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Abstract

Background Guided growth by tension band plating is com-
monly used to correct coronal plane deformity. The purpose
of this study was to measure the effect and further define
parameters that influence results in coronal plane deformity
around the knee.

Methods The retrospective multicentre study included data
on 967 physes in 537 patients, with an average follow-up of
16 months after plate insertion. Alignment analysis was com-
pared preoperatively and in at least two measurements post-
operatively, as well as with parameters that influence the rate
and amount of correction.

Results Average age at plate implantation was 11.35 years
(SD 3.29).

Of those with femoral deformities, 85% of the patients fin-
ished the treatment and of those, 70% were corrected to
standard alignment, while 14% have not yet achieved correc-
tion, and are still growing.

Of those with tibial deformities, 75% of the patients finished
the treatment and of those 80% were corrected to standard
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alignment, while 25% have not yet achieved correction and
are still growing.

The calculated rate of correction was 0.77°/month for the fe-
mur and 0.79°/month for the tibia.

In terms of complications, the overall rate of infection was
1.48%. In three patients (0.55%) screw breakage was recorded.

Factors found to significantly influence the amount of
correction were age at plate implantation and direction of
deformity.

Conclusion Temporary hemiepiphysiodesis takes the advan-
tage of physiological physeal growth to effectively treat an-
gular deformities. Success of treatment is influenced by the
age of the patient at plate implantation and direction of de-
formity.
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Introduction

Angular deformities can be treated with corrective oste-
otomies and application of internal or external fixation.
In children, this major intervention can be avoided using
temporary hemiepiphysiodesis — guided growth.

Blount and Clarke' first described the use of a staple
for hemiepiphyseal arrest in 1949, and since then, many
other procedures attempting to guide epiphyseal growth
have been discussed and published.**

Hemiepiphysiodesis using a tension-band plate (TBP)
for correction of valgus/varus deformities around the knee
and for a variety of pathological conditions was first intro-
duced in 2007 by Stevens.® Since then, the indications
have been expanded, including more rare diagnoses.®

The aim of this study was to measure the effect of tem-
porary hemiepiphysiodesis for coronal plane deformities
around the knee and to further define parameters that
influence success.
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Materials and methods

The retrospective multicentre study was conducted at five
centres: in each centre approval was obtained from the
local institutional review board.

Inclusion criteria were knee angular deformity in the
coronal plane treated by different types of tension band
plating and at least one preoperative and two postop-
erative digital-based full-length anteroposterior weight-
bearing radiographs. The interval elected depended on
the treating surgeon.

Only two-hole plates had been used; the 8-plate by
Orthofix (Lewisville, Texas), a dynamic compression plate
and the peanut plate by Biomet (Warsaw, Indiana). The
majority of those used were 8 plate.

The deformity analysis of all radiographs was done in
each centre by a designated investigator using TraumaCad
software (product of Voyant Health - a Brainlab company,
Munich, Germany). The investigators included paediatric
orthopaedic surgeons as well as residents in orthopaedic
surgery. This method has already been proven as a reli-
able tool in terms of intra- and inter-observer variability
as shown in Segev et al.” In their study, five paediatric
orthopaedic surgeons measured 50 digital radiographs
on three separate days using the TraumaCad system and
found that there were no clinically important biases; the
variability between specialists and residents was non-
significant.

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° SD 2°.8

All medical records for each patient were reviewed,
including surgical reports and radiographs. The underly-
ing aetiology was recorded as well as the age on the day
of plate implantation. Remaining growth was estimated
by subtracting the age of the patient on the day of plate
implantation from 17 years for male patients and from
15 years for female patients. The use of this cutoff value
amount method has been validated and has previously
been used for various implementations, including the
multiplier method for predicting limb-length discrep-
ancy.’

Alignment analysis was compared preoperatively and
in at least two measurements postoperatively; rate of cor-
rection was calculated and univariate and multivariate
analyses were performed to determine parameters that
influenced the rate and amount of correction.

Complications including screw breakage, postoper-
ative infection and limited range of motion (ROM) were
recorded. Early limited ROM was defined as failure to
achieve 90° of flexion of the knee and lag extension by the
end of the first month post-surgery. Late was defined as
limited if not achieved the full ROM.
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Postoperative infection was divided into ‘early’” (within
the first postoperative month) and ‘late’ (after the first
postoperative month).

Data was recorded and uploaded to a web-based cen-
tral database by each centre.

Statistical analysis

Univariate and multivariate analyses were performed
to determine parameters that influenced the rate and
amount of correction.

Results
Patients

Data on 967 physes around the knee (distal femur and
proximal tibia) in 537 patients was included, with a mean
follow-up of 16 months (13 to 21) after plate insertion.
The first follow-up radiograph was taken at a mean 3.4
months (1 to 9.1) while the second radiograph was taken
at a mean 8.3 months (4.2 to 18). Patients included in our
study group include diverse aetiologies for the deformity.
The primary diagnoses are shown in Table 1.

The most common aetiology was idiopathic (38.4%)
with 372 physes in 206 patients; the second (19.6%) with
190 physes in 105 patients was congenital abnormalities —
including congenital short femur, fibular hemimelia; then
Blount’s disease (8.6%) with 90 physes in 46 patients; and
metabolic (5.6%) — mainly including rickets in 58 physes
in 30 patients.

Femoral correction

In all, 444 patients (85%) completed the treatment, and
of those 311 (70%) were corrected to standard alignment
(mLDFA between 85° and 89°); 75 (14.4%) have not yet

Table 1 The primary diagnoses

Aetiology Number of | Percentage | Average | Male:Female

patients age (yrs) | ratio
Idiopathic 206 38.4 12.57 110:96
Congenital 105 19.6 9.37 59:46
Blount’s disease 46 8.6 9.47 28:18
Metabolic (rickets) | 30 5.6 1213 16:14
Multiple exostoses | 26 4.8 12.71 19:7
Post-traumatic 25 4.7 11.64 18:7
Syndrome 21 3.9 12.52 7:14
Skeletal dysplasia 20 3.7 11.14 12:8
Others* 58 10.6

*Others include: Post-tumour resection, mucopolysaccharidosis, Marfan,
trisomy 21, post-surgery, cerebral palsy, post-infectious, idiopathic
hemihypertrophy.
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achieved correction and are still growing. The mLDFA
was changed at a mean of 0.77°/month (0.14°/month to
1.42°/month).

Figure 1 demonstrates the difference between the ini-
tial femoral deformity compared with the last follow-up
based on the aetiology; the initial deformity is spread on
the grids in a wide range and the last follow-up measure-
ments are concentrated in the normal range of 85° to 90°.

Tibial correction

In all, 341 patients (75%) had completed the treatment
and of those, 250 (80%) were corrected to standard
alignment (MMPTA 85° to 89°); 107 (24%) have not yet
achieved correction and are still growing.

Medial proximal tibial angle changed at a mean of
0.79°/month (0.12°/month to 1.65°/month).

The difference between the femoral and the tibial
change was not statistically significant.

Figure 2 demonstrates the difference between the
initial tibial deformity compared with the last follow-up
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Fig. 1 Initial femoral deformity (represented by mechanical
lateral distal femoral angle (mLDFA)) compared with the last
follow-up in different deformity aetiologies.
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Fig. 2 Initial tibial deformity (represented by mechanical medial
proximal tibial angle (MMPTA)) compared with the last follow-
up in different deformity aetiologies.

J Child Orthop 2018;12:91-96

based on the aetiology: the initial deformity is spread on
the grids in a wide range and in most cases the mMPTA
is improving in time except for the syndromes’ group.
Please pay attention also to the dysplasia, multiple exosto-
sis Blount’s disease and syndromes groups - which do not
achieve full correction.

Patients‘ age

Age at plate implantation affects the success of treatment.
Using Pearson correlation revealed that femur and tibia
patients who had more than three years of growth at plate
implantation had a better chance of achieving the surgical
goal — for the femur, R = 0.67 (p = 0.030), for the tibia, R
=0.72 (p =0.019).

Deformity direction

Using Pearson correlation shows that varus in the femur
had a negative influence on the amount of correction, R =
-0.74 (p=0.021) while varus in the tibia had a positive influ-
ence on the amount of correction, R =0.68 (p = 0.044).

Complications

The overall rate of infection was 1.48% (8 patients)
(Table 2). In three patients (0.53%) screw breakage was
recorded. Seven of them (87.5%) occurred in procedures
done at the medial aspect of the knee.

There were three cases of documented broken screws
and all were metaphyseal tibial screws. Early limited ROM
was recorded in six patients (1.12%), while late limited
ROM was recorded in seven patients (1.3%). Four of them
were diagnosed with early limited ROM that has not been
resolved and three were not detected earlier.

Discussion

Our study includes data on 967 physes in 537 patients. In
all, 70% of the femoral deformities and 80% of the tibial
deformities were corrected to standard alignment (mLDFA
and mMPTA between 85° and 89°) in a mean follow-up of
16 months after plate insertion.

Different definitions of success might explain different
success rates: Burghardt and Herzenberg'® demonstrated
a rate of around 90% of treatment success: in their series,
success was defined as reaching either full deformity cor-
rection or avoiding the need for realignment osteotomy in
the treated limb segment.

Another explanation for the relatively lower success
rates presented in this series is the diversity of the primary
diagnosis of the patients. Patients in our study group
include diverse aetiologies for the deformity with idio-
pathic making up less than 40%, while the rest are patho-
logic physes which usually have a lower success rate of
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Table 2 Complications

Aetiology Bone location Plate site
Early postoperative infection Idiopathic Both tibias. Lateral
Idiopathic Both femurs and tibias Medial
Post-tumour Right tibia Medial
Multiple exostoses Left femur and tibia Medial
Late postoperative infection Post-tumour Both tibias Medial
Congenital Right femur and tibia Medial
Dysplasia Both femurs and tibias Medial
Metabolic Both femurs Medial
Early limited range of movement Idiopathic Both tibias Lateral
Idiopathic Right femur and both tibias Medial
Blount’s disease Right femur and tibia Lateral
Blount’s disease Left femur and tibia Medial
Not specified Right tibia Lateral
Syndrome Right femur Lateral
Late limited range of movement Congenital Left femur Medial
Congenital Both tibias Medial
Congenital Both femurs Medial
Congenital Left femur Medial
Congenital Right tibia Medial
Metabolic Both femurs and tibias Lateral
Dysplasia Right femur Lateral
Screw breakage Blount’s disease Both tibias Lateral
Blount’s disease Right tibia Lateral
Post-trauma Both tibias Medial

correction.® The largest study of pathologic physes in the
literature was conducted by Yilmaz et al.” A total of 29
children (50 limbs) with skeletal dysplasia were treated
with TBPs to correct varus or valgus deformity. In all, 89%
of valgus deformities were corrected and 58% of varus
deformities were corrected — results that correlate with
our study results. Many authors have explained failures as
aresult of the age of the patient and the fact that there was
not enough growth potential left for guided growth.® 12
Chronological age is a controversial parameter, as is bone
age which is based on the Greulich and Pyle Radiographic
Atlas of Skeletal Development.” This atlas is based on the
development of children who were maturing in 1930s
America and differences in ethnicity and access to medical
and nutritional resources make application in a modern
context problematic. We have used remaining growth;
subtracting the age at day of plate implantation from
17 years for male patients and from 15 years for female
patients. We found that patients who had more than three
years of growth at plate implantation had a better chance
of achieving the surgical goal.

In terms of rate of correction in our diverse group of
patients, mLDFA was changed at a mean of 0.77°/month
and mMPTA was changed at a mean of 0.79°/month.
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There was no statistically significant difference between
the two rates of correction of the femur and tibia in our
study, despite well-known evidence that the 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." The numbers quoted above had been vali-
dated on a study population composed mainly of patients
with poliomyelitis. Our findings can be explained by the
diversity of the primary diagnosis of the patients — includ-
ing idiopathic as well as pathologic physes.

Previous studies have tried to calculate the rate of
correction; Burghardt and Herzenberg'® found that the
mLDFA changed at an average of 0.65°/month while the
MMPTA changed at an average of 0.58°/month (their
study population included diverse aetiologies). Ballal
et al® found a mean rate of correction of 0.7° per month
in the femur (0.3° to 1.5°) and 0.5° per month in the tibia.

Guzman et al'® measured a 0.32°/month change in the
anatomic lateral distal femoral angle (in an idiopathic genu
valgum group of patients). The differences in the rate of cor-
rection between the studies are probably due to the diver-
sity of diagnoses. Previous studies such as that of Mielke and
Stevens' showed that idiopathic cases demonstrate faster
correction rate when compared with pathological physes.

J Child Orthop 2018;12:91-96
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Wiemann et al'® studied physeal stapling versus 8-plate
hemiepiphysiodesis for guided correction of angular
deformity about the knee. In their study, 39 patients with
different aetiologies were treated with staples and 24 with
8-plates. They found the rate of correction was 0.825°/
month with the staple and 0.925°/month with a TBP. They
did not specify whether the rate above was for the femur
or tibia.

In terms of complications, there were four cases of
early postoperative infection within the first postoperative
month and four cases of late postoperative infection after
the first postoperative month documented. The overall
rate of infection was 1.48%, mostly non-idiopathic. Out
of those eight cases of infection, seven were in procedures
done at the medial aspect of the knee. This may have been
a result of knocked knees leading to a continuous rub on
the wound from the other leg as well as from the pants
worn.

There were three documented cases of broken screws:
two of them were patients with Blount’s disease, one was
a patient with post-traumatic malalignment; all the bro-
ken screws were metaphyseal tibial screws.

In the Wiemann et al'® study quoted above, one patient
with Blount’s disease from the 8-plate group had screw
breakage.

Schroerlucke et al'? published a study on a series of 23
patients with 31 angular deformities and found implant
failure in eight (26%) of 31 proximal tibia constructs. All
eight failures occurred in patients with Blount’s disease
and involved breakage of the tibial metaphyseal screw.

Histological examination of the physis of patients with
Blount’s disease reveals disorganization and misalign-
ment of cells within cartilaginous zones and areas of cys-
tic degeneration and necrosis, as well as regions where
enchondral ossification has ceased.?> %' The cyclic loading
of the varus knee along with an abnormal pathological
condition could create significant movement at the physis
and cause the screw failure secondary to fatigue.

Limited ROM was recorded in six patients at the early
postoperative period and in seven patients later. We have
not found any common denominator between those
cases.

There are several limitations in our study that should
be acknowledged. The diversity of the primary diagnosis
of the patients represents a potential advantage — making
it the largest study ever published dealing with this sub-
ject, but at the same time, it may have been the cause of
the inconclusive results in apparently obvious parameters
such as the finding that there was no statistically signifi-
cant difference between the rate of correction of the femur
and tibia.

We were unable to assess rebound growth due to insuf-
ficient follow-up data until skeletal maturity in some of
the patients. The rebound phenomenon requires further

J Child Orthop 2018;12:91-96

studying, but since it is a simple and well-tolerated proce-
dure, it does not preclude re-starting treatment if it occurs.®

We were unable to estimate the impact of weight on
failure due to limited data on this parameter — data was
available only for 183 out of 537 patients (34%). Data col-
lected did not include measurement of mechanical axis
deviation which primarily affects the knee but also has an
effect on the hip, ankle and subtalar joints.?? This study
is focused on coronal plain deformities around the knee
— distal femur and proximal tibia — and those are better
represented by the mLDFA and the mMPTA.

In conclusion, temporary hemiepiphysiodesis takes
advantage of physiological physeal growth to effectively
treat angular deformities with low complication rates. It
was proven to be a recommended first line of treatment
in diverse cases before osteotomy. Success of treatment is
influenced by the age of the patient at plate implantation,
and direction of deformity.
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