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Abstract

Purpose To evaluate the temporal and spatial sequence of
events following temporal hemiepiphysiodesis in idiopathic
knee varus/valgus.

Methods This is a retrospective multicentre study on 372
physes in 206 patients. The average rate of correction (ROC)
was calculated; univariate and multivariate analysis were
performed.

Results In all, 92% of the femoral physes were followed for
more than one year/reached skeletal maturity. Of those, 93%
were corrected to a mechanical lateral distal femoral angle
(mLDFA) of 85° to 89° 2% did not, while 5% were over-
corrected. A total of 92% of the tibial physes were followed
for more than one year/reached skeletal maturity. Of those,
92% were corrected to a mechanical medial proximal tibial
angle (mMMPTA) of 85° to 89°; 2% did not, while 6% were
over-corrected. Factors significantly influencing success and
ROC were age, direction and magnitude of deformity. Femo-
ral ROC was significantly faster than tibial ROC: 0.85° versus
0.78°/month, respectively (p = 0.05). Femoral valgus ROC
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was significantly faster than varus ROC: 0.90° versus 0.77°/
month, respectively (p = 0.04). A constant was derived to cal-
culate the amount of correction. Significant correlation was
found between calculated and actual mLDFA in valgus de-
formity during the first year (r=0.58 to 0.87, p < 0.01). Calcu-
lated mLDFA of varus deformity did not correlate with actual
mLDFA. Significant correlation was found when calculating
mMMPTA correction in all deformities.

Conclusions Femur corrects faster than tibia; valgus femoral
deformities are corrected faster than varus. Valgus correction
in the distal femur/proximal tibia as well as varus correction
in the tibia in idiopathic patients is highly predictable. The
constant derived is the first tool which enables predicting
and monitoring amount of correction in hemiepiphysiodesis
when correcting angular deformities around the knee.
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Introduction

Deviations of the axis of the knee in the coronal plane are
very common during childhood and early adolescence,
and most of them resolve spontaneously. Developmen-
tal (physiological) bowing is a common condition that
causes exaggeration of normal age-related angulation
changes at the knee joint. Neonates and infants normally
have varus angulation of their legs and gradual correction
of this angulation begins as a child starts walking. After
that, there is usually a change to valgus angulation during
the second and third years of life that reverts to the adult
pattern around the age of six years."?

Idiopathic frontal plane angular deformities around
the knee are the most common lower limb deformities.>*
Guided growth by tension band plating (TBP) is often
used to correct coronal plane deformities around the
knee. Since this method was introduced by Stevens in
2007° many studies have demonstrated the efficacy, safety
and advantages of TBP in the paediatric age group as an
alternative to corrective osteotomy.®”
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This study presents insights from an international
multicentre database analysis of idiopathic coronal knee
deformity correction. Initial results regarding the entire
study population have been previously published.?

The purpose of this study was to measure the effect,
define parameters that influence success and define
and validate a constant predicting amount of correction
using temporary hemiepiphysiodesis around the knee in
patients with idiopathic aetiology.

Materials and methods

This is a retrospective multicentre study conducted at five
centres. In each centre approval was obtained from the
local institutional review board.

Inclusion criteria were idiopathic knee angular deformi-
ties in the coronal plane. All other causes of angular defor-
mity were excluded. All patients were treated by different
types of TBP and had at least one preoperatively and two
postoperatively digital-based full-length anteroposterior
(AP) weight-bearing radiographs.

Deformity analysis of all radiographs was done using
the TraumaCad software (product of Voyant Health, a
Brainlab company, Munich, Germany) by a designated
investigator in each centre.

This method has been proven as a reliable tool in terms
of intra- and interobserver variability as shown by Segev
etal’

The mechanical lateral distal femoral angle (mLDFA)
and the mechanical medial proximal tibial angle (mMPTA)
were recorded and analyzed. Normal values for both were
considered 87° + 2° degrees.”® Mean rate of correction
(ROCQ) in °/month was calculated.

After calculating the mean ROC, the result was used as
a constant, predicting the amount of correction at several
time points throughout the follow-up period. Correlation
between the actual and calculated amount of correction
was then evaluated.

All medical records for each patient were reviewed,
including surgical reports and radiographs. The underly-
ing aetiology was recorded as well as the age at day of
plate insertion. Remaining growth was estimated by sub-
tracting the age at day of plate insertion from 17 years
for male patients and from 15 years for female patients
which are the ages considered for skeletal maturity in
each.”

Complications including screw breakage, postoperative
infection and limited range of movement were recorded.
Postoperative infection and limited range of movement
were divided into early (within the first postoperative
month) and late (after the first postoperative month).

Data was collected using the same central web-based
database in all centres.
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Statistical analysis

Univariate and multivariate analysis was performed to
determine parameters that influence the rate and amount
of correction.

Correlation between calculated and actual amount
of correction was evaluated by Pearson correlation
coefficient.

Results

In total, 372 physes of 206 patients were included: 110
male and 96 female; their mean age at surgery was 12.5
years (SD 2.3).

In all, 257 physes were followed up to 18 months
and 115 physes were followed over 18 months. Mean
follow-up was 16 months (sb 2.2).

Data included 178 femoral physes and of those, 157/178
(88.2%) were in valgus and were operated on with a medial
hemiepiphysiodesis while 21/178 (11.8%) were in varus
and were operated on with a lateral hemiepiphysiodesis.

A total of 128 tibial physes were analysed and of those,
98/128 (76.5%) were in valgus and were operated on with
a medial hemiepiphysiodesis while 30/128 (23.5%) were
in varus and underwent a lateral hemiepiphysiodesis.

In all, 66 were combined femoral and tibial physes and
of those 52/66 (78.8%) were in valgus and operated on
with a medial hemiepiphysiodesis while 14/66 (21.2%)
were in varus and underwent a lateral hemiepiphysiodesis
(Table 1).

Femoral correction

In all, 92% (199/216) of the patients were followed more
than one year/reached skeletal maturity and of these
93% (185/199) were corrected to standard alignment
(mLDFA between 85° to 89°); 2% (four patients) did not
achieve correction to standard alignment while in 5%
(ten patients) there was over-correction. A total of 8%
(17 patients) did not achieve correction at the time of the
study but were still growing.

Tibial correction

In all, 92% (143/156) of the patients were followed for
more than one year/reached skeletal maturity. Of these,
92% (131/143) achieved correction to standard alignment
(MmMPTA between 85° to 89°); 2% (three patients) did
not achieve correction to standard alignment while in 6%
(nine patients) there was over-correction. In all, 7% (13
patients) did not achieve correction but were still growing
at the time of the study.

ROC of the femur was significantly faster than that of
the tibia: 0.85° compared with 0.78°/month, respectively
(p =0.05).
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Table 1 Operation site

Bone Number of Medial aspect Lateral aspect

physes (%) hemiepiphysiodesis hemiepiphysiodesis
(%) (%)
Femur 178 (48) 157 (88.2) 21(11.8)
Tibia 128 (34)  98(76.5) 30 (23.5)
Femur and Tibia 66 (18) 52(78.8) 14 (21.2)
Total 372 (100) 307 (82.5) 65 (17.5)

Table 2 Rate of correction (ROC) (°/month)

Bone Minimum Maximum  Mean ROC (sp) Significance
ROC ROC

Femur 0.04 3.72 0.85135(0.837) p=0.05
Tibia 0.06 4.76 0.7806 (0.825)

Femur varus 0.04 2.81 0.7722 (0.811) p=0.04
Femur valgus 0.06 3.72 0.9031 (0.835)

Tibia varus 0.07 3.17 0.8224 (0.798) p=0.57
Tibia valgus 0.06 4.76 0.8412 (0.763)

ROC in valgus deformity of the femur was significantly
faster than in varus deformity: 0.90° compared with
0.77°/month, respectively (p = 0.04). This difference has
not been found in the tibia (Table 2). In order to predict
the amount of correction, average ROC was tested as a
constant which was multiplied by the number of months
from initial surgery.

Statistically significant correlation was found between
calculated and actual femoral angle (mLDFA) in valgus
deformity during the first year of correction (r = 0.58 to
0.87, p < 0.01). Calculating the mLDFA after 12 months
was not reliably predictable.

Calculated femoral angle (mLDFA) of varus deformity
did not correlate to the actual mLDFA.

Correlation was also found between calculated and
actual tibial angle (mMPTA) in valgus deformity during
the first eight months of correction.

Calculating the mMPTA after eight months was not reli-
ably predictable.

Statistically significant correlation was also found
between calculated and actual tibial angle (mMPTA) in
varus deformity correction during the entire follow-up
period (see Table 3 for all correlations).

The age of the patient represented by remaining
months of growth (skeletal maturity being defined as 15
years for girls, 17 for boys)" was found to significantly
influence the amount of femoral and tibial correction.

The younger the child the better the chance to achieve
correction; as seen with multivariable analysis, patients
with more than 38 remaining months of growth (range
12 to 59.3, £ 20.2) i.e. girls less than 12 years and boys
less than 14 years, had a statistically significant better
chance at achieving full correction for the femur (factor
1.3, p=0.02) and the tibia (factor 1.17, p = 0.025).

Patient sex did not influence the success of the
treatment.
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The amount of deformity represented by the calculated
difference from normal value preoperatively, was found to
have a significant negative influence on treatment success:
for each degree of difference from 87° mLDFA or mMPTA
the chance of achieving normal alignment (87° + 2°) was
reduced by a factor of 0.245 for the femur and 0.259 for
the tibia (p = 0.021 and p = 0.09, respectively).

Complications

Two patients (1%) experienced early postoperative infec-
tion (within the first postoperative month). The first
patient was operated on both tibia with lateral plates the
second underwent surgery on both tibia and femur with
medial plates.

Two patients (1%) experienced early limited range of
movement (within the first postoperative month). The
first patient had both tibiae operated on with lateral plates
while the second underwent surgery on both tibia and
femur with medial plates.

No hardware failure was recorded during this study.

Discussion

In 1949 Blount and Clarke' first described the use of a sta-
ple for hemiepiphyseal arrest and since then many other
procedures attempting to guide epiphyseal growth have
been discussed and published.”™ The uniqueness of this
study is its extent; it includes data on 372 physes in 206
patients and the findings regarding different ROC in val-
gus and varus deformity.

In all, 93% of the femoral deformities and 92% of the
tibial deformities were corrected to standard alignment
(mLDFA and mMPTA between 85° to 89°, respectively)
within 16 months from plate insertion. These findings
correlate with previous studies: Burghardt and Herzen-
berg® demonstrated in their study of 43 patients (54 phy-
ses, various aetiologies) around 90% treatment success.
In this series, success was defined as reaching either full
deformity correction or avoiding the need for realignment
osteotomy in the treated limb segment. Shabtai and Her-
zenberg’ in their review article also mention that the most
predictable outcome for TBPs occurs in the idiopathic
group. Boero et al'¢ studied 58 patients with knee angular
deformities managed with eight-Plate guided growth. In
all, 30 were idiopathic while the rest were due to patho-
logical aetiology. In the idiopathic group 100% experi-
enced complete correction of deformities (mean tibial
femoral angle after correction was 5° + 1.2°). In this study
there was no differentiation between distal femoral angle
and tibial femoral angle because only one tibial-femoral
angle was measured.

Furthermore, some of the over-corrected cases can also
be referred to as ‘corrected’ because over-correction may

J Child Orthop 2019;13:318-323
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Table 3 Pearson correlation coefficients between calculated and actual amount of correction

Valgus Varus

<4 mths 4 to 8 mths 8 to 12 mths > 12 mths <7 mths > 7 mths
Right femur r=0.79 r=0.75 r=0.58 r=0.22 r=0.48 r=0.64

p <0.01 p <0.01 p <0.01 p=0.31 p=0.4 p=0.03
Left femur r=0.73 r=0.87 r=0.75 r=0 r=0.48 r=-0.66

p <0.01 p <0.01 p <0.01 p= p=0.26 p=0.1
Right tibia r=0.94 r=0.81 r=0.30 r=0.34 r=0.92 r=0.81

p <0.01 p <0.01 p=0.3 p=0.09 p <0.01 p <0.01
Left tibia r=0.74 r=0.77 r=0.46 r=0.29 r=0.74 r=-0.82

p <0.01 p <0.01 p=0. p=0.14 p=0.07 p <0.01

be desirable in some cases, taking into consideration the
rebound phenomenon.

ROC of the femur was found to be significantly faster
than that of the tibia; 0.85° compared with 0.78°/month,
respectively. Previous data'” shows that growth rate of the
distal femoral growth plate is 9 mm per year while the
growth rate of the proximal tibial growth plate is 6 mm
per year. Our findings correlate with previous studies;
Ballal et al'® found in their study of 25 children (51 idio-
pathic physes) a mean ROC of 0.7° per month in the distal
femur and of 0.5° per month in the proximal tibia.

To the best of our knowledge, our study presents the
first evidence for higher ROC of valgus compared with
varus femoral deformity. Success rate was similar in varus
and valgus deformity.

We found that the younger the child, the better the
chance to achieve correction: girls under the age of 12
years and boys under the age of 14 years had a statisti-
cally significant better chance at achieving full correction
for both the femur and tibia. These findings correlate with
previous data from Guzman et al’ who found in their
study of 47 idiopathic physes, that girls under the age
of 11 years and boys under the age of 13 years achieved
correction at a rate of 4.5° per year, while older children
achieved correction at a rate of 3.4° per year.

No hardware failure was observed in this study, most
probably due to the homogenic characteristics of the
group. Previous studies report on hardware failure mainly
when using the hemiepiphysiodesis for pathological phy-
ses.?> Complication rate for idiopathic patients is usually
low; in a recent review by Shabtai and Herzenberg’ the
complication rate was 4% (ten accumulated cases in 250
knees).

We were able to calculate and validate a constant which
appears to predict the amount of correction over time and
enable more precise follow-up. This constant is based on
average ROC multiplied by the number of months from
initial surgery.

A statistically significant correlation was found between
calculated and actual mLDFA in valgus deformity during
the first year of correction. Calculated mLDFA of varus
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deformity did not correlate with the actual mLDFA. The rea-
son for this difference may be the small number of patients
with varus deformity (21 patients with varus compared
with 157 patients with valgus). Correlation was also found
between calculated and actual MMPTA in valgus deformity
during the first eight months of correction and in varus
deformity correction during the entire follow-up period.

This validated constant can be used when evaluating
patients before surgical intervention to determine the tim-
ing of the surgery. It is limited in its accuracy for the first
year post-surgery in the case of distal femur, and to about
eight months in the proximal tibia.

The multiplier method (MM) described by Aguilar
et al?' is a simple and accurate method for discrepancy
predictions and outcome of full epiphysiodesis to correct
leg-length discrepancy. Recently, Eltayeby et al*?? pub-
lished a study that aims to validate the MM in predicting
the timing of angular correction with hemiepiphysiode-
sis in patients with coronal plane deformities. They found
that the MM has a tendency to under predict. The con-
stant described in our study is another tool which appears
to predict the amount of correction of angular deformities
around the knee by hemiepiphysiodesis and enable more
precise follow-up.

There are few limitations in our study that should be
acknowledged: deformity analysis of all radiographs was
done in each centre by a designated investigator using the
TraumaCad software. The investigators included paediat-
ric orthopaedic surgeons as well as residents in orthopae-
dic surgery. This method has been proven as a reliable tool
in terms of intra- and interobserver variability as shown in
Segev et al.? In their study, five paediatric orthopaedic sur-
geons measured 50 digital radiographs on three separate
days using the TraumaCad system and found that there
were no clinically significant biases, and that the variability
between specialists and residents was non-significant. As
a retrospective study, follow-up meetings and radiograph
frequency differed according to the physician preference.

Data collected did notinclude measurement of mechan-
ical axis deviation which primarily affects the knee but also
has an effect on the hip, ankle and subtalar joints.?* This
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study is focused on coronal plain deformities around the
knee — distal femur and proximal tibia — and those are bet-
ter represented by the mLDFA and the mMPTA, respec-
tively. We were unable to assess rebound growth due to
insufficient follow-up data in some of the patients. The
rebound phenomenon requires further study, but since it
is a simple and well tolerated procedure, it does not pre-
clude repeating the treatment if it occurs.®

Conclusions

This study confirms that success rate using guided growth
by TBP in idiopathic coronal plane deformity around the
knee is high. It gives the first evidence for higher ROC of
valgus compared with varus femoral deformity. Valgus
correction in the distal femur and proximal tibia in idio-
pathic patients is highly predictable. Varus correction in
the tibia was found to be highly predictable too. A con-
stant derived for calculating ROC may be useful in the clin-
ical setting. Patients with more than three years of growth
had a better chance to achieve full correction.
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