permitted as tolerated with crutches. Crutches were discarded 
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Femoral Anteversion 

once callus was visible at the osteotomy sites. Afer sound union of the osteotomy (Figure 16.5), 
targeted abductor-strengthening exercises and low-impact activities such as cycling and swim-
ming were encouraged. 

Follow-Up 

Patients who undergo this procedure should be followed up at four weeks with an X-ray and 
every month both clinically and radiologically until bridging bone formation at the osteotomy 
is seen. Afer that, they should continue with a supervised exercise program and be reviewed at 
six and 12 months. 
 Tis girl returned to playing netball with a more natural running style. Her groin pain com-

pletely resolved, but she did have minor irritability from the locking cross bolts, which were 
removed a year later with good ef ect. Te patellar instability on the lef resolved following 
surgery. 

Comment 

Some patients will experience irritation from the tip of the nail or the cross bolts which may 
necessitate nail removal, but in the majority the nail can be retained. 
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CASE 17 : VALGUS DEFORMITY OF THE WRIST 

Hitesh Shah and Benjamin Joseph 

Case 

A 4-year-old girl presented with a severe deformity of the lef wrist with shortening of the lef 
forearm (Figure 17.1a –c). She had sustained a fracture of the radius afer a fall at 1 year of age, 
following which she developed progressive deformity of the forearm and wrist. Te function of 
the lef hand was compromised, and she had dif  culty in fulflling activities of daily life that 
required bimanual dexterity. A previous operation attempting to obtain union had failed. 

(A) (B) 

(C) 

Figure 17.1 Severe manus valgus deformity (A, B) and shortening of the left forearm. The promi-
nence of the ulnar head at the wrist is evident (C). 
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On examination, she had a short, bowed lef forearm with a radial deviation of the wrist. T ere 
were multiple café-au-lait spots on her torso suggestive of Type I neurofbromatosis ( Figure 17.2). 
Tere was palpable discontinuity of the lower half of the radius with abnormal mobility. Passive 
movements of the wrist and the forearm were severely restricted. Radiographs of the forearm 
showed a gap non-union of the shaf of the lef radius in the distal half with tapering atrophic 
ends of the two fragments. Te ulna was intact, but it was bowed, and there was dorsal sublux-
ation of the distal ulna with disruption of the inferior radio-ulnar joint (Figure 17.3). 

Figure 17.2 Multiple café-au-lait spots on 
the trunk of the child. 

Figure 17.3 Radiograph of the forearm showing 
the atrophic gap non-union of the radius with 
bowed ulna and disruption of the inferior radio-
ulnar joint. 

Questions 
• What are the problems that need to be addressed in this child? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 

136 



 

  
  

  
 
  

  
  

 

 
  
   
  
  
   
  

  
 

  

 

  

  

   
   

    
    

     
  

 

   
   
  

  

   
  

 

   
  

Valgus Deformity of the Wrist 

The Problems That Need to Be Addressed Are 
•  Deformity 

⚬ Bowing of the forearm 
⚬ Valgus deformity of the wrist 

• Atrophic gap non-union of the radius 
• Joint instability—at inferior radio-ulnar joint 
• Limb length inequality 

⚬ Radius much shorter than the ulna 
⚬  Lef forearm shorter than the right 

• Propensity for recurrence of radial fracture af er healing 

The Aims of Treatment in This Child 
1. Correct the deformities of the forearm and wrist 
2. Obtain sound union of the radius 
3. Restore integrity of the inferior radio-ulnar joint 
4. Restore length relationship between the radius and ulna 
5. Reduce the limb length inequality 
6. Minimise the risk of re-fracture 

Options for Treatment to Fulfil Each Aim 
• Correcting deformities of the forearm 

⚬ Osteotomy of bowed ulna 

• Correcting deformity at the wrist 

⚬ Restoring length relationship between radius and ulna 

• Obtaining union of the radius 

⚬ Excision of pseudarthrosis 
⚬  Bone graf ing 

◽ Vascularised bone graf 
◽ Non-vascularised autologous bone graf 

⚬ Internal fxation (intramedullary rod) or external fxation 
⚬ Bone morphogenetic protein (BMP) 

• Restoring length relationship between radius and ulna 

⚬ Distraction of radius prior to graf ing 
⚬ Obtain union of radius to restore growth of the radius 
⚬ Shorten the ulna 

• Reducing limb length inequality 

⚬  Accept shortening 
⚬ Lengthen radius and ulna 

• Minimising risk of re-fracture 

⚬ Retain intramedullary rod till skeletal maturity 
⚬  Protective splintage 
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Essential Paediatric Orthopaedic Decision Making 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Nature of underlying disease 
• Complexity of surgery 

 Te choice of treatment based on these factors is outlined in Table 17.1. 

Table 17.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 4 years Early surgical intervention is warranted as 
further delay in treatment will result in 
further shortening of the limb and 
aggravation of deformity. 

This age is adequate to consider vascularised 
bone grafting. 

If union of the radius is obtained at this age, 
there is a good chance of restoration of 
normal growth of the radius and 
improvement of the disparity in lengths of 
the radius and ulna. 

Once union of the radius is obtained, the 
bone needs to be protected till skeletal 
maturity by retaining the intramedullary rod. 
This is likely to entail rod revision as the 
bone grows and the initial rod becomes too 
short to support the site of union. 

Nature of Neurofi bromatosis Union is diffi cult to achieve unless care is taken 
underlying Type I to excise all the hamartomatous tissue 
disease around the non-union site. 1 

High union rates have been reported with 
vascularised bone graft.2,3 

The risk of re-fracture is high till skeletal 
maturity, and hence the intramedullary rod 
should be retained till maturity. 4 In addition, 
using a protective splint is advisable. 

Complexity of Free vascularised Free vascularised grafting is a lot more 
surgical fi bular graft versus complicated than non-vascularised grafting. 
procedure non-vascularised 

grafting 

How Was This Child Treated? 

Meticulous excision of the pseudoarthrosis of the radius was done; this included excision of the 
hamartomatous tissue and a 1.5 cm cuf  of periosteum from each fragment. A half-centimetre 
of sclerotic bone was removed from the tips of both fragments of the radius; cortical bleeding 
was noted from the ends of the radial fragments. Te ulna was osteotomised at the apex of the 
bow. When the radial fragments were held in good apposition, the sof tissues of the forearm 
were slack. When traction was applied to make the sof tissues taut, gaps were noted between the 
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Valgus Deformity of the Wrist 

radial fragments and between the ulnar fragments. Cortical bone graf harvested from the iliac 
crest was cut into two struts about 3 mm longer than the gaps in the radius and ulna produced 
by traction. Tese pieces of iliac bone were prised into the gaps between the fragments of the 
radius and ulna to function as intercalary grafs under compression. Both the radius and ulna 
were then fxed with intramedullary Kirschner wires (K-wire), with care taken to conf rm that 
the contact between the fragments and the intercalary grafs was perfect. Additional cortical and 
cancellous bone graf was harvested from the iliac crest and placed around the site of excised 
pseudarthrosis of the radius and osteotomy site of the ulna. Te wrist deformity improved con-
siderably, but complete correction of the valgus deformity was not achieved. Te K-wires were 
bent and buried under the skin. Te wounds were closed, and a long arm cast was applied. 

Post-Operative Management 

 Te plaster cast was changed afer six weeks, and union of the radius and ulna was moni-
tored with periodic radiographs. Te complete union of radius and ulna was achieved af er 4.5 
months. Active, active-assisted, and passive physiotherapy was started, and normal activities 
were allowed afer 4.5 months. Te intramedullary wires were retained. Sequential radiographs 
(Figure 17.4) showed progress of union. Another important feature evident in these radiographs 
is that normal growth of the radius has been restored. Te position of the articular surface of the 
radius was proximal to the tip of the ulnar wire at 12 weeks, while it was distal to the tip of the 
ulnar wire at three years. With resumption of normal radial growth, the normal relationship of 
the distal ulna to the radius was restored, and the alignment of the wrist was normal three years 
following surgery (Figure 17.5). Te forearm was 3 cm shorter compared to the opposite side. She 
was able to use the upper limb for all routine activities of daily living. 

Figure 17.4 Sequential follow-up radiographs of the forearm of the child show progressive 
healing of the radial pseudarthrosis. Resumption of normal growth of the radius is clearly seen 
as the relationship between the distal radius and the distal ulna changes; the distal articular mar-
gin of the radius moves from being proximal to the tip of the ulna to being distal to it over time. 

Follow-Up 

Since there is a risk of re-fracture, the child needs to be carefully monitored to revise the intra-
medullary wires with stouter and longer wires when the current radial wire recedes close to the 
site of the pseudarthrosis. Te child must then be followed up till skeletal maturity. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 17.5 The appearance of the limb three years after surgery. 

Comment 

 Te case illustrates that restoration of normal growth in a young child can contribute to defor-
mity correction. 
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CASE 18 : SCOLIOSIS 

David A Spiegel 

Case 

A 15-year-and-11-month-old male presented for the evaluation of a curvature in his spine. His 
medical history was notable for developmental delay, hypotonia, and intermittent lactic acido-
sis. A formal diagnosis was not established, although a mitochondrial disorder was considered. 
His cardiac evaluation revealed no abnormalities. He was an independent community ambula-
tor and participated in all activities, including some sports. A standing postero-anterior (PA) 
radiograph of the thoracolumbar spine demonstrated a right thoracic curve from T5 to L1 of 62° 
(Figure 18.1a), and he was referred for further medical workup for his undiagnosed lactic acido-
sis, anticipating that he would require surgical treatment based on the natural history of the cur-
vature. He returned for orthopaedic follow-up seven months later, and the curve had progressed 
to 85° (Figure 18.1b,  c). A bending radiograph over a bolster showed that the curve improved to 
53° (Figure 18.1d). Given his rapid progression, an MRI was obtained which revealed no intra-
spinal anomalies such as a tethered cord or syrinx. 

(A) (B) (C) 

Figure 18.1a– 18.1d The initial standing PA radiograph of the thoracolumbar spine revealed 
a Cobb angle of 62° (A) which progressed to 85° (B). The standing lateral radiograph demon-
strated mild thoracic hypokyphosis and moderate rotational asymmetry of the rib cage (C). The 
curve corrected to 53° on a bolster bending radiograph (D). 
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(D) 

Figure 18.1 (Continued) 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 

142 



 
 
  
 

 
  

 
 
  

 
 

 
  

 

 

 
 
 
 
 

     

     

      

   

 

   

 

   

 

Scoliosis 

The Problems That Need to Be Addressed Are 
• Progressive deformity of the spine 
• Chest wall deformity which could impact pulmonary function 
• Coronal and sagittal imbalance of trunk relative to pelvis which could potentially 

result in back pain 
•  Cosmetic concerns 

The Aims of Treatment in This Boy Are to 
• Alter the natural history of the spinal deformity by arresting its progression 
• Improve spinal alignment and reduce deformity of the rib cage 

Options for Treatment 
•  Bracing 
• Posterior spinal fusion with instrumentation with or without spinal osteotomies 
• Anterior release followed by an instrumented posterior spinal fusion either during 

the same operative session or in two stages 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the boy 
• Severity of the curve 
• Flexibility of the curve 
• Rate of curve progression 
• Underlying disease and its natural history 

 Te choice of treatment based on these factors is outline in Table 18.1. 

Table 18.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the boy 15 years The risk of progression is very high as he is skeletally 
immature. 

Growth-sparing surgical strategies such as “growing rods” 
and Vertical expandable prosthetic titanium rib (VEPTR) 
may be considered in younger patients but is not 
appropriate in this 15 year-old boy. 

Severity of the 85° Cobb angle Bracing may considered for thoracic curves < 45° in 
curve patients who are skeletally immature. 

Since the curve is much more than 45°, bracing is not a 
justifi able option. 

The fl exibility of The curvature is Preliminary anterior release and halo traction are not 
the deformity moderately needed, and their risks outweigh the perceived benefi ts. 

fl exible This curve can be managed by a posterior spinal fusion 
with instrumentation, and Ponte osteotomies could be 
considered depending on the fl exibility under 
anaesthesia after exposure of the spine. 

(Continued) 
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Table 18.1 (Continued) 

Factors Treatment Implications 

Rate of 
progression of 
the deformity 

The curve 
progressed 
from 62° to 
85° in seven 

The potential exists for this curve to be life-threatening if 
progression continues at this rate. 

Early intervention is mandated in this boy. 

months 

The underlying 
disease and its 
natural history 

The exact 
diagnosis has 
not been 
established 

Given the magnitude of the curvature, he would be 
offered surgical management if the diagnosis was 
adolescent idiopathic scoliosis, and it is likely that the 
risk of progression and of future clinical problems such 
as respiratory impairment are even higher for a non-
idiopathic condition (syndromic, neuromuscular). 

How Was This Child Treated? 

Although a fnal diagnosis had yet to be established, he was scheduled for surgical treatment given 
the rapidity of progression and the severity of the deformity. A posterior spinal fusion with instru-
mentation was planned, with the fusion levels determined by his preoperative standing radio-
graphs and bend flms. On the PA radiograph of the thoracolumbar spine, the central sacral line 
went through the inner wall of the lef pedicle at L3, and the neutral vertebra was L4, but L3 had 
minimal rotation. Based on this information, L3 was selected as the lower instrumented vertebra.1 
When selecting the upper instrumented vertebra, we noted that clinically the lef shoulder was 
lower than the right and T1 was tilted to the lef, which led us to select T4. His preoperative right-
sided bending radiograph, obtained with a bolster, showed that the curve improved to only 53°. 
He underwent a posterior spinal fusion with instrumentation from T4 to L3 without any spinal 

osteotomies. Facetectomies were performed at each level, and corrective manoeuvres included 
rod rotation with manual pressure on the thoracic apex, in situ bending, and coupled derotation 
of the four apical vertebrae. His coronal Cobb angle measured 22° postoperatively, and his tho-
racic kyphosis measured 25°. Estimated blood loss was 400 cc, and no transfusion was required. 
His rib hump improved considerably, and there was mild persistent rib asymmetry as seen on 
the lateral radiograph. Te central sacral line is within a centimetre of C7, and his chest is well 
aligned with his pelvis. While T1 is still tilted a small amount to the lef, it appears that the lef 
clavicle is slightly elevated relative to the right, although there were no clinical concerns. He was 
satisfed with his clinical appearance. 

Post-Operative Management 

He was admitted to the paediatric intensive care unit for observation and management of his 
metabolic acidosis, and came to the regular unit on postoperative day two. He sat up on the f rst 
day, and was discharged home on post-operative day six without any complications. At three 
years of follow-up, he is doing well clinically, although he did report some right peri-scapular 
pain at one of the visits which responded well to physical therapy. On examination, his spine 
remained well balanced with no loss of correction. His radiographs revealed good deformity 
correction and balance of his shoulders and chest wall relative to his pelvis (Figure 18.2a,  b). T e 
young man needs to be followed up for late complications. 

Comment 

 Tere are no studies that we are aware of concerning scoliosis in patients with metabolic diseases 
such as chronic lactic acidosis or mitochondrial disease, so the decision making was based on 
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Scoliosis 

(A) (B) 

Figure 18.2a– 18.2b A standing PA radiograph three years following instrumented spinal fusion 
demonstrated adequate curve correction and coronal balance with level shoulders (A), while the 
lateral demonstrated normal sagittal contours and balance with mild residual rotational defor-
mity of the ribs (B). 

accumulated experience with the natural history for adolescent idiopathic scoliosis (AIS) of the 
thoracic spine, where curvatures beyond 50° usually progress slowly into adulthood at between 
0.5–1° per year.2–6 Te vast majority of idiopathic curves do not impact life expectancy and the 
quality of life, but patients who develop large thoracic curves commonly have chronic back pain, 
pulmonary impairment, and signifcant cosmetic concerns.2–6 
While life expectancy is rarely impacted by adolescent idiopathic scoliosis, early-onset idio-

pathic or non-idiopathic curves can lead to premature death. Tey are more likely to become 
severe, and curves beyond 100° can be associated with pulmonary hypertension, right ventricular 
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hypertrophy, cor pulmonale, and death.2–4 In our case, the boy had an undiagnosed metabolic 
disease, was skeletally immature, and had a curve that progressed rapidly to 85°. We would 
anticipate progression of the curve could have impaired pulmonary function and potentially 
altered life expectancy. 
 Te surgical strategy was not infuenced by the diagnosis in this boy, and the preoperative 

planning was based on principles for AIS.7,8 With regard to the selection of levels, while sav-
ing motion segments is very important, clinical experience suggests that there is an increased 
risk of imbalance and progression of curves below the instrumented segments in patients with 
connective tissue diseases or syndromes when “fusing short”, so it is better to be conservative 
with the selection of levels in these circumstances. Tere are also likely diferences in the rate 
of complications between idiopathic scoliosis and non-idiopathic curvatures. Chung et al found 
that relative to patients treated surgically for AIS, patients with syndromic scoliosis had almost 
a three times higher risk of complications including neurologic injuries, procedural and device-
related complications, and durotomy.8 Major inpatient complications were 10 times higher for 
the syndromic cohort.8 
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CASE 19 : KYPHOTIC DEFORMITY OF THE SPINE 

David A Spiegel 

Case 

A 17-year old-male presented for evaluation of a progressive spinal deformity in the upper tho-
racic spine ( Figure 19.1a–e ). Diagnoses of cutis marmorata telangiectatica congenita syndrome, 
congenital hydrocephalus, macrocephaly, growth hormone defciency, hypothyroidism, and Chiari 
malformation with basilar invagination had been made previously. He also had a history of a verte-
bro-basilar ischemic stroke at 1 year of age. At the age of 1 year, he underwent C1–2 laminectomy 
with Chiari decompression and partial resection of his cerebellar tonsils. At 12 years of age, a repeat 
intradural decompression was abandoned due to adhesions. Te following year, he was diagnosed 
with a syrinx and underwent a T4 laminectomy and placement of a syringo-pleural shunt. A fol-
low-up MRI revealed that the syrinx was still present but was slightly smaller ( Figure 19.2a, b ). 

(A) (B) 

(C) (D) (E) 

Figure 19.1a–e Standing PA and lateral radiographs of the thoracolumbar spine demonstrated 
a high thoracic kyphoscoliosis which was sharp and angular (A, B). A PA radiograph of the thora-
columbar spine (A) demonstrated a left-sided curve of 68° curve from T1 to T6, and a right-sided 
curve of 48° from T6 to T11. The lateral view of the thoracolumbar spine (B) revealed a sharp 
angular kyphosis measuring 88° and centred at T4–T6, and the deformity had progressed 27° 
over seven months. The CT scan and the reconstructed images were used to generate a 3-D 
model (c = front, d = right side, e = left side). 
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(A) (B) 

Figure 19.2a, b Sagittal images from his latest MRI demonstrate a persistent syrinx. 

He did not have headaches, neurologic symptoms, or back pain, and on examination there were 
no abnormal neurologic f ndings. Te spine was well balanced with level shoulders in the coro-
nal plane. In the sagittal plane, he had a sharp upper thoracic gibbus with anterior translation of 
his head and shoulders relative to his lower spine. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Kyphotic Deformity of the Spine 

The Problems That Need to Be Addressed Are 
• Progressive deformity of the spine 
• High risk of neurologic impairment with further curve progression 
• High risk of surgical complications 
• Cosmetic deformity (gibbus) 

The Aims of Treatment in This Boy Are to 
• Alter the natural history of the spinal deformity and avoid neurologic complications 

by arresting its progression 
• Achieve some correction of the deformity 
• Avoid surgical complications 

Options for Treatment 
• Arresting progression of the deformity by achieving spinal fusion 

⚬ Posterior spinal fusion 
⚬ Anterior spinal fusion 

•  Deformity correction 

⚬  Halo traction 
⚬  Spinal osteotomies 
⚬ Vertebral column resection 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the boy 
• Rate of progression of deformity 
• Severity and morphology of the curve 
• Flexibility of the curve 
• Location of the curve 
• Status of the neural axis 
• Effect of previous spinal operations 
• Anticipated risk-benefi t ratio 

 Te choice of treatment based on these factors is outlined in Table 19.1. 

Table 19.1 Choice of Treatment Based on the Factors Infl uencing Treatment 

Factors Treatment Implications 

Age of the boy 17 years Although likelihood of progression is less 
in patients who are skeletally mature, in 
this case the magnitude of deformity is 
suffi cient to anticipate continued 
progression after skeletal maturity. 

Rate of progression Rapid progression (the Urgent intervention is required as the 
of the deformity curve progressed from deformity is likely to continue to 

62° to 90° in seven progress, resulting in spinal cord injury 
months) or paralysis. 

(Continued) 
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Table 19.1 (Continued) 

Factors Treatment Implications 

Severity and 88° Cobb angle High risk of neurological complications of 
morphology of the Sharp and angular curve surgery. 
curve 

The fl exibility of the Rigid curve Preliminary halo traction may only yield 
deformity partial correction of the deformity; 

spinal osteotomies or vertebral column 
resection may be required if further 
correction is planned. 

Location of the curve Upper thoracic Anterior exposure of the upper thoracic 
spine in the presence of severe 
kyphotic deformity is fraught with 
major risks to vital structures. 

Status of neural axis Shunted hydrocephalus Increased risk of neurologic injury with 
Persistent syringomyelia deformity correction. 
following syringo-
pleural shunting 

Effect of previous Previous laminectomy Higher risk of pseudarthrosis of posterior 
spinal operations spinal fusion. 

Previous syringo-pleural Risk of damage to the shunt while 
shunt undertaking spinal deformity 

correction. 

Previous laminectomy and Adhesions may increase the risk of neural 
shunt damage during surgery. 

Risk-benefi t ratio Risk-benefi t ratio of spinal Benefi t of preventing progression and 
fusion risk of neurologic compromise 

outweighs risks of surgery. 

Risk-benefi t ratio of Risk of intra-operative neurologic injury 
achieving complete while attempting complete correction 
correction of spinal outweighs benefi ts. 
deformity Partial correction of the spinal deformity 

is a more realistic goal. 

Risk-benefi t ratio of Risks of intra-operative complications are 
anterior spinal surgery very high with anterior spinal surgery 
versus posterior for kyphosis in the upper thoracic spine 
instrumentation and and they outweigh the potential 
fusion benefi ts. 

How Was This Boy Treated? 

We discussed with the parents and explained in detail: 

•  Te natural history of the deformity and the extremely high risk of neurologic dete-
rioration with further curve progression if lef untreated 

• Our goals of treatment: 

⚬ to fuse the spine to prevent curve progression 
⚬ to obtain only modest correction of the deformity as full correction was likely 

to be associated with an extremely high risk of intra-operative neurologic injury 
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Kyphotic Deformity of the Spine 

given the location of the deformity (upper thoracic spine), the nature of the curve 
(rigid, sharp, angular), and the abnormal neural axis (hydrocephalus, persistent 
syringomyelia). 

•  Te options of treatment and the attendant risks: 

⚬ Instrumented spinal fusion 
⚬ A period in halo traction followed by an instrumented spinal fusion 
⚬ More aggressive, high-risk strategy of two- or three-column osteotomy or ver-

tebral column resection 

 Afer this discussion, we elected to place him in halo traction for three weeks and then perform 
an instrumented posterior spinal fusion. We elected not to proceed with more complex osteoto-
mies afer discussion with family and with surgical colleagues. 
We also counselled the family that there was an increased risk of pseudarthrosis due to the 

previous laminectomy and the kyphosis. 
 T e frst procedure involved placement of a halo with two pins anteriorly and four pins pos-

teriorly, each tensioned to 6 inch/pound as a previous head CT scan suggested that his skull was 
quite thin. He tolerated this procedure well, and neurophysiologic monitoring suggested that his 
signals were consistent with those obtained at his previous neurosurgical procedures, and there 
was no change with our starting weight of 15 pounds. We then gradually increased the traction 
weight to a maximum of 40 pounds over two weeks, and obtained a lateral radiograph of the 
cervical spine in traction every few days to make sure the cervical spine was not over-distracted 
(Figure 19.3a). He worked with physical therapy to maintain strength, and ambulated regularly 
while in traction, and was able to travel around the hospital in a wheelchair while in traction. 
Images obtained with maximum traction demonstrated signifcant improvement in the coronal 
alignment, with only a modest improvement in the sharp angular kyphosis from 90 to approxi-
mately 75 degrees ( Figure 19.3b, c ). 

(A) (B) (C) 

Figure 19.3a–c Periodic lateral radiographs of the cervical spine were obtained to ensure that 
the spine did not become over-distracted (A). Both the PA and lateral images revealed improve-
ments in alignment while in 40 pounds of traction (B, C). 
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 Afer three weeks, he was taken to the operating room for the instrumented posterior spi-
nal fusion from T2 down to T12. He was placed in 15 pounds of traction af er positioning. 
Interestingly, our neurophysiologic monitoring team noted an improvement in his motor sig-
nals relative to the data obtained at the time of his previous neurosurgical procedures and  
when traction was applied. Te spine was exposed with care taken to isolate and protect the 
syringo-pleural shunt. While the facet joints had been preserved with the previous laminec-
tomy, they had become elongated across the apex of the deformity. Pedicle screws were placed 
where technically possible, as the CT scan demonstrated markedly abnormal anatomy and 
several of the pedicles could not accommodate screws. We preserved the supraspinous and 
interspinous ligaments between T1 and T2. He tolerated the procedure well, did not receive 
a blood transfusion, and had stable monitoring signals throughout. His postoperative radio-
graphs (Figure 19.4a, b) show that the kyphosis had improved to 65°. His sagittal balance (as 
evaluated by C7 relative to the postero-superior corner of the sacrum) had improved but was 
still not normal. 

(A) (B) 

Figure 19.4a, b Standing PA (A) and lateral (B) images show improvement in scoliosis and the 
kyphosis, with a kyphotic angle of 65°. 
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Kyphotic Deformity of the Spine 

Postoperative Management 

He was admitted to the paediatric intensive care unit for overnight observation, and he remained 
hemodynamically stable with a normal neurologic examination. He was mobilised to a chair on 
the frst postoperative day, and was beginning to ambulate on the second postoperative day. 
He was discharged home on the fourth postoperative day. He was placed in a cervico-thoracic 
orthosis for the frst six weeks postoperatively, and was started on physical therapy for strength-
ening the neck and spinal musculature afer the bracing was discontinued. His family was satis-
fed with his clinical appearance and alignment as the gibbus was no longer seen. 
Given the risks of pseudarthrosis and of progressive deformity above or below the instru-

mented segments, he will require close follow-up over many years. 

Comment 

 Tere is limited information in the literature concerning post-laminectomy kyphosis of the tho-
racic spine in children and adolescents.1–5 Reports suggest that around 46% of children under 15 
years of age who undergo multilevel laminectomy may develop spinal deformity. T e propensity 
for developing a deformity is highest in the cervical region and less in the thoracic and thoraco-
lumbar regions.3,5 Te frequency of spinal deformity following multi-level laminoplasty is not 
less than that observed af er laminectomy.6 
While several early studies suggested that an anterior spinal fusion be used to treat progres-

sive kyphotic deformities,1,3 the vast majority of kyphotic deformities are currently managed 
by a posterior-only approach with procedures of varying complexity. Te general principles 
are well outlined in a review of Scheuermann’s kyphosis.7 While an isolated posterior spinal 
fusion with instrumentation is considered for fexible deformities, the addition of multiple  
posterior osteotomies (Ponte osteotomies) afords greater correction while shortening the 
spine, which lowers the risk of neurologic injury ( Figure 19.5a-e). In the most severe and rigid 
deformities, either a two-column (pedicle subtraction osteotomy) or three-column osteotomy 
(vertebral column resection) can be considered, but these procedures have the highest risk of 
complications.7
 Te risks of neurologic injury are greater in patients with kyphosis (3.7%) than in those with 

scoliosis (1%). 8 Li et al presented a classif cation system for stratifying risk of neurologic injury 
with vertebral column resections to treat severe and stif cases of kyphoscoliosis based on sever-
ity of the curve and pre-existing neurologic impairment, and found that there was a 29% risk of 
a monitoring alert and 14% risk of neurologic injury when there was an asymptomatic pre-exist-
ing neurologic abnormality such as a syrinx and a sharp angular curve with a sagittal Deformity 
Angular Ratio (DAR, degree of curve divided by the number of vertebrae in the curve) of <20.9 
Tere was a 100% risk of an alert and 25% risk of injury if the DAR was 20–31.9 In this case, the 
DAR was 16.2. 
Another complication of posterior surgery for kyphosis is proximal or distal junctional 

kyphosis7,10 which may be prevented by fusing to the vertebra beyond the frst lordotic disc7,10 
and to the sagittal stable vertebra, namely the most proximal vertebra that is touched by a 
vertical line extending upwards from the posterior corner of the sacrum. It is also helpful to 
avoid damage to the supporting sof tissues above the instrumented segments (supraspinous 
and infraspinous ligaments, ligamentum favum, facet joints), to use hooks at the top of the 
construct, include the proximal end vertebra of the curve, and to avoid overcorrection of the 
deformity by having the fnal degree of kyphosis at the upper range of normal values, between 
40 and 50°.7,10 
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(A) (B) 

(C) 

Figure 19.5a–e This second case illustrates a progressive thoracolumbar kyphosis in a neuro-
muscular patient who lost the ability to look straight (A, B). His curve was rigid on supine hyper-
extension bolster bending radiograph (C), and he was treated with an instrumented posterior 
spinal fusion, including multiple Ponte osteotomies to restore alignment (D, E). 
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Kyphotic Deformity of the Spine 

(D) (E) 

Figure 19.5 (Continued) 
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CASE 20 : TORTICOLLIS 

Hitesh Shah 

Case 

An 8-year-old girl presented with a deformity of the neck frst noted by her parents in infancy. She 
had been treated with physiotherapy for a few months without any appreciable improvement. On 
examination, the child had a right-sided torticollis with the head tilted to the right and the face 
and chin rotated to the lef . Te right sternocleidomastoid muscle was contracted. Lateral bending 
of the neck to the lef side and rotation of the neck to the right were restricted; other movements 
of the neck were normal (Figure 20.1a,  b,  c). Tere was no obvious facial asymmetry. Her vision 
was normal as was her neurologic examination. Radiographs of her cervical spine were normal. 

(A) (B) (C) 

Figure 20.1 Right-sided torticollis in a girl. Her head is tilted to the right, and her face and chin 
are rotated to the left (A). Rotation of her neck to the right is reduced (B), and on attempting left 
lateral bending the right sternomastoid stands out very prominently (C). 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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The Problems That Need to Be Addressed in This Girl Are 
• Deformity of the neck due to contracture of the right sternocleidomastoid muscle 
• Restriction of neck movements 

The Aims of Treatment in This Girl Are 
• Correct the deformity and restore the range of motion of the neck 
• Avoid recurrence of the deformity 
• Avoid an unsightly surgical scar 
•  Avoid diplopia 

Options for Treatment to Fulfil Each Aim 
• To correct the deformity and to restore the range of motion of the cervical spine 

⚬ Manual stretching and proper positioning 
⚬ Botulinum toxin injection 
⚬ Release of the sternomastoid 

◽ Percutaneous release of sternocleidomastoid 
◽  Endoscopic lengthening 
◽ Open lengthening of sternocleidomastoid 

• To avoid recurrence of the deformity 

⚬ Manual stretching and proper positioning 
⚬ Adequate lengthening of sternocleidomastoid 

• To avoid unsightly scar 

⚬ Use an incision along Langer’s lines if scar is in a visible area 
⚬ Use a scar hidden by the hair line 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

The factors that infl uenced the choice of treatment of torticollis were: 

• The age of the child 
• Aetiology of torticollis 
• The severity of deformity with facial asymmetry 

 Te choice of treatment based on these factors is shown in Table 20.1. 

Table 20.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The age of the 8 years Children less than 1 year of age may be effectively treated 
child with muscle stretching and appropriate positioning. 1,2 

Surgical intervention is usually required in older children. 3 

Aetiology of Congenital Stretching or surgical release of the sternocleidomastoid is 
torticollis muscular the treatment for congenital muscular torticollis. 2,3,4 

torticollis The treatment of non-muscular torticollis is quite different. 5 

(Continued) 
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Torticollis 

Table 20.1 (Continued) 

Factors Treatment Implications 

The severity of Moderate The results are better with mild to moderate deformity 
deformity deformity with with less than 30-degree restriction of range of motion 
and presence no gross facial and without facial asymmetry. A unipolar release may 
of facial asymmetry suffi ce for less severe deformity, while a bipolar release 
asymmetry may be required for a severe deformity. 6 

How Was This Girl Treated?

 Te girl was treated with open unipolar lengthening of the sternocleidomastoid with a trans-
verse incision just above the clavicle. Both the sternal and clavicular insertions of the sternoclei-
domastoid muscle were released. 

Post-Operative Management 

 Te girl was treated in halter traction afer the surgery. Five days later, a Minerva cast in a mildly 
over-corrected position was applied. Te cast was removed afer six weeks, and the range of 
motion exercises were started. Te passive stretching of the sternocleidomastoid was done for 
six months. 

Follow-Up

 Te girl was followed up regularly for two years. Her vision was perfect. She and her parents were 
satisfed with the cosmetic outcome of the surgery. Te range of motion of the neck improved 
signifcantly (Figure 20.2). No further follow-up is warranted as recurrences usually occur 
within two years. 

(A) (B) (C) 

Figure 20.2a ,  b ,  c Two years following surgery, the deformity is well corrected; the head is not 
tilted (A) and the range of neck movements has improved (B, C). 
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Comment 

Eight years is a late age to perform a torticollis correction as facial asymmetry may develop by 
that time. If signifcant facial asymmetry has developed, the cosmetic outcome is poor even if 
the deformity per se is corrected. 
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CASE 21 : DEVELOPMENTAL DYSPLASIA OF THE HIP 

Randall T Loder 

Case 

A 27-month-old girl had a waddling gait from when she started walking at 13 months of age. 
Te parents had also noted some popping of the right hip. She was breech presentation, born by 
vaginal delivery. Physical examination demonstrated a bilateral painless, Trendelenburg gait; 
hip abduction was 40 degrees on the right and 50 degrees on the lef, and both trochanters were 
proximally located. An AP radiograph of the pelvis confrmed bilateral developmental disloca-
tion of the hips (Figure 21.1). Te femoral heads were high, and they had begun to form false 
acetabulae. Te true acetabulae were dysplastic. 

Figure 21.1 An AP radiograph of the pelvis demonstrating bilateral developmental hip disloca-
tions with pseudo acetabulae and dysplasia of the true acetabulae. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 

• Bilateral hip dysplasia 

⚬  Hip dislocation 
⚬  Acetabular dysplasia 
⚬  Femoral anteversion 

• Risk of re-dislocation following reduction 
• Risk of developing late complications following treatment 

⚬ Late acetabular dysplasia 
⚬ Avascular necrosis and proximal femoral growth disturbance 
⚬ Leg length inequality 

The Aims of Treatment in This Girl Are to 

• Obtain and maintain stable, concentric reduction of the hips 
• Monitor acetabular growth and correct progressive acetabular dysplasia 
• Monitor proximal femoral growth and signs of avascular necrosis 
• Obtain equal leg lengths by skeletal maturity 

Options for Treatment to Fulfil Each Aim 
Obtaining and maintaining stable, concentric reduction of the hip dislocations 

• Closed reduction of the hips following skeletal traction 
• Open reduction with femoral shortening/rotational osteotomy and pelvic osteotomy 

If late acetabular dysplasia occurs, repeat pelvic osteotomy 

• Salter innominate, Steel or Tonnis triple osteotomy if the triradiate cartilage is 
open 

• Periacetabular osteotomy (Ganz) if the triradiate cartilage is fused 

If limb length inequality develops 

• Timed epiphyseodesis of the longer limb 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Unilateral versus bilateral dislocations 
• Associated bony deformity 

⚬ Acetabular dysplasia 
⚬ Femoral anteversion 

 Te choice of treatment based on these factors is shown in Table 21.1. 

Table 21.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 27 months The results of closed reduction are poor in 
this age group, and hence open reduction 
is preferred. 1 

(Continued) 
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Developmental Dysplasia of the Hip 

Table 21.1 (Continued) 

Factors Treatment Implications 

Unilateral versus 
bilateral 
dislocations 

Position of the 
femoral head in 
relation to the 
acetabulum 

Presence of 
acetabular 
dysplasia 

Presence of femoral 
anteversion 

Bilateral dislocation 

High dislocation (Tonnis 
4 or International Hip 
Dysplasia Institute 
[IHDI] class 4)3–5 

True acetabular 
dysplasia is present 

Femoral anteversion 
present 

Acetabular dysplasia and femoral 
anteversion can be corrected at the same 
time as the open reduction. 2,3 

Bilateral simultaneous open reductions are 
fraught with poor outcomes and are more 
diffi cult to treat with a higher complication 
rate than unilateral dislocations.3 Staged 
open reduction is often selected though 
the treatment time is more protracted. 

Femoral shortening should be considered as 
it will facilitate reduction, reduce the risk 
of avascular necrosis, increase stability and 
reduce the risk of re-dislocation. 2,3 

Stability after reduction is greatly improved 
by correcting the acetabular dysplasia at 
time of reduction. 2,3 

Stability of reduction can be improved by 
performing a femoral de-rotation 
osteotomy. 2,3 

How Was This Girl Treated? 

Bilateral, staged open reductions of the hips with proximal femoral shortening and rotational 
osteotomy and Pemberton pelvic osteotomy were performed. Te right hip was operated f rst at 
29 months of age and the lef hip at 34 months of age. Satisfactory concentric reductions of both 
hips were obtained as seen in the radiograph at age 4 years 11 months (Figure 21.2a). 

(A) (B) (C) 
Figure 21.2 (A ) An anteroposterior radiograph at 4 years 11 months of age after bilateral open 
reductions, femoral shortening/rotational osteotomies, and Pemberton pelvic osteotomies.  (B) 
An anteroposterior radiograph at age 10 years 10 months demonstrating left coxa valga and a 
very horizontal proximal femoral physis, likely due to a proximal femoral growth disturbance. 
The lateral centre-edge angles are 25 degrees on the right and 11 degrees on the left. (C) An 
anteroposterior radiograph at the age of 11 years 4 months after a left proximal femoral varus 
osteotomy. The left lateral centre-edge angle is now 23 degrees. 
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However, the centre-edge angles progressively decreased over time. At age 10 years 10 months 
(Figure 21.2b), there was progressive lef proximal femoral valgus likely due to a mild proximal 
femoral growth disturbance.6 A proximal femoral varus osteotomy was performed on the lef to 
correct the valgus deformity (Figure 21.2c). 

(A) (B) 

Figure 21.3 (A) An anteroposterior radiograph demonstrating a lateral centre-edge angle of 15 
degrees.  (B) A false-profile radiograph demon strating reduced anterior femoral head coverage 
with an anterior centre-edge angle of 17 degrees and a horizontal sourcil. 

Discomfort in the right groin began at the age of 12 years. Radiographs demonstrated mild 
acetabular dysplasia with a decreased lateral centre-edge angle ( Figure 21.3a ) and anterior centre-
edge angle ( Figure 21.3b ). As the triradiate cartilage had closed, a Ganz periacetabular osteotomy 
was performed ( Figure 21.3c ) on the right. Eventually, a Ganz periacetabular osteotomy was per-
formed on the lef hip, which had become symptomatic. T e fnal result is shown in  Figure 21.4 ; 
the lateral centre-edge angles are 33 degrees on the right and 35 degrees on the lef.    

(1) (2) 

Figure 21.3c An anteroposterior radiograph (1) and a false profile radiograph (2) after a Ganz 
periacetabular osteotomy had been performed. Note that the sourcil on the false profi le radio-
graph is now sloping downward. The anterior centre-edge angle is now 27 degrees. 
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Developmental Dysplasia of the Hip 

Figure 21.4 The latest follow-up radiograph at 15 years 1 month of age demonstrates excellent 
bilateral femoral head coverage. 

Post-Operative Management 

Spica cast immobilization was used for six weeks afer each of the initial open reductions and 
femoral or pelvic osteotomies. An arthrogram was performed at the six-week mark to assess  
stability and determine if further spica casting was necessary. 
For the later femoral varus and peri-acetabular osteotomies, bed-to-wheelchair transfers and 

non–weight bearing for four weeks was used, followed by progressive weight bearing and muscle 
strengthening physiotherapy, especially the hip abductors. 

Follow-Up

 Te girl was followed until complete maturity of the hip and triradiate physeal closure.
 T e fnal correction was excellent (Figure 21.4). We hope that since the f nal peri-acetabular 

osteotomies were done before the age of 25 years, the need for total hip arthroplasty will be 
delayed signif cantly.7 

Comment 
• Diagnosis of bilateral hip dislocations can be delayed due to symmetric f ndings.1 
• In general, the outcome of bilateral DDH surgery is less favourable than that for uni-

lateral DDH.3 
•  Te outcomes of the modern periacetabular osteotomy for residual dysplasia are 

promising, but the long-term outcomes are still not completely known.7–9 
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– CASE 22 : PARALYTIC HIP DISLOCATION CEREBRAL PALSY 

David A Spiegel 

Case 

A 6-year-old boy with spastic quadriplegia cerebral palsy (GMFCS 5) presented for the evalua-
tion of an abnormal radiograph of the pelvis noted by his physical medicine and rehabilitation 
specialist, taken as part of an institutional hip-screening protocol. He did not have any hip pain, 
although he had some restrictions in hip motion which did not impair his seating, or the ability 
to dress him and provide perineal hygiene. His medical history was notable for cerebral cortical 
dysgenesis, hypopituitarism, adrenal insufciency, seizures, and profound developmental delay. 
On physical examination, there were bilateral hip fexion contractures of approximately 25°, and 
his passive abduction was approximately 20° bilaterally. Tere was no hip pain while the range of 
motion was being tested. Te radiograph of the pelvis demonstrated bilateral hip dysplasia with 
coxa valga, severe subluxation, and acetabular dysplasia (Figure 22.1). 

Figure 22.1 The AP radiograph of the pelvis demonstrates bilateral hip subluxation with a 
break in Shenton’s line and bilateral coxa valga, a migration percentage of 64% on the right and 
88% on the left. The acetabular indices are elevated at 30° bilaterally. There is mild fl attening of 
the epiphysis on the right side. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 

• Displacement of both hips with associated sof tissue contractures and dysplasia of 
the proximal femur and acetabulum. 

• Risk of progressive subluxation proceeding to dislocation over time, which may then 
result in altered posture, challenges with perineal care, chronic pain, and a decrease 
in health-related quality of life (HRQOL).1,2,3 

The Aims of Treatment in This Boy Are to 

• Restore concentric reduction of the hips. 
• Minimize the risk of progressing to painfully dislocated hips and poor HRQOL. 

Options for Fulfilling the Aims of Treatment 

•  Reconstructive surgery 
⚬  Sof tissue release (adductors, gracilis, iliopsoas) 
⚬ Proximal femoral osteotomy (varus derotation and shortening) 
⚬ Acetabuloplasty (volume-reducing procedure such as Dega or San Diego) 

•  Salvage surgery 
⚬ Proximal femoral valgus osteotomy with or without resection of the femoral 

head and neck 
⚬ Sub-trochanteric resection of the proximal femur 
⚬ Total hip replacement (ambulators) 
⚬ Prosthetic replacement with a total shoulder prosthesis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the child 
• The extent of migration 
• Presence of contractures 
• Presence of adaptive bony changes 

⚬ Femur 

◽ Coxa valga 
◽ Anteversion 

⚬ Acetabulum 

• Shape of the femoral head and presence of arthritic changes 
• Location of acetabular defi ciency

 Te choice of treatment based on these factors is outlined in Table 22.1. 

Table 22.1 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Age of the child 6 years Younger patients have a greater risk of 
remodelling, and while no cutoff has been 

(Continued) 
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Paralytic Hip Dislocation 

Table 22.1 (Continued) 

Factors Treatment Implications 

The extent of 
migration 

Presence of 
contractures 

Presence of 
adaptive bony 
changes in the 
proximal femur 

Presence of 
acetabular 
dysplasia and the 
location of 
acetabular 
defi ciency 

The shape of the 
femoral head and 
arthritic changes 

Migration percentages of 
64% and 88% 

Flexion and adduction 
contractures are present 

Coxa valga and femoral 
anteversion are present 

Acetabular dysplasia is 
present, and the 
defi ciency is likely to be 
posterior or global in 
cerebral palsy (unlike in 
developmental dysplasia 
where the acetabular 
defi ciency is 
anterolateral) 

The femoral head has 
retained adequate 
sphericity with minimal 
deformation, and there 
are no arthritic changes 
in the hip 

established for age the author prefers to 
wait until 5–6 years of age to perform 
reconstructive surgery if at all possible. 

Hips with a migration percentage beyond 
approximately 60% will all go on to 
dislocate, and a signifi cant number of 
chronically dislocated hips will become 
painful.1 This implies that early 
intervention is mandated in this boy. 

The adductors and the iliopsoas need to be 
released. 

A varus de-rotational osteotomy (VDRO) is 
indicated in this boy. 

In order to improve the coverage of the 
femoral head posteriorly, a technique that 
permits that should be chosen. The Dega 
acetabuloplasty or the San Diego 
procedure can improve posterior cover. 

This justifi es reconstructive surgery aimed at 
reducing the femoral head into the 
acetabulum. 

There is no role for any form of salvage 
surgery in this boy. 

How Was This Child Treated?

 Afer discussion with the family, at the age of 7-years-and-8-months he underwent reconstruc-
tive surgery on both hips. An epidural catheter was placed, and under general anaesthesia, the 
adductor longus, gracilis, and some fbres of the adductor brevis were released till 45° of abduc-
tion was achieved. A varus derotation osteotomy was then performed at the inter-trochanteric 
level. Te femur was shortened by 1.5 cm by excising a trapezoidal segment of bone from the 
distal fragment of the femur. Te excised bone segments were preserved for use during the ace-
tabuloplasty. Te iliopsoas was released from the lesser trochanter. Te femur was fxed such 
that the neck-shaf angle was about 100° (Figure 22.2a). Since the hips reduced at this point, an 
open reduction was not required. A San Diego acetabuloplasty was performed, with care taken 
to enhance posterior and lateral coverage by placing of the frst wedge of bone graf posteriorly. 

Post-Operative Management 

A spica cast was not utilised owing to adequate fxation at the time of surgery, given an increased 
risk of insufciency fractures, especially the distal femur post-operatively (our practice has been 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

Figure 22.2a ,  b Radiographs immediately postoperatively (A) and at nine months follow-up (B) 
demonstrate that both hips are well reduced. 

to only use a spica cast when an open reduction and capsulorrhaphy were required). T e child 
was managed overnight in the surgical intensive care unit owing to medical comorbidities. He 
was placed in a sof abduction pillow which was maintained for six weeks. He was then gradu-
ated to night-time use of the device for six months. Weight-bearing was restricted for six weeks, 
afer which he was gradually placed back into a stander. Nine months following surgery, the hips 
are well reduced, and the acetabular development is satisfactory (Figure 22.2b). Te child needs 
to be followed up with annual radiographs till he is skeletally mature to ensure that the hip dis-
placement does not recur. 

Comment 

Hip dysplasia is extremely common in children with cerebral palsy with profound neurologic 
impairment, and up to 90% of children with GMFCS 5 will have progressive dysplasia at some 
point of time. 
Studies on the natural history of hip displacement in cerebral palsy suggest that maintaining 

the hips in a well-reduced position will lead to better long-term outcomes as compared to hips 
that are subluxated or dislocated.2,3 Tis has led to the establishing of screening protocols which 
identify progressive displacement early on when the hips are still amenable to reconstructive 
surgery. Tough isolated sof tissue releases are inefective in arresting displacement, especially 
in GMFCS 4–5 patients, they may be justifed in young children to delay the need for bony 
reconstruction until a time where the risks of revision surgery are less. Current evidence sup-
ports the use of a combined femoral osteotomy and a volume-reducing pelvic osteotomy such as 
the Dega or the San Diego acetabuloplasty.4–10 

One area of controversy has been whether or not to surgically treat the contralateral side 
when it is essentially normal radiographically. A contralateral VDRO balances limb lengths and 
symmetry around the pelvis, but it remains controversial whether the contralateral “normal” 
hip is more likely to displace without surgery. In cases in which the range of motion is normal 
and there are no radiographic changes of displacement or dysplasia, the author will discuss the 
pros and cons of contralateral VDRO and typically ofers bilateral surgery, especially in patients 
with considerable growth remaining. If the family is not interested in contralateral VDRO, then 
it is still important to perform an adductor release if range of motion is not normal. While no 
conclusive data has been presented in the literature, the current trend has been to perform a 
contralateral sof tissue release and a VDRO. 
One of the challenging decisions is whether to reconstruct a hip with an obviously deformed 

femoral head with or without cartilage erosion. Te decision must be individualised based on the 
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Paralytic Hip Dislocation 

age of the patient and the magnitude and chronicity of the pathology, as there is some evidence 
that the femoral head can partially remodel,10 and non-ambulatory children may be less likely to 
experience pain due to decreased loading, although this has not been proven. 
Recently there has been some interest in using guided growth with a screw to prevent migra-

tion, and while this strategy may be appropriate and relevant in earlier stages of disease, further 
study will be required to defne the indications. 
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–CASE 23 : PARALYTIC DISLOCATION OF THE HIP POLIOMYELITIS 

Hitesh Shah and Benjamin Joseph 

Case 

A 10-year-old girl presented with a painless limp which was noticed ever since she recovered 
partially from a febrile episode associated with acute faccid paralysis involving both lower 
limbs at 1.5 years of age. At no point was there sensory impairment or loss of bowel and bladder 
control. Te muscle weakness of both lower limbs improved over the next two years, but some 
residual weakness remained. 
On examination, fxed pelvic obliquity was present and the right hip was f exed, abducted, 

and externally rotated, while the lef hip was adducted and fexed. Passive internal and external 
rotations of the lef hip were exaggerated. T e lef hip abductor power was Grade 3 (MRC grade), 
and the hip fexor power was Grade 4. Te quadriceps power was Grade 2 on the right side and 
Grade 4 on the lef . Tere was a 15-degree fxed fexion deformity of the right knee. Both feet 
were totally fail, but there were no fxed deformities of the feet. Tere was an apparent limb-
length inequality with apparent shortening of the lef lower limb. Te lumbar spine was mobile, 
and there was no fxed lumbar scoliosis. She walked with a knee-ankle-foot orthosis on the right 
lower limb and an ankle-foot orthosis on the lef. Without her braces, she walked with high 
stepping during the swing phase of both limbs and with a hand-on-thigh gait during the stance 
phase on the right side. Te radiograph of the pelvis showed subluxation of the lef hip with 
acetabular dysplasia and marked pelvic obliquity (Figure 23.1). 

Figure 23.1 Radiograph of the pelvis and lower lumbar spine showing marked pelvic obliquity. 
The left hip is subluxated with over 50% of the femoral head outside the acetabular margin. The 
acetabulum is dysplastic, and there is no coxa valga. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Pelvic obliquity secondary to: 

⚬ Fixed abduction deformity of the right hip 
⚬ Fixed adduction deformity of the lef hip 

• Subluxation of the lef hip secondary to: 
⚬ Pelvic obliquity (Figure 23.2)1,2 

Figure 23.2 Diagrammatic representation of the pathogenesis of paralytic hip dislocation. 
( Modifi ed from  Figure 26.1 Paediatric Orthopaedics—A System of Decision-making 2nd Edition.) 

⚬ Muscle imbalance around the hip1,2 
⚬  Acetabular dysplasia 1,2 

• Abnormal gait pattern secondary to: 
⚬ Apparent shortening of the lef lower limb due to pelvic obliquity 
⚬ Muscle weakness around lef hip, right knee and both feet 
⚬ Subluxation of the lef hip 
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Paralytic Dislocation of the Hip 

The Aims of Treatment in This Girl Are to 
• Correct pelvic obliquity 
• Obtain a stable concentric reduction of the lef hip 
• Improve the gait pattern by achieving the previous two aims 

Options for Treatment to Fulfil Each Aim 
• Correcting pelvic obliquity 

⚬ Correction of adduction deformity of the lef hip 
⚬ Correction of abduction deformity of the right hip 

◽  Sof tissue release 
◽ Proximal femoral osteotomy 

• Obtaining a stable concentric reduction of the lef hip 

⚬ Correct pelvic obliquity 
⚬ Improve muscle balance 

◽ Tendon transfer (iliopsoas transfer to the greater trochanter3) 
◽ Augmenting the power of hip abductors (e.g., increasing the resting length 

of the muscle fbres by trans-iliac lengthening 4) 
◽ Weakening the hip adductors and f exors 

⚬ Correct acetabular dysplasia 

◽  Innominate osteotomy4,5 
◽ Acetabular shelf procedure 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The severity of adduction and abduction deformities 
• Power of muscles around the subluxating hip 
• Quality of hip reduction obtained during surgery 

 Te choice of treatment based on these factors is shown in Table 23.1. 

Table 23.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Severity of adduction 
and abduction 
deformities of the 
hip 

Power of muscles 
around the 
subluxating hip 

To be decided 
during surgery 

Grade 3 hip 
abductors 

Grade 4 hip fl exor 

If the adduction and abduction deformities of the 
hips can be corrected and pelvic obliquity resolved 
by soft tissue release, there is no need for femoral 
osteotomies. Proximal femoral osteotomies are 
only needed if signifi cant residual deformities are 
present following soft tissue release. 

A muscle should ideally have Grade 5 power to be 
transferred. In this instance, the hip’s fl exor power is 
only Grade 4. For this reason, restoring muscle 
balance should be by weakening the deforming 
muscle (e.g., by lengthening or releasing it). 

(Continued) 
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Essential Paediatric Orthopaedic Decision Making 

Table 23.1 (Continued) 

Factors Treatment Implications 

Quality of hip Concentric If a concentric reduction of the left hip is obtained by 
reduction obtained reduction correcting deformities of both hips, a pelvic 
during surgery osteotomy that reorients the dysplastic acetabulum 

should be considered. If the reduction is sub-
optimal, a shelf procedure may be done. 

How Was This Girl Treated?

 Te girl was treated with release of contracted structures around the respective hips; on the 
right side, the sartorius, tensor fascia lata, rectus femoris, anterior fbres of gluteus medius, and 
the iliopsoas were released, and on the lef side the adductor longus and brevis and the iliopsoas 
were released. Te hip could then be reduced. In order to address the acetabular dysplasia, a pel-
vic osteotomy akin to a Salter osteotomy was done. A large wedge of autologous iliac graf was 
driven into the gap in an attempt distract the pelvic fragments, and the osteotomy was fxed with 
two Kirschner wires (Figure 23.3). 

Figure 23.3 Radiograph showing pelvic osteotomy with reorientation of the acetabulum and a 
small amount of intra-pelvic lengthening of the limb. 

Post-Operative Management 

 Te child was kept in bed on bilateral above-knee skin traction for three weeks, following which 
she was discharged. Weight-bearing was deferred till the pelvic osteotomy had united. 

Follow-Up 

Six years afer surgery, the hip remains stable (Figure 23.4), and when seen last, 11 years follow-
ing the hip stabilisation, there is no pelvic obliquity, the limb lengths are equal, and the lef hip is 
well reduced with very satisfactory acetabular coverage of the femoral head.  Further follow-up is 
needed only if any symptoms develop. 

178 



  

  

 

 
  

 

  
  

  
    

 
    

 
  

    
  

    
 

     

Paralytic Dislocation of the Hip 

Figure 23.4 Radiograph of the pelvis six years following the surgery, showing that the left hip is 
well centred in the acetabulum. 

Comment 
• We attempted to minimise the muscle imbalance around the lef hip by releasing 

the adductors and the iliopsoas. In addition, the pelvic osteotomy with a wide-
open wedge could have increased the resting length of the gluteus medius muscle 
and augmented its power to some degree. 

• In order to reduce the extent of bracing, a supracondylar femoral extension oste-
otomy of the right knee was performed close to skeletal maturity. T is stabilised 
her knee, and she discarded the knee-ankle-foot orthosis on her right limb and 
began ambulating with bilateral ankle-foot-orthoses. 
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– CASE 24: TERATOLOGIC DISLOCATION OF THE HIP MULTIPLE 
CONGENITAL CONTRACTURES 

Hitesh Shah 

Case 

A 1-year-old girl presented with dislocation of the lef hip, hyper-extension of both knees, rocker-
bottom deformities of both feet and fexion deformities of both wrists. She was the second child 
in the family and was born by a normal delivery. She had typical features of multiple congenital 
contractures. All the deformities and dislocations were rigid and could not be corrected pas-
sively. Radiographs of the pelvis and knee joints confrmed dislocations of both knee joints and 
lef hip ( Figure 24.1a ,  b ,  c ). Te child could not crawl or stand, and hand function was severely 
compromised. 

(A) 

(B) (C) 

Figure 24.1 Radiographs of the pelvis (A) and both knee joints (B, C) show dislocations of the 
left hip and both knee joints. 
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Essential Paediatric Orthopaedic Decision Making 

Questions 
• What are the problems that need to be addressed in this child? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Teratologic Dislocation of the Hip 

The Problems That Need to Be Addressed in This Young Child Are 
• Multiple rigid joint deformities and dislocations of the upper and lower extremities 
• Severely compromised upper and lower limb function 

The Aims of Treatment in This Child Are to 
• Correct deformities and dislocations that are contributing to functional limitations 

to facilitate independence in the activities of daily living 

 Te overall management of this child entails treatment of each deformed or dislocated joint in 
a planned sequence. Once the sequence of treatment is decided, the problems related to each 
individual joint need to be defned and addressed. 

Problems Related to the Left Hip Joint 
• Rigid unilateral dislocation 

⚬ Risk of not achieving a concentric reduction 

•  Stifness of the joint due to contractures of sof tissue 

⚬ Risk of residual stifness even if reduction is satisfactory 

Aims of Treatment of the Left Hip 
• Achieve a stable concentric reduction 
• Retain as much motion of the hip as possible 

Options for Treatment to Fulfil Each Aim 
• Achieving a stable concentric reduction 

⚬ Open reduction of the hip joint by medial approach1 

⚬ Open reduction of the hip joint by anterolateral approach2 

• Retaining motion of the hip 

⚬  No attempt to reduce the hip (accept the dislocation) 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Unilateral versus bilateral hip dislocations 
• Associated knee dislocation 
• The extent of muscle weakness and severity of upper limb involvement 
• Likelihood of walking 

 Te choice of treatment of the dislocated hip based on these factors is shown in Table 24.1. 
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Essential Paediatric Orthopaedic Decision Making 

Table 24.1 Factors Influencing the Choice of Treatment of Hip Dislocation 

Factors Treatment Implications 

The age of the child 1 year old Children younger than 1 year may be treated 
by medial open reduction of the hip. 

Children between 1 and 2 years of age may 
be treated by anterolateral open reduction 
of the hip.3,4 

In children over the age of 2 years, unreduced 
bilateral hip dislocations may be ignored 
and not be reduced. 

Unilateral or bilateral 
hip dislocation 

Unilateral dislocation 
(left) 

An attempt at reduction of unilateral hip 
dislocation must be made to prevent limb 
length inequality and asymmetry of the 
pelvis.3,4,5 

The extent of muscle 
weakness and 
severity 
of upper limb 
involvement 

Mild/moderate muscle 
weakness 

Wrist deformities 
present 

Involvement of elbows 

Children with profound weakness and severe 
upper limb involvement may have a poor 
prognosis for independent walking. Hip 
dislocation should be left alone in such a 
situation.6,7 

and shoulders not 
severe 

Hip dislocation in a child with good 
ambulatory potential should be treated 
more aggressively. 3,4,5 

Presence of other 
musculoskeletal 
anomalies 

Bilateral knee 
dislocation, bilateral 
congenital vertical 
talus, bilateral wrist 
fl exion deformities 

The sequence of treatment needs to be 
planned. 

Reduction of knee dislocation takes 
precedence as it will enable knee fl exion 
and relaxation of the hamstrings, both of 
which may facilitate successful reduction of 
the hip.8 The fl exed knee is also essential 
for dealing with contracture of the gastroc-
soleus while correcting the vertical talus. 

The hip dislocation may then be addressed 
either in a separate sitting or be treated 
simultaneously with reduction of the knee 
dislocation.9 

How Was This Girl Treated?

 Te girl was treated with staged surgical procedures. First, bilateral quadricepsplasty was done to 
reduce the knee joints. Ninety-degree knee fexion was achieved afer the surgery. Both feet were 
then corrected with sof tissue release afer three months. T e lef hip dislocation was treated last 
of all with open reduction through the anterolateral approach six months later. 
A concentric stable reduction of the hip was achieved without having to shorten the femur. 

Post-Operative Management 

A hip spica was applied immediately following surgery; this was changed, and a fresh spica was 
applied at six weeks. Te second hip spica was retained for another six weeks, and mobilisation 
was started thereafer with bilateral ankle-foot orthoses to support the feet. 
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Teratologic Dislocation of the Hip 

Follow-Up

 Te girl was followed up regularly. At the f ve-year follow-up, both knees and the operated hip 
joint had excellent function. Radiographs of the hip taken at 5, 12 and 16 years of age showed 
good development of the lef hip that is well centred and concentric (Figure 24.2a,  b,  c). 

(A) (B) 

(C) 

Figure 24.2 Radiographs of the pelvis at the ages of 5 years (A), 12 years (B) and 16 years (C) show 
a well reduced hip and good development of the hip joint. 

Comment 

Dorsal carpal wedge osteotomies were also performed to improve hand function at 12 years of 
age. Further follow-up is needed only if fresh symptoms develop. 
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CASE 25: POST-INFECTIVE HIP DYSPLASIA 

Hitesh Shah 

Case 

A 2-year-old girl presented with a painless limp frst noted some months earlier. She was a pre-
term child with a history of neonatal sepsis at around 10 days of age, for which she was treated 
with parenteral antibiotics. She apparently recovered from this, and her developmental mile-
stones were normal. 
On examination, the lef  lower limb was a centimetre shorter than the right. Passive move-

ments of the hip were not painful. Te ranges of motion of the lef hip were normal except for 
internal rotation which was exaggerated. She walked with a painless, short-limb, Trendelenburg 
limp on the lef. Radiographs of the pelvis displayed a subluxated lef hip with a broken Shenton 
line, mild acetabular dysplasia, a markedly increased medial joint space and the femoral neck 
pointing to the lateral margin of the acetabulum. T e ossifc nucleus of the capital femoral epiph-
ysis was much smaller than that of the normal hip and was situated eccentrically in relation to 
the lateral half of the femoral metaphysis (Figure 25.1). 

Figure 25.1 Subluxation of the left hip with acetabular dysplasia and a small femoral ossifi c 
nucleus that is eccentrically located. 

A radiograph of the pelvis taken in 15 degrees of abduction and full internal rotation of the hips 
revealed improved coverage of the lef femoral head with the femoral neck pointing to the trira-
diate cartilage (Figure 25.2). Te neck shaf angle was only marginally increased; this suggested 
that excessive femoral anteversion was the major cause of subluxation. 

Figure 25.2 Subluxation reduced with modest abduction and full internal rotation of the hip. 
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Since the ossifc nucleus of the femoral epiphysis was so small and eccentrically located, there 
was a possibility that the medial part of the epiphysis may have been destroyed, and in order to 
exclude this, an arthrogram was performed. Te arthrogram showed a well-formed cartilagi-
nous epiphysis that was congruous with the acetabulum (Figure 25.3). 

Figure 25.3 Arthrogram of the hip showing a near normal cartilaginous contour of the femoral 
head that is congruent with the acetabulum. 

Questions 
• What are the problems that need to be addressed in this child? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Post-Infective Hip Dysplasia 

The Problems That Need to Be Addressed in This Child Are 
• Instability of the lef hip due to: 

⚬ Excessive femoral anteversion 
⚬ Mild coxa valga 
⚬ Mild acetabular dysplasia 

• Shortening of the lef lower limb of 1 cm 

The Aims of Treatment in This Girl Are to 
• Restore stability of the hip 
• Correct the shortening of the limb by skeletal maturity 

Options for Treatment to Fulfil Each Aim 
• Instability of the hip 

⚬ Correction of femoral anteversion and coxa valga by a proximal femoral 
osteotomy 

⚬ Open reduction of the hip if the previous measure fails to achieve a concen-
tric reduction 

• Limb length inequality 

⚬  Observation 
⚬ Timed contralateral epiphyseodesis, if needed, in due course 
⚬ Timed limb lengthening, if needed, in due course 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Status of the femoral head 
• Status of the femoral neck 
• Status of acetabulum 
• Type of instability 
• Severity of shortening

 Te choice of treatment based on these factors is shown in Table 25.1. 

Table 25.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 2 years The child is too young to consider any 
intervention for limb length inequality. At 
this point, observation is all that is 
justifi ed. 

(Continued) 
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Essential Paediatric Orthopaedic Decision Making 

Table 25.1 (Continued) 

Factors Treatment Implications 

Status of the 
femoral head 

Entire femoral head is 
present and congruent 
with the acetabulum in 

If the femoral head was destroyed, there 
would be little value in correcting the 
femoral anteversion. 

abduction and internal 
rotation of the hip 
(though the ossifi cation 
is delayed, partial and 
eccentric) 

Similarly reducing a distorted, irregular or 
incongruent femoral head may be 
associated with poor outcomes.1,2,3 

In this child as the femoral head is rounded, 
reducing it into the acetabulum to restore 
a congruent joint is justifi ed. 

Status of the Intact and anteverted with Correction of the anteversion and coxa 
femoral neck mild coxa valga valga by a proximal femoral osteotomy is 

indicated as the hip reduces well on 
internal rotation and abduction. 

Status of 
acetabulum 

Mild acetabular dysplasia The acetabular dysplasia (confi rmed on the 
arthrogram) is mild, and if the subluxation 
can be corrected by addressing the 
femoral anteversion, the acetabular 
dysplasia may improve over time. 

Type of instability 
(subluxation 
versus dislocation) 

Subluxation Subluxation can be managed without having 
to open the joint capsule; dislocation may 
require a formal open reduction. 2,3,4 

Shortening 1 cm Such mild shortening at this age can be left 
alone and closely monitored to see if 
shortening increases to an extent that it 
warrants intervention. 

How Was This Girl Treated?

 Te girl was examined under anaesthesia, and an arthrogram was done. As the subluxation was 
well corrected by internally rotating and abducting the hip, a sub-trochanteric open-wedge varus 
derotation osteotomy was performed. Te distal fragment was rotated laterally by 45 degrees 
and adducted by 20 degrees and fxed with a contoured dynamic compression plate (DCP) and 
screws. Concentric reduction of the hip was confrmed with an arthrogram (Figure 25.4). 

Figure 25.4 Arthrogram done after proximal femoral de-rotation, varus osteotomy shows that 
with the hip in the neutral position the femoral head is well centred in the acetabulum. 
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Post-Infective Hip Dysplasia 

Post-Operative Management 

In view of the fact that the osteotomy was an open-wedge osteotomy (Figure 25.5a), she was kept 
non–weight bearing for six weeks, and afer union of the osteotomy was confrmed, weight bear-
ing was permitted (Figure 25.5b). Te implants were removed afer a year. A year later, the ace-
tabular development had improved, and the femoral head remained well reduced (Figure 25.5c). 

(A) (B) 

(C) 

Figure 25.5a ,  b ,  c Sequential radiographs: immediate post-operative (A), six-week follow-up 
(B), two-year follow-up (C). 

Follow-Up

 Te girl was followed up annually, and at the eight-year follow-up, she was normally active and 
had no symptoms related to the hip. Te hip examination was normal. Shortening of the limb of 
1 cm was still present. A radiograph of the pelvis showed a well-centred femoral head, very sat-
isfactory acetabular development and excellent remodelling of the osteotomy site (Figure 25.6). 

Figure 25.6 Radiograph of the pelvis eight years following surgery. 
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Comment 

 Te child needs to be followed up until skeletal maturity to keep a check on hip development 
and shortening. 
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CASE 26 :  CONGENITAL DISLOCATION OF THE KNEE 

Hitesh Shah and Benjamin Joseph 

Cases 

a. A 2-week-old neonate presented with hyperextension of both knees since birth. He was the 
frst child of the family; he was born at full term by a normal delivery. Tere were no features 
of generalised ligament laxity or facial dysmorphism. Both the hips, feet and upper limbs 
were normal. Te hyperextended knees could not be passively fexed beyond 5 degrees. 
Ultrasound of both knees showed anterior dislocation of the knee joint (Figure 26.1). 

Figure 26.1 Ultrasound of the knee showing anterior dislocation of the joint. 

b. A 7-month-old girl presented with hyperextension of the right knee and dislocation of 
right hip since birth. She was the frst child of the family, born at full term by a normal 
delivery. Features of generalised ligament laxity were present. Both feet, the opposite lower 
limb and both upper limbs were normal. Tere was recurvatum deformity of the right 
knee, and passive fexion was not possible beyond 5 degrees. Radiographs of hip and knee 
joints showed dislocation of both the right knee and the right hip (Figure 26.2). 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

Figure 26.2 Lateral radiograph of the right knee of the infant showing dislocation (A) and antero-
posterior radiograph of the infant’s pelvis showing dislocation of the right hip (B). 

Questions 
• What are the problems that need to be addressed in these infants? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for these infants? 
• How long would you follow-up these children af er treatment? 
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Congenital Dislocation of the Knee 

The Problems Related to the Knee That Need to Be Addressed in Both These 
Infants Are 

• Dislocation of the knee 
• Contracture of the quadriceps muscle which may not yield to stretching, neces-

sitating quadricepsplasty 

The Aims of Treatment in These Infants Are to 
• Obtain reduction of the knee dislocation 
• Obtain knee fexion of 90 degrees to perform activities of daily living 
• Avoid excessive weakening of the quadriceps muscle 
• Avoid complications of treatment 

⚬ Fracture of the femur or tibia 
⚬ Instability of the knee 

Options for Treatment to Fulfil Each Aim 
• Obtaining reduction of the knee dislocation and obtaining knee fexion of 90 

degrees 

⚬ Serial manipulation and cast application 
⚬  Pavlik harness 
⚬ Percutaneous quadriceps tenotomy 
⚬ Quadricepsplasty and open reduction 

• Maintaining the strength of the quadriceps muscle 

⚬ Reduction of the dislocation by non-operative means 
⚬ If quadricepsplasty is required, avoiding excessive lengthening of the muscle 

• Avoiding complications of treatment 

⚬ Prevent iatrogenic fractures by 

◽ Avoiding forceful manipulation 
◽ Resorting to early quadricepsplasty if response to stretching is poor 

⚬ Prevent knee instability 

◽ Avoiding release of collateral ligaments during surgery 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the child 
• The underlying disease and its natural history 
• The severity of knee deformity 
• Presence of other anomalies of the lower limb

 Te choice of treatment based on these factors is shown in Table 26.1. 
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Essential Paediatric Orthopaedic Decision Making 

Table 26.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The age of the child a. Fourteen days 
b. Seven months 

Children under 6 months of age can be 
treated with a trial of serial manipulation 
and cast application.1,2 

The underlying 
disease and its 
natural history 

a & b. Idiopathic 
congenital 
dislocation of the 
knee 

Children with a syndromic association or 
multiple congenital contractures often 
require surgical intervention. 3 

The severity of knee 
deformity 

Complete dislocation 
of the knee 

The results of serial manipulation are good in 
children with hyperextension of the knee 
joint without proximal migration of the 
tibia. 

Surgical intervention is often required with 
complete dislocation and proximal 
migration of the tibia.4,5 

Presence of other 
musculoskeletal 
anomalies 

a. No associated 
anomalies 

b. Associated 
developmental 
dysplasia (DDH) of 
the ipsilateral hip 

When associated DDH is present, the 
reduction of the knee should precede 
reduction of the hip as relaxation of the 
hamstrings (once fl exion of the knee has 
been achieved) will facilitate reduction of 
the hip.1,2 

How Were These Infants Treated?

 a. Te boy was treated with gentle longitudinal traction on the tibia with gradual f exion 
of the knee joint. Te correction obtained was maintained with an above-knee anterior 
plaster slab. Sequential weekly manipulation and plaster slab application was commenced. 
Both knee joints were reduced, and fexion to 90 degrees was achieved afer three manipu-
lations. Te reduction of the knee joints was confrmed with ultrasound scans. T e infant 
was then ftted with a Pavlik harness which was worn for 23 hours a day for six weeks.

 b. Te girl was treated with a quadricepsplasty through a lateral incision.2 Te collateral liga-
ments were untouched. Knee fexion to 90 degrees was obtained at surgery. Te knee joint 
was immobilised with an above-knee plaster slab for three weeks, afer which the knee 
was mobilised. Te hip was then treated with closed reduction and spica application. A 
concentric stable reduction was obtained (Figure 26.3). Te spica was retained for three 
months. 
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Congenital Dislocation of the Knee 

Figure 26.3 Radiograph of the pelvis showing satisfactory reduction of the right hip. 

Follow-Up

 a. Te boy was followed up to the age of 6 years. On the last follow-up, there were no deformi-
ties; both knee joints had excellent function with full knee fexion ( Figures 26.4a ,  b ,  c ,  d ) 
and normal quadriceps power. A fnal follow-up at skeletal maturity is planned. 

(A) (B) 

(C) (D) 

Figure 26.4 Clinical photographs (A–C) and radiographs (D) after six years following closed 
reduction of bilateral congenital dislocation of the knees. 
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Essential Paediatric Orthopaedic Decision Making 

b. Te girl was followed up till the age of 7 years, at which time both the knee and hip were 
well reduced and functioning normally (Figure 26.5a,  b,  c). She needs to be followed till 
skeletal maturity. 

(A) 

(B) (C) 

Figure 26.5 Radiographs of hips and right knee at 7 years of age show a well-centred right hip 
(A) and normal alignment of the tibia and femur of the right knee joint (B, C). 
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CASE 27 :  CONGENITAL DISLOCATION OF THE PATELLA 

Hitesh Shah and Benjamin Joseph 

Case 

A 3-month-old male infant presented with a deformity and a puckered area of skin on the outer 
aspect of the lef knee which were noted at birth ( Figure 27.1a). He was born at term by a normal 
vaginal delivery. He was thriving well and was otherwise quite healthy. Examination revealed 
that there was a fxed fexion deformity of 70 degrees with normal further f exion. Te leg was 
externally rotated (Figure 27.1b). Te patella was not palpable in the front of the knee but was 
palpated on the lateral aspect of the knee. Te area of puckered skin was not adherent to the 
underlying structures. 

(A) (B) 

Figure 27.1 Appearance of the left knee. Puckering of the skin on the antero-lateral aspect of 
the knee is seen (A). The knee is fl exed, and the leg is externally rotated (B). 

Ultrasound scans of the knee confrmed that the patella was not in its normal position (Figure 
27.2a) and that it was located on the lateral aspect of the knee (Figure 27.2b).1 Te patella was of 
a reasonable size. 
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(A) (B) 

Figure 27.2 Longitudinal ultrasound scan of the front of the knee shows that the patella is not 
in its normal position (A). Longitudinal scan on the lateral aspect of the knee shows the patella 
in relation to the distal femur (B). 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this infant? 
• How long would you follow-up this child af er treatment? 
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Congenital Dislocation of the Patella 

The Problems That Need to Be Addressed Are 
• Flexion deformity of the lef knee and external rotation deformity of the leg 
•  Dislocated patella 

The Aims of Treatment in This Infant Are to 
• Correct the deformities 
• Obtain a stable reduction of the patellar dislocation 

Options for Treatment to Fulfil Each Aim 
•  Correcting fexion deformity of the knee and external rotation of the leg 

⚬  Passive stretching 
⚬  Sof tissue release2–4 

◽ Ilio-tibial band and lateral intermuscular septum 
◽  Vastus lateralis 
◽  Hamstrings 
◽ Posterior capsule of the knee 

• Obtaining a stable reduction of the dislocated patella2–4 

⚬  Sof tissue release (as earlier) and advancement of the vastus medialis 
⚬  Medial shif of the patellar tendon insertion 
⚬  Semitendinosus tenodesis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age at surgery 
• Response to sequential release of contracted lateral structures and augmentation 
of medial structures in terms of: 

⚬ Correction of the fl exion deformity of the knee 
⚬ Achieving stable reduction of the patella 

 Te choice of treatment based on these factors is outlined in Table 27.1. 

Table 27.1 Factors That Infl uenced Treatment 

Factors Treatment Implications 

Age Infant Delay in treatment makes reduction of the 
dislocation more diffi cult necessitating 
more extensive release at the expense of 
weakening the quadriceps. 

(Continued) 
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Essential Paediatric Orthopaedic Decision Making 

Table 27.1 (Continued) 

Factors Treatment Implications 

Response to sequential 
release of lateral 
structures and 

Correcting the 
deformity 

If the knee can be extended to <10 degrees 
short of full extension after releasing the 
ilio-tibial band, the lateral intermuscular 

augmentation of 
medial structures 

septum and the vastus lateralis, no further 
release is required. 

If more than 10 degrees of fl exion deformity 
persists, hamstring lengthening may be 
considered. 

Release of the posterior capsule of the knee 
is seldom required. 

Achieving stable 
reduction of the 

If the patella remains reduced after release of 
the ilio-tibial band, lateral intermuscular 

patella septum and the vastus lateralis and 
advancement of the vastus medialis, 
nothing further needs to be done. 

If the patella is still unstable, lateral half of the 
patellar tendon insertion may be 
transferred medially (Roux-Goldthwaite). 

If the patella is still unstable after all these 
measures, semitendinosus tenodesis 
should be done. 

How Was This Infant Treated? 

Serial casting was done at weekly intervals; the fexion deformity decreased to 30 degrees, and 
no further correction could be achieved. At the age of 10 months, surgery was performed. Under 
general anaesthesia, through a lateral parapatellar incision, the ilio-tibial band was divided and 
a segment of the lateral intermuscular segment was excised. Te vastus lateralis was released 
from the lateral border of the patella and erased from its origin on the distal femur and allowed 
to retract proximally. Te lateral capsule of the knee was opened close to the lateral border of 
the patella from a point 2 cm proximal to the superior pole of the patella to a point 2 cm distal 
to the lower pole of the patella. Care was taken to ensure that there were no adhesions between 
the patella and the lateral surface of the femur. Te patella was reduced into the shallow patellar 
groove on the femur. Te vastus medialis was stretched and thin; it was advanced laterally onto 
the front of the patella and anchored with non-absorbable sutures.
 Te knee was gently fexed to 90 degrees and extended fully; the patella dislocated when the knee 

was f exed. Te patellar tendon was split into two slips, and the lateral slip was carefully divided 
close to its insertion, taking care to avoid damaging the growth plate. Te lateral half of the patellar 
tendon was passed posterior to the intact medial half of the tendon and advanced as far medially 
as possible and anchored to the periosteum with non-absorbable sutures. Te stability of reduction 
was checked again, and at this point the patella remained in the normal position on f exing the 
knee. Te wound was closed, and a plaster-of-Paris cast was applied with the knee in extension. 

Post-Operative Management 

 Te cast was removed afer six weeks, and physiotherapy to encourage knee bending and quad-
riceps strengthening was started. Te child was not co-operative but over the course of the next 
year started walking and sitting with his knee f exed. 
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Congenital Dislocation of the Patella 

Follow-Up 

He was followed up annually. At the age of 9, he was functioning normally. T e quadriceps 
power was Grade 4+ on the MRC scale. He had a 5-degree extension lag, but he did not complain 
of tripping or falling. Tere were no deformities at the knee, and x-rays showed normal align-
ment of the knee and a slightly smaller patella on the lef which was well reduced (Figure 27.3).
 A fnal review at skeletal maturity is planned. 

Figure 27.3 X-rays of the knee of the child at 9 years of age. The left patella is smaller than the 
right but is well formed and well reduced. 
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CASE 28 : RADIAL HEAD DISLOCATION 

Nick Green and James A Fernandes 

Case 

A 12-year-old girl with multiple hereditary osteochondromatosis (MHO) was referred with an 
increasingly painful, short and bowed lef forearm ( Figure 28.1). Te deformity was f rst noticed 
at age 5. Later pain and decreased motion interfered with gymnastics. Certain movements such 
as placing her hand behind her head were not possible and appearance of the limb was a cause 
of embarrassment. 

Figure 28.1 Demonstrates cubitus varus, a short forearm segment and a visible dislocated 
radial head with lateral prominence. 

She had cubitus varus, a prominent postero-laterally dislocated radial head, a bowed ulna and 
a short forearm. Supination was markedly restricted and painful. She had a fxed f exion defor-
mity of 40 degrees of the elbow (Figure 28.2) and varus/valgus instability at her elbow. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 28.2 Demonstrates her manoeuvre to compensate for her reduced supination by 
extending, adducting and externally rotating her shoulder. 

 Radiographs confrmed the radial head dislocation, a short and angulated distal ulna with distal 
radial and ulnar osteochondromas but no evidence of carpal shif (Figure 28.3). 

Figure 28.3 Lateral radiograph showing the posterior component of the dislocation, apex pos-
terior distal ulnar angulation (oblique plane in reality) and an anterior distal radial and ulnar 
osteochondroma. Also note the lack of distal carpal support from the ulna. 
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Radial Head Dislocation 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the treatment options to fulfl each aim? 
• What are the factors that infuenced the choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Radial head dislocation and elbow instability 
• Ulnar shortening and distal angular deformity 
• Distal radial and ulnar osteochondromata inciting abnormal growth 

The Aims of Treatment in This Girl Are to 
• Reduce the radial head dislocation and restore elbow stability 
•  Relieve pain 
• Improve the range of supination of the forearm 
• Improve the appearance of the limb 
• Prevent recurrence of the dislocation and deformity 

Options for Treatment to Fulfil Each Aim1–7 

• Reducing the radial head 

⚬ Restoring length of the ulna 

◽  Acute lengthening 
◽  Gradual lengthening 

• Relieving pain and improving forearm supination 

⚬ Reduce the radial dislocation 

• Improving the appearance of the limb 

⚬ Restore length of the ulna and correct deformity 
⚬ Reduce the prominence of the dislocated radial head 

◽ Reduce radial head dislocation 
◽ Resect the radial head 

•  Prevent recurrence 

⚬ Remove osteochondromata from the ulna and radius 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of symptoms 
• Cause of ulnar growth retardation 
• Cause of radial head dislocation 

 Te factors that infuence treatment are shown in Table 28.1. 
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Radial Head Dislocation 

Table 28.1 Choice of Treatment Based on the Factors That Influenced the Decision 

Factors Treatment Implications 

Age of the child 

Severity of symptoms 

Cause of ulnar growth 
retardation 

Cause of radial head 
dislocation 

12 years 

Severe pain and 
signifi cant loss of 
motion 

Presence of 
osteochondroma 
on the distal ulna 

Disparity in lengths 
of the radius and 
ulna 

Whilst reconstructive surgery can be 
performed at most ages using external 
fi xation, earlier treatment is preferable 4 as 
it should equate to better outcome. 

Radial head resection may be considered 
after skeletal maturity but is unacceptable 
at this age. 

The source of pain is probably from the 
dislocated radial head. Reduction of the 
radial head is justifi ed. 

An osteochondroma in the distal ulna 
compromises normal growth of the ulna. 
Excision of the distal osteochondroma 
should be part of the strategy to prevent 
recurrence following treatment. 

Restoration of normal relative lengths of the 
radius and ulna is essential to enable 
reduction of the radial head. 

Maintenance of this relationship is necessary 
to prevent re-dislocation. 

How Was This Girl Treated? 

Stage 1 
A 130 mm by 5/8ths Ilizarov ring and a 130 mm full ring were attached to the proximal ulna. 
Tis ring block was connected to a full 130 mm ring distally by two parallel hinges placed in 
the coronal plane in the convex side of the planned osteotomy, with the motor on the concave 
radial side. Te frame construct was secured to the ulna with one critical radio-ulnar wire and 
a combination of wires and half pins. A percutaneous proximal ulnar osteotomy was performed 
and lengthening performed at ¼ mm 3 times per day. Tis distracted the distal ulnar segment 
coupled with the radius allowing the radial head to move distally ( Figure 28.4). When there was 
adequate clearance of the radial head beyond the capitellum, the hinges were unlocked and dif-
ferential distraction continued to allow further lengthening and apex ulnar angulation of the 
ulna facilitating indirect reduction of the radial head. 

Stage 2 
Mild lateral and posterior subluxation were visible on intra-op fuoroscopy. Further apex ulnar 
angulation and re-orientation of the hinges allowed apex anterior angulation to move the radial 
head anteriorly. Two DRS 3 mm screws were inserted into the distal ulna beyond its distal angu-
lation deformity and secured to a two-hole rancho cube. A percutaneous osteotomy was per-
formed at the apex of the ulnar deformity and acute correction obtained. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 28.4 AP radiograph after stage 1 of only axial distraction. The regenerate is slow to 
form, the hinges are still locked, and the radial head is not yet clear of the capitellum and laterally 
translated. Apex ulnar angulation (oblique plane) of the distal ulnar deformity is visible. 

Post-Op 
Distraction continued at 3 × 1 mm at the motor and ½ mm at the hinges. Tis medialised the 
radial head, but residual posterior translation persisted (Figure 28.5). Te hinges and motor were 
then altered in clinic to achieve satisfactory radio-capitellar alignment. T e fnal correction was 
to compress and dock the radial head gently onto the capitellum. 

Figure 28.5 Lateral and AP radiographs eight weeks after stage 2 demonstrating the improved 
alignment of the distal ulna after the second osteotomy. The proximal regenerate is still slow to 
form. The radial head is well aligned on the AP fi lm but still posteriorly translated on the lateral. 
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Radial Head Dislocation 

Figure 28.6 Lateral radiograph after the motors and hinges have been changed to create an 
apex anterior angulation to anteriorise the radial head. Also note the carpal support now pres-
ent from the ulnar lengthening. The distal osteotomy has healed, and the proximal regenerate 
is consolidating after autologous bone grafting. 

 Te proximal osteotomy was slow to consolidate, and she underwent bone grafing and DRS pin 
removal ( Figure 28.6). Af er consolidation at the proximal site, the frame was removed, and a 
hinged cast-brace was applied for four weeks. Afer rehabilitation, function improved, and pain 
reduced (Figures 28.7 and  28.8). 

Figure 28.7 At the final follow-up at skeletal maturity, function of the elbow  is excellent. Elbow 
extension and fl exion compares well with the normal side. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 28.8 Radiographic appearance at skeletal maturity. The radial head is well reduced. 

Comments

 Te senior author recommends a correction program that concentrates on one degree of free-
dom at a time. 

• First, axial lengthening to provide adequate clearance of not only the bony radius 
and capitellum but also their articular cartilage. 

• Second, the lateral translation of the radial head is corrected. 
•  Tird, the posterior translation of the radial head is corrected. 
• Fourth, excess axial distraction at the radio-capitellar joint is reversed. 

As demonstrated in this case, this can be done with the Ilizarov technique, but can be achieved 
with less outpatient hardware adjustment using the Taylor spatial frame. 
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CASE 29 :  DIAPHYSEAL BONE LOSS OF THE RADIUS 

Hitesh Shah and Benjamin Joseph 

Case 

A boy aged 8 presented with deformity of the right wrist and compromised function of the right 
upper limb. At the age of 4, he had developed osteomyelitis of the radius, for which he underwent 
an operation to drain pus. Over the course of the intervening four years, a deformity of the wrist 
developed and progressed. 
 Te right forearm was shorter than the lef; the lower end of the ulna was very prominent, 

and there was a severe manus valgus deformity. Te ulna was normally palpable throughout its 
length, but there was palpable discontinuity of the radius in the middle third of the forearm. 
Pronation and supination of the forearm were markedly diminished. Te shoulder, elbow and 
hand appeared normal, but the grip strength was weak. Radiographs of the forearm showed that 
there was loss of bone in the middle third of the diaphysis and the proximal end of the radius, 
dislocation of the inferior radio-ulnar joint and a severe manus valgus deformity (Figure 29.1). 

Figure 29.1 There is a loss of the diaphysis in the middle third of the radius. The distal one-
fourth of the radius is intact, but the inferior radio-ulnar joint is dislocated. There is a severe 
manus valgus deformity. Fragments of the radius are present in the proximal half of the forearm, 
but the radial head is missing. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Discontinuity of the radius with bone loss involving the proximal and mid-diaphysis 
• Manus valgus deformity 

The Aims of Treatment Are 
• Restoring bony continuity between normal bone articulating with the humerus at the 

elbow and normal bone articulating with the carpus at the wrist 
• Correcting manus valgus deformity 

Treatment Options for Restoring Continuity of the Bones 
• Restore continuity of the radius by bone graf ing1,2 
• Restore continuity of the radius by bone transport 
• Fix proximal two thirds of the ulna to the distal third of the radius and create a single 

bone forearm3,4 

FACTORS TO TAKE INTO CONSIDERATION WHILE PLANNING TREATMENT 

• Integrity of the radio-humeral joint 
• Length of the distal segment of the radius 

 Te factors that infuenced treatment are shown in Table 29.1. 

Table 29.1 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Integrity of the 
radio-humeral 
joint 

Length of the 
distal segment 
of the radius 

The radial head is missing 

The distal segment of the 
radius is of suffi cient 
length to permit adequate 
fi xation to the proximal 
fragment of the ulna. 

If the radial head is not articulating normally 
with the humerus, it is futile to graft the 
gap in the radius. For this reason, the fi rst 
two treatment options entailing 
procedures to restore continuity of the 
radius are not appropriate. 

Reconstruction with fi xation of the distal 
radial segment to the ulna is a feasible 
option. 

How Was the Boy Treated? 

 Te ulna was divided at the junction of the middle and distal thirds, and the proximal segment 
of the ulna was fxed to the distal radius fragment with a plate and screws (Figure 29.2). 
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Diaphyseal Bone Loss of the Radius 

Ulnar segment moved 
without disturbing the 
soft tissue attached to it 

Figure 29.2 Diagram showing the technique of reconstruction. (Modified from Figure 73.3,  
Paediatric Orthopaedics—A System of Decision-making 2nd Ed.)

 Te distal end of the ulna was fxed to the radius with a Kirschner wire across the radio-ulnar 
joint (Figure 29.3). 

Figure 29.3 The ulna was divided at the junction of the middle and distal third. The proximal 
fragment of the ulna was fxed to the distal fragment of the radius with plate and screws. The 
inferior radio-ulnar joint was transfxed with a Kirschner wire. 
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Essential Paediatric Orthopaedic Decision Making 

Sound union occurred and two years later, the plate and screws were removed. At that time, 
screw epiphyseodesis of the distal ulna was performed. 

Follow-Up 

At the fnal follow-up at the age of 18 years, the right forearm is shorter than the lef . T e manus 
valgus deformity has been well corrected (Figure 29.4); the hand function is good with a good 
grasp and release (Figure 29.5a,  29.5b), and there is sound union between the radius and ulna 
( Figure 29.6a ,  29.6b ). 

Figure 29.4 Some shortening of the right forearm persists; the manus valgus deformity is 
corrected. 

(A) (B) 

Figure 29.5 Good hand function with normal grasp (A) and release (B) was observed at the age of 18. 
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Diaphyseal Bone Loss of the Radius 

(A) (B) 

Figure 29.6a ,  b The radiographs show sound union of the ulna to the radius; the radio-carpal 
and the ulno-humeral joints appear well aligned. 

Comment 

In this boy, creating a single-bone forearm was the only viable option since the radial head 
was missing. Tis is a simple option in such situations, but there is a paucity of reports of this 
operation. 
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CASE 30: FIBULAR HEMIMELIA 

Caroline M Blakey and James A Fernandes 

A 4-year-old boy presented with an 8 cm leg length discrepancy, predominantly arising from the 
tibial segment on the right. He was born at term following an uncomplicated pregnancy and had 
no other dysmorphic features. He had complete absence of the fbula, antero-medial bowing of 
the tibia, well-covered hips, retroversion of the femur and distal femoral valgus with a hypoplas-
tic lateral femoral condyle (Figure 30.1a –c). Tere was minimal diference in femoral lengths. He 
had defciency of the anterior cruciate ligament with some anterior subluxation of the tibia. He 
had a four-ray foot which was in 25° equinus and the hindfoot was in 15° valgus. T e hindfoot 
was stif with evidence of tarsal coalition and a mid-foot break. Spine examination was normal. 
MRI imaging of the limb was done, and it ruled out the presence of a f brocartilaginous f bular 
anlage. 

(A) (B) (C) 

Figure 30.1a ,  b ,  c Radiographs in infancy show that the fbula is absent and there is anterior (A) 
and medial bowing of the tibia (B). The clinical photograph at presentation (C).

 Te predicted leg length discrepancy at skeletal maturity was calculated to be 14 cm. 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
•  Signifcant limb-length inequality 
• Deformities of the 

⚬  knee 
⚬  tibia 
⚬ ankle and foot 

• Instability of the knee and ankle 

The Aims of Treatment in This Boy Are to 
• Equalise leg length by skeletal maturity 
• Correct deformities of the knee, tibia, ankle and foot 
• Improve the stability of the knee and ankle 

Options for Treatment 
• Options for equalising limb lengths 

⚬ Contralateral epiphyseodesis and orthosis 
⚬ Multiple lengthening procedures +/− epiphyseodesis of the contralateral limb 

(biological reconstruction) 
⚬ Ablate the foot and prosthetic f tting 

• Options for correcting deformities 
⚬ Knee (genu valgum) 

◽ Hemi-epiphyseodesis of the distal femur 
◽ Distal femoral osteotomy 

⚬ Tibia (antero-medial bow) 
◽ Osteotomy and acute correction (if lengthening not planned) 
◽ Osteotomy and gradual correction during lengthening 

• Options for stabilising joints 
⚬  Knee 

◽ Anterior cruciate ligament reconstruction 
⚬  Ankle 

◽ Reconstruction of a “lateral malleolus” 
◽  Ankle fusion 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of f bular def ciency 
• Status of the foot (number of toes, severity of deformity, function) 
• Ankle and hindfoot deformity 
• Status of the knee 
• Extent of limb length inequality 
• Complexity and duration of treatment 

 Te choice of treatment based on these factors is outlined in Table 30.1. 
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Fibular Hemimelia 

Table 30.1 Factors That Infl uenced Decision-Making 

Factors Treatment Implications 

Age of the 
child 

Severity of 
fi bular 
defi ciency 

Status of the 
foot 

Ankle and 
hindfoot 
deformity 

Status of the 
knee 

Extent of limb 
length 
inequality 

Complexity 
and duration 
of treatment 

4 years 

Complete agenesis 
of the fi bula 

Four rays present 
Ankle function good 

Equinovalgus 

Anterior cruciate 
ligament 
defi ciency 

Genu valgum due to 
lateral condylar 
hypoplasia 

8 cm shortening at 
age 4 

Predicted 
discrepancy of a 
minimum of 14 cm 

Foot ablation and 
prosthetic fi tting 
versus biological 
reconstruction 

A Syme’s or Boyd disarticulation can be offered when 
multiple limb-lengthening procedures are considered 
unacceptable.1,2 Amputation is a good option if 
performed around the age of 9 to 14 months. The 
child will get accustomed to the use of the prosthesis 
around the walking age. This child is older than the 
optimal age for amputation of the foot. 

Mild forms of congenital fi bular defi ciency, with minimal 
length inequality, may be treated with orthotics and 
timed epiphyseodesis of the contralateral limb.3 In 
this child, the defi ciency and shortening are more 
severe and consequently more elaborate treatment is 
warranted. 

In children with salvageable feet, deformity and 
limb-lengthening procedures have been shown to 
have good outcomes.4 

A minimum of three rays, and a plantigrade ankle, are 
considered as prerequisites to preserve the foot. 5 As 
four rays are present amputation can be avoided. 

Equinovalgus deformity of the ankle can complicate 
lengthening. While various procedures to stabilise 
the ankle have been described, ankle fusion may 
become necessary. 6,7 

Limb lengthening requires adjacent joint stability. The 
instability is not severe at present but should be 
carefully monitored during lengthening. 8 

Genu valgum will require additional surgery over the 
course of treatment with guided growth. 9 

Since complications increase during lengthening of 
more than 20% length discrepancy, arresting growth 
or shortening of the contralateral limb in conjunction 
may be required in this child. 

Shortening osteotomy of the contralateral limb can also 
be considered for residual length discrepancy but is 
less commonly accepted by parents especially if the 
fi nal height of the child is likely to be below average. 

Foot ablation and prosthetic fi tting involves one simple 
operation in a single hospital admission. 

Biological reconstruction requires multiple admissions 
to hospital, and this should be considered when 
discussing options for limb-lengthening procedures 
with the family. Treatment will have an impact on 
family life including other siblings and will interrupt 
schooling on multiple occasions. Long-term 
sequelae in terms of secondary complications 
including pain, restricted function and risk of hip, 
knee and ankle OA in early adulthood need to be 
considered. 
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Essential Paediatric Orthopaedic Decision Making

  Te parents were seen in the multidisciplinary limb defciency clinic as part of the preparation 
and obtaining informed consent. Extensive discussions took place with the family, regarding 
the treatment options and implications of each option. Te parents were able to meet with other 
children and families who had been through both treatment options. Te parents were then 
given the choice of ablative reconstruction and biological reconstruction. 

How Was This Child Treated? 

 Te boy was treated by biological reconstruction with multiple lengthening procedures, correc-
tion of angular deformity and contralateral limb epiphyseodesis as outlined next in Table 30.2. 
(Figure 30.2a–d ). 

(A) (B) (C) (D) 

Figure 30.2 Sequential x-rays at (A) age 7 following frst lengthening, bifocal genu valgum, (B) 
age 11 post–guided growth, (C) age 14 post–contralateral epiphyseodesis, (D) f nal follow-up. 

Table 30.2 Sequence of procedures to reconstruct the limb 

Age Problems to Be Procedure Undertaken 
Addressed 

5 years 8 cm of shortening 
Oblique deformity of 
the tibia 

22° in the frontal plane 
27° in the sagittal plane 

Two-stage procedure using all-wire Ilizarov construct with foot 
protection. Initial correction of apex antero-medial tibial 
bow through distal corticotomy and tendoachilles tenotomy, 
followed by second stage lengthening through a proximal 
corticotomy. Three-centimetre length achieved in total. 

8 years 7 cm of shortening 
Bifocal valgus 
deformities and 
distal procurvatum 
(common rebound 
phenomenon seen 
in this pathology) 
with a functional and 
well-balanced foot 

Further staged tibial lengthening with three-ring tibial frame 
spanning the ankle. Hindfoot osteotomy with acute 
medial translation to correct hindfoot valgus, further 
closed TA lengthening. 

Second-stage proximal tibial osteotomy with 5 cm target 
length. Botox to medial and lateral heads of gastrocnemius 
to reduce pain and improve rehabilitation compliance. 
Monitoring of the knee joint for any aggravation of 
instability with focussed physiotherapy input. 

(Continued) 
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Fibular Hemimelia 

Table 30.2 (Continued) 

Age Problems to Be Procedure Undertaken 
Addressed 

10 years Genu valgum Guided growth right medial distal femur and proximal tibia. 

13 years 3 cm shortening 
Genu valgum-rebound 
phenomenon 

Laterally translated 
foot 

Right medial distal femoral guided growth to correct genu 
valgum. 

Left pan genu temporary epiphyseodesis to reduce leg 
length discrepancy. 

Stiff ankle 

16 years 6 cm LLD 
Valgus mal-alignment 
right knee 

Valgus hindfoot 

Two-stage surgery; corrective osteotomy and realignment 
with right ankle fusion and 5 cm total lengthening. 

Post-Operative Management 

At each stage of lengthening, knee protection with bracing was included and the knee was care-
fully monitored for subluxation. On removal of each frame, a cast brace was applied to manage 
anterior translation of the tibia. A fxed fexion deformity developed but was corrected with 
reduction of any anterior subluxation.
 Te tibia was osteopenic afer correction, and was protected with an ankle foot orthosis, 

raised to account for any leg length discrepancy. In 2018, ring sequestrum was noted at a distal 
wire site, and he returned to theatre for curettage but has since done well. 

Follow-Up 

He was followed up until age 19; he had >95° knee fexion (Figure 30.3a –c), there was some 
residual genu valgum, but no further surgery has been undertaken. He was discharged with no 
requirement of adult transition or follow-up. He went on to complete university and currently 
works in the civil service. 

(A) (B) (C) 

Figure 30.3 a– c Clinical photographs at f nal follow-up. 
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CASE 31: TIBIAL HEMIMELIA 

Nick Green and James A Fernandes 

Case 

A 3-month-old boy was referred for multiple congenital defciencies involving all four limbs. He 
had bilateral tibial hemimelia with the right more severely afected, right single bone forearm 
with a single digit and lef proximal radio-ulnar synostosis with an index-middle f nger syn-
dactyly and mild ectrodactyly of the palm. His gestational history had been signif cant for one 
episode of heavy bleeding at six weeks. Tere was no family history of congenital def ciency, and 
a genetics referral eventually confrmed a normal chromosome count. He had normal facies and 
spine. 

Examination of the Lower Extremities 
Right lower limb: Tere was no palpable patella or tibial anlage; a dimple was present anteriorly 
over the knee. Tere was a marked fexion contracture and gross instability of the knee. T e foot 
was fxed in severe equinovarus.
 Lef lower limb: Te knee was near normal except for a prominent fbular head which sug-

gested tibio-fbular diastasis. He had a fve-ray foot in equinovarus which had been unsuccess-
fully treated by the Ponseti method elsewhere. He had internal tibial torsion of 40 degrees and 
hindfoot equinus. Te knee was stable, and the tibial segment appeared short. When he began 
walking at 13 months, he walked with 70-degree internal foot progression angle. 
Pull-down mechanical axis radiograph (Figure 31.1) and MRI scan under general anaesthesia 

demonstrated right Jones 1a tibial hemimelia and lef Jones 4 tibial hemimelia with the talus 
wedged between the tibio-f bular diastasis.1,2 

Figure 31.1 Pull down mechanical axis radiograph aged 6 months. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the options to treat each aim? 
• What are the factors that infuence choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Gross leg length discrepancy (right-sided mesomelic shortening) 
•  Def ciencies 

⚬ Bilateral tibial hemimelia 
⚬ Right single bone forearm with single ray hand 
⚬  Lef radio-ulnar synostosis with syndactyly and mild ectrodactyly 

•  Deformities 

⚬ Flexion deformity right knee 
⚬  Bilateral equinocavovarus 

•  Joint instability 

⚬  Right knee 

◽ Absent extensor mechanism 
◽ Gross multi-directional instability3 

⚬  Lef ankle 

◽  Tibiof bular diastasis 

The Aims of Treatment in This Boy Are to1 

Achieve maximal independent mobility with the least number of interventions by: 

• Equalising or compensating for short right limb 
• Enabling walking with a stable right knee and plantigrade feet 
• Optimising upper limb function 

Options for Treatment to Fulfil Each Aim4,5 

• Equalising or compensating for right-sided short limb 

⚬  Extension prosthesis 
⚬ Right knee disarticulation and above-knee prosthesis 
⚬ Brown’s procedure (fbular centralisation) and staged lengthening6,7 
⚬ Weber-type patellar arthroplasty using f bula8,9 and staged lengthening 

• Enabling walking with a stable right knee 

⚬ Managing right knee instability and extensor mechanism def ciency 

◽ Ablation (knee disarticulation) and prosthetics 
◽ Knee fusion (femur to f bula) 
◽ Weber-type patellar arthroplasty using centralised f bula8,9 

• Providing plantigrade feet 

⚬ Right-sided ablation and prosthetics 
⚬  Lef foot amputation 
⚬  Lef-sided foot and ankle reconstruction 

• Optimising upper limb function 

⚬ Release of syndactyly 
⚬  Orthotics/Prosthetics 
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Tibial Hemimelia 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of limb length inequality 
• Quadriceps function 
• Single or multiple limb def ciencies 
• Parents’ acceptance or rejection of protracted multi-stage surgery with attendant 

risks of complications 
• Parents’ acceptance or rejection of through knee amputation of right leg. 

 Te choice of treatment option based on these factors is shown in Table 31.1. 

Table 31.1 Factors influencing the choice of treatment 

Factors Treatment Implications 

Age of the child 

Severity of limb length 
inequality 

Quadriceps function 

Single or multiple limb 
defi ciencies 

Parents’ acceptance of 
treatment options 

Infant 

Severe shortening 
with grossly 
unstable “knee” 
and “ankle” 

No quadriceps 
function on the 
right side 

Defi ciencies in all 
four extremities 

If an amputation is performed in the infant, it is 
easy for the child to accept the prosthesis. 

Though staged lengthening of the right fi bula is 
feasible, one can anticipate multiple 
complications in view of grossly abnormal 
knee and ankle joints even following any form 
of reconstruction. 

Reconstruction may have a poor outcome in the 
absence of quadriceps function. 

Knee-disarticulation is a relatively simple and 
defi nitive operation with a low complication 
profi le. 

Amputation of the left foot is not a good option 
since he has multiple limb defi ciencies—a 
salvaged lower limb will be easier for him in 
the long term versus bilateral lower limb 
amputations. 

The parents accepted disarticulation of the right knee and 
reconstruction of the left ankle and foot. 

Summary of Treatment Planned for the Lower Limbs 
• Right leg: Disarticulation of the knee and prosthesis 
• Lef Leg: Two-stage reconstruction: First a supra-talar bi-osseous osteotomy to cre-

ate a plantigrade foot position and later a “U” osteotomy to increase Spherion (Foot) 
height to improve shoe-wear. 

How Was This Boy Treated? 

 Te disarticulation of the right knee was performed at 17 months of age. Skin from the f rst 
webspace of the amputated foot was used as a full thickness graf to aid syndactyly release by the 
plastic surgeons under the same anaesthetic. He adapted well to the prosthesis provided af er the 
wound had healed (Figure 31.2). 
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Figures 31.2 and 31.3 Radiograph and clinical photograph post–through-knee disarticulation, 
aged 2. 

Stage 1: Left Leg 
At age 2, in-toeing of the lef leg was addressed (Figure 31.3). A supra-malleolar, supra-talar 
tibio-fbular osteotomy was performed and gradual correction with lengthening efected using a 
hybrid TSF and Ilizarov frame construct capturing the hindfoot (Figure 31.4). Tere was a delay 
in union of the tibial regenerate that was resolved with autologous bone grafing as a separate 
procedure. 

Figure 31.4 Clinical photo and radiographs prior to surgery and following bi-osseous supratalar 
supramalleolar osteotomy at age of 2 years. 

A plantigrade foot and neutral foot progression angle greatly improved his walking, but his 
sub-malleolar height remained small with limited choice of footwear. He developed a 15-degree 
recurrence of his equinus, with slight varus and supination and so stage 2 was planned at the 
age of 5 to both increase his sub-malleolar height for optimising shoe wear and restore his plan-
tigrade foot position. 

Stage 2: Hindfoot U Osteotomy and Foot Frame Using TSF 
A 2 cm curvilinear incision was made similar to Ollier’s approach. White needles were placed in 
the subtalar joint and neck of talus (Figure 31.5a). Curved and U osteotomes were used to create 
a U osteotomy, and mobility was confrmed with a triple test of using a McDonald to palpate the 
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Tibial Hemimelia 

completeness of the osteotomy, manual feel for crepitus and radiographic evidence of translation 
at the osteotomy sites (Figure 31.5b &  31.5c). A TSF foot frame was constructed with a proximal 
tibial 130 mm full ring with two crossing olive wires. A saddle wire passed through the proximal 
talar fragment was also secured to the proximal ring. A Butt ring parallel with the sole of the foot 
was secured with two crossing olive wires in the calcaneus and additional wires in the forefoot and 
midfoot. Hexapod struts connected the tibial and Butt ring. Mild acute distraction was performed. 

(A) (B) (C) 

Figure 31.5 Intra-operative f uoroscopy showing technique of U osteotomy with white needles 
marking out osteotomy level and stress views showing mobility at osteotomy. 

Post-Operative Care 

Calibrated TSF protocol radiographs were taken based on the proximal reference ring, and 
TraumaCad was used to plan the correction. Distraction commenced day 1 post-op 1 mm per 
day for 10 days to prevent premature consolidation and create adequate clearance at osteotomy 
to permit subsequent deformity correction. Afer removal of the frame, a below-knee weight-
bearing cast was applied for four weeks until an ankle foot orthosis was ready. 

Follow-Up 

A femoral discrepancy in length became apparent, and the right side was 3 cm shorter at age 11. 
In order to accommodate a knee mechanism in his prosthesis, which requires perhaps 8–10 cm 
of femoral discrepancy to have knee joints at the same height, an epiphyseodesis of the shorter 
right femur stump was planned and performed aged 11. His increasing leg length discrepancy is 
easily managed by altering his prosthesis. 
At latest follow-up aged 13, he walks independently with his prosthesis (Figures 31.6 and  31.7). 

He is a keen horse rider but is troubled by some discomfort at the medial aspect of his lef ankle 
where there is the bony prominence of his abnormally inclined distal tibial epiphysis that is still 
growing. At skeletal maturity, this will be sculpted to alleviate his symptoms. 

Figure 31.6 Recent radiographs of left foot showing reconstruction results and mechanical axis 
views with prosthesis. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 31.7 Recent clinical photos showing plantigrade left foot with increased sub-malleolar 
height, right through knee amputation both with and without prosthesis. 

Comment 

 Te traditional reconstructive method for Jones Type 1 tibial hemimelia is Brown’s f bular cen-
tralisation.7 His reported success has not been replicated by subsequent authors due to progres-
sive knee fexion contracture, instability and poor range of motion. More complex and multistage 
techniques have been described by Weber and Paley with varied success and no long-term out-
comes and a defnite requirement for ongoing orthotic and/or prosthetic use.9,10 
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CASE 32: CONGENITAL SHORT FEMUR AND PROXIMAL FOCAL 
FEMORAL DEFICIENCY 

Nick Green and James A Fernandes 

Case 

A 2-year-old boy presented with severe shortening of his lef  lower limb predominantly in the 
thigh segment. His lef foot was at the mid-tibial level of his sound right leg. Passive hip abduc-
tion was reduced, and excessive hip adduction was present. His limb lay in an externally rotated 
attitude. Mild genu valgum was present and the anterior and posterior cruciate ligaments were 
lax. He had a f ve-ray foot with free ankle and subtalar movements, but his ankle was in slight 
valgus on standing. Plain radiographs of the pelvis showed typical coxa vara deformity with no 
ossifed connection between the femoral head and shaf (Figure 32.1). CT, MRI and a hip arthro-
gram done under general anaesthesia confrmed a mobile hip joint with a pseudarthrosis in 
continuity of the proximal femur associated with coxa vara, femoral retroversion and acetabular 
dysplasia. Te leg length discrepancy was entirely in the femur. 

Figure 32.1 Radiograph showing the short femur with coxa vara and acetabular dysplasia. The 
non-ossifi ed segment of the femoral neck is outlined. 

 Te predicted shortening at skeletal maturity was estimated to be approximately 27 cm. 

Questions 
• What are the problems that need to be considered in this boy? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence the family’s choice of treatment? 
• Based on these points, what treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 

DOI: 10.1201/9781003106920-36 237 

https://doi.org/10.1201/9781003106920-36


 
  

  
   
  
   
  

 

  
   

    
   

  

 
   

 

 
  

  
 

  
  
  
   
  

 

   
  

   

  

   
   

 

  

Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Severe degree of shortening 
•  Deformities 

⚬  Acetabular dysplasia 
⚬  Coxa vara 
⚬ Retroversion of the femur 
⚬  Genu valgum 
⚬  Ankle valgus 

•  Sof tissue anomalies 

⚬ Partially or completely absent knee cruciate ligaments predisposing to instabil-
ity especially with lengthening1 

•  Joint instability 

⚬ Acetabular dysplasia predisposing to hip instability especially with lengthening 2 
⚬ Knee instability due to absence or laxity of the cruciate ligaments of the knee 

• Pseudarthrosis of the femoral neck 

The Aims of Treatment in This Boy Are to 
Achieve a functional and painless lef leg which allows ef  cient gait by: 

• Equalising limb lengths or compensating for shortening 
•  Correcting deformities 
• Correcting joint instability at the knee and preventing hip instability 
• Facilitating union of the pseudarthrosis of the femoral neck 

Options for Treatment to Fulfil Each Aim 
• Equalising limb lengths or compensating for shortening 

⚬  Extension prosthesis 
⚬ Above-knee prosthesis (following ablation of the foot) 
⚬ Staged limb lengthening 
⚬ Staged limb lengthening combined with contralateral epiphyseodesis 
⚬ Staged limb lengthening and contralateral femoral shortening 

• Correction of deformities 

⚬  Acetabular dysplasia—acetabuloplasty 
⚬ Coxa vara and femoral retroversion—proximal femoral valgus de-rotation 

osteotomy 
⚬ Genu valgum—guided growth 

• Correcting joint instability at the knee 

⚬ Knee ligament reconstruction 
⚬  Knee fusion 

• Preventing hip instability 

⚬ Correct acetabular dysplasia by Dega-type osteotomy 
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Congenital Short Femur 

• Facilitating union of the pseudarthrosis 

⚬  Improving neck-shaf angle, internal f xation with or without bone graf ing or 
bone morphogenetic protein (BMP) 

Summary of Options for Treatment 
• Non-surgical prosthetic management: 

⚬ Hip not treated and extension prosthesis provided +/− guided growth for lesser 
deformities. 

⚬ Non-surgical prosthetic management is generally not recommended. Although 
surgical risks are near-avoided, abnormal hip biomechanics, knee joints at dif-
ferent levels and worsening hip and knee fexion contractures all compromise 
ef  cient gait. Te aesthetic result is also poor. However, this may be the only 
option in some areas of the world. 

• Staged ablative reconstruction: 

⚬ Syme’s amputation (at age around 14 months). Combined bony and sof tissue sta-
bilisation of the hip (at age 2–3 years). Physeal sparing or sacrifcing knee fusion 
(at age 5–8 years). Initially, extension prosthesis is used; eventually the child pro-
gresses to an above-knee prosthesis. Tis is a sound option for severe femoral def -
ciency where the least number of surgeries and hospital time is a priority for the 
parents and where social, cultural and religious infuences allow. In this strategy, 
a Syme’s is performed early before any real attachment to the foot has developed 
in the infant (or parents). Efective and early hip reconstruction optimises hip bio-
mechanics, which creates the proximal foundation for a more ef  cient gait. T e 
important objective of achieving knee joints at the same level can only be achieved 
by fusing the unstable and proximally based native knee joint so as to achieve a 
stable femoro-tibial segment for prosthetic use. Tis must be timed and adapted 
(physeal sparing or sacrif cing) so that by skeletal maturity, there is between 8 to 
10 cm residual “thigh” segment shortening. Tis allows the use of a prosthesis with 
a knee component that is at the same height as the normal knee. 

• Staged limb reconstruction: 

⚬ Combined bony and sof tissue stabilisation of the hip (hip reconstruction at age 
2–3 years). Knee cruciate ligament reconstruction (at age 5–7 years). Two epi-
sodes of staged and modest femoral lengthening procedures. Guided growth as 
needed. Planned and timed contralateral epiphyseodesis or acute femoral short-
ening at maturity as required.3,4 

⚬ Staged limb reconstruction is a huge commitment by all parties throughout 
childhood. It is natural for a parent to desire reconstruction rather than abla-
tion, especially when the tibial segment is virtually normal and the foot looks 
and functions normally. Removing functioning parts of your precious child 
is highly counter-intuitive. Nevertheless, the fnal functional outcome will be 
inverse to the amount of lengthening that is required. Many surgeries will be 
required, and complications will be encountered. 

⚬ It is hard to predict whether an individual’s fnal functional outcome will be bet-
ter than it would have been with a prosthesis; however, function isn’t everything, 
and appearance has traditionally ranked highly in social acceptance. 
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FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of limb length inequality 
• Parents’ acceptance or rejection of ablation of the foot as part of treatment 
• Parents’ acceptance or rejection of protracted multi-stage frame surgery 

 Te choice of treatment based on these factors is shown in Table 32.1. 

Table 32.1 Choice of Treatment Based on the Factors That Influenced the Decision 

Factors Treatment Implications 

Age of the child 2 years The age of the child is ideal for considering 
hip reconstruction and just beyond the 
optimal age for foot ablation. At 2 years 
of age, the prospect of ablative 
reconstruction is a little harder to accept. 

Severity of limb- Severe shortening The options are to avoid lengthening and 
length inequality (anticipated provide a prosthesis after ablating the 

disparity at skeletal foot or to undertake staged lengthening 
maturity is 27 cm) combined with timed growth arrest of the 

opposite lower limb. 

Parents’ acceptance Unacceptable This decision excludes the option of staged 
or rejection of foot ablative reconstruction. 
ablation 

Parents’ acceptance Acceptable The decision is to plan and proceed with 
or rejection of staged lengthening and reconstruction. 
protracted multi-
stage frame surgery 

How Was This Boy Treated? 

Since both ablative reconstruction and limb reconstruction options were appropriate for this 
boy, we had a dialogue with the family unit and enabled them to meet other children (and their 
parents) who are undergoing or have undergone either treatment pathway.5 

Stage 1 
 Tis was a complex hip reconstruction,6 using a technique akin to some extent to that described 
by Paley.7

 Te child was positioned supine on a radio-lucent table with a bolster under the lef but-
tock to rotate the pelvis 30 to 40 degrees (to facilitate “AP” and “lateral” femoral neck and head 
imaging). Tranexamic acid was given, and the surgical sites were pre-infltrated with local and 
adrenaline. Cell salvage was used intra-operatively. 
First the adductors were released via a medial groin incision. Trough a bikini incision, sarto-

rius and rectus femoris were released from their origins, and the psoas tendon was divided over 
the pelvic brim. Care was taken not to breach the hip capsule. An abductor slide extraperioste-
ally of the outer table was performed to allow free adduction of the abducted proximal segment.
 Ten, through a lateral approach to the proximal femur, the gluteus maximus was released. 

Te piriformis was released as internal rotation of the hip was restricted. An arthrogram was 
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Congenital Short Femur 

performed and using the bulls-eye technique a guide wire was passed from the tip of the tro-
chanter into the centre of the head.2 A second guide wire was passed 45 degrees to this into the 
head to guide reconstruction of a 130-degree neck-shaf angle using the Coventry screw and 
plate system. 
A trapezoidal wedge of bone was resected from the subtrochanteric region of the proximal 

femur to correct the coxa vara and proximal femoral fexion deformities. Some shortening was 
also performed to de-tension the reconstruction before the femoral retroversion was corrected 
and the plate was applied to the shaf. A tension band wire construct was added for stability 
(Figure 32.2a  and  32.2b). Bone morphogenetic protein can also be used to stimulate ossif cation 
of the femoral neck but was not used in this case. 

(A) (B) 

Figure 32.2a and 32.2b Line drawings of proximal femoral osteotomy technique and f xation 
using Coventry hip screw system and tension band wire construct with bone tunnel. 

A Witt modifcation of the Dega acetabuloplasty was performed where the bone cut entered 
the sciatic notch, which gave the freedom to locate the hinge for correction anteriorly or pos-
teriorly by appropriate placement of the graf . 8 Afer this, the femoral reconstruction tension 
was reassessed to see if further shortening was required. Wounds were closed, and a spica was 
applied. 

Post-Operative Management 

Limited CT with reconstruction views and 3D rendering was performed while the child was 
sleepy on the way back to the ward. Daily, the inpatient pain team reviewed and optimised anal-
gesia. Te spica was removed in clinic afer six weeks and X-rays were obtained. Weight bearing 
with an extension prosthesis was allowed afer radiological union of osteotomy. 
Regular follow up with plain flms was continued to confrm maintenance of reconstruction, 

identify loss of fxation and conf rm ossifcation of the femoral neck (Figure 32.3). 
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Figure 32.3 AP and lateral radiographs show left proximal femoral reconstruction using Coventry 
system and tension band wire construct. Note the healed Dega osteotomy with improved ace-
tabular index and the non-ossif ed femoral neck. 

Stage 2 
 Te boy underwent his frst lengthening aged 7 using the LRS system with extension across the 
knee as he was cruciate-defcient (Figure 32.4). 

Figure 32.4 The left shows a mechanical axis radiograph and clinical photo aged 7 immediately 
before his frst lengthening using the LRS system with cross-knee protection. The radiograph on 
the right is immediately after application of external fxator and osteotomy. 

Stage 3 
At age 9, he underwent his second lengthening using the same system (Figure 32.5). 

Stage 4 
Guided growth with axis correction and contralateral epiphyseodesis were performed. 

Stage 5 
He underwent a successful transphyseal cruciate reconstruction aged 15 and a half and is 
awaiting a fnal intramedullary lengthening nail technique of 5 cm to reduce his def cit to 
only 1 cm. 
He needs to be followed till skeletal maturity following the f nal lengthening. 
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Figure 32.5 Shows a post-operative flm immediately after application of frame for second 
lengthening and then a mechanical axis and posterior clinical photo after lengthening. 

Comment 

Early hip reconstruction in these cases is highly challenging and should be performed in units 
with expertise in limb reconstruction and neonatal hip dysplasias.9 Whilst this has always been 
the frst surgery in our limb reconstruction strategy for congenital femoral def ciency, cruciate 
ligament reconstruction prior to lengthening was introduced into our pathway three years ago 
and is now our standard practice. Te timing and technique of f rst lengthening is dictated by 
completion of these frst two stages and by the number of lengthening procedures intended. 
Our target for each lengthening episode in congenital femoral defciency is more modest than 
some units in order to preserve adjacent joint function in a healthcare system where resources 
and allied health services such as physiotherapy and occupational therapy are less available. 
Evolving technologies for lengthening such as lengthening plates may facilitate earlier femoral 
lengthening episodes without having to use external fxation, which is ofen poorly tolerated by 
the patient and family. 
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CASE 33 : DISTAL FOCAL FEMORAL DEFICIENCY 

Caroline M Blakey and James A Fernandes 

Case 

A 2-year-old boy born at term presented with signifcant leg length discrepancy (Figure 33.1). 
Te short, lef leg was externally rotated. T e lef foot reached the junction of the proximal and 
middle-third of the contralateral tibia. Te shortening was from the femoral segment with a clini-
cally normal leg and mild hypoplasia of the foot. Tere were f xed fexion and abduction deformi-
ties at the hip and 30° of f xed f exion of the knee with 40° of further f exion. Te spine and the 
upper limbs were normal. Radiographs revealed mild acetabular dysplasia and Paley Type 4 distal 
diaphyseal femoral defciency (Figure 33.2).1 Te distal femoral epiphysis was ossif ed. 

(A) (B) 

Figure 33.1a,  b Clinical photographs at presentation. 

Figure 33.2 Lower limb AP radiograph at presentation. 
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Magnetic resonance imaging and an arthrogram of the knee confrmed absence of the distal 
femoral diaphysis with a mobile pseudarthrosis between the proximal diaphysis and the distal 
femoral epiphysis (Figure 33.3). Te proximal tibia was cupola-shaped. Te patella was hypoplas-
tic, and the intercondylar notch was absent. 

Figure 33.3 Arthrogram of left knee. Figure 33.4 AP radiograph in extension 
prosthesis. 

At the time of presentation, the child had been ambulating with an extension prosthesis 
(Figure 33.4 ). 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Distal Focal Femoral Defi ciency 

The Problems That Need to Be Addressed Are 
•  Signifcant limb length inequality 
• Distal femoral pseudarthrosis 
• Dysplastic knee joint with contractures 
• Dysplastic hip joint with contractures 

The Aims of Treatment in This Boy Were to 
• Achieve equal leg length by maturity, with straight limbs 
• Maintain functional joints which are pain-free 
• Restore a near-normal gait 

Options for Treatment 
Options to equalise leg lengths: 

• Biological reconstruction (osteosynthesis of the pseudarthrosis, multiple length-
ening procedures +/− epiphyseodesis of the contralateral limb) 

• Osteosynthesis of the pseudarthrosis, Van Nes rotationplasty and prosthetic f tting. 
• Osteosynthesis of the pseudarthrosis, knee fusion and Syme’s amputation 

Options for stabilising joints: 

• Hip—acetabular and/or femoral osteotomy 
• Knee—cruciate ligament reconstruction 

Options for correcting deformities: 

• Release of sof tissue contractures 

FACTORS THAT INFLUENCE THE CHOICE OF TREATMENT 

• Age of the child 
• Relationship between diaphysis and distal epiphysis 
• Extent of limb length inequality 
• Adjacent joint stability 
• Range of movement of hip and knee 
• Complexity and duration of treatment 

 Te choice of treatment based on these factors in shown in Table 33.1. 

Table 33.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age of the 2 years The femur needs to be ossifi ed before undertaking 
child any lengthening procedure. 2 

Amputation and knee fusion, or alternatively Van 
Nes rotationplasty would be good options if 
multiple limb-lengthening procedures are 
unacceptable.3,4 

Amputation performed early will allow the child 
maximum opportunity to become accustomed to 
the prosthesis. 

(Continued) 
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Table 33.1 (Continued) 

Factors Treatment Implications 

Relationship Distal femoral The femur is not amenable to lengthening before 
between pseudarthrosis osteosynthesis of the pseudarthrosis. 
diaphysis Presence of distal The presence of the distal femoral epiphysis has a 
and distal femoral favourable impact on severity of leg length 
epiphysis epiphysis discrepancy and on the normal development of 

the proximal tibia, which requires loading from 
the distal femoral condyles. 

Adjacent joint Hip—dysplastic A minimum centre edge angle of 20° and neck shaft 
stability acetabulum angle of 110° are considered necessary to reduce 

Knee—absence of the risk of hip dislocation.5 Instability is correlated 
the intercondylar to the severity of femoral defi ciency. 6 
notch Hypoplasia of the distal femur and intercondylar 

notch are associated with cruciate ligament 
defi ciency 7 and pose a risk for knee subluxation 
during lengthening. Muscle releases and external 
fi xation spanning the joint may be needed to 
prevent knee subluxation. 

Range of Knee—30° fi xed Knee stiffness is common in distal femoral 
movement fl exion deformity defi ciencies with hypoplasia and contracture of 
of the hip of the knee with muscles. Stiffness will increase with sequential 
and knee 40° further lengthening procedures. 

fl exion A fi xed flexion deformity of the knee will require 
achievable correction by osteotomy, and a quadricepsplasty 

Hip—fi xed fl exion may be required to maintain functional knee fl exion. 
and abduction Releases of rectus femoris, psoas and the hip 
contracture abductor may be needed. 

Extent of limb 24–25cm predicted Since complications increase during lengthening of 
length LLD at maturity more than 20% length discrepancy, arresting 
inequality (i.e. > 20% growth or shortening of the contralateral limb 

discrepancy) may be required in this child. 
Shortening of the contralateral limb is less 
commonly accepted by parents especially if the 
fi nal height of the child is likely to be low. 

Complexity Foot ablation and Foot ablation and knee fusion with prosthetic fi tting 
and duration knee fusion or involves fewer procedures and early 
of treatment rotationplasty rehabilitation. 

and prosthetic A limb not suited for multiple lengthening or with 
fi tting, severe knee stiffness can be treated with a 
versus biological rotationplasty. This entails rotating the limb 
reconstruction externally by 180° via a mid-tibial osteotomy8 or 

through the knee and allows the equivalent of a 
below-knee prosthesis. The procedure may, 
however, be considered cosmetically 
unacceptable to the family. 

Biological reconstruction requires multiple hospital 
admissions with interruption of schooling; this 
should be explained while discussing treatment 
options with the family as it will have an impact on 
the family including siblings. Long-term sequelae 
and potential complications need to be considered. 
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Distal Focal Femoral Defi ciency 

How Was This Child Treated? 

 Te child underwent osteosynthesis of the femoral pseudarthrosis followed by reconstruction of 
the hip and frst-stage femoral lengthening as outlined in Table 33.2. 

Table 33.2 Staged Treatment Undertaken in This Child 

Age Problems to Be Addressed Procedure Undertaken 

4 years Distal femoral pseudarthrosis Wedge resection of left proximal femoral diaphysis 
to correct fi xed fl exion deformity. Distal epiphysis 
drilling with central excavation to allow the 
femoral diaphysis to be reduced into it. Fixation 
with K-wires supplemented by monolateral frame 
to proximal diaphysis and ring fi xator distally. 
Inductos (BMP2) and autologous iliac crest 
grafting to hasten healing ( Figure 33.5 ). 

7 years Left hip dysplasia at risk of Left hip surgery to ensure proximal stability prior to 
instability with lengthening any planned femoral lengthening—psoas 

lengthening at the brim, abductor slide, Dega 
acetabuloplasty and application of spica cast 
( Figure 33.6 ). 

10 years Signifi cant predicted leg Left femoral corticotomy, acute correction of fl exion 
length discrepancy deformity and Ilizarov lengthening with cross-
24–25cm knee protection and foot extension plate ( Figure 

33.7 ). Rectus and tensor facia lata lengthening. 

Figure 33.5, 33.6 Monolateral frame with cross-knee protection to supplement osteosynthesis 
of pseudarthrosis (A) and Dega acetabuloplasty (B). 
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Essential Paediatric Orthopaedic Decision Making 

Figure 33.7 Ilizarov lengthening of the femur. 

At age 12, options for ongoing treatment were discussed with the family. Biological reconstruc-
tion involving 4–5 lengthening procedures, correction of angular deformity, possible contralat-
eral limb epiphyseodesis and the high chance of permanent knee stifness were explained. Other 
options including ablative reconstruction and Van Nes rotationplasty were also discussed.
 Te boy, however, decided not to proceed with further surgery as he was very involved with 

wheelchair tennis at the national level and was keen to avoid interrupting his training. He walked 
with a painless Trendelenburg gait. He had a persistent 20° fxed fexion deformity at the hip 
which was abducted but could be adducted up to neutral. Tere was 30° fxed f exion deformity 
at the knee with further f exion to 90°. Te ankle was mobile and stable. He wore an extension 
prosthesis modifed to accommodate a plantar fexed foot to reduce the prominence at the foot 
under the trousers (Figure 33.8a –d). 

(A) (B) (C) (D) 

Figure 33.8A– C Clinical photographs at f nal follow-up. (D)  Radiographs at f nal follow-up. 
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Distal Focal Femoral Defi ciency 

Comments

 Te function of the knee is a very important factor that infuences the outcome following 
reconstruction of distal femoral def ciency. Due to the level of the foot, a bending prosthesis is 
not possible, making activities such as running and cycling difcult in early childhood. Limb 
lengthening is an option, but the knee will become progressively stif with sequential lengthen-
ing. Quadricepsplasty can be attempted for the stif knee, but the outcome associated with a 
dysplastic knee is unpredictable. 
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CASE 34 : RADIAL CLUB HAND 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case 

A 10-month-old boy was referred with a deformity of the right upper limb present from birth. 
He had a short forearm with severe radial deviation of the wrist and the absence of two digits 
including the thumb (Figure 34.1).1 Movements of the shoulder were normal, and elbow f exion 
was to 90 degrees. Tere were no anomalies in the other limbs, and there were no signs of sys-
temic disease. Associated anomalies of the cardiovascular system, the haemopoietic system and 
the gastrointestinal and genitourinary tracts had been ruled out with appropriate investigations. 

Figure 34.1 Radiograph demonstrating a Bayne & Klug type IV radial aplasia. 

 Te x-ray showed a Bayne & Klug type IV radial aplasia where the entire radius was absent. 

Questions 
• What are the problems related to the right upper limb that need to be addressed 

in this infant? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this infant? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
•  Te deformity—radial deviation and palmar fexion of the wrist with impaired hand 

function due to a biomechanically disadvantageous position of the hand 
• Total absence of a thumb with consequent loss of prehension (ability to grip with  

fngers and thumb) 
• Instability of the wrist ‘joint’ (a true synovial joint does not exist between the radial 

anlage and carpus) 
• Unsightly appearance of the deformed and short limb 

The Aims of Treatment Are to 
• Improve hand function by correcting the radial deviation of the hand and reposition-

ing the wrist centrally over the end of the forearm such that fnger action is optimised. 
• Stabilise the wrist over the end of the ulna so that grip power is maximised. 
• Facilitate future pollicisation of a digit. 
• Improve the appearance of the limb. 

Options for Treatment to Fulfil Each Aim 
• For correction of radial deviation 

⚬ Acute correction through open releases, faps and shortening ulnar osteotomies 
⚬ Gradual correction with serial casts and splintage 
⚬ Gradual correction with an external fxator 

• Repositioning the wrist over the forearm 

⚬  Radialisation 
⚬  Ulnarisation 
⚬  Centralisation 

• Stabilisation of the wrist over the end of the ulna 

⚬ Stabilisation of the wrist (ulna with carpus) 
⚬ Construction of ‘Y’ ulna with micro-vascular transfer of a metatarsal 
⚬ Tendon transfers to rebalance muscle forces around the wrist 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the child 
• Severity of the deformity and extent of def ciency 
• Range of motion of the elbow 
• Status of the opposite upper limb 
• Facilities and expertise 

How these factors infuenced the choice of treatment is outlined in Table 34.1. 
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Radial Club Hand 

Table 34.1 Factors Taken into Consideration While Planning Treatment 

Factors Treatment Implications 

Age of the child 

Severity of 
deformity 

Extent of 
defi ciency 

Range of motion 
of the elbow 

Status of the 
opposite 
upper limb 

Facilities and 
expertise 

10 months 

Severe deformity 

Complete agenesis of 
radius (type IV) 

Flexion to 90 degrees 

The opposite upper limb 
is normal 

Facilities and expertise to 
undertake microvascular 
anastomosis 

This is an optimal age to start treatment if 
staged surgery is planned. 

Not a candidate for serial casting (casting may 
be considered for mild deformity). Similarly, 
splinting may be suitable in Bayne & Klug type 
I deformities (a normal but short radius) but 
would not be appropriate in this case. 

Acute correction runs the risk of neurovascular 
compromise unless the already-short ulna is 
shortened even more. 

Gradual correction with an external fi xator offers 
the ability to correct the most severe 
deformities safely. 

Radial lengthening alone might be considered 
for Bayne & Klug type I or II but clearly is not 
an option in cases of radial aplasia. 

Correction of radial deviation of the wrist in 
bilateral cases should be avoided if the elbow 
is stiff as the ability of the hand to reach the 
face will be compromised. 

In this infant with unilateral involvement and 
elbow fl exion to 90 degrees, correction of the 
radial deviation is justifi ed. 

If both upper limbs have type IV defi ciency, 
surgical correction may be contraindicated if 
the elbows are stiff in extension or if treatment 
has been delayed till the child has adapted to 
the deformed position of the limbs. 

Construction of a ‘Y’ ulna with free transfer of a 
metatarsal can only be undertaken if these 
facilities are available. 

Decision-Making from the Options 
• Radialisation and ulnarisation 

⚬  T e benef ts of radialisation 2,3 and ulnarisation4 are that both techniques provide 
a ‘mobile’ wrist in contrast to the stif but stable wrist following ‘centralisation’. 
However, the range of wrist movement following radialisation and ulnarisa-
tion is not normal—the joint created is not synovial but a ‘pseudoarthrosis’. 
Radialisation has been associated with some risk of recurrence, and ulnarisation 
involves shortening the ulna in an already-short forearm with a need for subse-
quent forearm lengthening. 

•  Centralisation 

⚬ Centralisation improves hand function by providing a stable wrist. Centralisation 
with internal fxation entails multiple surgeries to exchange the fxation rod as 
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Essential Paediatric Orthopaedic Decision Making 

the child grows. Acute centralisation by open releases, ulnar osteotomy with 
shortening, tendon transfers and dorsal bi-lobed skin faps—to make up for 
radial defciency of skin—are performed less ofen since gradual correction by 
external fxation achieves correction without need for shortening.5–7 

Pollicisation is the third stage of treatment, ideally performed early before the child establishes 
‘scissoring’ movements as a method of picking objects up. Tis implies that the wrist should be 
re-aligned ideally by the age of 12–18 months. 

How Was the Child Treated? 

Stage 1: Soft Tissue Distraction and Deformity Correction
 Afer induction of anaesthesia, the arteries were mapped using Doppler ultrasound (Figure 34.2) 
to plan safe corridors for wire insertion of the Ilizarov fxator. A three-ring Ilizarov circular 
external fxator was applied with the proximal ring on the distal humerus and the middle ring 
on the proximal ulna with the elbow in extension (Figure 34.3). Te third ring was applied with 
wires through the metacarpals (Figure 34.4). Te radial most digit was lef free to have an uns-
carred digit available for pollicisation in the future. Te anaesthetists avoided using paralytic 
agents to allow the surgeon to notice any nerve irritation during wire insertion. 

Figure 34.2 Doppler ultrasound mapping of the arterial supply to the hand. 

Figure 34.3 Distal humeral and proximal ulnar rings were applied with the elbow in extension 
(to protect against potential elbow subluxation during the process of gradual centralisation). 
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Radial Club Hand 

Figure 34.4 The third ring was applied with wires through the metacarpals. 

Post-Operative Management after Stage 1 
 Te immediate afer-care consisted of pain management, pin-site care8 and a period of adjust-
ment by child and family to the presence of a circular fxator on the limb. Distraction was started 
on the third day afer surgery. Te correction rate was adjusted based on the tolerance of the sof 
tissues and patient comfort. Te child was discharged on the f fh post-operative day. Distraction 
was continued until the desired alignment of the hand was achieved (Figure 34.5). 

Figure 34.5 The deformity is suff ciently corrected to proceed with the second-stage surgery. 
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Essential Paediatric Orthopaedic Decision Making 

Stage 2: Centralisation over an Intramedullary Rod 
Under general anaesthesia, the fxator was removed, and the limb was prepared for open surgery. 
Te head of the chosen metacarpal, the head of the ulna and the carpus were exposed through 
two dorsal incisions. T e fbrous ‘capsule’ was released on the radial and volar sides to allow 
the carpus to be transposed onto the end of the ulna. Te intramedullary cavity of the ulna was 
reamed with 2.5 mm reamers. Under fuoroscopic guidance, a 2 mm Kirschner wire was passed 
from the head of the metacarpal, through the medullary cavity and across the carpus into the 
track prepared previously in the ulna. Since the ulna was bowed, a percutaneous osteotomy was 
performed at the apex of the bow, and the K-wire was brought out through the olecranon. T e 
K-wire was then pulled proximally until its tip lay just beneath the articular cartilage of the 
metacarpal head distally (Figure 34.6a). Te wire was bent and cut at the olecranon and was 
secured to prevent subsequent migration or backing out by a 2.0 mm plate (Figure 34.6b). An 
Ilizarov frame was applied with proximal ulnar and metacarpal wires to maintain the hand in 
its corrected position. 

(A) 

(B) 

Figures 34.6a and b A 2.0 mm plate is used to prevent the wire from backing out, and an Ilizarov 
frame is applied with proximal ulnar and metacarpal wires to maintain the hand in its corrected 
position. 

Post-Operative Management after Stage 2 
 Te f xator was removed under anaesthesia afer six to eight weeks. A plaster cast was applied 
and substituted soon afer for a custom-made thermoplastic splint across the ulna and hand. 
Final images are shown in Figure 34.7. 
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Radial Club Hand 

Figure 34.7 The wrist is now centralised on the distal ulna. Residual deformity is present in the 
f ngers and may be addressed at the time of pollicisation. 

Comment 

Follow up is until skeletal maturity. 
At around 18 months to 2 years afer surgery, the metacarpal and ulna will have grown to 

the extent that the intramedullary-transcarpal wire will be too short. Leaving a short wire risks 
recurrence of the deformity and cut-out of the wire from the bone.9 Tis necessitates exchang-
ing the short wire for one of greater length and diameter at 18–24-month intervals. At the f rst 
exchange, a 2.8 mm wire is used, then a 3.2 mm wire before fnally reaming with a 4 mm reamer 
and inserting a 3.5 mm Fassier-Duval telescopic rod (Figure 34.8). Te telescopic rod can of en 
be lef in situ for three to fve years, by which time, around the age of 11–12 years, a spontaneous 
carpal fusion occurs. At this point, no further external splintage will be required.10 

Figure 34.8 These images (from other patients) illustrate how a Fassier-Duval rod is left in situ 
until the wrist fuses and no longer requires splintage. 

259 



  
    

    
     

     
     

    
  

     
 

     

      
 

   
 

  
  

   

  
 

Essential Paediatric Orthopaedic Decision Making 
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CASE 35 :  ULNAR CLUB HAND 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case

 Tis 8-year-old boy presented with recurrent bowing of his lef forearm. A deformity of his lef 
forearm had been noted soon afer birth, and a provisional diagnosis of mild longitudinal ulnar 
defciency had been made. Whilst under observation for this problem, at the age of 2 years, 
he sustained a lateral condyle fracture that needed open reduction and fxation (Figures 35.1a, 
35.1b). By the time he was reviewed again for the original problem, the deformity had worsened. 

(A) (B) 

Figures 35.1a ,  b Two views showing the lateral condyle fracture sustained by this child when 
aged 2 years whilst under observation for an ulnar dysplasia causing a club hand appearance. 

Examination at the age of 5 years revealed a curvature to the lef forearm and a prominence over 
the lateral aspect of the elbow. Te hand was held in a position of ulnar deviation at the wrist. 
Tere was loss of the terminal range of elbow extension and a reduction in the arc of pronation-
supination to 60% of the normal range. X-rays showed a defciency of the distal ulna and bowing 
of both the radius and ulna, and the radial head was dislocated (Figures 35.2a –c). 

(A) (B) (C) 

Figures 35.2a– c Radiographs and clinical photograph depicting the deformity caused by the 
curved radius and ulna, shortened ulna and dislocation of the radial head at the elbow. 
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Essential Paediatric Orthopaedic Decision Making 

Proximal ulnar lengthening and gradual relocation of the radial head using an Ilizarov fxator 
was successful (Figures 35.3a –d). In just over three years, the deformity recurred as did the 
dislocation of the radial head. At the age of 8 years, the clinical fndings were similar to those at 
5 years, with the exception of a greater curvature distally near the wrist (Figures 35.4a,  35.4b). 

(A) (B) 

(C) (D) 

Figures 35.3a– d This was the child’s frst surgery when aged 5 years to increase the length of 
the ulna and reduce the radial head. A proximal ulnar lengthening was performed (A, B) and the 
regenerate column plated to shorten time in external fxation (C, D). 

(A) (B) 

Figures 35.4a ,  b The recurrence of radial head dislocation at the age of 8 years and a greater 
curvature to the radius and ulna distally. The distal ulna remains dysplastic. 
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Ulnar Club Hand 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems to Be Addressed 
• Length discrepancy between the radius and ulna 
• Dislocation of the radial head 
• Curvature of the forearm bones 
• Limitation of elbow and forearm motion 
• Unsightly appearance of the limb 

The Aims of Treatment 
• Improve elbow extension by reduction of the posteriorly dislocated radial head 
• Restore length relationships between radius and ulna 
• Improve cosmesis by 

⚬ Correcting the curvature of the radius and ulna 
⚬ Reducing the dislocated radial head 

• Improve forearm motion by correcting the curvature of the radius and ulna 

Options for Treatment 
• No intervention but continued observation 
• Excision of the dislocated radial head and acute correction of forearm deformity 

through osteotomies of distal radius and ulna 
• Lengthening of the ulna with correction of ulnar deformity and reduction of radial 

head with concurrent correction of radial bowing 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Previous good compliance by the child and family for treatment using the Ilizarov 
method 

• Successful restoration of radio-humeral joint congruity through ulnar lengthening 
previously 

• Poor results from radial head excision in young children 

How Was This Boy Treated? 

 Te Ilizarov fxator was assembled with a wire and ring confguration such that distal osteoto-
mies of both ulna and radius at the CORA of the deformities allowed for an acute correction and, 
without any changes to the assembled fxator, lengthening of the ulna was then carried out with 
gradual reduction of the radial head. 
 Te fxator and wire confgurations were as follows: 

1. Proximal ring with crossed wires in the ulna only 
2. Middle ring with crossed wires in the radius only 
3. Distal ring with one wire in the radius and one in the ulna, and one wire across both 

bones 
4. Hand ring with two crossed wires in metacarpals 

Using percutaneous access, small drill holes were created at the levels of the planned osteotomies 
in the distal radius and ulna. Te osteotomies were completed using an osteotome. Acute correc-
tion of the ulnar angulation of both radius and ulna was performed by manipulating the rings. 
Te fxator was stabilised once the desired correction was obtained (Figures 35.5a –d). 
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Ulnar Club Hand 

(A) (B) 

(C) (D) 

Figures 35.5a– d Figures 35.5a and 35.5b show the setup of the Ilizarov assembly. The proximal 
ring is attached to ulna only, the middle ring to radius only and the distal ring to both forearm 
bones. The simulated correction (b) improves the abnormal distal curvature of radius and ulna. 
Thereafter, gradual distraction commences between proximal and middle rings to lengthen the 
ulna and pull the whole radius distally. Figures 35.5c  and 35.5d are intraoperative views of the 
distal osteotomies just prior to, and after, acute correction. 

 Afer a latency period of seven days, distraction was commenced between the proximal ring 
and the middle ring of the fxator at 0.75 mm per day divided into three parts. T is separation 
of rings at this level achieved distraction osteogenesis at the level of the ulnar osteotomy, but as 
the radius was linked to both the middle and distal ulnar rings (and with the distance between 
these two rings unchanged), the radial head was advanced distally without separation of the 
osteotomy of the radius (Figures 35.6a –c). 
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(A) (B) (C) 

Figures 35.6a–c Post-operative sequence of x-ray images showing gradual lengthening of the 
distal ulna and a simultaneous axial translation of the entire radius with reduction of the radial 
head at the elbow. 

Post-Operative Management 

Regular physiotherapy to prevent joint stifness, pin site care and pain control were followed 
throughout the period when the fxator was on. 
Gradual reduction of the radial head occurred when the length of the ulna was such that the 

‘space’ within the forearm was sufcient to accommodate the full length of the radius. T e radio-
capitellar joint was screened under x-ray image intensifcation to check the congruency of joint 
reduction. Minor adjustments to the regenerate column created in the distal ulna were made, 
and this enabled seating the radial head concentrically against the capitellum. No further adjust-
ments to the fxator were done till the regenerate consolidated. Fixator removal was undertaken 
when x-rays confrmed consolidation of the regenerate column on both AP and lateral views 
(Figures 35.7a, b). 
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Ulnar Club Hand 

(A) (B) 

Figures 35.7a, b X-ray images taken at age 9 years, about 12 months after completion of previ-
ous treatment. The radial head remains reduced, and the ulnar length is improved. 

Radiographs at the age of 14 years show the forearm shape is maintained, the length relation-
ships between radius and ulna are normalised, and the radial head is articulating with the capi-
tellum congruently (Figures 35.8a, b). Te boy will be followed-up till he is skeletally mature. 

(A) (B) 

Figures 35.8a, b X-ray images taken at age 14 years. The focal f brocartilaginous dysplasia has 
resolved spontaneously (as would be expected of the lesion), and the radial head remains in 
joint. 
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Comment 

What Caused the Clinical Problem? 
In this child, the ulnar defciency was responsible for the length discrepancy between radius and 
ulna and a mismatch in growth. Te slower growing ulna produced a tether to the growth of the 
radius.1,2 
Ulnar club hand is the least common congenital limb aplasia and varies from slight under-

development of the ulna to complete absence.3,4,5 In moderate to severe categories, the proximal 
radius may be dislocated or fused at the elbow, and there is hypogenesis of digits. In milder 
degrees of ulnar underdevelopment, as in the case here, the problem lies in the mismatch of 
length between the two forearm bones leading to an increasing curvature of the radius and 
eventual dislocation of the radial head (if not dislocated at birth). An anlage of the ulna, of en 
fbrocartilaginous, tethers the growing radius.1 A similar type of ulnar club hand is acquired 
from conditions which interfere with longitudinal growth from the distal ulnar physis, e.g., 
nearby osteochondromas (in hereditary multiple exostoses) and even focal anomalies of the dis-
tal ulna. 2,6,7,8 In the event of increased radial bowing and loss of congruity at the radio-capitellar 
joint, the approach to treatment is very similar to that given here. 
 Tis case of ulnar club hand is even rarer as the ulnar dysplasia was caused by a focal f brocar-

tilaginous dysplasia.1 Tis was chosen to illustrate the treatment principles that can be applied 
to an ulnar club hand arising from radius-ulna growth mismatch from a mild longitudinal def -
ciency or from hereditary multiple exostoses. 
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CASE 36 :  DISCREPANCY IN LENGTH OF THE FEMUR 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case 

A 7-year-old female presented with a limb length discrepancy. She had neurof bromatosis Type 
1 with a large plexiform tumour over the right thigh and gluteal region causing overgrowth of 
the right femur. She was using a 4 cm shoe raise, but there was concern that the discrepancy was 
increasing as she grew. 
Clinical examination confirmed the leg length discrepancy and the difference in girth 

between right and left thighs. Her right hip had a 15-degree fixed flexion deformity and could 
not abduct beyond 30 degrees. 
The standing full-length limb X-rays confirmed the localised gigantism of the femur and leg 

length discrepancy of 40 mm. MRI scans showed a large plexiform neurofibroma extending 
from the pelvis into the gluteal region and proximal thigh (Figure 36.1). 

(A) (B) (C) 

Figure 36.1 AP standing X-ray demonstrating the LLD. The coronal and axial MRI images show 
the large plexiform neurofibroma in the proximal posterior and medial thigh. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Limb length discrepancy (LLD) of the femur altering gait 
• Risk of increase of LLD with age 
• Impediments to surgical options by the large plexiform tumour in the thigh 

The Aims of Treatment in This Child Are to 
• Equalise limb lengths or at least decrease LLD sufciently to avoid the need for a shoe 

raise 
• Prevent further overgrowth of the femur, if possible 
• Improve the appearance of the limb 

Options for Treatment to Fulfil Each Aim 
• Equalising limb lengths 

⚬ Epiphyseodesis of the right femur 

◽  Temporary 
◽  Permanent 

⚬ Acute shortening of the right femur 
⚬ Gradual shortening of the right femur 
⚬ Lengthening of lef femur 

• Preventing further overgrowth of the right femur 

⚬  Permanent epiphyseodesis 

• Improve the appearance of the limb 

⚬ Debulk the plexiform tumour 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the child 
• Limitations of standard treatment methods in overgrowth syndromes 
• Effects of the plexiform tumour 

 Te choice of treatment based on these factors is outlined in Table 36.1. 

Table 36.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age of the 7 years She has suffi cient years of growth 
child remaining to try guided growth as a 

means of decreasing LLD. 

Limitations of Permanent Permanent epiphyseodesis in young 
standard epiphyseodesis children with overgrowth may not 
treatment achieve accurate equalisation of limb 
methods in lengths. 
overgrowth 
syndromes 

(Continued) 
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Discrepancy in Length of the Femur 

Table 36.1 (Continued) 

Factors Treatment Implications 

Guided growth Guided growth using 8-plates for 
equalisation of limb lengths can be 
controversial because there is 
uncertainty over the speed of growth 
reduction 1 and the technique can 
lead to coronal or sagittal plane 
deformities.2 

Acute The right femur is, despite overgrowth, 
not amenable to large amounts of 
acute shortening in one operation 
owing to the defunctioning effect on 
the muscles3 and the increase in the 
girth of the limb in the presence of the 
tumour. If shortening is done, the 
degree of shortening must be modest. 

Effects of the plexiform tumour Contractures, limitation of movement 
and pain contributing to abnormal 
gait may infl uence the surgical 
approach. 

How Was This Child Treated?

 Te complexity of the clinical problem warranted a staged approach. 

Stage 1: Temporary epiphyseodesis of the right distal femur using 8-plates (at age 7). 
This was performed with the rationale of slowing down the rate of increase in LLD with the 
option of removing the plates and allowing growth to continue in the future, if required. 
Eight-plates were inserted on the medial and lateral aspects of the right distal femur. Care was 

taken to preserve the physis and perichondral ring, and to ensure that the plates were positioned 
in the centre of the growth plate to prevent a sagittal plane deformity (Figure 36.2). 

(A) (B) 

Figure 36.2 Medial and lateral 8-plates to the right distal femur for temporary epiphyseodesis. 
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Essential Paediatric Orthopaedic Decision Making 

Stage 2: Debulking of the tumour in the proximal thigh and gluteal area to reduce 
pain and the localised mass effect. 
This was carried out by plastic surgeons over several sessions. 

Stage 3: Femoral shortening and derotation. 
At age 11, the LLD had reduced to 3 cm, but the gluteal neurofibroma had produced an external 
rotation contracture at the hip that led to a marked out-toeing gait. 
MRI images of the femur showed that the tumour had not invaded the periosteum and that a 

‘window’ for surgical access to the femoral shaft was present through the posterior aspect of the 
lateral compartment, away from the tumour (Figure 36.3). 

(A) (B) 

Figure 36.3 AP X-ray demonstrating the LLD at age 11 (A). Axial MRI demonstrating the plane 
through which the femur can be accessed behind normal muscle to avoid encountering the 
plexiform tumour (B). 

Under general anaesthesia, the mid-shaf of the femur was exposed extra-periosteally via a lat-
eral approach along the intermuscular septum (Figures 36.4a,  36.4b). A shortening derotation 
osteotomy was performed aided by a derotation arc used in conjunction with a rail external fx-
ator. Half-pins were inserted anteriorly proximal and distal to the intended osteotomy site using 
external fxator rail clamps placed at 40 degrees to each other in the axial plane. (Figures 36.5a, 
36.5b) Two low-energy osteotomies were performed 25 mm apart using drills and osteotomes, 
and the 25 mm segment of bone was removed. Te fxator clamps were reduced on the rail to 
achieve the derotation while maintaining coronal and sagittal alignment (Figure 36.6a,  36.6b). 
Te osteotomy ends were compressed using a compression unit on the rail. 
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Discrepancy in Length of the Femur 

(A) (B) 

Figures 36.4a, b A submuscular and extra-periosteal approach under the mass of vastus late-
ralis (as indicated on the MRI) in the middle of the femur avoided encountering the bulk of the 
neurofi broma. 

(A) (B) 

Figures 36.5a, 36.5b Half-pins are inserted anteriorly through two clamps set at 40 degrees 
apart in the axial plane. The use of a derotation arc template facilitated this correction with the 
rail fi xator. 

A large fragment locking plate was contoured to the femur with the aid of fuoroscopy. A sub-
muscular plane was developed under the vastus lateralis along the lateral border of the femur. 
Te contoured locking plate was passed retrograde and secured to the bone with locking screws, 
ensuring that the distal femoral physis was preserved. A cortical screw was passed up the femo-
ral neck to reduce the risk of a femoral neck stress riser (Figure 36.7). 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

Figures 36.6a, 36.6b After excision of a 25 mm segment of femur, the clamps fixed onto the 
same rail, thereby achieving the derotation without loss of coronal or sagittal plane alignment. 
The muscle bulge through the incision is due to the shortening performed. 

(A) (B) (C) 

Figure 36.7 Intraoperative imaging demonstrating slightly more anterior placement of the dis-
tal femoral 8-plates. Post-operative X-rays demonstrating the lateral femoral submuscular plate 
in situ after the shortening and derotation osteotomy.

 Te 8-plates were revised at the same surgery to a slightly anterior position to ofset a fxed f ex-
ion deformity of the knee that developed subsequent to the tumour afecting the hamstrings. 

Post-Operative Management 

A partial weight-bearing protocol was instituted before inpatient discharge. Tis was increased 
gradually by six weeks, advancing to full weight bearing. Union was evident on x-rays by three 
months, and full consolidation was confrmed at 12 months (Figure 36.8). Eighteen months af er 
the shortening osteotomy, the submuscular plate was removed to enable serial MR imaging of 
the tumours. 
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Discrepancy in Length of the Femur 

Figure 36.8 X-ray right femur taken 12 months post-procedure confirming union and consolida-
tion of the osteotomy. 

Bone age assessments suggested she had a skeletal immaturity of about two years behind her 
chronological age. When leg length equality was established, the femoral 8-plates were removed 
to avoid over-shortening. At the same time, a varus deformity at the knee, which had recently 
developed arising from the proximal tibia, was treated using guided growth (Figure 36.9). T is 
surgery coincided with the patient starting a trial of MEK inhibitor therapy.4 
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Essential Paediatric Orthopaedic Decision Making 

Figure 36.9 AP standing EOS X-ray demonstrating equal limb lengths. The varus deformity at 
the knee was found to arise from the tibia and subsequently treated by guided growth. 

At 16, the alignment of the lower limbs was satisfactory and limb lengths were equal. Her pain 
had become reasonably well controlled. As there is unlikely to be much further growth owing to 
reaching skeletal maturity and the use of MEK inhibitor treatment, the current X-rays represent 
the fnal outcome (Figure 36.10). 
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Discrepancy in Length of the Femur 

Figure 36.10 AP standing EOS X-ray at age 16. Equal leg lengths and satisfactory overall 
alignment. 
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CASE 37: LENGTH DISCREPANCY OF THE TIBIA 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case 

A 12-year-old boy was referred for limb length discrepancy (LLD) following previous treatment 
in another institution. Meningococcal septicaemia at the age of 3 lef him with physeal arrests in 
both tibiae. He presented with a limb length discrepancy of 7 cm and a shorter lef lower limb. 
T e lef  tibia had both proximal and distal physeal arrests with a loss of the normal proximal 
tibiofbular relationship due to continued growth of the f bula. Te right tibia had a distal phy-
seal arrest. Both ankles were in varus ( Figure 37.1).1 At the age of 7, he had undergone a proximal 
tibial metaphyseal osteotomy to correct a varus deformity. 

(A) (B) 

Figure 37.1 (A) Scanogram aged 12 showing a 7 cm limb length discrepancy arising from the 
left tibia, disproportionately short tibiae bilaterally and varus ankle deformities. (B) AP images 
of both tibiae aged 8. On the left side, proximal and distal tibial growth arrests are seen. On the 
right, only the distal physis has arrested. Both ankles have a varus deformity.

 Te tibia-to-femur length ratio was 0.5 on the lef and 0.7 on the right (normal ratio ~ 0.8).2 
With a further four years of growth remaining, Menelaus’ rule of thumb was used to calculate 

the final length of the femur and determine the target length of both tibiae for equality and nor-
mal body proportions.3 The left tibia required 14 cm of lengthening whilst the right required 7 
cm, of which approximately 2.4 cm would come from normal growth of the right proximal tibial 
physis, assuming that the physis was not ‘sick’ (a ‘sick physis’ is a normal-looking physis on plain 
x-ray but one that does not contribute to predictable longitudinal growth).4 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Limb length discrepancy 
•  Fibular overgrowth 
•  Varus ankles 
• Abnormal limb proportions 

The Aims of Treatment Are to 
• Equalise limb lengths by skeletal maturity 
•  Correct lef tibio-f bular relationship 
• Correct bilateral ankle deformity 
• Restore normal lower limb proportions 

Options for Treatment to Fulfil Each Aim 
• Equalising limb lengths 

⚬ Tibial lengthening (bilateral)—staged or simultaneous using: 

◽  Circular fxator 
◽ Monolateral rail fxator 
◽ Intramedullary lengthening nail (these devices can be used in children 

with physeal arrests; some newer implants demonstrate promising results)5 

•  Correcting lef tibio-f bular relationship 

⚬  Fibular transport 

◽ Circular fxator with syndesmosis screw 
◽ Monolateral rail fxator with syndesmosis screw 
◽ Intramedullary lengthening nail with syndesmosis screw 

⚬  Fibular shortening 

• Correcting ankle deformity 

⚬ Acute correction of deformity 
⚬ External fxator assisted deformity correction with or without lengthening 
⚬ Gradual correction of deformity with circular fxator 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the boy 
• Pattern of limb shortening 
• Physeal health 

The factors that were taken into consideration in the choice of treatment are shown in Table 37.1. 
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Length Discrepancy of the Tibia 

Table 37.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age of the boy 

Pattern of 
shortening 

Extent of 
lengthening 
needed 

Health of right 
proximal 
tibial physis 

12 years 

Left tibia shorter than 
right and both tibiae 
disproportionately 
short 

14 cm on left 
7 cm on right (~ 4.5 cm 
if proximal tibial 
physis is healthy) 

Uncertain 

Some further growth of the right tibia may occur 
through the proximal growth plate, and this 
needs to be taken into account while the amount 
of lengthening of the right tibia is being planned. 

Bilateral tibial lengthening would be required to 
restore both limb length equality and normal 
body proportions. 

A single lengthening should suffi ce for the right 
side, while two bouts of lengthening would be 
required for the left. 

The amount of right tibial lengthening will depend 
on whether the proximal tibial physis is healthy 
and contributes to growth of the tibia. 

Sequential, staged lengthening procedures were planned around the patient’s school commit-
ments. Acute deformity correction was planned for the bilateral ankle deformities at the same 
time as the lengthening procedures.6 

How Was This Boy Treated? 

At age 12, an acute correction of the lef distal tibial varus deformity was performed through a 
supra-malleolar osteotomy, with a simultaneous diaphyseal osteotomy of the tibia. T e f bula 
was osteotomised distally to accommodate the acute correction of the tibia. T e f bula was not 
fxed proximally to enable a gradual descent of the fbular head with lengthening of the tibia and 
thus restore the normal tibio-fbular relationship (Figure 37.2). Te desired lengthening of 7 cm 
to the lef tibia was achieved and, afer four months, a plate-afer-lengthening (PAL) procedure 
using a submuscular tibial plate was performed to reduce frame time (Figure 37.3). Metalwork 
removal was performed in view of expected further bouts of lengthening. Long leg imaging at 
age 15 demonstrated disproportionately short tibiae, medial mechanical axis deviation on the 
right and a signifcant varus deformity to the right ankle (Figure 37.4). 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

(C) (D) 

Figure 37.2a, b Immediate postoperative images after mid-diaphyseal osteotomy for length-
ening and correction of the distal tibial varus. ( C, D) Images at completion of lengthening (the 
hexapod struts have been exchanged for Ilizarov telescopic rods as the frame is now static). 

Figure 37.3 AP and lateral images illustrating plate-after-lengthening (PAL) of the left tibia. 
Note the normal proximal tibio-fibular relationship has been restored as well as the correct ori-
entation of the ankle joint. 
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Length Discrepancy of the Tibia 

Figure 37.4 A long leg scanogram demonstrating limb length discrepancy, medial mechanical 
axis deviation on the right side and a right ankle varus deformity. Both tibiae were dispropor-
tionately short. 

Tibial lengthening and deformity correction on the right tibia were next carried out. An external 
fxator-assisted corrective valgus osteotomy of the distal tibia was fxed with an anterior plate. 
Tis was followed by lengthening and deformity correction through a proximal tibial osteotomy 
using a medially applied rail fxator. Te medial positioning of the rail fxator was to facilitate a 
subsequent PAL procedure (Figure 37.5). 

(A) (B) 

Figure 37.5a Lengthening and gradual correction through a proximal tibial osteotomy. Acute 
correction of distal tibial varus deformity. (B)  A long leg image of the patient aged 16 with good 
final position of the mechanical axis and improvement in length proportions of femur to tibia. 
The PAL technique is shown. A 6 cm limb length discrepancy now remains to be addressed. 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) (C) 

Figure 37.6a A further lengthening of the left tibia and fibula with a circular external fi xator. 
(B) Long leg images at completion of lengthening and before a further PAL procedure. 
(C)  Postoperative appearance of the lengthened left tibia and fibula following PAL.

 T e fnal lengthening of the lef tibia and fbula was performed at age 16 using a circular external 
fxator. Some valgus deformity was noted during the lengthening process, and this was corrected 
using hinges prior to a fnal PAL procedure (Figure 37.6). 

Postoperative Management 

Each treatment episode of lengthening by external fxation required weekly attendance to a 
limb reconstruction clinic with its afliated physiotherapy appointment. Compliance with the 
lengthening protocol and home physiotherapy programme was checked. Weight-bearing with-
out restriction was allowed. Meticulous attention to pin-site care was provided through special-
ist nurses. Afer substitution of the external fxator by a plate, weight-bearing was reduced to 
30% until the regenerate column was homogeneous and complete on x-ray. Tis was usually not 
more than four weeks. T ereafer, weight-bearing was increased again. 

Comment 

 Te patient was followed up for two years following his most recent procedure and requested 
metalwork removal. T e fnal scanogram at skeletal maturity, demonstrated a limb length dis-
crepancy of 8 mm, tibia-to-femur length ratios of 0.8 bilaterally and a central mechanical axis 
in both lower limbs. Both distal tibial varus deformities had been corrected, and the proximal 
tibiofbular relationship was normal (Figure 37.7). 
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Length Discrepancy of the Tibia 

Figure 37.7 Final long leg images after metalwork removal. Normal tibia-to-femur ratios of 0.8 
have been achieved. There is a radiologically measurable limb length discrepancy of 8 mm that 
is insignifi cant clinically. 

He was discharged from follow-up at age 18 having no further issues and satisfed that all aims 
of surgery had been achieved. 
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CASE 38 : DISCREPANCY OF THE LENGTH OF THE FIBULA 

Caroline M Blakey and James A Fernandes 

A 15-year-old boy was referred for activity-related pain and discomfort in his lef ankle. T ere 
was a history of injury to this ankle, at the age of 7, treated by closed reduction and casting. He 
subsequently required cast wedging. Residual deformity was not apparent to the family, and he 
had remained asymptomatic until the time of presentation. He was now having dif  culty with 
sports. 
He had approximately 1 cm of shortening of the left lower leg but equal femoral segments. 

Examination of the left ankle revealed 10° valgus deformity and prominence of the medial mal-
leolus. The tip of the lateral malleolus was proximally migrated. There was no localised tender-
ness. The range of movements of the ankle, subtalar joint and mid-tarsal joints were normal. 
Plain radiographs of the ankle showed evidence of a healed fracture of the distal fibula. The 

distal fibular physis was fused, and the tip of the lateral malleolus was at a higher level than nor-
mal (Figure 38.1a,  38.1b,  38.1c). The distal tibial epiphysis was wedge-shaped with ankle valgus 
and lateral talar displacement. 

(A) (B) (C) 

Figure 38.1 AP ankle radiograph at presentation (A); pre-operative CT 3D reconstruction dem-
onstrating valgus malalignment (B); mechanical axis with pre-op planning (C). 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
 T e efects of premature distal fbular growth arrest 

• Progressive deformity of the ankle 

⚬ Distal tibial and ankle valgus 
⚬  Talar displacement 

• Limb length inequality 

⚬  Lef tibia shorter than right tibia 
⚬ Fibula shorter than tibia on the lef side 

The Aims of Treatment in This Boy Are 

• Correct deformity of the ankle 
• Prevent progression of ankle deformity 
• Equalise leg lengths and restore normal relative lengths of lef tibia and f bula 

Options for Treatment 

Correcting valgus deformity of the ankle 

• Supra-malleolar osteotomy of tibia (acute correction) 
• Hemi-epiphyseodesis of distal tibia 
• Gradual correction with external fxator 

Preventing progression of ankle deformity and recurrence af er correction 

• Complete arrest of distal tibial growth plate 
• Guided growth of distal tibial growth plate 
• Langenskiold procedure creating synostosis between distal tibia and f bula1 

Restoring normal relative lengths of fbula and tibia 

• Lengthening of f bula 
• Epiphyseodesis of tibia 

Equalising limb lengths 

• Insole raise 
• Tibial lengthening 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the patient 
• Presence of tibial deformity 
• Status of the ankle joint 
• Complexity and duration of treatment 

 Te choice of treatment based on these factors in shown in Table 38.1. 
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Discrepancy of the Length of the Fibula 

Table 38.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age 15 years Insuffi cient growth remaining for guided growth of the 
distal tibia. 

Distal tibial Present  Corrective osteotomy of the distal tibia will be 
deformity required. 

Status of the Normal painless range Loss of lateral ankle support from a normal lateral 
ankle joint of movement with malleolus leads to talar tilt and displacement. Even 

talar tilt mild talar tilt results in signifi cant increase in joint 
contact pressures. Stiffness and chondral loss can 
ensue. This warrants early correction of the talar tilt. 

Complexity and Acute correction versus Reconstruction with a frame requires multiple 
duration of gradual correction admissions to hospital and can interrupt schooling. 
treatment 

How Was This Boy Treated?

 Te treatment of the boy is outlined in Table 38.2. 

Table 38.2 Treatment Outline 

Age Problems to Be Addressed Procedure Undertaken 

16 years Distal fi bular growth arrest 
with shortening and loss 
of lateral strut with tilt of 
the ankle and talar shift 

Secondary distal tibial 
deformity 

18 years 

18 years 

Distal fi bular poor 
regenerate 

Developmental spasmodic 
peroneal fl at foot 

Lateral subtalar coalition 
with narrowed subtalar 
joint and pain 

1st stage: Application of Taylor Spatial frame with 
two-ring construct. Talus gradually translated 
medially with an olive wire and arched tensioning 
to distract the ankle joint. 

Monolateral system added for fi bular lengthening 
( Figure 38.2 ) after percutaneous osteotomy 
( Figures 38.3a ,  b ). 

2nd stage: Gradual correction with percutaneous 
tibial osteotomy and locking of distal tibiofi bular 
joint transfi xed with plain wire to distal ring 
(Figure 38.4 ). Locking of the tibiofi bular joint is 
critical to avoid proximal migration. 2 

Bone grafting of fi bula with frame in situ. 

EUA left ankle and Botox injection to left peronei 
and EDL. 

Left subtalar fusion, iliac crest graft and fi xation. 
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Figure 38.2 AP radiograph demonstrating fibular lengthening prior to second-stage procedure. 

(A) (B) 

Figure 38.3a ,  b Clinical photographs demonstrating circular frame with incorporated monolat-
eral lengthening rail. 
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Discrepancy of the Length of the Fibula 

Figure 38.4 AP radiograph post tibial osteotomy and deformity correction with locking of ankle 
syndesmosis. 

Post-Operative Management 

 Te TSF protocol involved initial distraction for seven days followed by angular correction with 
translation and lengthening. Delayed consolidation of the fbular regenerate was seen, and cor-
tico-cancellous bone graf facilitated union. 
At completion of treatment, the calcaneum was well aligned under the tibia. Features of spas-

modic flat foot were seen. Ankle movements were satisfactory: 15° dorsiflexion and 25° plantar 
flexion. There was no detectable subtalar movement, and there was 10° fixed valgus deformity. 
Further investigation revealed impingement of the talar process and markedly narrowed subta-
lar joint. A decision was made to fuse the subtalar joint. 
At final follow-up, the patient had 25° dorsiflexion, 35° plantar flexion, no pain and sym-

metrical gait. The hindfoot alignment is normal (Figure 38.5a –c  and  Figure 38.6a,  b). He had 
resumed all normal activity and had no problem even while surfing (Figure 38.6c). 

(A) (B) (C) 

Figure 38.5a– c Radiographs at fi nal follow-up. 
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(A) (B) (C) 

Figure 38.6a– c Clinical photographs at fi nal follow-up. 

Comments

 Te distal fbula acts as a lateral strut for the ankle,3 and a short fbula will impact talar stability 
with resultant increased joint contact pressures.4 During normal gait, the f bula moves distally 
with weight-bearing.5 When growth arrest of the distal fbula occurs in young children, as in 
the case presented, the talus will tilt laterally with resultant valgus deformity. Pain secondary 
to increased joint pressures and arthritis may ensue.6 Post-traumatic growth arrest of the distal 
fbula can lead to lateral wedging of the distal tibial epiphysis.7,8 
The Langenskiold procedure, where a synostosis is created between the distal fibula and tibia, 

may provide maintenance of the lateral strut but needs to be considered early before significant 
proximal migration and deformity has occurred.1 
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Treatment by fusion of the distal tibia and fbular metaphyses: A review of three cases.  J Bone Jt Surg 
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2. Rozbruch S, DiPaola M, Blyakher A. Fibula lengthening using a modifed ilizarov method. Limb 
Lengthening News ; 2011. 

3. Yablon I, Heller F, Shouse L. Te key role of the lateral malleolus in displaced fractures of the ankle. J 
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4. Ramsey P, Hamilton W. Changes in tibiotalar area of contact caused by lateral talar shif . J Bone Jt Surg 
Am. 1976;58(3):356–7. 

5. Kärrholm J, Hansson L, Selvik G. Changes in tibiofbular relationships due to growth disturbances af er 
ankle fractures in children.  J Bone Jt Surg Am. 1984;66(8):1198–210. 

6. Brodie I, Denham R. Te treatment of unstable ankle fractures. J Bone Jt Surg Br. 1974;56(2):256–62. 
7. Kang S, Rhee S, Song S, Chung J. Ankle deformity secondary to aquired fbular segmental defect in 

children.  Clin Orthop Surg. 2010;2:179–85. 
8. Dias L. Valgus deformity of the ankle joint: Pathogenesis of f bular shortening.  J Pediatr Orthop. 1985; 
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CASE 39 : LENGTH DISCREPANCY OF THE METATARSALS 

Caroline M Blakey and James A Fernandes 

Case 

A 14-year-old premenarcheal girl was referred with long-standing pain and discomfort in her 
lef foot and a short fourth toe which was present from birth. She was very conscious of the cos-
metic appearance of her foot and disliked going without shoes. She was born at term and reached 
normal developmental milestones, and there was no family history of congenital abnormalities. 
Tere was no history of trauma. 
She described pain on the dorsum of her foot, worse with activity but also at rest. She was able to 

carry out daily activities but had reduced her sporting activity and had modified her shoe wearing. 
On examination, there was significant shortening of the fourth metatarsal with elevation of 

the toe. The fourth metatarsophalangeal joint was otherwise normal (Figure 39.1). The skin of 
the toe was healthy with no corns or plantar callosities. There was a subtle plantar ridge between 
the third and fifth rays distally. 

(A) (B) 

Figure 39.1a ,  b Clinical photographs at presentation. 

Plain radiographs revealed 15 mm of shortening of the fourth metatarsal in comparison to the 
contralateral foot (Figure 39.2a,  b). Pedobarography demonstrated normal plantar pressure lev-
els (Figure 39.3). 

(A) (B) 

Figure 39.2a ,  b Weight bearing AP radiographs of (A) left and (B) right foot. 
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(A) 

(B) 

Figure 39.3a ,  b Pedobarographic images. 

Questions 

• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
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Length Discrepancy of the Metatarsals 

The Problems That Need to Be Addressed Are 
• Short fourth metatarsal with pain and elevated fourth toe 
•  Cosmetic deformity 

The Aims of Treatment in This Girl Are 
•  Relieve pain 
•  Improve cosmesis 

Options for Treatment 
 Relieve pain 
⚬ Trial of accommodative shoe wear 

Improving cosmesis and pain: 
⚬  Metatarsal lengthening 

◽ Acute lengthening with intercalary bone graf 
◽ Gradual lengthening with external fxator 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of symptoms 
• Degree of shortening 
• Abnormal loading of the metatarsals 
• Cosmetic concerns 
• Complexity of treatment 

 Te factors that infuenced the treatment are shown in Table 39.1. 

Table 39.1 Factors influencing the choice of treatment 

Factors Treatment Implications 

Age of the child 14 years Operative treatment is generally reserved for children 
close to maturity to allow completion of growth. 1 

Severity of Pain Brachymetatarsia most often does not require treatment 
symptoms but can cause symptoms. 

The short metatarsal may cause deformity of the toe, with 
the stretched metatarsal ligament forcing the phalanx 
of the affected ray dorsally between adjacent 
metatarsal heads.2 This cocked-up toe can be 
cosmetically unsightly, make shoe wear diffi cult and 
cause corns or skin breakdown. Transfer metatarsalgia 
of the adjacent toes could also develop. 

The dorsal subluxation can cause pain at the 
metatarsophalangeal joint. 

Degree of 15 mm When the phalanx remains distal to adjacent metatarsal 
shortening heads, it is less likely to cause a cocked toe. 

Shortening of less than 10 mm is usually asymptomatic.3 

(Continued) 
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Table 39.1 (Continued) 

Factors Treatment Implications 

Altered foot 
mechanics 

Normal 
pedobarograph 

Metatarsalgia may result from transfer of load to the 
adjacent metatarsal heads. The pedobarograph was 
normal in this case; many surgeons would suggest that 
surgery is not indicated. 

Cosmetic 
concerns 

The patient was 
very concerned 
about the 
appearance 

Surgery may be considered but the patient must 
understand the risks associated with the procedure and 
that one cannot guarantee improvement in symptoms 
or cosmesis. 

Complexity of 
the treatment 

Metatarsal lengthening, whether acute or with gradual 
distraction, has associated risks, and these should be fully 
understood by the family before embarking on treatment. 

Osteotomy and gradual distraction may reduce risk of 
associated stiffness of the metatarsophalangeal joint. 
Stabilisation with a pin through the phalanges into the 
metatarsal head is critical.4 Gradual lengthening 
reduces the risk of over-lengthening with metatarsalgia. 
There is no donor site morbidity with gradual 
lengthening, and greater length disparities can be 
corrected without risk of neurovascular injury. 4 However, 
pin site infection, regenerate fracture and premature 
consolidation can occur. 

How Was This Child Treated? 

Fourth metatarsal lengthening was performed with the Orthofx mini-rail external fxator and 
cross-joint stabilisation of the fourth metatarsophalangeal joint (Figures 39.4a,  b). 

(A) (B) 

Figure 39.4a ,  b Orthofix mini-rail in situ; (B) clinical photograph, (B) AP radiograph 
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Length Discrepancy of the Metatarsals 

Post-Operative Management

 Te lengthening protocol was carefully planned with gradual distraction and regular radio-
graphs (Figure 39.5). Regular pin site care was given, and she remained partial weight bearing 
during the period of lengthening. Te external fxator was removed in the clinic six months post-
surgery on consolidation of the regenerate. 

Figure 39.5 Distraction osteogenesis in progress. 

 At fnal follow-up, the patient was satisfed with the outcome. She was happy with the cosmetic 
appearance of her foot and had no pain. Te fourth toe sits in an excellent position and has good 
range of movement (Figure 39.6,  39.7). Tere is a broken wire end in situ, but this causes no 
problem. 

(A) (B) 

Figure 39.6a ,  b Clinical photographs at fi nal follow-up. 
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(A) (B) 

Figure 39.7a ,  b Radiographs at fi nal follow-up. 
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CASE 40: DISCREPANCIES OF LENGTH IN THE FOREARM 

Christopher Prior, Nicholas Peterson, Selvadurai Nayagam 

Case 

A 12-year-old boy with a background of autistic spectrum disorder (ASD) and attention def cit 
hyperactive disorder (ADHD) presented with chronic wrist pain and an unsightly deformity of 
the wrist with a prominence on the medial side. At the age of 7, he had sustained a low-energy 
Salter-Harris II fracture which was managed with closed manipulation and immobilisation in 
a cast (Figure 40.1). He was discharged from the service af er the fracture had healed, and re-
presented fve years later with pain and deformity. 

Figure 40.1 Salter Harris II fracture of the right distal radius with significant displacement and 
subsequent post-manipulation images. 

On examination, the forearm was short, the wrist was radially deviated, and the head of the ulna 
was unduly prominent. Ulnar deviation of the wrist and pronation and supination were reduced. 
X-rays confrmed relative shortening of the radius, loss of radial inclination of the distal articu-
lar surface and a physeal bar. CT images revealed an accessible central physeal bar of the distal 
radius involving 20% of the physis (Figure 40.2). 
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Figure 40.2 Radial shortening with evidence of central physeal bar formation on CT. Note the 
patient had an incidental luno-triquetral synostosis. 

Bone age was estimated from a PA radiograph of the contralateral hand and wrist with sof ware 
interpretation (BoneXpert) reporting both Tanner-Whitehouse II and Greulich-Pyle scores.1 
Te bone age was assessed as being similar to the chronological age. Tis indicated that four 
years of growth was remaining. Te contralateral normal wrist had a negative ulnar variance of 
3 mm. Tis meant the right ulna would require to be shortened by 19 mm in order to achieve a 
comparable ulnar variance. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Discrepancies of Length in the Forearm 

The Problems That Need to Be Addressed Are 

• Distal radial physeal arrest 
• Progressive nature of deformity and propensity for recurrence 
• Radio-ulnar length discrepancy resulting in: 

⚬ Ulnar abutment of the carpus 
⚬ Reduced movements of the wrist and forearm 

•  Pain 
•  Cosmetic concerns 

The Aims of Treatment in This Child Are to 

• Remove the physeal tether and facilitate resumption of normal physeal growth of the 
radius 

• Correct the deformity of the wrist 
• Restore the normal relative lengths of radius and ulna 
• Relieve pain, improve cosmesis 

Options for Treatment to Fulfil Each Aim 

• Removing physeal tether and resuming normal physeal growth 
⚬ Resection of bony bar (epiphysiolysis) 

• Correction of wrist deformity and correcting radio-ulnar length discrepancy 
⚬ Acute shortening of the ulna 
⚬ Gradual radial lengthening by distraction osteogenesis 
⚬ Distal ulnar epiphyseodesis 

• Relieve pain and improve cosmesis by previously listed measures 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the boy and skeletal growth remaining before skeletal maturity 
• Size and location of bony bar 
• Extent of disparity between radial and ulnar lengths 
• Psychological and social factors 

 Te choice of treatment based on these factors is shown in Table 40.1. 

Table 40.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age & growth 
remaining 

Size and 
location of 
the bar 

12-year-old with four 
years of growth 
remaining 

Bar involves 20% of the 
area of the growth 
plate, and it is located 
in an accessible site 

If insuffi cient time remains for growth, then an 
epiphysiolysis (removal of the bony bar to 
restore growth) is not indicated. 

In this child, there is suffi cient growth remaining 
to attempt bar resection. 

Physeal bar resection can be undertaken as the 
area and location of the bar are favourable 
criteria for this option. 

(Continued) 
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Table 40.1 (Continued) 

Factors Treatment Implications 

Extent of length 19 mm of shortening of Acute shortening of the ulna by 19 mm may be 
disparity the ulna is required to potentially too much to achieve with an intact 
between normalise relative interosseous membrane. 
radius & ulna lengths of radius and Epiphyseodesis of the distal ulna is an option for 

ulna. minimising the length disparity between the 
radius and ulna. 

Psychological Autism spectrum and The child may not be able to co-operate with the 
and social ADHD demands of distraction osteogenesis with an 
factors external fi xator over a protracted period. 

How Was This Boy Treated? 

In light of the patient’s ASD and ADHD, the treatment plan included a combination of techniques: 
• Acute shortening of the ulna and temporary distal ulnar epiphyseodesis (if the epi-

physiolysis was successful and the length regained at the radius suf  cient, the ulnar 
epiphyseodesis could be reversed by removal of the screw). 

• Epiphysiolysis of the distal radius to allow the fnal mismatch of length to be corrected 
over time. 

Step 1: Epiphysiolysis of Distal Radius 
With the tourniquet infated, access to the volar distal radius was made using a modif ed Henry’s 
approach. Te physis and the position of the bar were identifed using fuoroscopy. A trap-door 
fap was cut in the periosteum, and a small window was made in the volar cortex just proximal 
to the physis using a 2 mm drill and osteotomes (Figures 40.3a –d). 

(A) (B) 

(C) (D) 

Figures 40.3a– d Henry’s approach to the volar surface of the distal radius is used. A trap-door 
is elevated in the juxtaphyseal region over the location of the bar as determined by preopera-
tive mapping. 

304 



  
  

      
 

  

  
 

 
  

   

    

 

  
     

  

Discrepancies of Length in the Forearm 

Using a small curette and a dental burr with cool saline irrigation and suction, cancellous bone 
was removed until a continuous rim of physis was seen all around the edges of the cavity (Figure 
40.4a,  b). Bone wax and a strip of the fexor carpi radialis and fat were used as graf to fll the void 
and prevent reformation of a bony bar. Te periosteum and pronator quadratus were repaired to 
hold the graf in place. 

(A) (B) 

Figure 40.4a ,  b A burr is used to remove the bony bar carefully. Suction and irrigation aid in 
preventing thermal necrosis and allowing visualisation of the rim of normal physis when the bar 
is excised. 

Step 2: Acute Ulnar Shortening 
 Trough a dorsal incision, the distal ulna was exposed extra-periosteally, and a 2.7 mm locking 
compression plate was placed on the distal ulna, avoiding damage to the distal ulnar physis and 
perichondral ring. Distal holes through the plate were pre-drilled, and the plate was removed to 
plan the shortening osteotomy. 
A transverse osteotomy was made using a sagittal saw on low power with cool saline lavage 

to prevent thermal necrosis. A second osteotomy was made 10 mm proximally and the segment 
removed. The tension from shortening was assessed to ensure good coaptation of the cut sur-
faces before a further 3 mm of bone was removed. The plate was applied in compression mode, 
and contact, alignment and stability were confirmed (Figure 40.5a). 

(A) (B) 

Figures 40.5 (A) A mini-fragment plate based on 2.7 mm screws was used in compression mode 
to hold the acutely shortened ulna. (B) Fluoroscopy-guided drilling and placement of a screw 
across the distal ulnar physis completed the procedure. 
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Step 3: Distal Ulnar Temporary Epiphyseodesis 
A mini fragment cortical screw was passed retrograde across the physis through a small incision 
( Figure 40.5b ). 

Post-Operative Management 

 Te forearm was splinted for four weeks in a cast (Figure 40.6). 

Figure 40.6 Four weeks after acute ulnar shortening and epiphysiolysis of distal radius. 

At six months post-procedure, CT images indicated that the radial epiphysiolysis had not been 
successful in restoring growth ( Figure 40.7). Further acute shortening of the ulna of 14 mm and 
permanent drill epiphyseodesis of the distal ulna were carried out afer removing the trans-
physeal screw. 

(A) (B) 

Figure 40.7 At six months post-procedure, the distal ulna has continued to grow. Failure of the 
epiphysiolysis may be due to bridge recurrence at the edges of the previous surgical excision or 
the formation of secondary tethers.2 

Ten months later, the patient was pain-free and had recovered a full range of movement. There 
was no significant residual angular deformity of the distal radius (Figure 40.8). 
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Discrepancies of Length in the Forearm 

(A) (B) 

Figure 40.8 Final radiographic appearance. 

Follow-up to skeletal maturity is required to ensure no signifcant deformity recurs. 

Comment 

 Tough other treatment options were available, the treatment modalities chosen were tailored to 
the child’s and family’s circumstances. 
Failure of epiphysiolysis may be due to incomplete excision of the bar due to difficulty in 

visual confirmation of complete removal. This can be aided by regular washing out and suction. 
Use of a wrist arthroscope to see all around the cavity at the end of the procedure may be helpful. 
Other potential causes of failure include bony bridge recurrence and the creation of secondary 
tethers.2 
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CASE 41 : CONGENITAL RADIO-ULNAR SYNOSTOSIS 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case 

A 12-year-old right hand–dominant female presented with difculties using her lef hand espe-
cially when two-handed activities were involved. Tis problem had been present since early 
childhood but had become more noticeable in adolescence owing to the changing nature of 
activities and her increasing need for independence. 
Examination of the right arm and hand was normal. T e lef arm had a stable elbow and nor-

mal fexion and extension, but the forearm and hand were held in a position of excessive prona-
tion (20 degrees beyond the normal position of full pronation) (Figure 41.1). Any passive attempt 
to supinate the forearm produced some movement at the radio-carpal joint but not between the 
forearm bones. 

Figure 41.1 Clinical photograph showing the left hand in a position of over-pronation by 20  
degrees.

 Te hand was held in such over-pronation that adaptive movements at the shoulder and elbow 
were not able to bring the hand into a near-neutral position. As a consequence, in two-handed 
activities, this nondominant hand was unable to position an object suitably to allow the contra-
lateral normal hand to manipulate the object with f ne dexterity. 
Forearm x-rays and CT scans confrmed the presence of a proximal radio-ulnar synostosis 

( Figures 41.2a ,  b ). 
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(A) (B) 

Figures 41.2 3D CT scan–reconstructed images depicting the proximal radio-ulnar synostosis 
and fixed position of the wrist in pronation. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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Congenital Radio-Ulnar Synostosis 

The Problems to Be Addressed 
•  Te poor functional position of the nondominant hand 

⚬ Inability to compensate using adaptive shoulder and elbow positions 
⚬ Loss of coordinated two-handed activities 

The Aims of Treatment 
• Re-position the hand to allow for greater function either in single or double-handed 

activities 
• Choose a hand position that allows for an efective useful range aided by compensa-

tion from shoulder and elbow movements 

Options for Treatment 
• Resection of synostosis 
• Derotation of the forearm to place hand in a more functional position without taking 

down the synostosis 

⚬  Trough radius and ulna1,2 
⚬  Trough the synostosis3 

Most published reports on attempts to take down a congenital synostosis and re-establish pro-
nation and supination describe poor results.4 Te sole exception is that described by Kanaya 
et al which involves removing the synostosis and the use of a free vascularised adipose-fascial 
interposition graf . 5,6 Tere are, as yet, no results other than those of the originator to compare 
with. Recently Nakasone et al suggested that return of movement is not only dependent on the 
manner of removal of the synostosis and interposition but the correction of deformities within 
the radius and ulna.7 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

A derotation through the synostosis was selected in this case for the following reasons: 

• Single incision approach that is cosmetically advantageous. 
• Avoiding a mismatch of the osteotomised ends of the ulna once the radius and 
carpus are derotated (the axis of rotation is usually closest to the axis of the radius). 

• The age and gender of the patient (12 years, female) suggest that natural remodel-
ling potential has decreased. 

Treatment 

A position of 20 degrees pronation from the neutral position would allow continued prone hand 
activities (comfortable use of a mouse or keyboard) and, with some shoulder and elbow position 
adaptation, a neutral hand position to be of greater use in coordinated two-handed activities.3 
As the patient’s hand was held in a position of 20 degrees beyond the position of full pronation, 
this derotation arc would amount to 90 degrees.
 Trough a curved incision starting at the lateral edge of the insertion of triceps tendon and 

extending distally along the subcutaneous border of the ulna (Figure 41.3a), two fascio-cutane-
ous faps were elevated to reveal the anconeus ( Figure 41.3b). Te anconeus, supinator and the 
entire common extensor origin were elevated sharply of bone to reveal the fusion mass (Figure 
41.3c). Forceful retraction was avoided, preventing posterior interosseous nerve injury. 
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(A) (B) 

(C) (D) 

(E) 

Figures 41.3 Palpation allows surface anatomy to be marked and the skin incision drawn just 
before surgery (A). Reflection of skin with fascia exposes anconeus and extensor carpi ulnaris (B). 
Both muscles and the extensor origin are elevated sharply off bone to reveal the synostosis and 
radial head (C). The proposed segment to be removed is marked by drill holes (D). The segment 
is removed, shortening performed before derotation, and deflation of the tourniquet to ensure 
satisfactory return of circulation before fixation with plate and screws (E).

  Te central portion of the synostosis, identifed on x-ray, had the 10 mm segment of bone to be 
removed marked with drill holes (Figure 41.3d). Te segment was removed carefully.
 Te forearm was then shortened to avoid sof tissue tension before being gently derotated. A 

contoured small fragment plate was used to f x the fragments under compression. T e tourni-
quet was def ated and the distal circulation conf rmed to be satisfactory before all screws were 
inserted in the plate (Figure 41.3e). Te wound was closed in layers and a plaster-of-Paris long-
arm back slab applied and maintained for six weeks. 
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Congenital Radio-Ulnar Synostosis 

Post-Operative Management 

Physiotherapy was commenced at six weeks afer some signs of early bone healing were visible 
on x-ray (Figures 41.4 a,  b). A year later, the appearance and function had improved, and the girl 
was quite pleased with the outcome. Further follow-up was not deemed necessary. 

(A) (B) 

Figures 41.4a ,  4b Post-operative x-ray images confirming union of the derotation and shorten-
ing osteotomy through the synostosis. 

Comment 

Surgery is needed only in a few cases and usually for a fxed over-pronation of the hand. T e 
optimal position to achieve will depend on whether the condition is unilateral or bilateral and 
whether the treated hand is dominant. Specifc recommendations on the fnal hand position are 
less useful than a careful consideration of the specifc functional problems the presenting fxed 
hand position causes the patient and working out the optimum position that will allow those 
disabilities to be overcome. 
It is important to note the following key points of performing a derotation through the 

synostosis: 

• Tension is produced in the neurovascular structures when derotating the forearm. A 
shortening osteotomy should be incorporated to reduce this tension. 

•  Defation of the tourniquet to conf rm return of vascularity should precede wound 
closure. In the event of poor vascularity, the amount of derotation should be reduced 
or further shortening performed. 
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CASE 42 :  TARSAL COALITION 

Leo Donnan 

Case 

A previously healthy 11-year-old girl presented with a three-month history of pain in the lef foot 
that has not responded to a period of rest in a stif boot. 
She walked with an antalgic gait. Te medial longitudinal arch was lower on the lef side than 

on the right. When she stood on tip toes, her lef heel did not swing into varus, and the arch did 
not get restored as much as on the right (Figure 42.1a). Te gastroc-soleus was mildly tight, and 
passive motion of the subtalar joint was reduced. Tenderness was elicited just anterior to the 
lateral malleolus. Rapid inversion of the forefoot produced pain and demonstrable spasm of the 
peroneal muscles (Figure 42.1b). A provisional diagnosis of a tarsal coalition was made. 

(A) (B) 

Figure 42.1 Appearance of the feet when standing on tip toes. Reduced hind foot movement 
into varus when compared with right (A) and spasm of the peroneal tendons on rapid inversion (B). 

Plain radiographs of the foot conf rmed the presence of a calcaneo-navicular coalition (Figure 
42.2a), best seen on the oblique view (Figure 42.2b). A CT scan was done to exclude any other 
coalition not visualised on the plain radiographs (Figure 42.3). 

(A) (B) 

Figures 42.2a and b Radiographs showing the presence of a calcaneo-navicular synchondrosis. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 42.3 CT scan confi rming an isolated calcaneo-navicular coalition. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this girl? 
• How long would you follow-up this child af er treatment? 
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Tarsal Coalition 

The Problems That Need to Be Addressed Are 
• Pain and peroneal spasm 
• Hind foot stif ness 
•  Planovalgus deformity 

The Aims of Treatment in This Girl Were to 
• Relieve foot pain and muscle spasm 
• Restore subtalar motion 
• Improve the medial longitudinal arch 
• Improve the gait pattern 

Options for Treatment to Achieve These Aims 
•  Non-operative treatment 

⚬  Orthotic management 
⚬ Immobilisation in a walking cast for six weeks in isolation or combined with sub-

talar joint injection with steroid and local anaesthetic 

•  Surgical treatment 

⚬ Excision of the coalition 

◽  Open1 

◽  Arthroscopic2 

⚬ Prevent recurrence with interposition of: 

◽ Extensor digitorum brevis muscle 
◽  Wax 
◽  Fat graf 

⚬ Correct residual deformity 

◽ Hind foot osteotomy for residual valgus following excision of the coalition 
◽ Lengthening of the heel cord, if tight 

⚬  Triple fusion 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Severity of symptoms 
• The age of the girl 
• Presence of fixed deformities and severity and rigidity of the deformities 
• Presence of other coalitions3 
• Presence of arthritic changes 

 Te choice of treatment based on these factors is outlined in Table 42.1. 
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Table 42.1 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Severity of 
symptoms 

Pain is severe 
enough to be 
forced to limit 

This justifi es surgical intervention if 
conservative treatment fails. 

physical activity 

Age of the girl 11 years Surgical intervention is likely to be less 
effective as the child gets older, and hence 
surgery, if required, should not be delayed. 

Presence of fi xed 
deformity and 
severity and 
rigidity of the 
deformity 

Mild planovalgus 
deformity 

The deformity is 
moderately rigid 
and peroneal 
spasm is present 

As the deformity is mild, there is scope for an 
attempt at conservative treatment which can 
be effective in 30–50% of cases with relief of 
symptoms. 

Excision of the coalition is justifi ed. 

If hindfoot deformity is not corrected, then 
calcaneal osteotomy may be indicated. 

Presence of other 
coalitions 

Solitary calcaneo-
navicular coalition 

Excision of coalition is justifi ed. 

Presence of 
arthritic 
changes 

No clinical or 
radiologic 
features of 
arthritis 

Options that avoid stiffening of joints are 
preferred in the absence of arthritis (no 
justifi cation for performing triple 
arthrodesis). 

  T e fnal plan of treatment for this girl is excision of the coalition with interposition fat graf4 

since conservative treatment failed. 

How Was This Child Treated?

 Te patient was placed in the supine position with a wedge under the buttock. An oblique inci-
sion was used taking care to identify and isolate the branches of the superfcial peroneal nerve at 
the medial end of the wound (Figure 42.4).
 Te coalition was exposed by elevating the extensor brevis muscle from the anterior process 

of the calcaneum just above the peroneal sheath with a diathermy on low power (Figure 42.5). 
Once the coalition was exposed, a hypodermic needle was used to mark the most medial part to 
be excised and checked with fuoroscopy. Flat bone levers were placed on either side of the coali-
tion, and a bone block of around 0.8 to 1 cm was excised, being very careful not to damage the 
cartilage of the talar head in doing so. Te coalition was much deeper than appreciated from the 
imaging, and the deeper recesses were carefully cleared. Fluoroscopy was used to check that a 
clear space had been achieved (Figure 42.6). Te resultant defect was flled with a small fat graf 
harvested from the medial thigh (Figure 42.7). Te wounds were closed in a standard fashion 
and the foot and ankle placed in a removable back slab. 
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Tarsal Coalition 

(A) (B) 

Figure 42.4 Surface anatomy and making the surgical incision. 

(A) (B) 

Figure 42.5 Exposure and excision of the coalition. 
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(A) (B) 

Figure 42.6 Fluoroscopy confi rming the position of the coalition and completeness of excision. 

(A) (B) 

Figure 42.7 Fat grafting of defect and coverage with extensor brevis muscle. 

Post-Operative Management 

 Te patient remained non–weight bearing for two weeks and then transferred into a moon boot 
for progressive mobilisation. Range-of-motion exercises were started at this point of time, focus-
ing on inversion, eversion and calf stretching. Normal activity was permitted afer eight weeks. 
At the last follow-up, she had no pain in the foot, the range of motion of the subtalar and mid-

tarsal joints had improved, and she was pleased with the outcome. 
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Tarsal Coalition 

Comment 

Following excision of calcaneo-navicular coalition, restoration of subtalar movement is of en 
less than expected, and occasionally a patient may experience some ongoing ache in the foot and 
for that reason the patient should be followed-up till skeletal maturity. 
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 –  CASE 43 : CONTRACTURE OF MUSCLES OF THE LOWER LIMB 
QUADRICEPS CONTRACTURE SECONDARY TO 
OSTEOMYELITIS OF THE FEMUR 

Benjamin Joseph and Hitesh Shah 

Case 

A 12-year-old boy presented with complaints of a deformity of the right knee and inability to 
fex the knee. In early childhood, he had osteomyelitis of the right femur. Te deformity and 
knee stifness developed following this, over a short period of time, but have not progressed 
appreciably over the last few years. On examination, there was a puckered, depressed scar on 
the lateral aspect of the upper third of the thigh. Tere was a genu recurvatum deformity of 30 
degrees of the right knee (Figure 43.1), and no passive fexion was possible (i.e., ankylosis of the 
knee in hyper-extension). Te patella was mobile and not stuck down to the femur. He walked 
with a stif-knee gait with circumduction of the right lower limb during the swing phase. He sat 
awkwardly on a chair with his right leg sticking out in front. 

Figure 43.1 Genu recurvatum of the right knee. 
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Figure 43.2 Lateral radiographs of both knees. The femoral condyles are flattened on the right 
side, but the joint space and the alignment of the femoral and tibial growth plates are normal. 

X-rays of the knees showed fattening of the femoral condyles of the right femur (Figure 43.2) 
and genu recurvatum. Te growth plates of the distal femur and the proximal tibia were normal, 
and the joint space was also normal. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Contracture of Muscles of the Lower Limb 

The Problems That Had to Be Addressed Are 
• Genu recurvatum of 30 degrees 
• Extra-articular ankylosis of the knee in hyper-extension with contracture of the 

quadriceps muscle 
•  Stif-knee gait with circumduction during the swing phase of gait 
• Risk of weakening the quadriceps muscle excessively by over-zealous surgery 

The Aims of Treatment in This Boy Are 
• Correct the genu recurvatum deformity 
• Restore about 90 degrees of knee f exion to enable him to sit on a chair comfortably 

and to improve his gait pattern 
• Avoid weakening the quadriceps muscle excessively 

Options for Treatment 
•  Proximal quadricepsplasty 
•  Distal quadricepsplasty 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Type of ankylosis (extra-articular versus intra-articular) 
• Site of the recurvatum deformity 
• The site of the previous infection 
• Age of the child 
• Surgical approach 
• Surgical technique 

 Te choice of treatment based on these factors is outlined in Table 43.1. 

Table 43.1 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Type of ankylosis 
(extra-articular 
versus 
intra-articular) 

Site of the 
recurvatum 
deformity 

Site of previous 
bone infection 

Since the radiograph of the 
knee shows a normal joint 
space, it suggests that the 
ankylosis is extra-articular. 

Knee joint (not in the distal 
femur or the proximal 
tibia) 

Proximal third of the femur 

Release of the quadriceps contracture 
should be done to see if the deformity 
will correct and knee fl exion can be 
restored. 

Since there is no deformity of the distal 
femur or the proximal tibia, surgery on 
the femur or tibia is not required to 
correct genu recurvatum. 

Since the original infection affected the 
proximal shaft of the femur, it seems 
likely that the site of maximum fi brosis 
will be in this area. A proximal 
quadricepsplasty is indicated. 

(Continued) 
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Table 43.1 (Continued) 

Factors Treatment Implications 

Age of the child 12 years It would have been desirable to perform 
the quadricepsplasty at a younger age 
before fl attening of the femoral 
condyles developed. Flattening of the 
femoral condyles could persist if the 
surgery was further delayed, and this 
could compromise the result. 

Surgical approach Lateral versus anterior A lateral approach is preferred as it will 
approach enable excision of the scar and direct 

access to the vastus lateralis. 
Another advantage of the lateral 
approach over an anterior approach is 
that there is minimal tension on the 
incision once the knee is fl exed. 

Surgical technique Thompson (distal release) Most surgeons prefer the Judet 
versus the Judet technique with some modifi cations. 1–4 
quadricepsplasty 
(proximal release) 

How Was This Boy Treated?

 Te boy underwent a proximal quadricepsplasty through a lateral approach. Te depressed scar 
was excised (Figure 43.3), and the underlying vastus lateralis muscle was identif ed. T e scarred 
and fbrotic upper fbres of the vastus lateralis were erased from the lateral surface of the femur, 
the lateral inter-muscular septum and the linea aspera. Some passive fexion of the knee was now 
possible. 

Figure 43.3 Puckered scar on the lateral upper one-third of the thigh. 

In order to decide if further release of the vastus lateralis was needed, two f ngers were placed 
deep to the vastus lateralis, and the knee was passively fexed (Figure 43.4). T e f ngers got 
pinched between the taut vastus lateralis and the femur, indicating that further release of the 
muscle was required. 
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Contracture of Muscles of the Lower Limb 

Figure 43.4 Two fi ngers are placed deep to the vastus lateralis, and an attempt is made to fl ex 
the knee. If the muscle is contracted, the fingers will get pinched between the femur and the 
taut muscle. 

Further release of the vastus lateralis was performed progressing distally till no further tightness 
was noted. Attention was now given to the vastus intermedius muscle; the tight f brotic f bres 
were released right down to the distal femur (Figure 43.5). Te rectus femoris was contracted, 
and it was released from its origin. Te vastus medialis was not released as 80 degrees of passive 
fexion was achieved (i.e., 110 degrees of correction) at this point. Te wounds were closed over 
a suction drain. 

Figure 43.5 Extent of release needed to obtain 80 degrees of knee fl exion. 

Post-Operative Management 

 Te knee was held in 80 degrees of fexion in a plaster cast for a period of four weeks. Intensive 
quadriceps-strengthening exercises and active knee fexion exercises were encouraged for six 
months afer cast removal. Protected weight bearing with crutches was permitted af er removal 
of the cast, and the crutches were discarded afer the quadriceps power of Grade 4 (MRC grade) 
was restored. 
Nine years later, there was no residual genu recurvatum (Figure 43.6); the knee could be f exed 

to 80 degrees (Figure 43.7). Te quadriceps power was Grade 4 (MRC) with a 5-degree extension 
lag. Te femoral condyles had remodelled and were not fat as before ( Figure 43.8). His gait was 
normal, and he sat well on a chair. Te lateral incision had healed exceedingly well (Figure 43.9). 
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Figure 43.6 At the fi nal follow-up, there is no recurvatum deformity. 

Figure 43.7 Knee fl exion of 80 degrees has been maintained. 

Figure 43.8 Some re-modelling of the shape of the femoral condyles has occurred. 
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Contracture of Muscles of the Lower Limb 

Figure 43.9 Well-healed scar of the lateral incision. 

Follow-Up

 Te boy was followed beyond skeletal maturity to see if loss of correction would occur, and we 
also wanted to see to what extent the femoral condyles would remodel. Tough the young man 
on his last visit requested us to do further surgery in order to enable him to squat, we did not 
comply as in all likelihood further release would result in signifcant weakness of the quadriceps. 

Comment 

Quadriceps contracture following injection fbrosis is far more localised, and such an extensive 
release as done in this boy is rarely required. 
 Te two main techniques for treating an acquired quadriceps contracture are the Judet proxi-

mal quadricepsplasty and the Tompson distal quadricepsplasty. Weakness of knee extension 
and persistence of an extension lag are more frequently encountered following the distal release. 
In this instance, on account of the severe contracture, extensive muscle release was anticipated. 
We opted for a proximal release to minimise the risk of an extension lag. 
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CASE 44 :  CONTRACTURE OF MUSCLES OF THE UPPER LIMB : 
SEVERE VOLKMANN’S ISCHAEMIC CONTRACTURE OF 
THE FOREARM 

Binu P Thomas 

Case 

A 10-year-old boy developed a compartment syndrome of the right forearm following treatment 
of a fracture of the ulna by traditional bone setters. He underwent a fasciotomy and debridement 
of necrotic muscles elsewhere at a local hospital. 

He presented two years later with a grossly atrophied limb, fexion deformity of the wrist, 
fexion deformity of fngers and an adducted thumb (Figure 44.1). Te Volkmann’s sign was 
positive, and the f exion deformity of the wrist of 70 degrees was not passively correctible. T e 
adducted thumb was stif and could not be passively abducted. No active f nger fexion was pres-
ent while a jog of fnger extension was present, and the intrinsic muscles of the hand were also 
not working. Sensations were lost distally from the mid-forearm. Te radial pulse was palpable. 
Te features were indicative of severe Volkmann’s ischaemic contracture (VIC). An x-ray of the 
forearm showed that the bones were osteoporotic; the deformities of the wrist and hand were 
evident, and there were no signs of the original fracture (Figure 44.2). 

Figure 44.1 The grossly atrophied limb, flexion deformity of the wrist, flexion deformity of fi n-
gers and hyperextension at the metacarpophalangeal joints characteristic of severe VIC are all 
clearly evident. The old scar of previous surgery is also visible. 
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Figure 44.2 The x-ray of the forearm and hand demonstrating the classical deformities and 
gross osteoporosis. 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available treatment options? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 

334 



 

   
  

  

    
   

 

  

  

 
  
   
 
 
 
 

  
 

  
    
   
   

 

  
  
    

   

    
  

  

  
  

 

  
   
  

  

   

Contracture of Muscles of the Upper Limb 

The Problems That Need to Be Addressed Are 
•  Deformities 

⚬  Severe fexion deformity of the wrist and f ngers 
⚬ Adduction contracture of the thumb 

• Loss of motor function 

⚬ Absence of active fnger and thumb f exion 
⚬  Weak fnger and wrist extension 

• Loss of sensation 

⚬ Glove type of anaesthesia below the middle of the forearm 

• Total loss of hand function due to all these problems 

The Aims of Treatment in This Boy Are 
• Correct the deformities of the wrist, fngers and thumb 
• Provide active fnger and thumb f exion 
• Improve the power of f nger extension 
• Provide a stable wrist and thumb 
• Improve the sensation of the hand and restore protective sensibility 
• Provide a reasonably cosmetic and functional hand by all of the previous measures. 

Options for Treatment to Fulfil Each Aim 
• Correcting wrist and f nger deformity 

⚬ Prolonged aggressive hand therapy 
⚬ Excision of the contracted fexor tendons and atrophied f exor muscles 
⚬ Proximal row carpectomy 
⚬ Prolonged splinting in the corrected position 

• Correcting thumb adduction contracture 

⚬  Tumb web stretching and splinting 
⚬  Tumb web release 
⚬  Tumb web release and frst carpometacarpal joint fusion 

• Providing active fnger and thumb f exion 

⚬ Tendon transfers using the wrist extensors to restore fnger and thumb f exion 
⚬ Free functioning muscle transfer 

• Improving weak fnger and wrist extension 

⚬ Physiotherapy and muscle strengthening 
⚬  Extensor tenolysis 

• Providing a stable thumb and wrist 

⚬ Tendon transfers to provide muscle balance 
⚬ First carpo-metacarpal fusion 
⚬  Wrist fusion 

• Restoring sensations in the hand 

⚬ Neurolysis of the ulnar and median nerves 
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FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Severity of deformities 
• Power of muscles that have not been affected 
• Willingness of the child and parents to accept multi-staged surgery and prolonged 
rehabilitation

 Te factors that infuenced treatment are shown in Table 44.1. 

Table 44.1 Factors that infl uenced the treatment choice 

Factors Treatment Implications 

Severity of Severe wrist fl exion 
deformities deformity 

Severe fi nger fl exion 
deformity 

Severe thumb 
adduction 
deformity 

Power of All muscles of the 
muscles that fl exor compartment 
have not are paralysed 
been Muscles of the 
affected extensor 

compartment are 
not paralysed but 
are very weak 

Willingness of Child and parents are 
the child and willing for staged 
parents to surgery and 
accept rehabilitation 
multi-staged 
surgery and 
prolonged 
rehabilitation 

Deformities are very unlikely to improve 
appreciably with physiotherapy alone. 

Deformities are likely to improve following 
release of contracted tissues but unlikely to 
get fully corrected. 

Additional bony surgery likely to be needed to 
obtain complete correction of deformities. 

Since no fl exor or extensor muscle has Grade 5 
muscle power, tendon transfers to restore 
hand function cannot be considered. A free 
muscle transfer is the only available option. 

The power of extensor muscles may improve by 
a Grade or two once the fl exion deformities of 
wrist and fi ngers are corrected. 

Tendon transfers that could potentially provide 
dynamic stability of the wrist and thumb are 
not possible, and so these joints need to be 
stabilised by arthrodesis. 

3-stage surgery spanning two years planned . 

How Was This Boy Treated?

 Te child was initially started on hand therapy by serial stretching of the contracted f ngers and 
wrist. However, as anticipated, the improvement was negligible, and hence the f rst-stage surgery 
was undertaken. 

Stage 1 
 Te contracted atrophied fexor muscles were excised, and tendons of the f exor digitorum 
superfcialis were also excised. Te tendons of the fexor digitorum profundus were tenolysed 
to get passive f nger f exion. Te passive wrist extension improved, and the wrist could be 
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Contracture of Muscles of the Upper Limb 

brought to the neutral position afer this sof tissue release. Te hand was splinted in maximum 
correction. 

Stage 2 
Following wound healing and splinting in the corrected position, the next-stage surgery was 
done. Te median nerve was identifed and neurolysed. Te anterior interosseous nerve was iden-
tifed and isolated. A free gracilis myo-cutaneous fap was harvested and transferred to the fore-
arm. Te proximal end of the muscle was sutured to the medial epicondyle and remnant of the 
common fexor origin. Te distal end was woven into the ends of the fexor digitorum profundus 
and fexor pollicis longus tendons under optimum tension (Figure 44.3). Te nerve to gracilis was 
anastomosed to the anterior interosseous nerve, and the vessels were anastomosed to the brachial 
vessels in an end-to-side fashion. Te perfusion of the transferred skin f ap was carefully moni-
tored (the appearance of the fap on the f fh postoperative day is shown in Figure 44.4). 

Figure 44.3 The intraoperative photograph showing the myo-cutaneous gracilis fl ap being 
inset in the forearm. 

Figure 44.4 The fifth postoperative day photograph showing the viable myo-cutaneous gracilis 
fl ap inset in the forearm. 

Stage 3 

Good active fexion of the thumb and fngers were restored by the transferred gracilis, but persis-
tent fexion deformity of the wrist and adduction deformity of the thumb were noted. T e thumb 
deformity was corrected by arthrodesis of the carpometacarpal joint of the thumb using a ten-
sion band technique holding the thumb in the optimum position of function (Figure 44.5). Since 
there was no recovery of power of the wrist extensors, an arthrodesis of the wrist with a proximal 
row carpectomy as described by Anderson1 was performed (Figure 44.6). T e fnal appearance of 
the forearm and hand is shown in Figure 44.7. 
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Essential Paediatric Orthopaedic Decision Making 

Figure 44.5 Radiograph of the thumb showing Figure 44.6 Radiograph of the forearm 
the technique of the first CMC joint arthrodesis. and wrist showing the technique of wrist 

arthrodesis. 

Figure 44.7 Final appearance of the forearm and hand. 
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Contracture of Muscles of the Upper Limb 

Postoperative Management 

Following the free muscle transfer, a splint that held the wrist in extension and fngers in the 
functional position was used for six weeks. Gentle range of motion exercises were commenced. 
Electrical stimulation was given to the transferred muscle till contractions were observed, af er 
which strengthening exercises were begun. A thermoplastic splint was given for long-term use 
to prevent recurrent contractures. 

Follow-Up

 Te boy was followed up for six years from the frst surgery and three years from the third-stage 
surgery. 
At the most recent follow-up, he had Grade 4 power of the transferred muscle with a total 

active f nger fexion of 100 degrees. Te thumb and wrist were stable in functional positions 
allowing prehensile function of the hand. Protective sensibility was present in the territory of the 
median nerve. Hand function had improved signif cantly. 

Comment 

Acute compartment syndrome following treatment by native bone setters still occurs in devel-
oping countries.1 Early diagnosis and urgent fasciotomy are mandatory if a Volkmann’s isch-
aemic contracture is to be prevented. Te management of severe ischaemic contracture is quite 
difcult, and intensive hand therapy and prolonged splinting followed by surgery are essential 
for a good outcome.2 A functioning free muscle transfer is used when the residual muscle  
power is poor or absent as illustrated in this case.3 Severe fexion deformity of the wrist with 
capsular contractures warrants a proximal row carpectomy and wrist fusion4 in the functional 
position. 

References 
1. Anderson GA. Te child’s hand in the developing world. In: Gupta A, Kay SPJ, Scheker LR, editors. T e 

growing hand. London: Mosby; 2000. pp. 1097–114. 
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CASE 45 :  THE PARALYSED KNEE 

Benjamin Joseph and Hitesh Shah 

Case 

An 18-year-old male presented with deformities of the right hip, knee and foot and weakness of 
the right lower limb. Tey were present since early childhood when he had acute f accid paralysis 
preceded by a febrile episode suggestive of poliomyelitis. Some recovery did occur initially, but 
since the last 10 years there was no appreciable change in muscle strength. Te deformities devel-
oped over time. He complained that his right knee buckled when he walked on uneven ground 
or while he negotiated stairs or slopes. 
On examination, the right thigh and calf were wasted. He had 15° fxed fexion and 15° fxed 

abduction deformities of the hip, 20° fexion deformity of the knee and severe equino-cavus 
deformity of the right foot (Figure 45.1,  45.2). Te power of muscles of the lower limb are shown 
in Table 45.1. His sensations were normal. Te ilio-tibial band, hamstrings, gastroc-soleus and 
plantar fascia were contracted. On account of the abduction deformity of the hip and the severe 
equinus, there was apparent lengthening of the right lower limb when, in fact, there was true 
shortening of the right lower limb of 3 cm. He walked on level ground in an awkward manner, 
vaulting over the plantarfexed right foot. He walked with a right hand-on-thigh gait while walk-
ing up or down a slope. 

(A) (B) 

Figure 45.1 Wasting of the right thigh and calf and deformities of the hip, knee and ankle are 
clearly evident. 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

Figure 45.2 AP radiograph of the pelvis shows a hypoplastic right hemipelvis, pelvic obliquity 
due to hip abduction deformity and forward tilt of the pelvis due to hip fexion deformity (A). 
Lateral radiograph of the foot and ankle shows the severe equino-cavus (B). 

Table 45.1 Power of Muscles in the Right Lower Limb 

Joint Muscle Group Power (MRC scale) 

Hip Flexors Grade 4 

Extensors Grade 3 

Abductors Grade 3 

Adductors Grade 3 

Internal rotators Grade 3 

External rotators Grade 4 

Knee Extensor (Quadriceps femoris) Grade 0 

Flexors (Hamstrings) Grade 3+ 

Ankle Dorsifl exors Unable to test reliably due to 
severe equinus deformity 

Plantarfl exors Grade 5 

Subtalar joint Invertors Grade 5 

Evertors Grade 5 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this young man? 
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The Paralysed Knee 

The Problems That Need to Be Addressed Are 
• Deformities of the right hip, knee and ankle 
• Limb length inequality 
• Instability of the knee 

The Aims of Treatment Are to 
• Facilitate a more normal gait 
• Abolish knee instability 
• Equalise limb lengths 

Options for Treatment to Fulfil Each Aim 
• Facilitating a more normal gait 

⚬ Correct deformities that are contributing to the aberrant gait 

◽  Knee f exion deformity 

•  Sof tissue release 
• Distal femoral osteotomy 

◽  Equino-cavus 

•  Sof tissue release 
•  Mid-tarsal osteotomy 
• Lambrinudi type of triple arthrodesis 

⚬ Provide knee stability 

• Abolishing knee instability 

⚬  Bracing 

◽ Knee-ankle-foot orthosis (KAFO) 
◽ Floor-reaction orthosis (FRO) 

⚬ Dynamic stabilisation by hamstring tendon transfer 
⚬ Static stabilisation by creating 10° hyper-extension of the knee by a femoral 

supracondylar extension osteotomy 

• Equalising limb lengths 

⚬  Limb lengthening 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the patient 
• The power of muscles 
• The effect of deformities on hip and knee stability 
• Preference of the patient 
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Essential Paediatric Orthopaedic Decision Making

 Te choice of treatment based on these factors is outlined in Table 45.2. 

Table 45.2 Choice of Treatment Based on the Factors That Influenced the Treatment 

Factors Treatment Implications 

Age of the 18 years (skeletally 
patient mature) 

Power of muscles The power of the 
hamstrings and 
gluteus maximus is 
less than Grade 5 

Effect of Abduction deformity 
deformities on of the hip 
hip and knee 
stability Flexion deformity of 

the knee 

Equinus deformity of 
the ankle 

Preferences of the patient 

Techniques of deformity correction and 
limb-length equalisation involving growth 
modulation are not feasible as the growth 
plates are fused. 

A supra-condylar extension osteotomy in order 
to create 10° hyperextension at the knee is 
justifi able since the patient is skeletally 
mature. Remodelling of the osteotomy and 
loss of correction seen in the skeletally 
immature is unlikely to occur. 1 

For a hamstring transfer to effectively restore 
the power of knee extension, the hamstrings, 
hip extensor and gastroc-soleus must have 
Grade 5 power. 2 

Despite having a weak hip abductor, 
Trendelenburg gait is prevented by the 
abduction deformity. 

Flexion deformity of the knee is a major cause 
of knee instability; it is responsible for the 
knee buckling as the deformity makes the 
ground reaction force (GRF) to pass posterior 
to the axis of the knee. 

An equinus deformity helps in extending the 
knee through the “plantarfl exor–knee 
extensor couple”. It is desirable to have a 
mild equinus deformity if the quadriceps is 
paralysed. 

The patient did not want any form of bracing 
and also did not want to undergo limb 
lengthening. 

How Was This Young Man Treated? 

It was decided to restore knee stability during stance by a femoral supra-condylar osteotomy and 
to partially correct the equino-cavus deformity to improve appearance. We opted to retain some 
equinus to contribute to knee stability during stance and also to compensate partly for the short-
ening of the limb. Te abduction deformity was not corrected to avoid a Trendelenburg gait. 
 Trough a vertical incision, the Achilles tendon was exposed and lengthened by a coronal 

z-plasty. Te posterior capsule of the ankle joint was exposed afer retracting the f exor hallucis 
longus along with the neuro-vascular bundle. A liberal posterior capsulotomy of the ankle was 
performed, and the posterior talo-fbular ligament was divided. Te ankle was passively dor-
sifexed; considerable improvement of the hindfoot equinus was achieved. Release of the plan-
tar fascia from the calcaneum was done through an incision along the inferior border of the 
calcaneum on the medial aspect of the foot. Modest improvement of the cavus deformity was 
achieved. We opted not to proceed with a mid-tarsal osteotomy so as to maintain some equinus 
and also to compensate for the shortening. 
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The Paralysed Knee 

 Trough an anteromedial incision on the thigh just proximal to the patella, the f bres of the 
vastus medialis were retracted, exposing the periosteum of the supracondylar region of the  
femur. Te periosteum was incised longitudinally, and the femur was exposed. T e planned 
anteriorly based bone wedge to be resected was marked with drill holes. Te anterior cortex of 
the proximal fragment was fashioned into a “V”-shaped spike (Figure 45.3). Te wedge of bone 
between the drill holes was removed with nibblers and a small osteotome. Te posterior cortex 
was weakened with multiple drill holes and broken gently by extending the knee. Care was taken 
to ensure that the cortical bone spike on the end of the proximal fragment sank into the cancel-
lous bone of the distal fragment as the knee was hyperextended by 10°.3 Te wound was closed in 
layers, and a long leg cast was applied holding the knee in 10° hyperextension and the ankle and 
foot in maximal dorsifexion (Figure 45.4). 

Multiple drill holes Bone in the shaded area Distal fragment extended 
made removed & osteotomy & spike engaged in distal

 completed fragment 

Figure 45.3 Technique of spike osteotomy. (Reproduced from Figure 13.4, Paediatric 
Orthopaedics—A system of decision-making 2nd Edition.) 

(A) (B) (C) 

Figure 45.4 Completed spike osteotomy (A, B) with 10° hyperextension of the knee and resid-
ual equinus following soft issue release (C). 
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Essential Paediatric Orthopaedic Decision Making 

Post-Operative Management 

 Te cast was removed at six weeks and the knee mobilised; weight-bearing was permitted af er 
the x-rays showed sound union of the osteotomy (Figure 45.5). 

(A) (B) 

Figure 45.5 Radiograph at f nal follow-up showing sound union of the femoral osteotomy. 

Follow-Up 

He was followed-up for three years, at which time he was walking in a more acceptable fashion 
without having to resort to hand-to-thigh gait even while walking on uneven ground. 
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CASE 46 : THE PARALYSED FOOT 

Hitesh Shah and Benjamin Joseph 

Case 

A 5-year-old girl presented with progressive deformity of the right foot. She had low-level spina 
bifda with patchy neurologic defcit involving the right lower limb. Her bowel and bladder func-
tion were normal, and she did not have symptoms suggestive of sensory loss on her feet. 
On examination, it was noted that the right lower limb was 1 cm shorter than the lef ( Figure 

46.1a ). Te girth of her right calf was also less than the lef . She had hind foot varus, forefoot 
adduction, an accentuated medial longitudinal arch and claw toes in the right foot. T e ankle 
could be passively dorsifexed up to the neutral position only (Figure 46.1b,  c); all other defor-
mities could be fully passively corrected. Te clawing of the toes could be corrected by exerting 
upward pressure under the metatarsal heads. Tis indicated that the claw deformity was supple, 
and for the same reason early clawing was less obvious on weight-bearing. She walked with a foot 
drop and varus of the hind foot during the swing phase. Te lateral border of the foot made ini-
tial contact with the ground, and in mid-stance the forefoot and the heel rested on the ground. 
Te power of muscles around the foot and ankle are shown in Table 46.1 and in Figure 46.2. 
Tere was hypoaesthesia on the sole of the foot, but she had protective sensation. 

(A) (B) (C) 

Figure 46.1 (A)  Forefoot adduction and hindfoot varus of the right foot in a child with low-level 
spina bifda. The right lower limb is shorter and the foot is smaller than the left, and the girth 
is also less on the right. (B)  Hind foot varus is seen on the right. (C)  The ankle can be passively 
dorsif exed up to neutral. Claw toes and cavus are evident when the foot is not bearing weight. 
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Essential Paediatric Orthopaedic Decision Making 

Template 

Muscle Power 
(MRC. Grade) 

Grade V 

S 

TA 

A 

TP 
PL 

PB 

EHL EDL 

T-Ach 

A' 

Grade IV 

Grade III 

Grade II 

Grade I or 0 

S' 

Figure 46.2 Muscle power of muscles acting on the foot and ankle. 

Table 46.1 Power of Muscles Acting on the Foot and Ankle 

Joint Muscle Power Consequence 
(MRC Scale) 

Ankle Tibialis anterior Grade 3- Foot drop during swing 

Gastroc-soleus  Grade 5 Muscle imbalance between dorsifl exors 
and plantarfl exors of the ankle 
leading to early contracture of the 
Achilles tendon 

Subtalar Tibialis anterior Grade 3- Forefoot adduction 
joint & 
mid-tarsal 
joints 

Tibialis posterior 

Peroneus longus 

Peroneus brevis 

Grade 5 

Grade 0 

Grade 0 

Hindfoot varus 
Muscle imbalance between invertors 
and evertors 

Toes  Intrinsic muscles Grade 0 Claw toes 

Flexor digitorum longus 
Flexor hallucis longus 

Extensor digitorum 
longus 

Grade 5 

Grade 5 

Cavus 
Muscle imbalance between the 
intrinsic and extrinsic muscles acting 
on the toes 

Extensor hallucis longus 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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The Paralysed Foot 

The Problems That Need to Be Addressed Are 
•  Deformities 

⚬  Hindfoot varus 
⚬  Forefoot adduction 
⚬  Cavus 
⚬  Claw toes 

• Muscle imbalance across the ankle and subtalar axes 
• Abnormal gait pattern 

⚬ Poor ankle dorsifexion in the swing phase 
⚬ Varus deviation of the foot during the entire gait cycle 

The Aims of Treatment in This Child Are to 
•  Correct deformities 
• Restore muscle balance 

Options for Treatment to Fulfil Each Aim 
•  Correcting deformities 

⚬ Release structures contributing to the deformity (e.g., tibialis posterior) 
⚬  Osteotomies 

• Restoring muscle balance 

⚬  Tendon transfer 
⚬  Tendon release 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The age of the child 
• The severity and suppleness of the deformities 
• Power of the muscles of the foot and ankle 

 Te choice of treatment based on these factors is outlined in Table 46.2. 

Table 46.2 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Age of the child 5-year-old  Rebalancing of muscle power at this age can 
prevent progression of the deformity and also 
prevent the deformity from becoming rigid. 

The child may just be old enough to co-operate 
with rehabilitation after a tendon transfer. 

Severity and The deformities Soft tissue release should enable deformity 
suppleness of are supple and correction; there is no role for osteotomies at 
deformities not severe this stage. 

(Continued) 
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Essential Paediatric Orthopaedic Decision Making 

Table 46.2 (Continued) 

Factors Treatment Implications 

Power of muscles 
around the foot 

As shown in Table 
46.1 

Since the tibialis posterior has Grade 5 power it is 
suitable for transfer. 1 

and ankle Furthermore, the tibialis posterior is the major 
deforming force contributing to the hindfoot 
varus; transferring it will remove this force and 
facilitate deformity correction. 

The choice of tendon transfer and the point of 
attachment of the transferred tendon will be 
determined by the muscle power of opposing 
muscles ( Figure 46.3 ). 2 

Figure 46.3 Restoring muscle balance across the ankle and subtalar axes by transfer of the tibi-
alis posterior. 

How Was This Child Treated? 

 Te child was treated with a tibialis posterior transfer to the dorsum of the foot. Under general 
anaesthesia with a tourniquet infated, the foot was examined. It was noted that the ankle could 
be dorsifexed to 10 degrees beyond neutral, and hence lengthening of the gastroc-soleus was not 
done. A short incision was made, centred over the tuberosity of the navicular. Te tendon of the 
tibialis posterior was detached from the navicular bone, and all the slips to other tarsals were 
divided. Te tendon was tagged with a stay suture. A second incision was made on the medial 
aspect of the leg at the junction of the distal fourth and the proximal three-fourths of the leg, 
and the free end of the tibialis posterior tendon was drawn into the wound. A third incision was 
made on the dorso-lateral aspect of the foot. Te tendon of the tibialis posterior was tunnelled 
in the subcutaneous plane and withdrawn into the third wound. Osteo-periosteal f aps were 
raised at the site chosen for attaching the transferred tendon. Te foot was held in eversion with 
the ankle in 10 degrees of dorsifexion, and the tibialis posterior tendon was anchored under the 
osteo-periosteal faps under tension with non-absorbable sutures. Te wounds were closed, and 
a below-knee cast was applied with the foot dorsifexed and everted. 
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The Paralysed Foot 

Post-Operative Management 

 Te cast was retained for six weeks. Afer cast removal, physiotherapy aimed at re-educating the 
transferred muscle was commenced. A sof-lined ankle-foot orthosis (AFO) was worn when she 
was ambulant. At three months, the foot was plantigrade with no hindfoot varus. Te cavus and 
clawing of the toes were no longer evident on weight-bearing (Figure 46.4). 

Figure 46.4 The foot is plantigrade, and the deformities have been well corrected. 

Follow-Up

 Tis child will be followed up till skeletal maturity to monitor the foot for early signs of recur-
rence of the hindfoot varus deformity. 
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  CASE 47 :  THE PARALYSED SHOULDER IN THE CHILD 

 Hitesh Shah 

 Case 

 A 10-year-old boy presented with diffi  culty in getting his hand to his mouth to feed himself. He 
was born by a diffi  cult vaginal delivery; there was history suggestive of shoulder dystocia. Soon 
aft er birth, there was no spontaneous voluntary movement of the right upper limb; however, 
he recovered signifi cantly over time. At the age of 10, his hand function including grasp and 
release was normal. Muscle power at the elbow, wrist and hand were normal. Shoulder abduc-
tor, internal rotator and fl exor power was good. He had a severe internal rotation contracture of 
the shoulder. He could raise his arm completely with the arm in internal rotation ( Figure 47.1a ), 
but he could not externally rotate his shoulder at all or take his hand to the back of the neck 
(F igure 47.1b) . While attempting to get his hand to his mouth, he displayed a severe trumpet sign 
( Figure 47.1c ).  

(A)

Fig  ure 47.1  The boy can raise both his arms above his head; the right arm is internally rotated. 
The right upper limb is shorter than the left (A). External rotation of the right shoulder is not 
possible (B), and on attempting to get his hand to his mouth the shoulder abducts and a severe 
trumpet sign develops (C). 
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 Te medial border of the scapula became prominent on attempted passive external rotation 
(positive Putti sign). Te humeral head was palpable posteriorly and became more prominent 
on internally rotating the shoulder passively; radiographs confrmed posterior subluxation of 
the right shoulder. 

Questions 
• What is this boy’s shoulder function on the Mallet scale? 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this boy af er treatment? 
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The Paralysed Shoulder in the Child 

Shoulder Function on the Mallet Scale 
 Te function in this boy fts into Mallet Grade 2 with the exception of active abduction which is 
near normal.1 

• Mallet Grade 2: 

⚬ Active abduction ≤30° 
⚬ Zero degrees of external rotation 
⚬ Hand to back of neck impossible 
⚬ Hand to back impossible 
⚬ Hand to mouth with marked trumpet sign 

The Problem That Needs to Be Addressed Is 
• Inability to get his hand to his mouth without having to abduct his shoulder 

The Aim of Treatment in This Boy Is to 
• Enable him to get his hand to his mouth without having to abduct his shoulder by 

improving external rotation of the shoulder 

Options for Treatment to Fulfil This Aim 
• Correction of internal rotation deformity 

⚬ Release of internal rotator contracture 
⚬ Release of internal rotator contracture and latissimus dorsi and teres major 

transfer to infraspinatus 
⚬ External rotation osteotomy of the proximal humerus 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Severity of internal rotation deformity of the shoulder 
• Presence of posterior instability of the shoulder 

  Te choice of treatment based on these factors is shown in Table 47.1. 

Table 47.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 10 years old Contracture release and tendon transfers performed in a 
young child may prevent dysplastic changes in the 
shoulder from developing or progressing. 2 This child is 
10 years old, and the shoulder is already dysplastic; this 
favours an external rotation osteotomy of the humerus. 3,4 

(Continued) 
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Table 47.1 (Continued) 

Factors Treatment Implications 

Severity of internal Severe 
rotation deformity deformity 
of the shoulder 

Presence of posterior 
instability of the 
shoulder 

A severe deformity may not get fully corrected by release 
of contracted soft tissues alone, in which case additional 
surgery on the humerus may be needed. Since any 
degree of internal rotation contracture can be corrected 
by a humeral derotation osteotomy, this is the preferred 
option. 

Tendon release and transfer are indicated before shoulder 
instability develops. Since the child is already 10 years 
old with established shoulder instability, tendon surgery 
may not be effective. 

How Was This Boy Treated? 

 Te boy was treated with an external rotation osteotomy of the humerus. Te osteotomy was 
performed proximal to the deltoid insertion; the distal fragment was rotated 45° externally and 
fxed with a dynamic compression plate (Figure 47.2). Te adequacy of rotational correction was 
checked before wound closure by moving the draped hand to the mouth over the drapes with 
the arm at his side. 

Figure 47.2 Derotation osteotomy of the humerus has been performed and fxed with a plate 
and screws. 

Post-Operative Management 

 Te arm was immobilised in a shoulder sling for six weeks. Afer union of the osteotomy, range-
of-motion exercises were started. 
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The Paralysed Shoulder in the Child 

Follow-Up 

He was reviewed one year afer surgery. He was able to raise his arms above his shoulders (Figure 
47.3a), get his hands to the back of the head (Figure 47.3b) and take his hand to his mouth with-
out a trumpet sign (Figure 47.3c). Te child needs to be followed up till he is skeletally mature. 

(A) (B) (C) 

Figure 47.3 One year following surgery, he can raise his arms (A), take his hands to the back of 
his head (B) and get his hand to his mouth without a trumpet sign (C). 

Comment 

One indication to opt for a derotation osteotomy of the humerus over tendon transfers is the 
presence of glenoid dysplasia and distortion of the humeral head confrmed with CT or MRI 
scans. 
Scans were not done in this boy as a decision to perform a humeral derotation osteotomy was 

taken irrespective of the status of the glenoid and the humeral head, on account of the severity 
of the internal rotation deformity of the shoulder. 
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 CASE 48:    THE PARALYSED ELBOW  –  MANAGEMENT OF EXTENSOR 
PARALYSIS 

 Binu P Thomas 

 Case 

 A 4-year-old girl presented with inability to actively extend her right elbow since birth and pro-
gressive fl exion deformity of the elbow. She had brachial plexus birth palsy and had previously 
undergone surgery (a modifi ed Hoff er’s procedure) at the age of two years with good improve-
ment of active shoulder abduction and external rotation. Her parents noticed that the child was 
reluctant to abduct her shoulder. 

 On examination, the Horner’s sign was negative, and the radial pulse was normal. Th e right 
upper limb was hypoplastic ( Figure 48.1 ), and there was a fl exion deformity of the elbow of 20 
degrees. Th e power of muscles of the upper limb is shown in  Table 48.1 .   

  Table 48.1  Power of the Muscles of the Right Upper Limb  

  Region    Muscle    Power (MRC Grade)  

 Scapulo-thoracic  Trapezius  4 

 Rhomboids  4 

 Shoulder  Pectoralis major  4 

 Supraspinatus  4 

 Infraspinatus  4 

 Deltoid  4 

 (Continued)

DOI: 10.1201/9781003106920-55

  Figure 48.1  Preoperative photograph of a 4-year-old child with right-sided brachial plexus birth 
palsy showing active elbow fl exion when she attempts to bring the hand to the mouth. 
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Essential Paediatric Orthopaedic Decision Making 

Table 48.1 (Continued) 

Region Muscle Power (MRC Grade) 

Elbow Biceps 4 

Brachialis 4 

Brachioradialis 3 

Triceps  0 

Wrist  Wrist fl exors 3 

Wrist extensors 3 

Extrinsic muscles of hand Finger fl exors 3 

Finger extensors 3 

Intrinsic muscles of hand 4 

When asked to abduct both her shoulders, she was reluctant to abduct her right shoulder fully 
(Figure 48.2); following repeated requests, she did abduct the shoulder, but the elbow dropped 
into uncontrolled fexion with the hand almost hitting her face. 

Figure 48.2 Photograph of the same patient as she attempts to extend the elbow for overhead 
activity shows the weakness of elbow extension. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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The Paralysed Elbow 

The Problems Related to the Limb That Need to Be Addressed in This Young Girl Are 
• Instability of the elbow and weakness of extension (resulting in the child’s reluctance 

to actively abduct shoulder above 90 degrees for fear of the hand hitting her face with 
uncontrolled elbow f exion) 

• Inability to perform bilateral overhead activity 
•  Progressive fexion deformity of the elbow 

The Aim of Treatment in This Child Is to 
• Enable overhead activity by: 

⚬ Providing active extension of elbow 
⚬ Providing elbow stability during overhead activity 

Options for Treatment to Fulfil Each Aim 
• Restoring active elbow extension 

⚬  Tendon transfer 

◽ Latissimus dorsi transfer to triceps 
◽ Deltoid to triceps transfer 
◽ Biceps to triceps transfer 

⚬ Free muscle transfer 
⚬  Nerve transfer 

• Stabilisation of elbow 

⚬ Restoring power of elbow extension 
⚬  Elbow arthrodesis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

The factors that infl uenced the choice of treatment of the nerve injuries were: 

• Age of the child 
• The interval between the injury and intervention 
• The nature of previous surgery 
• Degree of f exion deformity of the elbow 
• Functional impairment and potential complications of the surgical procedure 
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Essential Paediatric Orthopaedic Decision Making

 Te choice of treatment based on these factors is shown in Table 48.2. 

Table 48.2 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The age of the child 4 years old By the age of 4 years, fl exion deformity of the 
elbow of 20 degrees has developed; this is 
likely to progress unless muscle balance 
across the elbow is restored. 

An arthrodesis of the elbow could damage the 
growth plates of the distal humerus and 
proximal ulna, and this would result in 
signifi cant shortening as there are almost 10 
years of growth remaining. 

Interval between nerve 4 years As four years have elapsed since the nerve injury, 
injury and intervention any procedure that restores nerve continuity 

will not improve muscle power as the motor 
end plates would have degenerated. 

The nature of previous Modifi ed Hoffer The latissimus dorsi was transferred to restore 
surgery and muscles procedure done external rotation of the shoulder and hence 
available for transfer previously and is no more available for transfer. 

now the biceps The biceps can be transferred; 1–3 this would 
and brachialis are decrease the deforming force at the elbow 
functioning well and improve muscle balance. 

Degree of fl exion Mild deformity The options for tendon transfers in the 
contracture of the presence of mild fl exion contracture include 
elbow the deltoid-to-triceps transfer (Moberg) and 

a biceps-to-triceps transfer. 4 The latter 
procedure is simpler. 

Functional impairment Permanent elbow Arthrodesis of the elbow is not a good option 
and potential stiffness as it produces a stiff elbow and could affect 
complications of Growth plate the growth of the arm as well. 
surgical procedure damage 

How Was This Child Treated? 

Using a medial longitudinal incision, the biceps tendon was dissected (Figure 47.3). T e branch 
of the musculocutaneous nerve to the biceps was identifed and protected. Te biceps tendon was 
then tenotomised. 

Figure 48.3 Intraoperative photograph showing the harvest of the biceps tendon using two 
incisions—a transverse incision at the elbow fexion crease for disinserting the biceps tendon, 
and a second incision at the medial arm for retrieving the biceps tendon and carefully dissect-
ing the muscle, ensuring a relatively straight line of transfer to the triceps insertion. The nerve 
branches to the biceps from the musculocutaneous nerve are identifed and carefully protected. 
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The Paralysed Elbow 

Another incision was made on the posterior aspect of the elbow and triceps tendon, and inser-
tion was identifed (Figure 48.4). Te biceps tendon was retrieved through this incision and 
sutured to the triceps insertion with osteo-periosteal sutures (Figure 48.5). 

Figure 48.4 A posterior incision is made at the insertion of the triceps on the olecranon, and 
the biceps muscle is subcutaneously tunnelled from the medial arm incision. 

Figure 48.5 The biceps tendon is woven through the triceps using a Pulvertaft weave and osteo-
periosteal non-absorbable sutures with the elbow in maximum extension and optimum tension. 365 



 

 
  

 

  

  

    

 

  
   

  
    

 

  
     

 
  

 
  

  
  

 
     

  

  
 

  

    

Essential Paediatric Orthopaedic Decision Making 

 Te wound was closed, and an above-elbow posterior splint was applied with the elbow in extension. 

Post-Operative Management 

 Te splint and sutures were removed at four weeks, and gentle active extension and guarded 
fexion commenced. A thermoplastic splint was fabricated and continued for a further period of 
four weeks while the child was undergoing physiotherapy. 

Follow-Up

 Te patient demonstrated very good active extension of the elbow with improvement of active 
shoulder movements. She was able to abduct the shoulder with the elbow in extension to perform 
overhead activities (Figure 48.6). 

Figure 48.6 Post-operative follow-up photograph of the patient demonstrating good elbow 
extension and improved shoulder abduction. 

Comment 

 Te transfer of biceps to triceps contravenes the laws of tendon transfers as it is a non-phasic 
transfer.5 Despite this, the transfer restored active extension of the elbow while the brachialis 
could actively fex the elbow in this child.
 Tis procedure has been described in management of tetraplegia,1 but is also a useful tendon 

transfer in treating birth palsies, particularly when fexion deformity at the elbow is negligible. 
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 –  CASE 49 : THE PARALYSED UPPER LIMB TRAUMATIC TOTAL 
BRACHIAL PLEXUS INJURY WITH PARTIAL RECOVERY 

Binu P Thomas 

Case 

A 7-year-old boy child sustained a right traumatic brachial plexus palsy following a fall from a 
tractor. His right upper limb was completely paralysed initially but over the course of two years 
had some patchy recovery with some return of shoulder and elbow function. He was seen at our 
hospital two years afer the injury with weakness of the limb and very poor upper limb function. 
His ability to perform normal activities of daily living was severely compromised.
 Te power of all muscle groups of the upper limb was tested by manual muscle testing and 

recorded ( Table 49.1 ). 

Table 49.1 Power of the Muscles of the Right Upper Limb 

Region Muscle Power (MRC Grade) 

Scapulo-thoracic Trapezius  5 

Rhomboids 5 

Shoulder Pectoralis major 3 

Supraspinatus 4 

Infraspinatus 4 

Latissimus dorsi 2 

Deltoid 4 

Elbow Biceps 3 

Triceps  0 

Wrist  Wrist fl exors 0 

Wrist extensors 3 

Extrinsic muscles of hand Finger and thumb fl exors 0 

Finger and thumb extensors 0 

Intrinsic muscles of hand 0 

Partial recovery of the deltoid and biceps brachii enabled abduction of the shoulder and elbow 
fexion (Figure 49.1 and  49.2). Te Horner’s sign was negative, and the radial pulse was normally 
palpable. Hypoaesthesia was present in C5 to T1 dermatomes. 

Figure 49.1 Photograph of a child with traumatic brachial plexus injury showing partial recovery 
of abduction of the shoulder and elbow f exion. 

DOI: 10.1201/9781003106920-56 367 
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Essential Paediatric Orthopaedic Decision Making 

Figure 49.2 The child recovered enough to hold the limb in 90 degrees of shoulder abduction 
and elbow f exion by the functioning deltoid and biceps. There is no active elbow extension. 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
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The Paralysed Upper Limb 

The Problems That Need to Be Addressed Are 
• Lack of active elbow extension 
• Instability of the wrist and the thumb 
• Grasp and release not possible due to: 

⚬ Lack of active wrist and f nger f exion 
⚬ Lack of active fnger and thumb extension 

The Aims of Treatment in This boy Are to 
• Restore active elbow extension 
• Enable grasp and release by: 

⚬ Providing a stable thumb and wrist 
⚬  Restoring f nger f exion and 
⚬  Restoring fnger and thumb extension 

Options for Treatment to Fulfil Each Aim 
• Restoring active elbow extension 

⚬ Moberg transfer of posterior deltoid to triceps with a fascia lata graf 
⚬ Biceps to triceps transfer 

• Stabilising the thumb and wrist 

⚬ Tendon transfers to stabilise thumb and wrist 
⚬ First carpo-metacarpal fusion and wrist fusion 

•  Restoring f nger f exion 

⚬ Free functioning muscle transfer with proximal reinnervation 
⚬ Biceps to fexor digitorum profundus (FDP) transfer via fascia lata graf 

•  Restoring fnger and thumb extension 

⚬ Transfer of one of the wrist extensors to restore fnger and thumb extension 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Interval between injury and reconstructive surgical intervention 
• Functioning muscles available for transfers 

 Te choice of treatment based on these factors in outlined in Table 49.2. 

Table 49.2 Factors That Influenced the Choice of Treatment 

Factors Treatment Implications 

Interval between Two years Further spontaneous recovery cannot be expected 
injury and beyond two years after the injury. 
reconstructive Surgery on the brachial plexus to restore its 
surgical continuity is not justifi ed as motor end plate 
intervention degeneration of the paralysed muscles would 

have occurred by two years. 

(Continued) 
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Table 49.2 (Continued) 

Factors Treatment Implications 

Functioning Only rhomboids Ideally, muscles that are transferred to restore 
muscles 
available for 

and the 
trapezius have 

function should have Grade 5 power. 
Weaker muscles may be transferred as a means of 

transfers Grade 5 restoring muscle balance or to act as a tenodesis. 
power on the 
MRC scale 

For such extensive paralysis as in this boy, a 
combination of joint fusions, tenodesis and free 
muscle transfers will be needed. 

How Was This Child Treated? 

Staged reconstructive procedures were planned and discussed with the boy’s parents. T ey were 
willing to cooperate with the protracted treatment, and so we proceeded with the f rst stage. 

Stage 1 
 Te posterior part of deltoid muscle was isolated and by a fascia lata graf was transferred to the 
triceps tendon (Figure 49.3) to provide elbow extension (Moberg procedure).1 

Figure 49.3 Intraoperative photograph showing the transfer of half of the deltoid muscle to the 
triceps using a fascia lata graft. 

Stage 2 
A sural nerve free graf was harvested and neurotised to 2, 3 and 4 intercostal nerves ( Figure 49.4 ). 
Te nerve graf was tunnelled subcutaneously across the axilla up to the elbow on the medial aspect 
and tagged and lef for anastomosing to the nerve of the free muscle transfer at the next stage. 

Figure 49.4 Intraoperative photograph showing the harvest of the intercostal nerves from the 
chest and extended with a sural nerve graft. 
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The Paralysed Upper Limb 

Stage 3 
 Te boy was carefully followed up at six monthly intervals. When the Tinel’s sign was detected 
at the distal free end of the sural nerve graf at the elbow, we proceeded with the next stage of 
reconstruction.
 Te gracilis muscle2 was harvested with its neurovascular pedicle and transferred to the fore-

arm. Te proximal end was sutured to the common f exor origin at the medial epicondyle and 
distal end to the f exor digitorum profundus (FDP) and f exor pollicis longus (FPL) tendons to 
provide f nger fexion (Figure 49.5a, 5b  and  49.6). 

(A) (B) 

Figure 49.5 (A) Intraoperative photograph showing the skin marking for the gracilis free muscle 
harvest. Note the markings for the neurovascular bundle entering the muscle about four f nger 
breadths from the pubic tubercle.  (B) Intraoperative photograph showing the harvest of the 
gracilis muscle from the medial aspect of the thigh. 

Figure 49.6 Intraoperative photograph showing the inset of the gracilis in the forearm. The 
gracilis is attached to the common fexor origin proximally and to the fexor digitorum profundus 
and f exor pollicis longus distally. 

Stage IV
 Te carpometacarpal joint of the thumb was arthrodesed to provide a stable thumb in abduction 
using two parallel K-wires.3 

Stage V 
 Te extensor carpi radialis longus, though weak, was transferred to extensor digitorum and 
extensor pollicis longus to provide fnger extension or at least to provide a tenodesis ef ect. T is 
may not be in accordance with the rules of tendon transfers,4 but since no other options were 
available, this surgery was done. 

Postoperative Management 

Each stage required intensive supervised physical therapy in the post-operative period. 
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Follow-Up

 Te reconstructive procedures were done over a span of nine years to avoid too much disruption 
of his schooling. 
At the fnal follow-up, the patient had reasonable function of the right upper limb including 

elbow extension, fnger and thumb fexion and grasp (Figures 49.7 and  49.8). Videos d emon-
strate progressive improvement and f nal function. 

(A) (B) 

Figure 49.7 The follow-up photographs showing the full elbow extension following the Moberg 
transfer. 

(A) (B) 

Figure 49.8 The follow-up photographs showing fnger and thumb fexion and the ability to 
hold objects (the dynamometer). Note the scar over the chest from where the intercostal nerves 
were harvested and the gracilis f ap in the forearm. 
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The Paralysed Upper Limb 
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 – CASE 50 : THE PARALYSED HAND  ULNAR AND MEDIAN NERVE PALSY 

Binu P Thomas 

Case 

A 5-year-old girl presented with history of having fallen onto a sharp object and lacerated her 
right wrist three months ago. Te wound was initially treated at a local clinic, where it was 
cleaned and sutured. She complained of difculty in using her right hand with loss of sensation 
on the palm. 
On examination, there was a 4 cm long healed transverse scar on the fexion crease of the 

wrist. Tere was a total claw hand deformity with all four digits hyperextended at the metacarpo-
phalangeal (MCP) joints and fexed at the inter-phalangeal (IP) joints. Te thumb was adducted 
and supinated. Tere was wasting of both the thenar and hypothenar eminences (Figure 50.1). 
Te power of the fexor digitorum superfcialis (FDS) and the fexor digitorum profundus (FDP) 
was Grade 4 on the MRC scale. Power of all the intrinsic muscles of the hand was Grade 0. T ere 
were no sensations on the entire palm. 

(A) (B) 

Figure 50.1 (A) Active fexion of the interphalangeal joints of the fngers and thumb indicating 
that the long f exor tendons are intact. (B) Clawing of the f ngers and the scar over the wrist are 
clearly seen. 
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Essential Paediatric Orthopaedic Decision Making 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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The Paralysed Hand 

The Problems Related to the Hand That Need to Be Addressed Are 
•  Deformity 

⚬ Total claw hand 
⚬ Adducted supinated thumb 

• Loss of sensation of: 

⚬ Median nerve area 
⚬ Ulnar nerve area 

• Loss of intrinsic power of: 

⚬ Radial two lumbricals and thenar intrinsics innervated by median nerve 
⚬ Hypothenar intrinsics, interossei, adductor pollicis and medial two lumbricals 

supplied by ulnar nerve 

The Aims of Treatment in This Child Are to 
• Correction of deformities of the fngers and thumb 
• Restore intrinsic muscle power 
• Restore protective sensation in the palm of the hand 

Options for Treatment to Fulfil These Aims 
• Correction of the deformity of the fngers and hand 

⚬ Claw correction by tendon transfers 
⚬ Claw correction by static procedures 
⚬  Opponensplasty 
⚬ 1st carpo-metacarpal joint (CMC) joint fusion 

• Restore intrinsic muscle power and sensation by reconstruction of the injured nerves 

⚬  Nerve repair 
⚬  Nerve graf ing 
⚬ Neurotisation of branches of superfcial radial nerve for critical sensation in 

thumb and index pulp 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

The factors that infl uenced the choice of treatment of the nerve injuries were: 

• The age of the child 
• Time elapsed from the date of the injury 
• The nature of injury 
• Presence of associated loss of sensation 
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 Te choice of treatment based on these factors is shown in Table 50.1. 

Table 50.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 5 years old Nerve recovery following nerve repair or grafting 
is very good in young children. 1 

Time elapsed from 3 months Three months after the injury, direct neurorrhaphy 
the date of the will not be possible; a nerve graft will be 
injury needed to bridge the gap after excision of 

neuroma and glioma for both nerves. 2 
Tendon transfers or other static procedures 

should be considered only if nerve procedures 
are not feasible or when it has crossed the 
critical limit of delay. 

The nature of injury Laceration by a sharp Since it was an open laceration with a sharp 
object object resulting in neurotmesis and not a 

neurapraxia or axonotmesis, there is no point in 
anticipating natural recovery. 3 

Presence of Loss of both median Since sensation can be restored only by nerve 
associated and ulnar nerve repair procedures, nerve reconstruction is the 
sensory loss sensation in the hand preferred option rather than tendon transfers. 

How Was This Girl Treated? 

Using a curvilinear incision, the wrist was explored. Te median and ulnar nerves were found 
to be transected, with proximal neuromas and distal gliomas and a gap of about 5 cm between 
the cut ends. 
 Te neuromas and gliomas were excised. Te sural nerve was harvested from the lef leg, and 

the nerve defects were grafed with four cables ensuring fascicular alignment4,5 under the oper-
ating microscope using 10-0 sutures. 

Post-Operative Management 

A below-elbow plaster-of-Paris splint was given with the wrist in 30-degree fexion for four 
weeks followed by gentle range of motion exercises and active intrinsic exercises. She was given a 
custom-made knuckle bender splint, and she wore it till she was able to hold the f ngers actively 
in the lumbrical position.6 

Follow-Up 

Good recovery of the intrinsic muscles occurred by nine months (Figure 50.2). T e sensation 
recovered till she had a two-point discrimination of 4 mm in the autonomous areas of the ulnar 
and median nerve. She had no residual deformity on follow-up afer nine years. Further follow-
up was not considered necessary. 
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The Paralysed Hand 

(A) (B) 

(C) 

Figure 50.2 Hand function at follow-up showing that the clawing has been corrected (A). She 
can actively hold the hand in the lumbrical position, indicating that active fexion of the MCP 
joints and active extension of the IP joints have been restored (B). She can oppose the thumb (C). 
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– CASE 51: THE SPASTIC FOOT AND ANKLE SPASTIC 
EQUINOVARUS FOOT 

David A Spiegel 

Case 

An 11-year-old girl with a diagnosis of lef hemiplegic cerebral palsy (GMFCS 1) presented for 
evaluation and treatment of a progressive deformity of the lef foot. She was ambulating inde-
pendently with an articulated ankle-foot orthosis (AFO), and was receiving physical therapy at 
school two to three times per week and once a month in the hospital as an outpatient. Previous 
treatment had included physical therapy involving a home stretching program, Botox injections, 
and serial casting. 
She was concerned that her foot was turning in, that she was walking up on her toes, and that 

she ofen trips and falls. She had recently developed brace intolerance with pain and skin irrita-
tion over the dorso-lateral aspect of her lef hindfoot, over the talar head and the anterior process 
of the calcaneus. Tere was also pain related to her knee bending backwards during ambulation. 
On physical examination, she had equinovarus deformity of the lef foot (Figure 51.1) which 

was moderately rigid; the foot could be passively abducted only to neutral. On the Silfverskiold 
test, her dorsifexion was −10° with the knee fexed and −25° with the knee extended. T ere was 
mild mid-foot cavus with contracture of the plantar fascia. Te muscle tone in the gastrocsoleus, 
tibialis anterior, and tibialis posterior was graded as a 1 on the Modifed Ashworth Scale. She had 
good distal motor control. Te muscle strength of the invertors was MRC grade 4+, while the 
power of evertors was grade 3. T e lef leg was 2 centimetres shorter than the right. 

Figure 51.1 Clinical photo showing the equinovarus deformity of the left foot. 

On observational gait analysis while walking barefoot, she had a lef drop foot during the swing 
phase which was compensated by fexing more at the hip and knee to achieve clearance. Her lef 
foot was supinated during both the swing and stance phases of gait. Initial contact was made on 
the lateral border of the forefoot in the region of the distal f fh metatarsal. During stance, she 
rolled onto the lateral border of her foot. Instrumented gait analysis showed that the tibialis ante-
rior muscle was active throughout the gait cycle (i.e. during both the swing and stance phases). 
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Essential Paediatric Orthopaedic Decision Making 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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The Spastic Foot and Ankle 

The Problems That Need to Be Addressed Are 
• Contracture of the sof tissue structures on the postero-medial aspect of the ankle 

and foot and the plantar fascia that prevent passive correction of the deformity 
• Muscle imbalance between strong invertors and weak evertors that contribute to the 

deformity and predispose to recurrence following correction of deformity 
•  Difculty with foot clearance during the swing phase 
• Poor stability during stance phase 
• Discomfort with her orthosis 

The Aims of Treatment Were to 
• Correct the deformity of the foot and restore range of motion (dorsif exion and 

eversion) 
• Balance muscle forces; thereby prevent recurrence of deformity 
• Enable the child to walk comfortably in her orthosis and relieve pain due to hyperex-

tension of her knee 
• Improve ambulation by improving the gait aberrations and relieving pain 

Options for Treatment 
• Correcting the deformity of the foot and restoring the range of motion 

⚬  Nonsurgical 

◽  Serial casting 

⚬  Surgical 

◽  Sof tissue lengthening  with or without tendon transfer 
◽  Mid-tarsal osteotomies 
◽  Triple fusion 

• Preventing recurrence of deformity afer achieving correction 

⚬ Tendon transfer of an invertor to the lateral side of the foot 

◽ Tibialis anterior transfer 

• Split tibialis anterior transfer 
• Complete transfer of the tibialis anterior 

◽ Tibialis posterior transfer 

• Split tibialis posterior transfer 
• Complete transfer of the tibialis posterior 

• Enabling the child to walk comfortably in her orthosis and relieve pain by correcting 
the deformity 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• The underlying disease and its natural history 
• Muscle imbalance and abnormal phasic activity of the invertors 
• The age of the child 
• The severity of deformity 
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 Te choice of treatment based on these factors is shown in Table 51.1. 

Table 51.1 Factors That Influenced Choice of Treatment 

Factors Treatment Implications 

The underlying disease Cerebral palsy with The results of tendon transfers in 
and its natural history spasticity cerebral palsy are less predictable 

than in conditions with lower motor 
neurone paralysis. In spite of this, a 
tendon transfer is justifi ed as 
persistence of muscle imbalance will 
predispose to relapse of the 
deformity. The tendon transfer 
removes a deforming force and 
converts it into a corrective force. 

However, in the presence of spasticity, a 
complete tendon transfer may result 
in overcorrection, so a split tendon 
transfer is the preferred option. 

Muscle imbalance Observational gait Continuous tibialis anterior activity 
analysis and through stance and swing phases of 
instrumented motion gait indicates that the tibialis anterior 
analysis study is contributing to the deformity. 

Hence a split tibialis anterior transfer 
is the preferred option. 

The age of the child 11 and 6 months The potential for relapse is low in older 
children who have little growth 
remaining. Data from one study on 
split tibialis posterior tendon transfers 
suggest that the risk of failure is 
greater in patients younger than 8 
years of age at the time of surgery 
and in non-ambulators.1 The age of 
this child is favourable for a 
satisfactory result after a tendon 
transfer. 

The severity of Moderate An important principle of tendon 
deformity transfer is that adequate range of 

motion be restored prior to the 
procedure. In this child, restoration of 
dorsiflexion and eversion is mandatory 
before performing a tendon transfer. 

The options for restoring range of 
motion include soft tissue lengthening 
or release, osteotomies, or rarely 
arthrodesis. In this child, soft tissue 
lengthening is likely to be suffi cient to 
restore motion prior to transfer. As the 
deformity is not severe, osteotomies 
of the midfoot and hindfoot may be 
avoided. 
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The Spastic Foot and Ankle 

How Was This Child Treated? 
• Restoration of range of motion 

⚬ Plantar fascia release 
⚬ Achilles tendon lengthening 
⚬ Z-lengthening of tibialis posterior tendon 
⚬ Intramuscular lengthening of the fexor digitorum longus and the f exor hal-

lucis longus tendons because the dorsifexion of all the toes was restricted 
afer the equinus was corrected 

• Balancing of muscle forces 

⚬ Split tibialis anterior tendon transfer to the cuboid and anchored with an 
interference screw (Figure 51.2) 

Tendon split 

Tendon tuneller 
passed through the 
tendon sheath 

Umbilical tape 
grasped and 
withdrawn into 
proximal wound 
to complete the 
split in the tendon 

Transferred half of 
the tendon anchored 
to the bone at the 
chosen site 

Medial half of the 
tendon is not 
disturbed 

Lateral half of the 
tendon detached 
from its insertion 
and withdrawn 
into proximal 
wound 

Tendon re-routed 
under extensor 
retinaculum 

Umbilical tape 
passed through 
the split in the 
tendon 

Figure 51.2 Diagrammatic representation of the steps of performing a split tibialis anterior 
transfer. ( Reproduced from  Paediatric Orthopaedics—A system of decision-making 2nd Edition.) 

  Te split tibialis anterior tendon transfer was performed through three incisions,2–4 although a 
two-incision technique has been reported.5,6 One half of the tendon was harvested of the proxi-
mal frst metatarsal, brought out anteriorly just above the ankle, and then tunnelled subcutane-
ously into a drill hole in the cuboid. Afer the tendon was placed into the tunnel in the cuboid, 
it was anchored with an interference screw.7 Others have transferred the tendon to the peroneus 
tertius4 or the f fh metatarsal base. 8 Te technique of anchoring the tendon to the cuboid is most 
commonly achieved by using sutures over a button on the plantar surface of the foot. Since it 
was recognised that problems such as skin breakdown are common with this technique, and that 
early weight-bearing is desirable, an interference screw was used instead. 
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Post-Operative Management 

A short leg cast was applied in the operating room and was maintained for six weeks. Weight-
bearing was not permitted till the cast was removed. At eight months follow-up, the deformity 
was well corrected (Figure 51.3), her strength was 90% of the contralateral extremity, and she 
was able to maintain single limb stance on the lef foot for 7 seconds. She no longer requires the 
use of an ankle-foot orthosis, and is able to run. She uses a 1-centimetre shoe lif to address her 
mild leg length discrepancy. 

(A) (B) 

(C) (D) 
Figure 51.3 Clinical photos at eight months follow-up. 

Comment 

 Te equinovarus deformity results from muscle imbalance between strong invertors and weaker 
evertors. Defning whether the tibialis anterior or tibialis posterior is the cause is challenging on 
clinical examination and instrumented motion analysis with dynamic EMG may help to answer 
this question. 9,10 While the tibialis anterior can be evaluated with surface electrodes on the skin, 
the tibialis posterior is deeper and requires placement of a thin wire electrode in the muscle belly. 
Dynamic EMG studies suggest that in one-third of children with hemiplegic cerebral palsy 

the tibialis anterior is responsible for the deformity, in one third the tibialis posterior is respon-
sible, and in one third both the muscles contribute to the deformity.10 
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The Spastic Foot and Ankle 

In the absence of dynamic EMG, indications for the split tibialis anterior tendon transfer have 
been based on observational gait analysis and the confusion test. Te confusion test (f exor with-
drawal test) is performed by asking the patient to fex the hip against resistance, and is positive 
when the ankle dorsifexes during this manoeuvre (Figure 51.4).11 

(A) (B) 

Figure 51.4 The confusion test: The child attempts to dorsifex her ankles. The left ankle 
does not dorsifex (A); when she fexes her left hip against resistance, the ankle dorsif exes (B). 
(Reproduced from Paediatric Orthopaedics—A system of decision-making 2nd Edition.) 

A positive confusion test indicates that the tibialis anterior is not paralysed and that dorsif exion 
is possible.11 Some surgeons consider a positive test as an indication to transfer the tibialis ante-
rior. However, it is important to be aware that a positive confusion test does not predict how the 
muscle will behave during the swing phase of gait.11 

Clinical indications for a split tibialis anterior tendon transfer with lengthening of tibialis 
posterior as done in this child (also referred to as the Rancho procedure) include: 

• Hindfoot varus with forefoot adduction in both swing and stance phases of gait, 
• Functioning tibialis anterior muscle defned by voluntary power or a positive confu-

sion test.5 

However, Michlitsch et al. suggest that the presence of hindfoot varus during dif erent phases 
of gait was not an accurate predictor of which muscle was responsible for dynamic equinovarus 
deformity.10 
Although many patients may need to continue with an AFO over the long term following this 

procedure, a subset are able to become brace-free as in this case. It is likely that afer the range 
of passive dorsifexion was restored, with therapy and hard work her pretibial muscles were 
strengthened sufciently to facilitate clearance during swing phase. Te child needs to be fol-
lowed up till she is skeletally mature. 
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– CASE 52: THE SPASTIC KNEE KNEE FLEXION IN SPASTIC 
CEREBRAL PALSY 

David A Spiegel 

Case 

A 12-year-old girl with spastic diplegia (GMFCS 3) presented complaining of progressive f exion 
and “rubbing together” of her knees with pain at the inferior pole of the patella. Her endurance 
had decreased. She was previously treated with injections of BOTOX to her adductors, gastroc-
nemius and hamstrings on two occasions, and also lengthening of her medial hamstrings with 
a non-selective recession of the gastrocnemius and soleus at the level of the mid-calf. She ambu-
lated with forearm crutches most of the time but occasionally used a walker, and relied on a 
wheelchair for long distances. She was doing well in school and wished to return to her previous 
level of function without pain. 
She had hyperrefexia and clonus, generalised lower extremity muscle weakness, poor distal 

motor control and poor balance when unsupported. She had mild spasticity in the gastrocne-
mius, rectus femoris and hamstrings. She had fexion contractures of the hips (20° right, 15° lef ), 
bilateral internal femoral torsion (80° medial rotation right, 70° medial rotation lef ), hamstring 
contractures with popliteal angles of 80° bilaterally, and fxed knee fexion deformities of 22° 
on the right and 27° on the lef. She had no signifcant tibial torsion. On the Silfverskiold test, 
she had an isolated contracture of the gastrocnemius. Observational gait analysis demonstrated 
severe fexion of both knees with very limited joint excursion throughout the gait cycle, scissor-
ing, f exion at the pelvis and hip, with a forward lean of the trunk (Figure 52.1,  a–c). She made 
initial contact with the forefoot on the right, and with the midfoot on the lef. Her right heel did 
not reach the ground while her lef foot collapsed into planovalgus. Radiographs of her knees 
showed patella alta and stress fractures at the inferior pole of the patella (Figure 52.1,  d, e). 

(A) (B) (C) 

Figure 52.1 Standing images from the front (A), side (B) and back (C) taken from her gait video 
illustrate the position of her body segments during ambulation, with fexion of the hips and 
knees, with equinus at the ankles. Radiographs of the knees, right side illustrated here, demon-
strate patella alta and a stress reaction/fracture at the inferior pole of the patella (D, E). 
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(D) (E) 

Figure 52.1 (Continued) 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this girl? 
• How long would you follow-up this girl af er treatment? 
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The Spastic Knee 

The Problems That Need to Be Addressed Are 
• Flexed-knee gait that has the propensity to progress 
• Anterior knee pain 
•  In-toeing gait 

She has both neurologic and musculoskeletal impairments at multiple levels contributing to the 
abnormal gait; the neurologic impairments which cannot be improved by orthopaedic interven-
tion include: 

• Increased muscle tone from spasticity 
•  Weakness 
• Impaired selective motor control distally 
•  Abnormal balance 

Musculoskeletal impairments that can be altered include: 
• Internal femoral torsion 
•  Hamstring contracture 
• Fixed knee f exion contracture 
• Patella alta resulting in marked quadriceps insuf  ciency 
• Ankle equinus on the right and equino-planovalgus on the lef 

The Aims of Treatment in This Girl Are to 
• Improve the fexed knee gait and prevent progressive deterioration 
• Improve the power of knee extension 
• Eliminate anterior knee pain 
• Eliminate the in-toeing gait and rubbing of the knees together 
• Improve the base of support during ambulation 

Options for Treatment of the Flexed Knee 
• Physical therapy with or without dynamic splinting, serial casting1,2 
•  Sof tissue lengthening of hamstrings, posterior knee capsule 2,3 
• Guided growth of the distal femur (reversible anterior hemi-epiphyseodesis)4 
• Distal femoral extension osteotomy (DFEO) with shortening 5–10 

Options for Improving Power of Knee Extension 
• Patellar tendon plication 
• Patellar tendon advancement 

⚬ Bone block distal advancement 
⚬  Sof tissue (tendon) advancement 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the girl 
• Previous treatment 
• Effects of specif c surgical procedures 
• Magnitude of deformity 
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 Te factors that infuenced treatment are shown in Table 52.1. 

Table 52.1 Factors That Influenced the Choice of Surgery 

Factors Treatment Implications 

Age of the girl 12 years Limited growth remaining, so less likely 
to respond to guided growth as a 
means to correct fi xed fl exion of the 
knee given magnitude of deformity 
and typical rate of correction around 
1° per month. 

Recently completed growth spurt so less 
likely to have re-contracture. 

Previous treatment Already had hamstring Revision hamstring lengthening likely to 
recession be ineffective. 

Effects of specifi c Hamstring lengthening Hamstrings are important hip extensors 
surgical procedures in early stance, and overlengthening 

can result in anterior pelvic tilt which 
can increase crouch. 

Hamstrings do not usually need to be 
lengthened if performing a distal 
femoral shortening osteotomy. 

Posterior capsular Capsular release probably has greater 
release risk of nerve stretch injury and relapse 

of deformity. 

Extension osteotomy Extension osteotomy creates a 
deformity to treat a deformity, 
although this is rarely a clinically 
noticeable deformity; ideally, serial 
casts can be used to reduce 
contracture to 20° or less before 
osteotomy. 

Femoral shortening Shortening of the femur reduces the risk 
of stretch of the sciatic nerve while 
correcting fl exion deformity of the 
knee. 

Magnitude Severe deformity Mild deformity may respond to serial 
casting. 

Severe deformities require serial casting 
and either guided growth or 
osteotomy, depending on correction 
achieved with casts and growth 
remaining. 
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The Spastic Knee 

How Was This Child Treated? 

 Afer induction of general anaesthesia, an epidural catheter was placed for post-operative analgesia. 
She was examined under anaesthesia as shown in Figure 52.2, and then she underwent single-event 
multiple lower extremity surgery (SEMLS), with the goal of addressing all of the relevant musculo-
skeletal impairments under a single anaesthetic. Bilateral distal femoral extension osteotomies (with 
external rotation and shortening) with patellar ligament advancements, bilateral Strayer procedures 
(Gastrocnemius recession) and a lateral column lengthening on the lef foot were performed. 

(A) (B) 

(C) (D) 

Figure 52.2 Selected physical fndings on her exam under anaesthesia. She had minimal f exion 
contracture at the hip (A). On supine examination with her hip extended, one can see excessive 
medial rotation (B) and limited lateral rotation (C). Both her popliteal angle (D) and her degree 
of fxed knee fexion contracture (E) were similar to values measured preoperatively. Her ankle 
dorsifexion was in an acceptable range when examined with her knee fexed (F), but less than 
neutral when the knee was extended (G). 
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(E) (F) 

(G) 

Figure 52.2 (Continued) 

Post-Operative Management 

She was placed in a posterior splint with her knees fexed 30° during the immediate post-opera-
tive period while limiting the degree of fexion at her hips to less than 50° to avoid a stretch injury 
to the sciatic nerve. Te restrictions were relaxed once she was fully awake and the epidural 
catheter removed. She was seen in the outpatient clinic in a week to place long leg casts with her 
knees extended. She was admitted for inpatient rehabilitation afer six weeks af er radiographs 
revealed healing of the osteotomies and the patellar stress fractures (Figure 52.3). 
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The Spastic Knee 

(A) (B) 

Figure 52.3 Lateral radiographs of both knees after six weeks illustrate that the stress fractures 
at the inferior pole of the patella have healed. 

At three years follow-up, she ambulated at community level with forearm crutches and supra-
malleolar orthoses (SMOs), with a neutral line of foot progression, a normal heel strike, fully 
extended knees during stance and much less fexion at the hips with minimal forward trunk 
lean. She had no knee pain. Her fndings on bench examination at three years follow-up are 
shown in Figure 52.4, and these were maintained at more than seven years follow-up, at which 
time she was a college student. She still requires a wheelchair for long distances. 

(A) (B) 

Figure 52.4 These clinical images were obtained at more than three years of follow-up. Her hip 
fexion contracture was less than at the time of her surgery (A). While we utilised a guidewire up 
the femoral neck to evaluate femoral version intraoperatively, she had slightly more internal ver-
sus external rotation on both sides (B-F), her trochanteric prominence test estimated about 20° 
of anteversion, shown here on the right side (D). On gait assessment, her patellae were facing 
towards the line of progression. Her popliteal angles were considerably improved despite not 
performing a hamstring lengthening (G), and her f xed knee fexion deformities remained well 
corrected (H). Her ankle dorsifexion was just above neutral with the knees fexed and extended 
(I, J), indicating some mild residual equinus which was probably helpful given that she chose to 
walk with SMOs rather than AFOs. Prone exam suggested no tibial torsion (K). 
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(C) (D) 

(E) (F) 

(G) (H) 

Figure 52.4 (Continued) 
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The Spastic Knee 

(I) (J) 

(K) 

Figure 52.4 (Continued) 

Comment 

A fexed knee gait is ofen due to spasticity or contracture of the hamstrings with or without 
a fxed knee fexion contracture. Surgical care should be directed to the source of the loss of  
knee extension. Te hamstrings are important hip extensors during early stance phase, and they 
decelerate knee extension during swing phase. Overlengthening the hamstrings may result in 
hip fexion and anterior pelvic tilt which, in turn, would require fexion at the knees as com-
pensation. For this reason, only the medial hamstrings are lengthened in ambulators with ham-
string contracture.
 Te knee fexion contracture can be addressed by serial stretch casting when mild. We utilise 

stretch casting for moderate to severe deformities with the goal of correcting the deformity to 
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Essential Paediatric Orthopaedic Decision Making 

around −15 to –20° before osteotomy. We have no experience with posterior capsulotomy, but 
would anticipate that the risks of both nerve stretch injury and relapse would be higher than 
with osteotomy. Sciatic nerve injury is a risk with acute correction by capsulotomy or osteot-
omy.3 Most authors perform a distal femoral extension osteotomy ofen with shortening,3,5–9 and 
others have reported adequate correction with a shortening osteotomy alone.10 An increase in 
anterior pelvic tilt (4–10o) is a common f nding af er osteotomy7,8,10 even when an intramuscular 
lengthening of the iliopsoas was performed concomitantly.8 

An important component of the distal femoral extension osteotomy procedure involves re-
tensioning the extensor mechanism by patellar ligament advancement or plication.9 
Children who undergo treatment for a fexed knee gait must be followed to adulthood. 
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–CASE 53 : THE SPASTIC HIP HIP FLEXION IN SPASTIC 
CEREBRAL PALSY 

David A Spiegel 

Case 

An 8-year-old boy with a history of spastic triplegia presented with progressive gait disturbance 
and loss of endurance. He had previously been treated with physical therapy, serial casting, and 
BOTOX injections. He used a hinged ankle-foot orthosis and required a posterior walker for 
support, and at night he wore dynamic knee extension orthoses. Despite all of this, he developed 
progressive knee fexion and walked on his toes. He had occasional anterior knee pain, and got 
tired very quickly. While he had functioned at the GMFCS 3 level previously, his function had 
deteriorated to GMFCS 4. 
On observational gait analysis with a rear walker, he walked with fexion at both the hips and 

the knees throughout the gait cycle, with minimal excursion at these joints (Figure 53.1). He 
was up on his toes and had toe-drag during swing phase, and mild scissoring. He had a neutral 
progression angle. 

(A) (B) 

Figure 53.1 A snapshot of this patient’s gait from the side (A) and front (B). He has fexion at the 
hips and knees throughout the gait cycle, and is also in equinus. He has very mild scissoring, left 
greater than right. 

On bench examination, he had 10° passive hip abduction on the right and 15° on the lef and 
hip fexion contractures of 20° on the lef  and 30° on the right (Figure 53.2). Hip rotation was 
approximately 70° medial and 20° lateral bilaterally. His popliteal angles were 60° bilaterally with 
fxed knee fexion contractures of 20°. His feet dorsifexed about 10° degrees beyond neutral with 
his knees fexed, and 10° short of neutral with his knees extended. Tere was bilateral patella 
alta. He had elevated muscle tone in his adductors, hamstrings, and gastrocnemius-soleus. He 
had poor selective motor control and had generalised weakness of both lower extremities. 

DOI: 10.1201/9781003106920-61 401 

https://doi.org/10.1201/9781003106920-61


    
 

  
   

 

Essential Paediatric Orthopaedic Decision Making 

(A) 

(B) 

(C) (D) 

(E) (F) 

Figure 53.2 Bench examination while under anaesthesia at the time of surgery. Both hips had 
a fexion contracture measured at approximately 30° (A), with passive abduction of approxi-
mately 15° bilaterally (B), popliteal angles of approximately 60°, fxed knee fexion deformities of 
approximately 20° (C), and his feet dorsifexed 10° with the knee fexed and −10° with the knee 
extended. 
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The Spastic Hip 

Questions 
• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• He has both neurologic and musculoskeletal impairments at multiple levels. 
• Neurologic impairments beyond the scope of orthopaedic intervention 

⚬ Elevated muscle tone 
⚬  Signifcant underlying muscle weakness 
⚬ Lack of selective motor control 
⚬ Problems with balance 

•  Musculoskeletal impairments 

⚬ Bilateral hip f exion contractures 
⚬ Bilateral hip adduction contracture 
⚬ Bilateral hamstring contracture 
⚬ Bilateral fxed knee f exion contracture 
⚬ Bilateral patella alta with incompetent quadriceps 
⚬ Bilateral internal femoral torsion (mild) 

The Aims of Treatment in This Boy Were to 
• Correct the orthopaedic impairments with the hope of restoring his previous level of 

function as a limited ambulator with an assistive device. 
• Address all of the musculoskeletal impairments under a single anaesthetic 

Options for Treatment for the Hip Flexion Contracture 
•  Physical therapy 
•  Sof tissue lengthening or release of the iliopsoas tendon 
• Extension osteotomy of the proximal femur 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Deterioration in gait 
• Need to address f exion deformities at the knee 
• Loss of hip extension during stance phase of gait 
• Severity of hip f exion contracture 

 Te choice of treatment based on these factors is shown in Table 53.1. 
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The Spastic Hip 

Table 53.1 Choice of Treatment Based on Factors Influencing Treatment of Flexion Deformity 
in This Boy with Cerebral Palsy 

Factors Treatment Implications 

Deterioration in gait 

Need to address 
fl exion deformity of 
the knee 

Loss of hip extension 
during stance phase 
of gait 

Severity of hip fl exion 
contracture 

Ambulatory status of 
the boy 

Deterioration has been 
observed 

Knee deformity is 
signifi cant and 
requires correction 

Fixed fl exion 
contractures of the 
hips are present 

Moderately severe 
deformity (20° and 
30° respectively) 

Household ambulator 

Intervention at this point to reverse 
some impairments and prevent further 
deterioration of ambulatory ability is 
justifi ed. 

The strategies to get the knee straight 
may result in an increase in anterior 
pelvic tilt, as the hamstrings will be 
weakened and bring the centre of 
gravity forward. Reducing the hip 
fl exion contracture should help to 
mitigate these concerns and improve 
muscle balance at the hip. 

Lengthening of the iliopsoas tendons is 
required as there are myostatic 
contractures. The downstream problems, 
including knee flexion and ankle 
equinus, also need to be addressed as 
they contribute to the flexed posture of 
the hips. 

Lengthening of the iliopsoas should 
suffi ce. 

In an ambulant, the iliopsoas is released 
at the pelvic brim, while in non-
ambulant children the iliopsoas 
tendon may be released from the 
lesser trochanter. 

How Was This Boy Treated? 

 Te boy was treated by serial casting at the knee. Long leg casts in maximum knee extension 
were applied and wedged a week later (Figure 53.3), and a new cast was applied the second week. 
Te knee fexion deformities improved to approximately 15–20°. 

(A) (B) 

Figure 53.3 The fxed knee fexion contracture was addressed partially with serial casting, 
which involved placing a cast one week, wedging it the second week (A), and then replacing it 
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(C) 

(D) 

(E) (F) 
Figure 53.3 (Continued) the third week. The contractures improved more than 30° by the time 
of surgery, and after the hamstring lengthening the f nal f xed fexion deformity was in the range 
of 10–15° (C, D). The remaining correction will be achieved by physical therapy and guided 
growth of the distal femur (E, F) which essentially creates a mild deformity to treat loss of f exion. 
Options include placing a plate and screws across the anterior physis on both sides of the joint, 
and more recently cannulated screws have been utilised. The correction typically occurs at a 
degree or so per month. 

In addition to the iliopsoas recession at the pelvic brim ( Figure 53.4 ), he underwent bilateral 
adductor tenotomy, bilateral medial hamstring recession (semitendinosus and gracilis), bilateral 
anterior distal femoral hemi-epiphyseodesis using screws, and bilateral gastrocnemius recession 
(Strayer procedure). 
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The Spastic Hip 

(A) (B) 
Figure 53.4 The intramuscular psoas lengthening is performed via the middle window of the 
ilio-inguinal approach (a, b). In 53.4a, the arrow on the left side just below the medial aspect of 
the incision overlies the femoral artery which was identifed by palpation, while the circle just 
superior and lateral to the incision is drawn over the anterior superior iliac spine (ASIS). After 
opening the deep fascia, one can see the femoral nerve lying on the anterior aspect of the 
muscle. The nerve can be isolated and retracted laterally (b), and the underlying psoas tendon 
can be isolated and released from within the substance of the muscle. 

Post-Operative Management 

He was placed in bilateral short-leg walking casts and knee immobilisers, and was allowed to 
bear weight immediately. Terapy was started and included four hours a day of prone lying, as 
well as stretching of his adductors, hamstrings, and hip fexors. His casts were replaced with 
AFOs af er six weeks, and we chose to utilise a ground reaction or anti-crouch brace initially, 
with the aim of graduating to an AFO with an ADR hinge later. Te adjustable dynamic response 
(ADR) hinge permitted tensioning to allow fne tuning of the degree of dorsifexion. At follow-
up of more than a year, the hip fexion contractures were well corrected without signs of relapse. 

Comment 

Loss of hip extension during the stance phase of gait may impair forward progression of the 
limb. A fexed hip also contributes to internal rotation of the limb during swing due to enhanced 
mechanical advantage of the internal rotators of the hip when the hip is in f exion.
 Te indications for lengthening of the iliopsoas complex remain debated; Sutherland et al sug-

gested “excessive anterior pelvic tilt and excessive dynamic hip fexion or hip-f exion contrac-
ture”1,2 as indications for release, while Mallet et al suggested a hip fexion contracture of > 20°.3

 Diferent techniques for lengthening of the iliopsoas complex have been reported.1,2–4,6–8 Bleck 
emphasised that releasing the iliopsoas at the lesser trochanter would result in signif cant weak-
ness which can impair the ability to propel the limb forward and especially for activities like 
climbing stairs, and recommended a recession in which the iliacus muscle and the iliopsoas 
tendon were cut at the level of the femoral neck and sutured each down proximally to the ante-
rior hip capsule.7 Our preferred technique is similar to that of Sutherland et al, but it slightly 
more proximal and exploits through the middle window of the ilio-inguinal approach, incising 
the deep fascia above the inguinal ligament.9 Te incision lies between the ASIS and the pubic 
tubercle, and stops just lateral to where the femoral artery is palpated. Te deep dissection f rst 
goes through the fascia of the external oblique aponeurosis and then a second fascial layer of 
the internal oblique and transversus abdominis muscles, leaving a cuf of tissue for later repair. 
Avoid injuring the lateral femoral cutaneous nerve, which is ofen 1–2 cm medial to the ASIS. 
Te femoral nerve is then in direct view, and can be mobilised and protected. Medially one can 
palpate the ilio-pectineal fascia and the femoral vessels contained within. Te psoas tendon may 
then be identifed and released. 
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 Te results of lengthening the iliopsoas per se is dif  cult to confrm as this procedure is typi-
cally performed in concert with a host of other procedures as part of a single-event multiple 
lower extremity surgery (SEMLS).1,2–4,6–8 

References 
1. Skaggs DL, Kaminsky CK, Eskander-Rickards E, Reynolds RA, Tolo VT, Bassett GS. Psoas over the brim 

lengthenings: Anatomic investigation and surgical technique. Clin Orthop Relat Res. 1997;339:174–9. 
2. Sutherland DH, Zilberfarb JL, Kaufman KR, Wyatt MP, Chambers HG. Psoas release at the pelvic brim 

in ambulatory patients with cerebral palsy: Operative technique and functional outcome.  J Pediatr 
Orthop. 1997;17:563–70. 

3. Mallet C, Simon AL, Ilharreborde B, Presedo A, Mazda K, Penneçot GF. Intramuscular psoas length-
ening during single-event multi-level surgery fails to improve hip dynamics in children with spastic 
diplegia: Clinical and kinematic outcomes in the short- and medium-terms.  Orthop Traumatol Surg 
Res. 2016;102:501–6. 

4. Morais Filho MC, de Godoy W, Santos CA. Efects of intramuscular psoas lengthening on pelvic and 
hip motion in patients with spastic diparetic cerebral palsy. J Pediatr Orthop. 2006;26:260–4. 

5. Novacheck TF, Trost JP, Schwartz MH. Intramuscular psoas lengthening improves dynamic hip func-
tion in children with cerebral palsy. J Pediatr Orthop. 2002;22:158–64. 

6. Rethlefsen SA, Lening C, Wren TA, Kay RM. Excessive hip fexion during gait in patients with static 
encephalopathy: An examination of contributing factors. J Pediatr Orthop. 2010;30:562–7. 

7. Bleck EE. Postural and gait abnormalities caused by hip-fexion deformity in spastic cerebral palsy: 
Treatment by iliopsoas recession. J Bone Joint Surg Am. 1971;53:1468–88. 

8. Bialik GM, Pierce R, Dorociak R, Lee TS, Aiona MD, Sussman MD. Iliopsoas tenotomy at the lesser 
trochanter versus at the pelvic brim in ambulatory children with cerebral palsy.  J Pediatr Orthop. 
2009;29:251–5. 

9. Gittings DG, Dattilo JR, Fryhofer G, Donegan DJ, Baldwin KD. Treatment of hip f exion contractures 
with psoas recession through the middle window of the ilioinguinal approach.  J Bone Joint Surg Am. 
2017;7:e25:1–7. 

408 



 

  

  

  

   
 

 
     

    
 

  
   

     

 
   

 

CASE 54 : THE SPASTIC FOREARM AND HAND 

Hitesh Shah and Benjamin Joseph 

Case 

A 10-year-old girl presented with difculty using her right hand. She was unable to hold objects 
or write with her right hand. She had right-sided hemiplegic cerebral palsy and had been on 
regular physiotherapy. She was a bright child with an IQ of 110. She attended mainstream school, 
and she was coping well with her studies. 
Her forearm was pronated, and the wrist was fexed and ulnar deviated (Figure 54.1). Spasticity 

was noted in the pronator teres, f nger fexors and fexor carpi ulnaris. Tere were no fxed con-
tractures of muscles of the wrist and hand; the deformities could be fully corrected passively. 
Te supinator of the forearm and the extensors of the wrist were weak. Te grasp of the right 
hand was achieved awkwardly with the wrist fexed (Figure 54.2a), and the grip strength was 
very poor. Te release was good with the wrist in fexion (Figure 54.2b). When the wrist was held 
in dorsif exion, the grasp of the right hand improved, as did the grip strength. When the wrist 
was stabilised in 10 degrees of dorsifexion, she had no problem with release as all her f ngers 
extended fully (Figure 54.3). T e fne sensation of the hand was intact with two-point discrimi-
nation of less than 10 mm. 

Figure 54.1 The right forearm is pronated, and the wrist is f exed and ulnar-deviated. 
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(A) (B) 

Figure 54.2 The child could grasp only with the wrist f exed (A), and she released also with the 
wrist in f exion (B). 

Figure 54.3 The child could release the fngers well with the wrist being held in 10 degrees of 
extension. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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The Spastic Forearm and Hand 

The Problems That Need to Be Addressed Are 
•  Weak grasp 
• Deformities of the forearm and wrist 

⚬ Pronation of the forearm 
⚬ Flexion and ulnar deviation of wrist 

The Aims of Treatment in This Child Are to 
•  Improve grasp 
• Correct deformities of the forearm and hand 

Options for Treatment to Fulfil Each Aim 
•  Improving grasp 

⚬ Improve the power of wrist extension 

◽ Tendon transfer to wrist extensors (extensor carpi radialis longus and bre-
vis—ECRL and ECRB) 

⚬ Weaken the power of wrist f exion 

◽ Release or transfer of the fexor carpi ulnaris (FCU), the main deforming 
force 

• Correcting pronation of the forearm 

⚬  Pronator release 
⚬ FCU transfer to ECRB around the medial border of the ulna1,2,3 

• Correcting wrist fexion and ulnar deviation 

⚬ Release or transfer of FCU 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the patient 
• Presence of contractures 
• Ability of the child to grasp and release 
• Intelligence of the child 
• Ability to release the f ngers with the wrist held in dorsif exion 
• Sensation on the palm and f ngers

 Te choice of treatment based on these factors is outlined in Table 54.1. 
Table 54.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 10 years She is old enough to co-operate during 
post-operative rehabilitation and 
tendon re-education. 

Treatment must not be delayed as 
myostatic contractures of the spastic 
muscles are likely to develop. 

Presence of contractures No contractures It is appropriate to proceed with a tendon 
transfer without any soft tissue release. 

(Continued) 
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Table 54.1 (Continued) 

Factors Treatment Implications 

Ability of the child to She can grasp and Functional improvement can be 
grasp and release release though in an anticipated following treatment if the 

awkward fashion child already has the ability to grasp 
and release. 

Intelligence of the child Intelligent child She should be able to co-operate with 
rehabilitation following a tendon 
transfer. 

Ability to release with Good release possible Transfer of the FCU to ECRB is only 
the wrist held in indicated in children who have no 
dorsifl exion problem with release when the wrist is 

held in dorsifl exion. 1 

Sensation on the palm Less than 10 mm Functional improvement is more likely in 
and fi ngers two-point children who have normal sensation 

discrimination with two-point discrimination <10 mm.4 

How Was This Child Treated? 

She was treated with transfer of the fexor carpi ulnaris to the extensor carpi radialis brevis 
and longus. Trough a long incision on the medial aspect of the forearm, extending proximally 
from the pisiform bone, the FCU tendon and the ulnar neurovascular bundle were identif ed. 

a. Flexor carpi ulnaris is 
detached from the 
pisiform bone and 
the ulna 

b. The tendon is re-
routed to the dorsum 
of the forearm around 
the medial border of 
the ulna 

c. The tendon is 
passed through the 
extensor carpi radialis 
brevis tendon and 
sutured on itself 

Figure 54.4 Diagrammatic representation of FCU transfer to the wrist extensors.(Adapted from 
Figure 65.4, Paediatric Orthopaedics - A system of decision-Making.) 
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The Spastic Forearm and Hand 

Te neurovascular bundle was protected and retracted. Te FCU tendon was detached from its 
insertion to the pisiform bone, and the muscle fbres of the FCU taking origin from the distal 
half of the ulna were carefully released. A short incision was made over the dorsum of the wrist 
just lateral to Lister’s tubercle. Te ECRB and ECRL were identifed by demonstrating extension 
of the wrist when the tendons were pulled up with a blunt hook. A tendon tunneller was passed 
from the second wound around the medial border of the ulna through a liberal longitudinal slit 
made in the medial intermuscular septum, and the free end of the FCU tendon was grasped and 
withdrawn into the dorsal wound. Te forearm was held in supination and the wrist in exten-
sion, and the FCU tendon was passed through the ECRB and the ECRL tendons and sutured to 
itself under tension (Figure 54.4). 
An above-elbow plaster-of-Paris cast was applied with 90 degrees elbow fexion, the forearm 

in the mid-prone position and 10 degrees dorsifexion of the wrist. Te cast was removed af er 
six weeks, and muscle re-education exercises were started. Te hand function improved. T ree 
years afer the surgery, the deformities remain well corrected, grasp has improved quite dramati-
cally (Figure 54.5), and the child now uses the hand for bi-manual activity. Both the child and 
the parents are very pleased with the outcome. 

Figure 54.5 At fnal follow-up, the child demonstrates normal grasp with the forearm in 
mid-pronation. 

Follow-Up

 Te child will be followed-up till skeletal maturity to make sure that the correction is maintained. 

Comment 

 Te FCU is a muscle that normally functions during wrist fexion and release. Te FCU transfer 
to the ECRB is to augment ECRB and improve grasp; this should ideally involve phase conver-
sion of the transferred muscle. However, EMG video analysis has demonstrated that phase con-
version seldom occurs following this transfer despite good clinical results.5 
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A proportion of children may develop late deformities particularly following a growth spurt 
when growth of the transferred muscle-tendon unit does not keep pace with skeletal growth.6 
Tis mandates careful follow-up of children who have undergone this operation till they reach 
skeletal maturity. 
Since cerebral palsy is characterised predominantly by motor defcits, it is ofen assumed that 

sensory def cits do not occur in cerebral palsy. Subtle def cits of fne sensations may be present 
in these children, which include poor stereognosis, poor recognition of texture and increase in 
two-point discrimination. Functional results following tendon transfers in the upper limb in 
cerebral palsy may be poor in children with >10 mm two-point discrimination. 4 
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CASE 55 : INFANTILE TIBIA VARA (BLOUNT’S DISEASE) 

Randall T Loder 

Case 

A 4 year-1-month-old girl presented with progressive bowlegs. Tere was minimal pain. T ere 
were no clinical or radiologic features of rickets, and her stature and body proportions were nor-
mal. She was obese and resented contact during physical examination. A standing anteroposte-
rior radiograph showed features of bilateral infantile tibia vara, Langenskiöld stage II on the lef 
and stage III on the right (Figure 55.1).1,2 

Figure 55.1 Anteroposterior radiograph demonstrating changes in the proximal tibia bilater-
ally suggestive of infantile tibia vara, Langenskiöld stage II on the left and stage III on the right. 
There are no features suggestive of metabolic bone disease or skeletal dysplasia. 

Questions 
• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Progressive varus deformity of the proximal tibia of both lower limbs 
• Risk of complications 

⚬ Recurrence of deformity 
⚬ Premature fusion of the medial aspect of the proximal tibial physis 
⚬ Limb length inequality 

The Aims of Treatment Are to 
• Correct the varus deformity 
• Watch for complications (namely, recurrence of the deformity, leg length inequality, 

and premature proximal tibial physeal closure) 

The Available Treatment Options Are 
•  Guided growth 
• Proximal tibial and fbular osteotomy with: 

⚬ Percutaneous cross pin fxation 
⚬  External fxation 
⚬ Rigid internal fxation 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

The factors that infl uenced the choice of treatment of the tibia vara were 

• Age of the child 
• The stage of the disease (Langenskiöld stage) 
• The severity of the deformity 
• Potential complications of the procedure being planned 
• Social interaction of the child and likelihood of co-operation with the treating team 
• Body habitus of the child 

 Te choice of treatment based on these factors is shown in Table 55.1. 

Table 55.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age of the child 4 years At this age, it is reasonable to try a 
guided growth procedure (using 
tension band ‘8’ plate and screws). 3,4 

Langenskiöld stage Stage II and III An osteotomy of the proximal tibia is 
justifi ed if guided growth fails. 5,6 

The severity of the Not severe At this point, the deformity is amenable 
deformity to a simple less invasive option like 

guided growth. 3 

Potential complications Compartment Guided growth is much less invasive and 
of the procedure syndrome carries a lower risk of complications 
being planned (especially compartment syndrome) 

than formal proximal tibial osteotomy. 1–4 

(Continued) 
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Infantile Tibia Vara (Blount’s Disease) 

Table 55.1 (Continued) 

Factors Treatment Implications 

Social interaction of the Unlikely to co-operate External fi xation is undesirable if the 
child as she resents child is uncooperative.7 

examination by the 
surgeon 

Body habitus of the Obese The risk of pin tract infection following 
child cross pinning or external fi xation is 

greater in obese children. 
The body habitus made cross pin 
fi xation of the deformity less 
desirable. 

How Was This Child Treated? 
• Initially, guided growth (temporary proximal lateral tibial hemiepiphyseodesis) with 

an ‘8’ plate and screws was performed. 
•  Te parents were unhappy that the deformity had not corrected completely af er four 

months and were keen to obtain a more defnitive correction. So, tibial and f bu-
lar osteotomy with internal fxation was performed at age 4 years 6 months (Figure 
55.2) with intentional mild overcorrection. Prophylactic anterior compartment fas-
ciotomy was performed at the same time. 

Figure 55.2 At age 4 years 11 months, fve months after bilateral tibial and f bular osteotomies. 
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Essential Paediatric Orthopaedic Decision Making 

•  Te guided growth devices were subsequently removed, and at age 9 years 2 
months there was slight persistent overcorrection on the lef but excellent align-
ment on the right (Figure 55.3). 

Figure 55.3 Standing AP radiograph of the lower extremities at 9 years 2 months of age. Note 
the excellent remodelling and flling in of the Blount’s lesion of both proximal medial tibial  
epiphyses.

  Tough advised to report periodically for follow-up, the parents did not bring the child till she 
was 13 years 8 months old. Te child had some right peripatellar knee pain, but no joint line 
pain. Te parents were not concerned about any deformity. Final radiographs at skeletal matu-
rity (Figure 55.4) demonstrate slight varus recurrence on the right and slight residual valgus 
overcorrection on the lef . 
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Infantile Tibia Vara (Blount’s Disease) 

Figure 55.4 Final radiograph at 13 and ½ years of age. Note complete physeal closure, with 
slight varus on the right and valgus on the left. 

How Long Should the Child Be Followed Up after Treatment? 
• Follow-up until skeletal maturity as done in this child is necessary to monitor for 

⚬ Recurrence or overcorrection of the deformity8 
⚬ Premature proximal medial tibial physeal closure 2 
⚬ Leg length inequality2 
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Essential Paediatric Orthopaedic Decision Making 

7. Richard HM, Nguyen DC, Birch JG, Roland SD, Samchukov MK, Cherkashin AM. Clinical impli-
cations of psychosocial factors on pediatric external fxation treatment and recommendations. Clin 
Orthop. 2015;473(10):3154–62. 

8. LaMont LE, McIntosh AL, Jo CH, Birch JG, Johnston CE. Recurrence afer surgical intervention for 
infantile tibia vara: Assessment of a new modif ed classif cation. J Pediatr Orthop. 2019;39(2):65–70. 

422 



 

  

 

  

    

 
 

 
   

 
    

   

    
 

 

   
  
  
  
   
  
  

CASE 56 : PERTHES DISEASE 

Benjamin Joseph and Hitesh Shah 

Case 

A 6.8-year-old boy presented with pain in the lef groin and a limp for two months. Tere was no 
history of trauma, fever or constitutional symptoms preceding the onset of pain. On examina-
tion, he had restriction of abduction and internal rotation of the lef hip joint; other movements 
were comparable to the opposite hip. Te systemic examination was normal. An antero-poste-
rior (AP) radiograph of the pelvis showed features of early Perthes disease of the lef hip. T e 
entire epiphysis was fattened and sclerotic. Tere was no evidence of fragmentation in both AP 
and Lauenstein lateral views, indicating that the disease was still in the latter part of the stage of 
avascular necrosis (Stage Ib—Modifed Waldenstrom classif cation1 ). Te medial joint space was 
widened, and extrusion of the femoral head was present (Figure 56.1). 

(A) (B) 

Figure 56.1 AP and Lauenstein frog-lateral radiographs of the pelvis showing sclerosis and 
fattening of the entire femoral epiphysis of the left hip. The medial joint space is widened, and 
there is extrusion of the femoral head. There is no fragmentation of the femoral epiphysis. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Restriction of motion of the hip 
• Risk of irreversible deformation of the femoral head because of: 

⚬ Complete involvement of the femoral epiphysis 
⚬ Extrusion of the femoral head outside the margin of the acetabulum 

• Risk of premature fusion of the femoral capital growth plate and overgrowth of the 
greater trochanter because of complete involvement of the femoral epiphysis 

The Aims of Treatment in This Boy Are to 
• Restore normal motion of the hip 
• Prevent deformation of the femoral head (i.e. retain the spherical shape of the femoral 

head and minimise enlargement of the femoral head) 
• Prevent trochanteric overgrowth 

Options for Treatment to Fulfil Each Aim 
• To gain range of motion: 

⚬  Physiotherapy 
⚬ Above-knee skin traction 
⚬ Petrie cast (abduction “broomstick” cast) 
⚬  Sof tissue release (adductor release, medial capsulotomy) 

• To prevent deformation of the femoral head: 

⚬ Achieve containment of the femoral head by any one of the following methods: 

◽ Abduction cast/brace (A-frame orthosis)2 
◽ Femoral varus derotation osteotomy3 
◽ Pelvic osteotomy (Salter, Triple, Shelf)4–6 

• To prevent trochanteric overgrowth 

⚬  Trochanteric epiphyseodesis 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age at onset of the disease 
• Stage of the disease 
• Extent of involvement of the femoral epiphysis 
• Presence of extrusion 
• Range of hip motion

 Te choice of treatment taking into consideration these factors is shown in Table 56.1. 
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Perthes Disease 

Table 56.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Age at onset of the 6.8 years In children under the age of 7 years at 
disease the onset of the disease, containment 

is not indicated unless femoral head 
extrusion develops. Since in this boy 
extrusion is present, he is a candidate 
for containment.7 

Stage of the disease Stage Ib If containment is to succeed in 
preventing femoral head deformation, 
it should be achieved by Stage IIa (i.e. 
early in the course of the disease). 
Since this boy is in Stage Ib, he is a 
candidate for early containment.8 

Extent of involvement Entire femoral If half or more of the femoral epiphysis 
of the femoral epiphysis is avascular is rendered avascular, containment 
epiphysis must be considered. In this boy, the 

entire epiphysis is avascular and 
hence containment is justifi ed. 9 

Presence of extrusion Extrusion is present One of the most important factors that 
infl uences the decision to contain hips 
of children with Perthes disease is the 
presence of extrusion. 9 This boy has 
extrusion and containment which 
reverses femoral head extrusion is 
warranted. 

Range of hip motion The range of motion is If containment is to work, the motion of 
not normal— the hip must be restored prior to 
abduction and containment and maintained after 
internal rotation are containment. Restoration of normal 
limited hip motion takes precedence over 

containment in this boy. 

How Was This Boy Treated? 

 Te boy was treated initially with bed rest and above-knee skin traction for a week. All movements 
of the lef hip were restored to normal by the end of the week. He then underwent a sub-trochan-
teric, open-wedge femoral osteotomy and trochanteric epiphyseodesis. Te distal fragment of the 
femur was fxed in 20 degrees of varus and 20 degrees of external rotation with a pre-bent dynamic 
compression plate. Te most proximal screw crossed the trochanteric growth plate (Figure 56.2). 

Post-Operative Management 

No external immobilisation was used. Non-weight-bearing crutch walking was continued till 
the disease had progressed to the latter part of the stage of reconstitution (Stage IIIb). 

Follow-Up

 Te boy was followed up regularly till the disease healed, at which time the implants were removed 
(Figure 56.3). He was then followed up till skeletal maturity and evaluated in detail. He was  
totally asymptomatic. He walked normally without a limp, the range of hip motion was normal, 
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Essential Paediatric Orthopaedic Decision Making 

Figure 56.2 AP radiograph of the pelvis taken six weeks following proximal femoral varus dero-
tation osteotomy. Adequate containment has been achieved. The osteotomy is uniting well. 

and his hip abductor power was normal. He could squat and sit cross-legged. Radiographs of the 
hips and a full-length standing flm showed that the femoral head was spherical and congruent 
with the acetabulum. Overgrowth of the trochanter had been prevented. Te mechanical axis of 
the limb was normal, and the limb lengths were equal (Figure 56.4). 

Figure 56.3 The disease has healed completely, and the implants have been removed. 

Figure 56.4 At skeletal maturity, the femoral head is spherical, the tip of the trochanter is not 
elevated, and the limb lengths are equal. 
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Perthes Disease 

Comment 

All the aims of treatment were fulflled, and that can be attributed to containment early in the 
disease. 
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CASE 57: SLIPPED CAPITAL FEMORAL EPIPHYSIS (SCFE) 

Randall T Loder 

Case 57a 

An 11-year-and-5-month-old girl presented with lef thigh pain and a limp afer a fall one month 
ago. Radiographs were appropriately obtained by the child’s primary care physician (Figure 
57.1).1 Unfortunately, the radiographs were interpreted as normal.2 Approximately one month 
later, the child slipped on an eraser on the foor at school and was immediately unable to get 
up and walk. Radiographs (Figure 57.2) were obtained which demonstrated a displaced slipped 
capital femoral epiphysis (SCFE). Clinically this was an unstable type of SCFE as the girl was 
unable to bear any weight on the limb.3 

(A) (B) 

(C) 

Figure 57.1 An anteroposterior (A) and frog-lateral (B) radiograph demonstrating a very mild 
SCFE of the left hip. Note that the Klein’s line (C) does not intersect with the epiphysis on the AP 
view on the left hip, and that there is a very slight posterior step off of the epiphysis relative to 
the metaphysis on the lateral view (B). 
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Essential Paediatric Orthopaedic Decision Making 

(A) (B) 

Figure 57.2 An AP (A) and lateral (B) radiograph demonstrating the displaced unstable SCFE. 

Questions 

• What are the problems that need to be addressed in this girl? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this girl af er treatment? 
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Slipped Capital Femoral Epiphysis (SCFE) 

The Problems That Need to Be Addressed Are 
• Moderately severe, unstable SCFE 
• Deformity of the proximal femur 
• High risk of avascular necrosis 

The Aims of Treatment Were 
• Stabilization of the SCFE 
• Correction of the deformity 
• Reduction of the risk of avascular necrosis 

The Available Treatment Options Are 
• In-situ fxation of the SCFE 
• Gentle closed reduction, stabilisation, and decompression of the joint 
• Gentle open reduction, stabilisation, and joint decompression 
•  Modifed Dunn procedure via a surgical hip dislocation approach with correction of 

the deformity and stabilisation 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Stability of the SCFE 
• Severity of the SCFE 
• Risk of avascular necrosis associated with each procedure 
• Complexity of surgical option 
• Timing of surgery 

 Te choice of treatment based on these factors is shown in Table 57.1. 

Table 57.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Stability of the 
SCFE 

Severity of the 
SCFE 

Risk of avascular 
necrosis 
associated with 
each procedure 

Complexity of 
surgical option 

Timing of surgery 
(emergency 
versus elective) 

Unstable slip 

Moderate 
deformity 

Varies with 
procedure 

Varies with the 
option 

Delay is likely to 
increase the risk of 
avascular necrosis 

High risk of progression of the slip. Hence, needs 
adequate stabilisation with two screws to minimise 
risk of further progression of the slip. 4 

As there is a high risk of avascular necrosis, joint 
decompression is recommended to relieve the 
tamponade effect of the effusion. 4,5 

If the deformity is not addressed, secondary femoro-
acetabular impingement due to the cam deformity 
may result in progressive joint damage and 
deterioration of function. For this reason, in-situ 
fi xation may not be recommended. 6 

Forceful manipulative reduction runs a very high risk of 
further damage to the tenuous blood supply to the 
epiphysis, but gentle repositioning is justifi able. 4 

The modifi ed Dunn osteotomy of the neck through a 
safe surgical dislocation of the hip is a complex and 
technically demanding operation and should only 
be attempted by surgeons adequately trained in the 
technique.7 Not every centre has such capabilities. 

Emergency decompression of the joint and gentle 
repositioning of the slipped epiphysis is needed. 4,5,8 
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Essential Paediatric Orthopaedic Decision Making 

How Was This Child Treated? 

 Tis child underwent an emergent gentle repositioning and fxation of the epiphysis with two 
screws (Figures 57.3a, b). Joint decompression was achieved by opening the hip capsule with a 
large haemostat (Figure 57.3c). 

(A) (B) 

(C) 

Figure 57.3 The slipped epiphysis was repositioned and fxed with two screws (a, b), and the 
joint was decompressed by opening the hip capsule with a large haemostat (c).

 Te child had immediate relief of pain. She was kept non–weight bearing with bed-to-wheelchair 
transfers for eight weeks, and then gradual progressive weight bearing was allowed. Five months 
later, the child developed early radiographic changes of avascular necrosis (Figure 57.4). 

(A) (B) 

Figure 57.4 Early sclerosis in the epiphysis indicating avascular necrosis. 
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Slipped Capital Femoral Epiphysis (SCFE) 

By age 19, the patient was having some mild discomfort, and fnal radiographs are shown (Figure 
57.5). When the patient becomes symptomatic enough to warrant further surgical intervention, 
the options will include total hip replacement, femoral head reshaping, and rarely arthrodesis.9,10 

Figure 57.5 Final anteroposterior radiograph of the left hip. 

Case 57b 

A 13-year-old boy presented with lef thigh pain over the past several months. He was very active 
in basketball. T e lef lower limb was externally rotated. Hip range of motion demonstrated 
reduced internal rotation of 10 degrees with obligatory external rotation of the lower extremity 
with hip fexion in the supine position, and a mild reduction in hip abduction compared to the 
opposite extremity. Radiographs demonstrated a lef SCFE (Figure 57.6). 

(A) (B) 

(C) 

Figure 57.6 An anteroposterior (A) and frog-lateral (B) radiograph demonstrating a very 
mild SCFE of the left hip. The Southwick lateral epiphyseal shaft angle (c) (2–1) measures 29 
degrees, indicating a mild SCFE. 
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Essential Paediatric Orthopaedic Decision Making 

Questions 

• What are the problems that need to be addressed in this adolescent boy? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 
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Slipped Capital Femoral Epiphysis (SCFE) 

The Problems That Need to Be Addressed Are 
• Stable SCFE which runs the risk of progression 
• Deformity of the femoral neck that could result in cam femoro-acetabular 

impingement 
• Risk of avascular necrosis 

The Aims of Treatment Are to 

• Prevent progression of the slip 
• Allow for remodelling of deformity of the femoral neck and treat cam impingement 

if it develops 
• Minimise the risk of avascular necrosis 

The Available Treatment Options Are11,12 

• In-situ screw fxation of the SCFE 
• Proximal femoral realignment osteotomy with screw fxation of the SCFE 
• In-situ fxation of the SCFE and osteochondroplasty if needed, at a later date 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Stability of the SCFE 
• Severity of the SCFE 
• Risk of avascular necrosis associated with each procedure 
• Timing of surgery 

 Te choice of treatment based on these factors is shown in Table 57.2. 

Table 57.2 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

Stability of the 
SCFE 

Severity of the 
SCFE 

Risk of avascular 
necrosis 
associated 
with each 
procedure 

Timing of 
surgery 

Stable slip 

Mild 

Percutaneous 
in-situ screw 
fi xation versus 
re-alignment of 
the epiphysis 
and fi xation 

Elective versus 
emergency for 
stabilising the slip 

Surgery to correct 
femoral neck 
deformity 

Fixation with a single screw placed in the centre of the 
epiphysis works very well to stabilise the SCFE. 

A mild SCFE can be stabilised in situ with an excellent 
long-term outcome. 

The risk of producing avascular necrosis is least with in-situ 
fi xation. 13 

Emergency fi xation is not required. However, it should be 
performed without undue delay14 to prevent it from 
becoming an unstable SCFE or progressing. 

In an asymptomatic adolescent who is skeletally immature, 
there is potential for remodelling of the neck. 15,16 If 
suffi cient remodelling does not occur and symptoms of 
impingement develop, surgery may be undertaken. 17 
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Essential Paediatric Orthopaedic Decision Making 

How Was This Child Treated? 

 Te patient underwent single central screw fxation (Figure 57.7). 

(A) (B) 

Figure 57.7 An AP (A) and lateral (B) radiograph demonstrating SCFE single central screw f xa-
tion. Note that the screw head is far away from the acetabular rim; more proximal screw heads 
can result in cam type impingement.

 Te boy had immediate relief of pain, and he was allowed to return to full weight bearing at four 
weeks post-surgery. He gradually resumed playing basketball. Tere was some mild limitation 
of internal rotation in extension at −10 degrees. At the age of 15 years and 7 months, he began 
to complain of lef groin pain while playing basketball. Physical examination demonstrated 
pain with internal rotation, fexion, and adduction of the hip, indicative of cam impingement. 
Radiographs confrmed impingement (Figure 57.8). 

(A) (B) 

Figure 57.8 AP (A) and frog-lateral (B) radiographs demonstrating anterior cam impingement.

 Afer discussion with the family, it was elected to proceed with an arthroscopic osteochondro-
plasty18,19 which would allow the patient to return to sporting activities sooner than would a f ex-
ion intertrochanteric osteotomy or osteoplasty via an open surgical hip dislocation approach. 
Te patient’s symptoms were immediately relieved, and he subsequently returned to basketball 
activities with no discomfort. Te most recent radiographs are shown in Figure 57.9. 
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Slipped Capital Femoral Epiphysis (SCFE) 

(A) (B) 

Figure 57.9 AP (A) and frog-lateral (B) radiographs at age 16 years 10 months, 10 months after 
arthroscopic osteochondroplasty of the cam impingement lesion. 

How Long Should the Child Be Followed Up after Treatment 
• All patients with a unilateral SCFE should be followed every three to four months 

with both AP and lateral radiographs until physeal closure to ensure that a SCFE 
does not develop in the opposite hip. 

• In both unilateral and bilateral cases, regular (every three to four months) follow-up is 
needed to ensure that progression of the SCFE does not occur even though stabilised. 

• Follow-up is also necessary to monitor for the development of chondrolysis.20 
• At least one year follow-up is necessary in the unstable case to monitor for the devel-

opment of avascular necrosis. 

Comment 
• Case 57a underscores the need to diagnose SCFE immediately. Te initial radiograph 

demonstrated a very mild, stable SCFE. Unfortunately, it was interpreted as normal 
by the radiologist. Afer a fall, the SCFE became unstable with the subsequent devel-
opment of avascular necrosis. 

•  Te prognosis for a SCFE that develops avascular necrosis is variable; some patients 
have rapid deterioration and development of osteoarthritis, while others have some 
femoral head deformity and may not need intervention for some time.9 

•  Prophylactic fxation of the opposite hip in unilateral SCFE cases is controversial.21 
It is recommended in the younger patient and children with endocrine dysfunction. 

• Treatment of cam impingement depends upon the severity of the impingement; 
milder cases can be addressed via an arthroscopic osteochondroplasty, although 
the correction may not be as good as that using an open surgical hip dislocation 
approach.19,22 

•  Te long-term results of osteochondroplasty for cam impingement associated with 
SCFE are still unknown. Te overall natural history for a stable SCFE is one of grad-
ual deterioration and development of osteoarthritis.23,24 

• Any treatment which results in avascular necrosis is far worse than those that don’t 
develop avascular necrosis, even though the natural history of SCFE is gradual dete-
rioration into secondary osteoarthritis. 

•  Modifed Dunn osteotomy via a surgical dislocation approach should be undertaken 
with caution in the severe, stable SCFE.25 
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CASE 58 : PHYSEAL BAR 

Nicholas Peterson, Christopher Prior, Selvadurai Nayagam 

Case 

An 11-year-old boy presented with a limb length discrepancy from a short right femur. T ere was 
a previous history of septicaemia as a neonate and subsequent lef hip septic arthritis resulting 
in growth inhibition. Tis had needed a proximal femoral valgus osteotomy and lengthening 
of his lef femur to achieve limb length equality at age 6 years. In the course of follow-up, a new 
progressive length discrepancy involving the opposite limb developed. Radiographs taken at age 
12 years showed that the right femur was 4 cm shorter. Te CT scan confrmed the presence of 
a central physeal bar in the distal right femur involving less than 25% of the area of the physis 
( Figure 58.1 ,  58.2 ). 

Figure 58.1 Right femoral shortening due 
to a central bar in the distal physis after 
neonatal septicaemia. 

Figure 58.2 Axial slice from a CT scan showing a 
central physeal bar in the right distal femur. 

Questions 

• What are the problems that need to be addressed in this boy? 
• What are the aims of treatment? 
• What are the commonly available options for treatment? 
• What are the factors that may infuence your choice of treatment? 
• What treatment would you recommend for this boy? 
• How long would you follow-up this boy af er treatment? 

DOI: 10.1201/9781003106920-67 441 

https://doi.org/10.1201/9781003106920-67


    

 
 
 

 

 
  
  

  

 

    

  

    

  

   
 

 

 
 
 

     

        

   

   
      

  

  

  
 

  
     

Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Progressive limb length discrepancy (LLD) 
• Growth arrest from the physeal bar on the right side 

The Aims of Treatment Are to 

• Arrest progression of the LLD 
• Allow resumption of growth of the arrested physis 
• Achieve limb length equalisation by skeletal maturity 

Options for Treatment to Fulfil Each Aim 

• Arresting progression of LLD: 

⚬ Physeal bar resection with interposition graf 

• Allowing resumption of growth of the arrested physis 

⚬ Physeal bar resection and interposition graf 

• Achieving limb length equalisation 

⚬  Contralateral epiphyseodesis 
⚬  Limb lengthening 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age and gender of the child and growth remaining 
• Size and location of the bar 
• Preferences of the child and his parents 

 Te choice of treatment based on these factors is shown in Table 58.1. 

Table 58.1 Factors that influenced the choice of treatment 

Factors Treatment Implications 

Age, gender and 
remaining 
growth 

Size and location 
of the bar 

Preferences of 
the child and 
his parents 

11-year-old boy with 
four years of 
growth remaining 

Central bar involving 
< 25% of the physis 

With four years of growth remaining, the projected 
discrepancy at maturity was 7.6 cm. An attempt at 
resection of the physeal bar is a reasonable option. 

A bar of this size and location is amenable to 
resection. 1–3 

This child had had a left femoral lengthening aged 6. 
He and his family did not wish to consider right 
femoral lengthening if this was possible to avoid. 

How Was This Boy Treated? 

Using a sterile tourniquet around the proximal thigh and following a regional nerve block, 
through medial and lateral sub-vastus approaches the extra-periosteal surface of right distal 
femur was exposed on both sides. A low-energy De Bastiani–type osteotomy was made in the 
femoral metaphysis (Figure 58.3), and the distal femoral segment was ‘delivered’ into the lateral 
wound (Figure 58.4).4 
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Physeal Bar 

Figure 58.3 Saline-cooled drilling and an osteotome are used to create a metaphyseal oste-
otomy in the distal femur. 

Figure 58.4 The exposed metaphysis of the femur is ‘delivered’ into the lateral wound to pro-
vide access to the central bar. 

A K-wire was used with fuoroscopy to help locate the limits of the central bar based on the 
preoperative planning. It was retained to guide the resection. A saline-cooled burr was used 
to gradually remove the physeal bar until normal physis was seen around the periphery of the 
resection area. An arthroscope was used to confrm adequate resection of the bar. 
A dermo-fascial graf was prepared by excising an ellipse of skin from a ‘bikini-line’ incision 

in the ipsilateral groin. Te epidermal layer was removed, and an ellipse of dermis and underly-
ing fat was harvested. Te wound was closed using subcuticular sutures. Te apices of the har-
vested ellipse were then folded inwards and sutured so as to create a cylinder with the fat within 
(Figure 58.5); this was inserted into the area of bar resection, and the femur was then reduced.5–7 
Medial and lateral L-shaped locking plates were used to fx the osteotomy (Figure 58.6). 
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Figure 58.5 A dermal interposition graft is fashioned by removing the epidermal layer from 
an ellipse in the groin, and then excising the dermis with a small amount of subdermal fat and 
folding this into a cylindrical shape with the dermis outermost. The original elliptical wound can 
then be closed. 

Figure 58.6 Medial and lateral plate fxation of the distal femoral osteotomy proximal to the physis. 

Post-Operative Management 

 Te patient was allowed to partially bear weight on the operated limb at 30% for the f rst two 
weeks. Tis was increased to ‘as tolerated’ over the subsequent six weeks. 
In the interim period afer this surgery, the lef limb was noted to be in genu valgum. T e 

deformity arose from both distal femur and proximal tibia. Corrective surgery by guided growth 
was proposed and undertaken. 
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Physeal Bar 

Figure 58.7 Full leg length measurement flms demonstrating resumption of growth of the right 
distal femoral physis. 

At clinical review three years following surgery, long leg radiographs were obtained 
( Figure 58.7). 
Correction of genu valgum on the lef side was complete with normalisation of the mechanical 

axis. Length measurements and the position of the locking L-plates indicated successful restora-
tion of distal femoral physeal growth. At this time, the limb length discrepancy was clinically 
and radiologically less than 2 cm, and it was agreed that this was to be managed non-operatively.
 Te boy will be followed until he is skeletally mature. 

Comment 

An alternative approach to this central bar that avoided an osteotomy would have been to create 
a metaphyseal window and a ‘tunnel’ down to the area of growth arrest. Dental mirrors or an 
arthroscope or both may be used to visualise the bar resection using this technique. In practice, 
visualisation and confrmation that adequate resection has been accomplished are dif  cult. In 
the femur, a thigh tourniquet is less able to control bleeding from the medullary cavity than is 
possible in the tibia. In certain cases, the direct visualisation aforded by the metaphyseal osteot-
omy facilitates a more reliable bar resection.8,9 Te use of bilateral plates was to ofset the reduced 
working length in internal fxation imposed by having to avoid the physis and the metaphyseal 
osteotomy being distal enough to reach the bar. Tis double fxation provided suf  cient stability 
to enable partial weight-bearing soon af er surgery. 
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 Tis case illustrates the potential for septicaemia to cause physeal injury that presents af er 
many years. It was not necessary to lengthen the right femur nor perform epiphyseodesis on the 
lef  side to achieve limb length equalisation acceptable to the patient and his family. T is may 
have been due to ‘rebound’ growth of the right distal femur afer the osteotomy and the suc-
cessful untethering but may also be due to the pathology in the lef femur leading to an earlier 
closure of the proximal capital physis. 
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CASE 59 : ACUTE OSTEOMYELITIS 

Hitesh Shah 

Case 

A 4-year-old boy presented with an inability to bear weight on the right lower limb and high-grade 
fever for three days. Te boy was febrile and looked ill. Tenderness was present over the proxi-
mal tibial metaphysis. Haematological investigations showed an elevated ESR and C-reactive 
protein (CRP). Plain radiographs of the tibia were normal (Figure 59.1). Ultrasound scan of the 
proximal tibia showed a sub-periosteal abscess in the metaphyseal region with normal overlying 
sof tissue. He was diagnosed to have acute osteomyelitis of the proximal tibia. 

(A) (B) 

Figure 59.1 Plain x-rays of the tibia appeared normal. 

Questions 

• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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The Problems That Need to Be Addressed Are 
• Infection of the proximal tibia 
• Potential for local spread of the infection and progression to chronic osteomyelitis 
• Potential for systemic spread and septicaemia 

The Aims of Treatment in This Boy Are 
• Control and eradicate infection of the tibia 
• Prevent the spread of infection 
• Prevent complications (like chronic osteomyelitis, pathological fracture) 

Options for Treatment to Fulfil Each Aim 
• To control and eradicate infection of the tibia 

⚬  Intravenous antibiotics 
⚬ Drainage of sub-periosteal abscess 
⚬ Decompression of the bone 

• Prevent the spread of infection 
⚬  Intravenous antibiotics 

• Prevent chronic osteomyelitis 
⚬ Urgent treatment of acute infection 

• Prevent pathological fracture of the tibia 
⚬ Protect the limb in a cast 
⚬  Defer weight-bearing 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

The factors that infl uenced the choice of treatment are: 

• The age of the child 
• Duration of symptoms 
• Presence of sub-periosteal abscess 
• Probable source of infection (community-acquired versus hospital-acquired)

  Te choice of treatment based on these factors is shown in Table 59.1. 

Table 59.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The age of the child 4 years The damage to the bone due to 
infection tends to be more severe in 
neonates and infants.1,2 

Duration of symptoms 3 days Children with acute osteomyelitis who 
present within 48 hours can often be 
treated with IV antibiotics alone under 
close supervision. 

Children who have had symptoms for 
more than two days may have 
developed extra-osseous spread with 
a sub-periosteal abscess.3 

(Continued) 
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Acute Osteomyelitis 

Table 59.1 (Continued) 

Factors Treatment Implications 

Presence of sub-periosteal Present  Urgent drainage of the sub-periosteal 
abscess abscess is mandatory to prevent 

permanent and irreversible 
complications.4,5 

Probable source of infection Community-acquired The antibiotics that are effective against 
infection Methicillin-resistant  Staphylococcus 

aureus (MRSA) need not be 
administered pending culture as 
community-acquired MRSA infections 
are not frequently encountered. 6 

How Was This Boy Treated? 

 Te boy was treated with emergency drainage of sub-periosteal abscess and decompression of 
the proximal tibia. Ten millilitres of pus were drained from the sub-periosteal plane. T e proxi-
mal tibia was drilled, and a lot more pus was drained. Trough a small metaphyseal window, 
the remaining pus was drained, and the metaphysis was irrigated with saline. Pus was sent for 
culture and sensitivity. Te surgical wound was closed, and the limb was protected with an 
above-knee splint. 

Post-Operative Management 

 Te boy was treated with intravenous Cloxacillin and Gentamycin to cover Gram-positive and 
Gram-negative organisms pending the pus culture report. Blood culture and pus cultures grew 
Methicillin-sensitive  Staphylococcus aureus. Te CRP level was restored to normal, and ESR 
reduced to within normal limits in seven days. Parenteral antibiotics were discontinued, and 
oral antibiotics were started and continued for six weeks. Te above-knee splint was converted 
to an above-knee cast afer a week and retained for six weeks. Weight bearing was deferred till 
the cast was removed. 

Follow-Up

 Te boy was followed up regularly, and eight years following the acute illness he was normally 
active without any symptoms related to the tibia. No deformity or limb length discrepancy was 
noted, and the radiographs of the tibia were normal (Figure 59.2). As he is 12 years old and has 
not shown any suggestion of growth disturbance in the tibia over the last eight years, it is highly 
unlikely that growth arrest or stimulation will occur in future. Further follow-up may not be 
required. 
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(A) (B) 

Figure 59.2 Eight years after the acute episode, the tibia appears normal. 
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CASE 60 : ACUTE SEPTIC ARTHRITIS 

Hitesh Shah 

Case 

A 3-month-old infant was brought with paucity of spontaneous movements of the right lower 
limb, excessive crying while the diaper was changed and refusing feeds for two days. T e baby 
was not febrile but was irritable. Te right hip was abducted, and externally rotated. Any attempt 
at passively moving the hip made the baby cry.
 Te ESR and CRP were markedly elevated. Ultrasound of the right hip revealed an ef usion with 

subluxation. Te radiograph of the pelvis confrmed that the hip was subluxated ( Figure 60.1 ). 

Figure 60.1 Radiograph of the pelvis showing subluxation of the right hip. The hip is abducted, 
f exed and externally rotated. 

Questions 
• What are the problems that need to be addressed? 
• What are the aims of treatment? 
• What are the available treatment options to fulfl these aims? 
• What are the factors that may infuence your choice of treatment? 
• Based on these points, what treatment would you recommend for this child? 
• How long would you follow-up this child af er treatment? 
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Essential Paediatric Orthopaedic Decision Making 

The Problems That Need to Be Addressed Are 
• Probable septic focus in the right hip 
• Subluxation of the hip 
• Risk of damage to the articular surface, to the epiphyseal cartilage and to the blood 

supply of the femoral head 

The Aims of Treatment in This Infant Are to 
•  Eradicate infection 
• Reduce the subluxation of the hip and restore stability of the hip 
• Prevent other complications of sepsis in the hip 

Options for Treatment to Fulfil Each Aim 
•  Eradicating infection 

⚬ Adequate drainage of the joint 

◽ Repeated joint aspiration and irrigation 
◽  Arthroscopic lavage 
◽ Arthrotomy and washout 

⚬  Antibiotics 

◽  Intravenous antibiotics 
◽  Oral antibiotics 

• Reducing hip subluxation and restoring stability of the hip 

⚬ Drainage of joint—resolve distension of the capsule 
Immobilisation of the hip 

◽  Hip spica 
◽  Pavlik harness 

• Preventing complications of infection 

⚬ Urgent drainage of joint and lavage 

FACTORS THAT INFLUENCED THE CHOICE OF TREATMENT 

• Age of the child 
• Duration of symptoms 
• Source of infection (community-acquired versus hospital-acquired)

  Te choice of treatment based on these factors is shown in Table 60.1. 

Table 60.1 Factors Influencing the Choice of Treatment 

Factors Treatment Implications 

The age of the child 3 months old The propensity for cartilage 
destruction is higher in neonates 
and infants than in older children. 
Consequently, there is a greater 
urgency to perform an arthrotomy 
in this child.1,2 

(Continued) 
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Acute Septic Arthritis 

Table 60.1 (Continued) 

Factors Treatment Implications 

Duration of symptoms Over two days The likelihood of onset of cartilage 
destruction is greater after 2 days. 
Hence an immediate joint 
decompression is warranted. 2 

Source of infection Community-acquired The antibiotics that are effective 
infection against MRSA need not be 

administered pending culture and 
antibiotic sensitivity reports as 
community-acquired MRSA is less 
frequently encountered. 3,4 

How Was This Baby Treated? 

An emergency arthrotomy was performed under general anaesthesia through a short incision in 
the groin crease. Tick pus exuded from the joint as soon as the distended capsule was incised 
(Figure 60.2). A copious saline wash-out of the joint was performed afer obtaining swabs from 
the joint. Te articular cartilage of the femoral head was inspected and found to be intact and 
glistening. Te wound was closed in layers without suturing the capsule. A hip spica was applied 
with the hip abducted and fexed by 30 degrees. 

Figure 60.2 Intra-operative photograph shows pus draining from the joint. 

Post-Operative Management 

 Te infant was treated with intravenous Cloxacillin and Gentamycin to cover Gram-positive and 
Gram-negative organisms pending the pus culture report. Methicillin-sensitive  Staphylococcus 
aureus was cultured from the pus and was sensitive to the chosen antibiotic. 
 Te CRP level was restored to normal and ESR reduced to within normal limits in seven days. 

Parenteral antibiotics were discontinued, and oral antibiotics were started and continued for 
four weeks. 

Follow-Up

 Te hip spica was removed afer four weeks, and Pavlik harness was worn for a further period 
of four weeks.5,6
 Te child was followed up regularly, and at the four-year follow-up, the child was active with-

out any symptoms related to the hip and the hip examination was normal. Radiographs of the 
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pelvis showed a well-centred femoral head and acetabular development that was identical to the 
contralateral side. Minimal coxa magna and mild changes of avascular necrosis were present on 
the right side (Figure 60.3a,  60.3b). 

(A) (B) 

Figure 60.3 (A) Antero-posterior radiograph of the pelvis four years later shows mild coxa magna. 
(B) Frog-lateral view shows mild avascular changes in the femoral epiphysis. 

Comment 

 Te child needs to be followed up till skeletal maturity to see how the hip develops. 
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A 

Achilles tendon, plication of  22
 Achilles tenotomy  3 ,  39
 acute osteomyelitis 

 case 449 , 449–451 
follow-up 451, 455 
post-operative management 451 
 treatment 451–452 , 452 

acute septic arthritis 
 case 453 , 453–455
 comment 56 
follow-up 455–456, 456 
post-operative management 455 
treatment 453, 454–455

 ankle see foot and ankle 
 ankle-foot orthosis (AFO)  9 ,  11 ,  13 ,  27 ,  89 ,  175 ,  179 , 

383 
 arm 

congenital radio-ulnar synostosis  311–312, 
311–316, 314–315 

contracture of muscles of the upper limb 
333–334, 333–339, 336, 337–338 

diaphyseal bone loss of the radius 217 , 217–221, 
218, 219–221 

forearm length discrepancy  301–302 , 301–307, 
303–304, 304–307 

paralysed elbow-extensor paralysis  361–362, 
361–362, 361–366, 364, 364–366 

paralysed shoulder  355, 355–359, 357–358, 
358–359 

paralysed upper limb-traumatic total brachial 
plexus injury with partial recovery 367, 
367–368, 367–373, 369–370, 370–372 

radial head dislocation of  207–208 , 207–214, 
211, 212–214 

spastic forearm and hand  409–410 , 409–414, 
411–412, 412–413

 attention defcit hyperactivity disorder (ADHD) 
 301  

 autistic spectrum disorder (ASD)  301    

B 

Bayne & Klug type IV radial aplasia  253 
Blount’s disease  see infantile tibia vara (Blount’s 

disease )
 BOTOX  391 ,  401  
 brachial plexus birth palsy  361    

C 

 calcaneal lengthening osteotomy  47 – 48
 calcaneus deformity

 case 19 , 19–21 
 comment 25 
post-operative management 24–25, 25
 treatment 21–22, 22–24, 22–24

 cavovarus deformity 
 case 27–28 , 27–34 
 comment 33–34 
post-operative management 32–33, 33
 treatment 31 , 32 

 cerebral palsy 
paralytic hip dislocation  169, 169–173,  170–171, 

172 
spastic hip-hip f exion 401–402, 401–408, 405, 

405–07 
spastic knee-knee f exion 391–392 , 391–400, 

394, 395–399
 Charcot-Marie-Tooth  27
 Chiari malformation  147  
 clef palate  119 
 compartment syndrome  333  
congenital dislocation of the knee

 cases 193–194 , 193–195 
follow-up 197, 197–198 
treatment 196, 196, 197 

congenital dislocation of the patella 
 case 201–202 , 201–203 
follow-up 205, 205 
post-operative management 204 
 treatment 203–204 , 204 

 congenital hydrocephalus  147  
congenital posteromedial bowing of the tibia 

 case 71–72 , 71–73 
 comment 78 
post-operative care 74–75, 76–78 
treatment 74, 74 

congenital pseudoarthrosis of the tibia 
 case 61 , 61–63 
 comment 68 
post-operative management 65–68, 66–68
 treatment 63–64, 64–65, 65 

congenital radio-ulnar synostosis 
 case 311–312 , 311–313
 comment 315 
post-operative management 315, 315 
treatment 313–314, 314 
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Index 

congenital short femur and proximal focal femoral 
def ciency

 case 237 , 237–239
 comment 243 
post-operative management 241–243, 242–243
 treatment 240, 240–241, 241 

congenital talipes equinovarus (CTEV) 3 ,  9 
congenital vertical talus

 case 35–36 , 35–37 
 comment 41 
post-operative management 40, 40
 treatment 38, 39, 39–40 

contracture of muscles of the lower limb-
quadriceps contracture secondary to 
osteomyelitis of the femur 

 case 325–326 , 325–327
 comment 331 
 follow-up 331 
post-operative management 329, 330–331
 treatment 327–328, 328–329, 328–329 

contracture of muscles of the upper limb 
 case 333–334 , 333–335
 comment 339 
 follow-up 339 
post-operative management 339 
 treatment 336, 336–338, 337–338

 coxa vara
 case 119–120 , 119–122 
 follow-up 124 , 124–125 
post-operative treatment 124 
 treatment 123, 123–124, 124 

D 

de Bastiani-type osteotomy  83 
decreased joint mobility 

congenital radio-ulnar synostosis  311–312, 
311–315, 314–315 

contracture of muscles of the lower limb-
quadriceps contracture secondary to 
osteomyelitis of the femur  325–326 , 325–331, 
327–328, 328–330 

contracture of muscles of the upper limb 
333–334, 333–339, 336, 337–338 

tarsal coalition 317–318, 317–323, 320, 321–322
 def ciencies 

congenital short femur and proximal focal 
femoral def ciency 237, 237–243,  239, 241–243 

distal focal femoral def ciency 245–246, 
245–251, 247–248, 249–250

 fbular hemimelia  225, 225–229, 227, 228, 
228–229, 229 

radial club hand  253, 253–260, 255, 256–259 
tibial hemimelia  231, 231–236, 233, 234–236 
ulnar club hand  261–262, 261–268, 265–267 

 deformities 
calcaneus deformity  19, 19–25,  21–22, 22–25 
cavovarus deformity  27–28, 27–34, 31, 33 
congenital posteromedial bowing of the tibia 

71–72, 71–78, 74, 75–78 
congenital pseudoarthrosis of the tibia  61, 

61–69, 63–64, 65–68 
congenital vertical talus  35–36, 35–41, 38, 

39–40 
coxa vara  119–120, 119–125,  123, 124
 equinovarus 11, 11–17,  12–13, 14–16 
equinus deformity  3, 3–10,  5, 6–9 
femoral anteversion  127–129, 127–133,  130–131, 

131–132
 fexion deformity of the knee 87–88 , 87–93, 

89–90, 90–92 
genu recurvatum 95–96, 95–102, 97–98, 

99–101 
genu valgum  113–114, 113–118, 115–116, 

117–118 
genu varum  103–105, 103–112,  106, 107–111 
kyphotic deformity of the spine  147–148, 

147–156, 149–150, 151–155 
planovalgus deformity  43–44, 43–51, 47, 48–50
 scoliosis 141–142, 141–146, 143–144, 145 
tibial torsion  79–80, 79–86, 81–82, 82–85
 torticollis 157, 157–160,  158–159, 159 
valgus deformity of the hindfoot  53–55 , 53–59, 

56–57, 57–58 
valgus deformity of the wrist  135–136 , 135–140, 

138, 139–140 
derotation osteotomy of the humerus  359 
developmental dysplasia of the hip 

 case 163 , 163–164
 comment 167 
follow-up 167, 167 
post-operative management 167 
 treatment 164–165, 165–167, 165–167 

diaphyseal bone loss of the radius
 case 217 , 217–218
 comment 221 
follow-up 220, 220–221
 treatment 218, 218–220, 219 

discrepancies of limb length 
 femur 271, 271–279, 272–273, 273–279
 f bula 289, 289–294, 291, 292–294
 forearm 301–302, 301–307, 303–304, 304–307
 metatarsals 295–296, 295–300, 297–298, 

298–300
 tibia 281, 281–287, 283, 284–287

 dislocations 
congenital dislocation of the knee  193–194, 

193–198, 196, 197–198 
congenital dislocation of the patella  201–202, 

201–205, 203–204, 205 
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developmental dysplasia of the hip  163 , 163–168, 
164–165, 165–167 

paralytic hip dislocation-cerebral palsy  169, 
169–173, 170–171, 172 

paralytic hip dislocation-poliomyelitis 175–176, 
175–179, 177–178, 178–179 

post-infective hip dysplasia  187–188 , 187–192, 
189–190, 190–191 

radial head dislocation  207–208, 207–214, 211, 
212–214 

teratologic dislocation of the hip-multiple 
congenital contractures 181 , 181–185, 
184, 185 

distal focal femoral def ciency
 case 245–246 , 245–246
 comments 251 
 treatment 247–248, 249–250, 249–250

 dwarfsm  119    

E 

epiphyseal and physeal problems 
infantile tibia vara (Blount’s disease) 417, 

417–422, 418–419, 419–421 
Perthes disease  423, 423–427, 425, 426 
physeal bar  441, 441–446, 442, 443–445 
slipped capital femoral epiphysis (SCFE) 

429–430, 429–439,  431, 432–433, 435, 
436–437

 equinovarus
 case 11 , 11–12 
 comment 16–17 
post-operative management 13–16, 14–16
 treatment 12–13 , 13 

 equinus deformity 
 case 3 , 3–5 
 comment 9–10 
post-operative management 7–9, 8–9
 treatment 5, 5–7,  6–7

 excision of pseudarthrosis  64 

F 

 femoral anteversion 
 case 127–129 , 127–130 
 comment 133 
 follow-up 133 
post-operative treatment  132 , 132–133
 treatment 130–131, 131 , 131–132 

femoral supra-condylar osteotomy  346 
femoral valgus osteotomy  441 
femur length discrepancy 

 case 271 , 271–272 
post-operative management 276–279, 277–279
 treatment 272–273, 273–276 , 273–276 

 fbula length discrepancy 
 case 289 , 289–290 
 comments 294 
post-operative management 293,  293–294
 treatment 291, 291–293

 f bular hemimelia 
 case 225 , 225–226 
follow-up 229, 229 
post-operative management 229 
 treatment 227, 228–229, 228, 228–229

 fexion deformity of the knee
 case 87–88 , 87–89 
 comment 92 
follow-up 91, 91–92
 treatment 89–90, 90, 90–91 

foot and ankle 
calcaneus deformity  19, 19–25,  21–22, 22–25 
cavovarus deformity  27–28, 27–34, 31, 33 
congenital vertical talus  35–36, 35–41, 38, 

39–40
 equinovarus 11, 11–17,  12–13, 14–16 
equinus deformity  3, 3–10,  5, 6–9 
metatarsal length discrepancy  295–296, 

295–300, 297–298, 298–300
 paralysed 343–344, 343–348, 344, 346, 

347–348 
planovalgus deformity  43–44, 43–51, 47, 48–50 
spastic foot and ankle-spastic equinovarus foot 

383, 383–390,  386, 387–389 
tarsal coalition 317–318, 317–323, 320, 321–322 
valgus deformity of the hindfoot  53–55 , 53–59, 

56–57, 57–58 
forearm length discrepancy   301– 302,  301 – 307  

 comment 307 
post-operative management 306–307, 306–307
 treatment 303–304, 304–305 , 304–305   

G 

 genu recurvatum
 case 95–96 , 95–96 
follow-up 101, 101 
post-operative management 98, 98–100
 treatment 97–98 , 98 

 genu valgum
 case 113–114 , 113–115
 comment 117 
post-operative management 116–117, 117
 treatment 115–116, 116, 117

 genu varum
 case 103–105 , 103–106
 comment 109 
post-operative management 109, 109
 treatment 106, 107–109, 107–109, 111 

growth hormone defciency  147    
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H 

 halo traction  149  
hamstring to quadriceps transfer  90
 hand 

paralysed-ulnar and median nerve palsy  375, 
375–379, 378, 379 

radial club  253, 253–260, 255, 256–259 
spastic forearm and  409–410 , 409–414, 

411–412, 413–413 
ulnar club  261–262, 261–268, 265–267 
see also wrist, valgus deformity of the 

 hip 
coxa vara  119–120, 119–125,  123, 124 
developmental dysplasia  163, 163–168, 164–165, 

165–167 
paralytic hip dislocation-cerebral palsy  169, 

169–173, 170–171, 172 
paralytic hip dislocation-poliomyelitis 175–176, 

175–179, 177–178, 178–179 
Perthes disease  423, 423–427, 425, 426 
post-infective hip dysplasia  187–188 , 187–192, 

189–190, 190–191 
slipped capital femoral epiphysis (SCFE)  429, 

429–439, 31, 432–433, 435, 436–437 
spastic hip-hip fexion in spastic cerebral palsy 

401–402, 401–408, 405, 405–407 
teratologic dislocation of the hip-multiple 

congenital contractures 181, 181–186, 184, 185
 Horner’s sign  367  
 hypothyroidism  147    

I 

 Ilizarov fxator  256  
 Ilizarov ring  211 
infantile tibia vara (Blount’s disease)

 case 417 , 417–418
 follow-up 421 
 treatment 418–419, 418–422,  419–421

 infections 
acute osteomyelitis  449, 449–452,  450–451, 452 
acute septic arthritis  453, 453–456, 454–455, 

455–456
 ischemics stroke  147    

J 

joint mobility problems see  decreased joint 
mobility 

K 

 knee 
congenital dislocation of the knee  193–194, 

193–199, 196, 197–198 

congenital dislocation of the patella  201–202, 
201–205, 203–204, 205

 fexion deformity  87–88, 87–93, 89–90, 90–92 
genu recurvatum 95–96, 95–102, 97–98, 99–101 
genu valgum  113–114, 113–118, 115–116, 

117–118 
genu varum  103–105, 103–112,  106, 107–111
 paralysed 343–344, 343–348, 344, 346, 347–348 
spastic knee-knee fexion in spastic cerebral 

palsy  391–392, 391–400, 394, 395–399 
see also leg 

kyphotic deformity of the spine 
 case 147–148 , 147–149 
comment 153, 154–155 , 155 
post-operative management 153 
 treatment 149–150, 150–152, 151–152 

L 

 lacerations  378  
 leg 

acute osteomyelitis  449, 449–452,  450–451, 452 
congenital posteromedial bowing of the tibia 

71–72, 71–78, 74, 75–78 
congenital pseudarthrosis of the tibia  61 , 61–69, 

63–64, 65–68 
congenital short femur and proximal focal 

femoral def ciency 237, 237–243,  240, 
241–243 

contracture of muscles of the lower limb-
quadriceps contracture secondary to 
osteomyelitis of the femur  325–326 , 325–331, 
327–328, 328–331 

distal focal femoral def ciency 245–246, 
245–251, 247–249, 250 

femur length discrepancy  271 , 271–279, 
272–273, 273–279

 fbula length discrepancy  289, 289–294, 291, 
292–294

 fbular hemimelia  225, 225–229, 227, 228, 
228–229, 229 

infantile tibia vara (Blount’s disease) 417, 
417–421, 418–419, 419–421 

physeal bar  441, 441–446, 442, 443–445 
spastic hip-hip fexion in spastic cerebral palsy 

401–402, 401–408, 405, 405–407 
spastic knee-knee fexion in spastic cerebral 

palsy  391–392, 391–400, 394, 395–399 
tibia length discrepancy  281, 281–287, 283, 

284–287 
tibial hemimelia  231, 231–236, 233, 234–236 
tibial torsion  79–80, 79–85,  81–82, 82–85 
see also knee 

limb length discrepancies  see  discrepancies of 
limb length 
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lower motor neuron paralyses 
 elbow 361–362, 362, 361–366, 364, 364–366
 foot 349–350, 349–353,  350, 351–352, 352–353
 hand 375, 375–379, 378, 379
 knee 343–344, 343–348, 344, 346, 347–348
 shoulder 355, 355–359, 357–358, 358–359 
upper limb  367, 367–368, 367–372, 369–370, 

370–372 

M 

 macrocephaly  147  
marmorata telangiectasia syndrome  147 
 meningococcal septicaemia  281  
metatarsal length discrepancy

 case 295–296 , 295–297 
post-operative management 299, 299–300
 treatment 297–298, 297, 298

 multiple hereditary osteochondromatosis (MHO) 207 

N 

neck, torticollis of the 
 case 157 , 157–158
 comment 160 
follow-up 159, 159 
post-operative management 159 
 treatment 158–159 , 158–159

 neurofbromatosis type I  61 ,  136    

O 

 Ollier’s incision  13 , 14
 Orthofx Garches clamp  98 

P 

paralysed elbow-extensor paralysis 
 case 361–362, 361–362 , 361–363
 comment 366 
follow-up 366, 366 
post-operative management 366 
 treatment 364, 363–366, 364–365

 paralysed foot 
 case 349–350, 349–351,  350
 follow-up 353 
post-operative management 353, 353
 treatment 351–352, 351–352, 352 

paralysed hand-ulnar and median nerve palsy 
 case 375 , 375–377 
follow-up 378, 379 
post-operative management 378 
treatment 377–378, 378

 paralysed knee
 case 343–344, 343–345, 344 

 follow-up 348 
post-operative management 348, 348
 treatment 346, 345–347, 347

 paralysed shoulder 
 case 355 , 355–357
 comment 359 
follow-up 359, 359 
post-operative management 358 
 treatment 357–358, 357–358, 358 

paralysed upper limb-traumatic total brachial 
plexus injury with partial recovery

 case 367, 367–368 , 367–369 
follow-up 372, 372 
post-operative management 371 
 treatment 369–370, 369–371,  370–371 

paralytic hip dislocation-cerebral palsy 
 case 169 , 169–170 
 comment 172–173 
post-operative management 171–172, 172
 treatment 170–171, 170–171, 172 

paralytic hip dislocation-poliomyelitis 
case 175–176, 175–176
 comment 179 
follow-up 178, 179 
post-operative management 178 
 treatment 177–178, 177, 178 

patella, congenital dislocation of the 
 case 201–202 , 201–203 
follow-up 205, 205 
post-operative management 204 
 treatment 203–204 , 203–204

 Perthes disease 
 case 423 , 423–424
 comment 427 
follow-up 425–426, 426 
post-operative management 425 
treatment 424–425, 425, 426

 physeal bar 
 case 441 , 441–442
 comment 445–446 
post-operative management 444–445, 445
 treatment 442, 442–443, 4443–444

 planovalgus deformity 
 case 43–44 , 43–46 
 comment 51 
follow-up 49, 50 
post-operative management 49 
 treatment 47, 47–49,  48–49 

plantar fascia release  32 
PMP22 duplication 27 
 poliomyelitis see  paralytic hip 

dislocation-poliomyelitis 
poliomyelitis, paralytic hip dislocation   175– 176, 

 175 – 179 ,  177 – 178,  178– 179
 Ponseti method 3 
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post-infective hip dysplasia 
 case 187–188 , 187–188
 comment 192 
follow-up 191, 191 
post-operative management 191, 191
 treatment 189–190, 189–190, 190

 proximal displacement osteotomy  22    

Q 

 quadricepsplasty  184 ,  195    

R 

radial club hand 
 case 253 , 253 
comment 259, 259
 treatment 255, 254–258, 256–259 

radial head dislocation
 case 207–208 , 207–208
 comment 214 
 treatment 211, 210–213, 212–214 

radius, diaphyseal bone loss of the 
 case 217 , 217–218
 comment 221 
follow-up 220, 220–221
 treatment 218, 218–220, 219

 rickets  417    

S 

Salter-Harris II fracture  301 
 Salter osteotomy  178  
 scoliosis

 case 141–142 , 141–143
 comment 144–146 
post-operative treatment 144, 145
 treatment 143–144 , 143–144 

single-event multiple lower extremity surgery 
(SEMLS)  413  

slipped capital femoral epiphysis (SCFE) 
 cases 429–430, 429–431,  451 , 451–452
 comment 437 
 follow-up 437 
 treatment 431, 431–436, 432–433, 435–436, 

436–437 
spastic foot and ankle-spastic equinovarus foot 

 case 383 , 383–385 
comment 388–389, 389 
post-operative management 388, 388 
treatment 385, 386, 387, 387 

spastic forearm and hand 
 case 409–410 , 409–411 
 comment 413–414 

 follow-up 413 
 treatment 411–412, 411–413, 412–413 

spastic hip-hip fexion in spastic cerebral palsy 
 case 401–402 , 401–404
 comment 407–408 
post-operative management 407 
 treatment 405, 404–406, 405–407 

spastic knee-knee fexion in spastic cerebral palsy 
 case 391–392 , 391–393
 comment 399–400 
post-operative management 396–397, 397–399 
treatment 393, 394, 395, 395–396

 spine 
kyphotic deformity  147–148, 147–156, 149–150, 

151–152, 154–155
 scoliosis 141–142, 141–146, 143–144, 145

 supracondylar femoral shortening  92    

T 

 tarsal coalition
 case 317–318 , 317–318
 comment 323 
post-operative management 322 
treatment 319–320, 320, 321–322 

teratologic dislocation of the hip-multiple 
congenital contractures

 case 181 , 181–182
 comment 185 
follow-up 185, 185 
post-operative management 184 
treatment 183–184, 184 

tibia length discrepancy 
 case 281 , 281–282 
comment 286–287, 287 
post-operative management 286
 treatment 283, 282–286, 284–286

 tibial hemimelia 
 case 231 , 231–232
 comment 236 
follow-up 235, 235–236 
post-operative care 235 
 treatment 233, 232–233, 234–235

 tibial torsion 
 case 79–80 , 79–81 
 comment 84 
post-operative management 84, 85
 treatment 81–82, 81–83, 82–84

 torticollis 
 case 157 , 157–158
 comment 160 
follow-up 159, 159 
post-operative management 159 
 treatment 158–159 , 158–159 
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traumatic brachial plexus palsy  367 
 Trendelenburg gait  122 ,  163 ,  250 ,  346    

U 

ulnar club hand 
 case 261–262 , 261–263
 comment 268 
post-operative management 266–267, 267 
treatment 264–265, 265–266 

upper motor neuron paralysis 
spastic foot and ankle-spastic equinovarus foot 

383, 383–390,  386, 387–389 
spastic forearm and hand  409–410 , 409–414, 

411–412, 412–413 
spastic hip-hip fexion in spastic cerebral palsy 

401–402, 401–408, 405, 405–407 
spastic knee-knee fexion in spastic cerebral 

palsy  391–392, 391–399, 394, 395–399 

valgus deformity of the hindfoot 
 case 53–55 , 53–56 
 comment 58 
follow-up 58, 58 

Index 

post-operative management 57 
 treatment 56–57, 57,  57–58 

valgus deformity of the wrist 
 case 135–136 , 135–147 
 comment 140 
 follow-up 139 
post-operative management 139, 139
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