
The purpose of this study was to evaluate our treat-
ment protocol for certain physeal injuries requiring
complete epiphysiodesis of an injured physis, angular
correction and lengthening with the Ilizarov method
and overcorrection of length according to calculated
loss of remaining growth. 
Five patients (age : 12 to 14 years) were operated with
angular correction and lengthening in combination
with complete epiphysiodesis. Angular deformities
measured 12° to 24° and limb length discrepancies
(LLD’s) 15 to 60 mm. Mean overcorrection of length
according to remaining growth of the affected physis
was 12 mm (range : 7 to 15).
All deformity parameters were fully corrected in all
patients. Mechanical axis deviation (MAD) was with-
in ± 5 mm compared to the healthy side in 4 patients,
20 mm in one patient. Median LLD at maturity was
8 mm (range : 3 to 13).
In cases of partial physeal arrest with severe sympto-
matic deformities, complete epiphysiodesis of the
injured physis, angular correction and lengthening
with the Ilizarov method with overcorrection of
length according to estimated loss of remaining
growth of the affected physis is a suitable method. 

Keywords : epiphysiodesis ; physeal arrest ; Ilizarov
method ; deformity correction ; leg length discrepancy.

INTRODUCTION

Fractures of the long bones in the lower extremi-
ty with involvement of the physis are common
injuries in children and adolescents (25). According

to Salter (27) approximately 15% of all long bone
injuries during childhood involve the physeal plate.
Fortunately, most of the physeal injuries are not
associated with any disturbance of growth. If the
entire physeal plate ceases to grow, the result is
progressive  shortening without angulation (27).
However, peripheral partial growth arrest may
result in significant angular deformity and leg-
length discrepancy, dependent upon the localisation
and magnitude of the injury, the age of the patient
and the anticipated remaining growth (3,8,19).
Treatment is indicated in patients with existing or
developing deformities and a significant amount of
remaining growth (17). Treatment options are :
resection of the physeal bridge, physeal distraction,
acute corrective osteotomy or gradual correction
using the Ilizarov method with callotasis and com-
plete epiphysiodesis of the affected physis. These
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procedures can be used in combination with
contralateral  shortening or epiphysiodesis. In cases
where the size of the physeal bridge, the amount of
angular deformity, the shortening and the limited
remaining growth potential make it unlikely to
expect an acceptable degree of spontaneous correc-
tion after physeal bridge resection, corrective
osteotomy or gradual correction with the Ilizarov
method may be required. When the deformity is
symptomatic and a risk for secondary structural
changes in the adjacent joints exists, a correction
before skeletal maturity is indicated. In this regard
complete epiphysiodesis of the affected physis will
be necessary to prevent recurrent deformity after
correction. Either acute or gradual correction with
the Ilizarov method is used. The remaining growth
potential of the involved physis has to be considered
in order to prevent leg length discrepancy at skele-
tal maturity. The aim of the current study was to
present and evaluate our treatment protocol includ-
ing : complete epiphysiodesis of the injured physis,
combined with angular correction and lengthening
with the Ilizarov method and overcorrection of
length according to the estimated loss of remaining
growth of the affected physis. To our knowledge
there are no former studies describing this topic.

PATIENTS AND METHODS

From February 2001 until November 2005 five
patients were operated at our institution by angular cor-
rection and lengthening in combination with complete
epiphysiodesis after partial physeal arrest of a growth
plate. Three were boys and two girls with a mean age of
13 years (range : 12 to 14) at the time of surgery. Three
patients had a partial physeal arrest in the distal femoral
physis, 2 in the proximal tibial physis. All patients were
evaluated clinically and radiographically with standard
2-plane standing radiographs using long cassettes,
orthoroentgenograms for measurement of leg length
inequalities and left hand radiographs for assessing
skeletal age (12). If there were clinical signs of rotational
deformity, measurement of rotation was performed with
a CT scan. The mechanical axis was drawn on the stand-
ing full-leg frontal radiograph as a straight line from the
center of the hip joint to the center of the ankle joint, and
the mechanical axis deviation (MAD) was assessed by
comparing the injured side with the normal limb. Based
on the malalignment- and malorientation-tests, as

described by Paley (23), the deformity parameters were
measured on the radiographs and the CORA (center of
rotation of angulation) determined. As a result of the
physeal injury with partial arrest, the CORA was located
in the injured physis in all our patients. The remaining
longitudinal growth potential of the affected physis was
quantified based on skeletal age (12) and the Green-
Anderson remaining growth chart (2).

Epiphysiodesis of the intact part of the injured growth
plates was performed with a percutaneous technique as
described by Bowen and Johnson (6). Preoperatively
planned and fitted configurations of the Ilizarov or
Taylor Spatial Frame (TSF) were applied. In order to
avoid translation of the fragments the osteotomies were
performed as close as possible to the CORA. After
7 days of latency gradual correction was initiated with
a lengthening rate of 1 mm/day in the femur and
0.75 mm/day in the tibia. All patients were overcorrected
in lengthening distance according to the estimated LLD
at maturity. 

RESULTS

All deformity parameters were fully corrected in
all patients and the frames were removed after bony
consolidation. The median time in the frame was
6.5 months (range : 4 to 8), resulting in a lengthen-
ing index of 1.6 months/cm (range : 0.9 to 2.0). In
some of the patients oral antibiotics were indicated
in short periods due to pin-track infection. One
patient developed a valgus deformity in the proxi-
mal tibial lengthening zone, because of failure in
frame stability, probably due to pin track infection.
This patient was later corrected by an additional
TSF procedure. One patient was operated for a knee
extension contracture a few months after frame
removal. Another patient underwent a triple-
arthrodesis due to a posttraumatic foot deformity on
the same side where lengthening of the femur was
performed. This procedure might have influenced
final leg length in some degree. No other complica-
tions were observed. The patients were followed
until skeletal maturity and full-leg standing radi-
ographs and orthoroentgenograms for measurement
of leg lengths and inequalities were obtained. All
patients had regained a normal functional level.
They had no clinical or radiological signs of
 angular deformity in the affected limb. At skeletal
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maturity four patients had less than 10 mm (range :
3 to 9) of LLD, whereas one patient had a LLD of
13 mm (table I). All deformity parameters were
fully corrected in all patients. MAD was within ±
5 mm compared to the healthy side in 4 patients,
whereas one patient had a medial mechanical axis
deviation of 20 mm. Figures 1-5 show the patients’
standing full-leg radiographs before and after cor-
rection.

DISCUSSION

Deformities in the lower limb might cause
secondary  compartmental osteoarthritis in adjacent
joints due to deviation of the mechanical axis, and
leg length discrepancy can lead to spinal disorders
and gait abnormalities (4,14,16,30). The risk of com-
partmental osteoarthritis is more present in the knee
joint than in the hip or ankle joint. The knee joint is
a hinge joint with limited ability to compensate for
deformities and deviation of the mechanical axis,
whereas the hip joint as a ball in socket joint and the
ankle joint with its underlying subtalar joints have
greater abilities for compensation. Physeal injuries
in the lower extremity are most frequent in the
proximal tibia and the distal femur (8,22) ; resulting
deformities affect the mechanical axis more than
deformities close to the ankle or hip joint.

From our point of view, the nature of the
 deformities in this study with severe angulation and
shortening required a combined reconstructive

 procedure including both angular correction and
adjustment of bone length. Acute corrective
osteotomy on the affected side combined with epi-
physiodesis or acute shortening on the contralateral
side to gain leg length equality was not considered
to be appropriate. The high degree of valgus both in
the femoral and tibial deformities limited the possi-
bility of acute correction due to possible traction
injury to the peroneal nerve. Secondly, a shortening
procedure would affect standing height at maturity
and was therefore considered to be unfavourable by
our patients. Resection of the physeal bridges only
was not indicated due to the high degree of angular
deformity. Spontaneous correction of the deformi-
ties after bridge resection was unlikely. In some
cases resection of physeal bridges might be bene -
ficial, but it remains unpredictable, with poor and
fair results ranging from 15% to 38% success
rate (13,15,17). Physeal distraction shows controver-
sial results both experimentally and clinically with
frequent premature complete physiodesis after dis-
traction of the physis (5,7,18). 

We considered epiphysiodesis of the remaining
part of the injured physis in combination with grad-
ual deformity correction with axial lengthening as
the most appropriate treatment option. In the past
similar cases were frequently treated using the
Ilizarov device (1,11,29). Several recent reports show
the use of the distraction method with TSF (9,10,21,

26,28). However, there are no reports describing the
use of the Ilizarov method in combination with
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Table I. — Deformity parameters at the time of surgery, estimated LLD at maturity, amount of overcorrection and LLD at maturity
for all patients. Age and skeletal age are given in years/month. Numbers for varus, valgus, procurvatum, recurvatum, internal and

external rotation are given in degrees (°). LLD and amount of overcorrection are given in mm. Numbers for LLD at maturity refer to
the operated extremity. (+) operated side is longer than contralateral side, (−) operated side is shorter than contralateral side at maturity

Deformity parameters

Pat.
nr.

Age
(yrs)/
Gender

Skel.
age

Varus Valgus Pro. Rec.
Int. rot

Ext.
rot

LLD Estimated
LLD at
maturity

Over-
 correction

LLD at
maturity

1 14/0 m 14/2 femur 11 20 43 69 12 +9

2 12/9 m 13/4 tibia 18 40 55 15 +8

3 13/4 f 13/0 tibia 5 28 14 18 25 7 −4

4 14/1 m 14/0 femur 24 4 60 75 15 +3

5 11/9 f 12/4 femur 20 20 30 45 15 −13



 epiphysiodesis and corrective lengthening osteoto-
my in patients with deformities due to partial phy-
seal arrest and a significant amount of remaining
growth. All our patients had symptomatic deformi-
ties with knee pain and a significantly reduced
activity level. Without surgical intervention the
remaining growth potential in the injured physis
would have resulted in exacerbation of symptoms
and deformity until skeletal maturity. We consid-
ered therefore that correction was indicated before
skeletal maturity, although this required complete
epiphysiodesis of the injured physis and an appro-
priate overcorrection of the length. Four out of five
patients showed a LLD below 10 mm at maturity
and do not need any form of compensation, where-
as one patient had a LLD of 13 mm and might need
an adjustment by use of an insole. 

Nevertheless, our investigation showed some
clear limitations. One patient (fig 1) underwent a
triple arthrodesis on the lengthened extremity ; this
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Fig. 1. — Patient with partial physeal arrest in the distal later-
al femoral physis after a car accident. Left : Preoperatively.
Right : After correction, at skeletal maturity.

Fig. 2. — Patient with partial physeal arrest at the proximal
 tibial physis after osteomyelitis (left). First operation resulted
in an overcorrection into valgus due to failure of the external
fixator (middle). A second correction with TSF was performed
in order to achieve correct alignment of the extremity (right).

Fig. 3. — Patient with partial physeal arrest anteriorly in the
proximal tibial physis after a traumatic knee dislocation. Left :
Preoperative frontal view. Middle : Frontal view after the cor-
rection. Right : Sideview before and after the correction.



might have influenced final leg length to some
degree. Furthermore, our report is based on five
patients only. However, patients with partial phy-
seal arrest and such advanced stages of deformities
when treatment is initiated are rare. Predictions
of remaining growth were made based on Green
and Anderson’s growth chart. Other, more sophis -
ticated, methods for leg length prediction like
Moseley’s (20) or Paley’s method (24) might have
given more accurate results. 

However, our study shows that in cases of partial
physeal arrest with severe symptomatic deformities,

complete epiphysiodesis of the injured physis,
angular correction and lengthening with the Ilizarov
method with overcorrection of length according to
estimated loss of remaining growth of the affected
physis is a suitable method. Worsening of symp-
toms and deformity during growth can be prevent-
ed, and existing deformity can be fully corrected. 
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