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Abstract

Int roduct ion and obj ect ive: Varus deformity of the ankle during infancy is a not  uncommon 
after effect  after epiphysiolysis of the distal t ibial or an infect ion in this area during 
childhood. The authors review the cases treated using external ixation.
Mat erial  and met hods: A ret rospect ive review was made of 14 cases of varus ankle 
clinically and radiologically studied using lower limb antero-posterior teleradiography in 
the standing position and treated using monolateral external ixation. The cause of the 
deformity, it s magnitude, procedure employed, complicat ions, and premature physeal 
closure after t reatment .
Result s: All cases of varus ankle were ret rospect ively reviewed, with the most  frequent  
cause of the deformity in ankle varus during infancy being epiphysiolysis of the middle 
port ion of the distal t ibia (SH II,  III or IV lesions), distal t ibia infect ion or sepsis. There 
were two cases of epiphysiolysis type II,  three of type III,  and three of type IV. The 
methods of correct ion employed were, physeal dist ract ion when the physis was open in 
four cases, and distal metaphyseal osteotomy and subsequent  callus dist ract ion in eight  
cases. In two cases correct ion was performed acutely combining another t reatment  
method to correct  a concomitant  discrepancy. The callotasis was performed on all of 
them using ibular osteotomy, ixing it with a Kirschner wire, except in three cases. The 
most  frequent  complicat ions were infect ions around the screws and ad-latum 
displacement .
Discussion and conclusions: Good results have been obtained in this series of varus 
deformity of the ankle in the child by means of physeal dist ract ion, osteotomy and 
callotasis. Physeal dist ract ion before reaching skeletal maturit y may be the method of 
choice. If  it  is performed earlier the premature closure of the rest  of the fert ile physis is 
likely. If the treatment is hemicallotasis, besides the ibular osteotomy, intramedullary 
ixation with a Kirschner wire is also recommended.
© 2010 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Varus deformity in the ankle during childhood is not  
uncommon after physeal fractures or generalised sepsis 
that  originate a bone bridge in the growth plate cart ilage of 
the distal t ibia causing progressive angulat ion during the 
remaining growth period unt il the individual reaches bone 
maturity.1 These angulat ions cause a biochemical imbalance, 
creat ing an overload in the middle port ion of the j oint  and 
cause the appearance of degenerat ive j oint  phenomena 
accompanied by pain.2,3 In childhood the decision to realign 
the j oint  is taken to prevent  degenerat ive phenomena, 
before pain is the main symptom. 

There are current ly many dif ferent  techniques described 
to t reat  these deformit ies, such as open or arthroscopic 
epiphysiodesis, percutaneous osteotomy, physeal 
dist ract ion, osteotomy and callotasis, among others. All 
these techniques use dif ferent  posterior osteosynthesis 
materials such as cannulated screws, Kirschner wire, plates 
or external ixation devices.4-6

Radiological analysis of the deformity indicates where to 
carry out  the osteotomy (generally near the physis) to 
correct  it .  Those recommended are open surgery increment  
and synthesis with a screwed on plate or external ixation 
devices.

External ixation is a useful tool in treating angular 
deformit ies in the long bones. They allow external cont rol 

of the osteotomy to be maintained unt il bone consolidat ion 
is achieved, act ing in the area of deformity and achieving 
lengthening and adj ustment  of angular correct ion during 
t reatment . The most  commonly-used procedures are: 
asymmetric physeal dist ract ion, when we act  on a growth 
cart ilage level. This procedure is indicated in cases of 
angular deformit ies in pat ients nearing skeletal maturity, or 
asymmetric callotasis, when a metaphyseal osteotomy is 
carried out  together with acute or gradual correct ion, 
applicable to varus deformit ies of the ankle in pat ients who 
have reached skeletal maturity.7-9

The aim of this study was to undertake a review of our 
clinical experience in varus deformit ies of the ankle in 
children treated with external ixation.

Material and methods

A ret rospect ive study was carried out  on 12 pat ients (2 had 
bilateral affectat ion), 6 males and 6 females, with a mean 
age of 11.2 years (range: 9-16 years) at  the t ime of surgical 
intervent ion.

In the majority of cases studied with varus deformity (greater 
than 10º), the x-rays showed that there was a bone bridge in 
the distal t ibial physis. In one case, the deformity was caused 
by an improper union through secondary displacement of an 
open fracture of the distal metaphyseal t ibia (table 1).

PALABRAS CLAVE

Tobillo varo;

Deformidad angular;

Fij ación externa

Deformidad en varo del tobillo del niño: corrección mediante ijación externa

Resumen

Int roducción y obj et ivo: La deformidad en varo del tobillo durante la infancia es una 
secuela no infrecuente tras una epiisiolisis de tibia distal o una infección de esta zona 
durante la infancia. Los autores revisan los casos tratados mediante ijación externa.
Mat erial  y mét odos: Se revisaron de forma ret rospect iva 14 casos de tobillo varo estudia-
dos clínica y radiológicamente mediante telerradiografía anteroposterior de EEII en bipe-
destación y tratados mediante ijación externa monolateral. Se analizó la causa de la 
deformidad, su magnitud, procedimiento empleado, complicaciones y cierre precoz de 
isis tras el tratamiento.
Result ados: Se revisaron ret rospect ivamente todos los casos de tobillo varo, siendo las 
causas más frecuentes de deformidad en varo del tobillo durante la infancia: las epiisio-
lisis de la porción medial de la t ibia distal (lesiones SH II,  III o IV), infección de t ibia distal 
y sepsis. Hubo dos casos de epiisiolisis tipo II, tres de tipo III y tres de tipo IV. Los méto-
dos de corrección empleados fueron en cuatro casos la distracción isaria cuando había 
isis abierta o la osteotomía metaisaria distal y callotasis posterior en ocho casos. En dos 
se realizó la corrección de forma aguda asociando otro método de tratamiento para co-
rregir una discrepancia concomitante. En todas las callotasis se realizó osteotomía del 
peroné, ijándolo con aguja de Kirschner excepto en tres casos. Las complicaciones más 
f recuentes fueron infecciones alrededor de los tornillos y desplazamiento ad-lat um.

Discusión y conclusiones: En esta serie se han obtenido buenos resultados en el t rata-
miento de la deformidad en varo del tobillo del niño mediante la condrodiastasis, la os-
teotomía y la callotasis. La distracción isaria antes de alcanzar la madurez esquelética 
puede ser el método de elección. Si se realiza precozmente es presumible el cierre pre-
coz del resto de isis fértil. Si el tratamiento es hemicallotasis es recomendable además 
de la osteotomía del peroné su ijación intramedular con aguja de Kirschner.
© 2010 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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Pat ients were radiologically studied using antero-
posterior teleradiography of the lower limbs in the standing 
posit ion with a 5º internal rotat ion of the ankle to observe 
the tibio-ibular-talar mortise in its entirety and avoid pre- 
and postoperat ive false negat ives as to skeletal maturity.10 
In addit ion, the size of the physeal bridge was measured in 
the teleradiography.

Clinically we assessed pain, aet iology and degree of 
deformity, as well as the range of pre- and postoperat ive 
mobilit y.

In the 14 cases studied, 12 cases were t reated with an 
Orthoix monolateral external ixation. The remaining two 
had open osteotomy and synthesis with Kirschner wire.

Pat ients with limb shortening associated to the deformity 
had bone elongat ion procedures to compensate for limb 
length at  the same t ime as the osteotomy or by a second 
proximal osteotomy as well as correct ion.

With regards to cases treated with external ixation (12 
cases), these had an osteotomy and an acute correct ion of 
the deformity in 3 cases, osteotomy and gradual correct ion 
(hemicallotasis) in 5 cases and gradual correct ion at  growth 
cart ilage level (hemicondrodiatasis) in the remaining 4  
(ig. 1).

A wedge subtraction osteotomy of the ibula associated 
to the previous techniques was carried out  on the ent ire 
study group (except  for one case) to adapt  to the gradual 
correct ion of the varus, avoiding the impingement  of the 
external aspect of the tibio-ibular-talar mortise. Fibular 
intramedullary ixation with Kirschner wire was undertaken 
in 4 cases to prevent  ad-lat um deformity during the 
correction observed in the irst cases treated just with 
osteotomy.

The t rigonomet ry rat io to calculate the necessary 
lengthening for angular correct ion used was tg α = opposite 
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Figure 1 a) 12-year-old female who had a SH type IV 

epiphysiolysis at  the age of 10 years old. We see a 35% physeal 

bridge in the cent ral area of the ankle. b) Asymmetric dist ract ion 

of the physis and wedge subtraction osteotomy of the ibula.
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leg/ adj acent  leg, where α is the deformity angle (it s value 
was obtained on a scientiic calculator), adjacent leg was 
given by the screw length and opposite leg was the 
magnitude of elongat ion. This way we know how many mm 
have to be lengthened in the external ixator. However, we 
also have to take into account  that  the bone should not  be 
lengthened more than 1mm per day; for this reason, the 
same formula was applied although on this occasion the 
ixed leg was the metaphyseal tibia width.

Finally if the mm the ixator must be diverted are divided 
by the mm that  have to be lengthened in the osteotomy 
site, we obtain the mm that  have to be diverted in the 
device so that  the bone grows 1 mm/ day. For that  reason, 
the method was modiied, dividing the degrees of deformity 
between the number of external ixation treatment days, 
obtaining the number of days required for a degree of 
correct ion.

Clinical and radiological progress was assessed periodically 
in all pat ients during the post -operat ive weeks. During the 
t reatment  period, each pat ient  act ively collaborated in the 
care and handling of the external ixation device and 
dressings of the cutaneous holes. They also performed ankle 
movements in part ial discharge during the gradual correct ion 
phase.

The external ixator was removed on an out-patient basis, 
except  for the cases using hydroxyapat ite screws, which 
were removed in the operat ing theat re after the pat ient  
was sedated. The pat ients walked with the help of crutches 
during the following month and these were gradually 
removed. After the third month, they were allowed to do 
all t ypes of physical act ivit ies. The pat ients have been 
reviewed yearly.

Results

The mean follow-up t ime was 4.7 years (range [r]: 2-10), 
unt il all pat ients reached skeletal maturity. The mean 
external ixation time was 4.2 months (r: 3-8). The mean size 
for the physeal bridge subtotal observed in the radiographic 
image tests was 46% (r: 10-100). The mean varus deformity 
angle of the ankle was 20º (r: 12-30) (table 2).

Complete correct ion of angular deformity (0º) was 
achieved in all cases studied. Seven pat ients with shortening 
associated to angular deformity had a mean preoperat ive 
discrepancy of 2cm (r: 0-5.5). This was resolved in all cases 
except  for two2, which had a residual discrepancy of 0.6 
and 1.5cm.

Reported complicat ions were: infect ion around the 
screws in two cases, ad-lat um epiphyseal displacement  in 
two cases (which required ixator handling to reposition it 
in the out -pat ient  department ), post -t raumat ic breakage of 
the external ixator screw in one case and a deformity in 
the ankle valgus that  required the source to be approached 
under anaesthet ic for reduct ion and new synthesis, with a 
residual length discrepancy of 1.5cm in one case.

Clinically there were no dif ferences in mobilit y with 
respect  to the cont ralateral ankle or pain in any case during 
the last  revision performed.

Finally, after correct ive t reatment , there was complete 
premature closure of the operated physis with respect  to 

the cont ralateral side in all pat ients. This did not  cause a 
loss of angular correction (ig. 2).

Discussion

Varus deformity of the ankle can signify an important  
funct ional problem in paediat ric pat ients. Gait  disturbance, 
discrepancies in length, dificulties in inding shoes and 
cutaneous problems are some of the most  common 
consequences.

Dif ferent  techniques to correct  this deformity have been 
described in the literature,7,11-13 with external ixation being 
a useful tool. This deformity is irst treated with 
epiphysiodesis resect ion when possible (asymmetric 
dist ract ion at  physis level).14,15 If  this is not  possible, it  is 
t reated with correct ive osteotomy by carrying out  
asymmetric and gradual dist ract ion (hemicallotasis) or with 
acute correct ion.

Correct ions carried out  at  the same t ime or those 
performed gradually seek the same obj ect ives: to solve the 
deformity through an increment  procedure, and if  possible, 
prevent  recurrence by resolving its causal problems. When 
correct ive osteotomy is performed, it  is important  to act  on 
the deformity apex to obtain good results without  creat ing 
secondary deformit ies.3,16

The scarcity of cases where three dif ferent  surgical 
techniques have been used does not  allow us to stat ist ically 
assess the results. When the correct ion is carried out  at  
physis level, the modiied curing time (number of days for 
the ixator per angular correction degree) is best. In our 
case studies, this was three days/ angular correct ion 
degree.

The advantages of external ixation are that it allows 
external correct ion cont rol to be maintained unt il bone 
consolidat ion, act ing on the point  of deformity (even at  a 
physeal level),  and allows angular correct ions and 

Figure 2 Antero-posterior and lateral x-rays of the same 

pat ient ; we can see the angular correct ion maintained three 

years after carrying out  physeal dist ract ion.
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correct ions of length discrepancies to be performed during 
the t reatment  period. The surgical technique is not  very 
invasive. Even in cases where the correct ion is carried out  
at  a physeal level, this does not  need osteotomy (except  for 
that of the ibula). This is because the distractor forces 
provided by the external ixator allow the bone bridge to be 
broken and the physis dist racted. This technique did not  
need a graft  or pat ient  allograft .17,18

Although a rare complicat ion in this study, bone infect ion 
due to the external ixator screws is a commonly-described 
problem. In some severe cases, it  can lead to interrupt ion 
of t reatment  or having the implant  withdrawn.

Fibular wedge subtraction osteotomy and its ixation with 
an int ramedullary wire should be performed to avoid 
external impingement of the tibio-ibular-talar mortise and 
ad-lat um displacement  of the distal t ibial epiphysis during 
correct ion in cases of osteotomy and posterior callotasis.

The use of external ixation is a useful procedure in the 
hands of experts who know how an external monolateral 
ixation device works mechanically, have basic knowledge 
of ankle physio-anatomy in children and adolescents and 
have basic understandings of t rigonomet ry. We know that  
hemicondrodiatasis is a stable procedure as such and does 
not need tibial osteotomy, although ibular osteotomy is 
necessary. Given that  the procedure is stable, it  does not  
need stabilising with a Kirschner wire. Acute correction in a 
young adult  would be the best  choice when the angular 
deformity is small; ibular osteotomy is also needed in this 
case, although stabilisat ion would not  be necessary except  
if  bone lengthening procedures were performed and there 
was a risk of altering the tibio-ibular-talar mortise. 
Osteotomy and posterior callotasis is the procedure that  
has most  risk of having ad-lat um distal t ibia; due to this, in 
these cases we recommend that as well as having a ibular 
osteotomy they should be stabilised with a Kirschner wire.

We can conclude that  the results obtained in our series 
were sat isfactory. That  is why we recommend the use of 
external ixation to correct varus deformity of the ankle. 
However, a longer-term follow-up is needed to observe 
clinical and radiological changes of j oint  degenerat ion.

Evidence level

Evidence level IV.

Conlict of interest

The authors declare no conlict of interest.

References

1. De Sanctis N, Della Corte S. Distal tibial and ibular epiphyseal 
f ractures in children: prognost ic criteria and long term results 

in 158 pat ients. J Pediat r Orthop B. 2000;9:40—4.

2. Valderrabano V, Horisberger M, Russell I,  Dougall H, Hintermann 

B. Et iology of ankle osteoarthrit is. Clin Orthop. 2009;467: 

1800—6.

3. Nenopoulos S, Papavasiliou VA, Papavasiliou AV. Outcome of 

physeal and epiphyseal inj uries of the distal t ibia with 

int raart icular involvement . J Pediat r Orthop A. 2005;25: 

518—22.

4. Pagenstert  GI, Hintermann B, Valderrabano V. Realignment  

surgery as alternat ive t reatment  of varus and valgus ankle 

osteoarthrit is. Clin Orthop. 2007;462:156—8.

5. Stevens P, Klatt JB. Guided growth for pathological physes. J 
Pediat r Orthop A. 2008;28:632—9.

6. Salter R, Harris W. Inj uries involving the epiphyseal plate. J 

Bone Joint  Surg A. 1963;45:587—622.

7. Scheffer M, Peterson HA. Opening-wedge osteotomy for angular 

deformit ies of long bones in children. J Bone Joint  Surg Am. 

1994;76:325—34.

8. Cottalorda J, Béranger V, Louahem D, Camilleri JP, Launay F, 
Diméglio A, et al. Salter-Harris type III and IV medial malleolar 
fractures growth arrest : is it  a fate? A ret rospect ive study of 48 

cases with open reduct ion. J Pediat r Orthop A. 2008;28:652—5.

9. Givon U, Shindler A, Ganel A. Hemichondrodiastasis for the 

t reatment  of genu varum deformity associated with bone 

dysplasias. J Pediat r Orthop A. 2001;21:238—41.

10. Bigongiari L. Pseudot ibiotalar slant : a posit ioning artefact . 

Radiology. 1977;122:669.

11. Lubicky J, Alt iok H. Transphyseal osteotomy of the distal t ibia 

for correct ion of valgus/ varus deformit ies of the ankle. J 

Pediat r Orthop A. 2001;21:80—8.

12. Yoshida T, Kim W, Tsuchida Y, Hirashima T, Oka Y, Kubo T. 
Experience of bone bridge resect ion and bone wax packing for 

part ial growth arrest  of distal t ibia. J Orthop Trauma. 

2008;22:142—7.

13. Langenskiöld A. Surgical t reatment  of part ial closure of the 

growth plate. J Pediat r Orthop. 1981;1:3—11.

14. Canadell J, De Pablos J. Correct ion of angular deformit ies by 

physeal dist ract ion. Clin Orthop. 1992;283:98—105.

15. Aldegheri R, Trivella G, Lavini F. Epiphyseal dist ract ion: 

hemichondrodiastasis. Clin Orthop. 1989;241:128—36.

16. Takakura Y, Takaoka T, Tanaka Y, Yaj ima H, Tamai S. Results of 

opening-wedge osteotomy for the t reatment  of a post t raumat ic 

varus deformity of the ankle. J Bone Joint  Surg A. 1998;80: 

213—8.

17. Knupp M, Stufkens S, Pangenstert GI. Supramalleolar osteotomy 
for t ibiotalar varus malalignment . Techniques in Foot  and Ankle 

Surgery. 2009;8:17—23.

18. Inoue T, Naito M, Fujii T, Akiyoshi Y, Yoshimura I, Takamura K. 
Part ial physeal growth arrest  t reated by bridge resect ion and 

artiicial dura substitude interposition. J Pediatr Orthop B. 
2006;15:65—9.


