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Abstract

Purpose: Hemi-epiphysiodesis procedures in skeletally immature patients are commonly done to correct genu valgum
over time. This study seeks to demonstrate the average rate of deformity correction for genu valgum using hinged
tension band plates, while examining different age groups and sex-related differences.

Methods: A retrospective chart review of patients who underwent hemi-epiphysiodesis with hinged tension band plates
for valgus knee deformity from 2012 to 2022 by one pediatric orthopaedic surgeon was performed. Expected time of
growth remaining was calculated as the difference between age of skeletal maturity and bone age at time of surgery.
The mechanical lateral distal femoral angle, mechanical medial proximal tibial angle, mechanical femoral tibia angle, screw
divergence angle, and hinge angle were measured immediately after implant placement and prior to implant removal.
Results: 54 skeletally immature patients were treated for pathologic genu valgum. The mean age at time of surgery was
12.5 = [ .9years. The radiographic measurement of the valgus deformity between the beginning and end of treatment
showed significant correction (p=0.002). The lower limb axis of the younger cohort corrected significantly faster
(7.5 = 4.6°/year) than the older cohort (5.3 = 2.8°/year) (p =0.030). The mechanical lateral distal femoral angle correction
rate was also significantly different between the two cohorts (7.0 == 4.7°/year vs. 4.8 == 2.8°/year, respectively (p =0.002)).
The group with greater expected time of growth remaining demonstrated a significantly faster rate of correction than
the group with less than 2years of growth remaining (p <0.001).

Conclusion: This study reaffirms the finding that timing is essential when performing temporary hemi-epiphysiodesis
for valgus knee deformity in skeletally immature patients.
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pathologies, or it may be idiopathic.? There are many types
of surgical treatments, however, a widely accepted tech-
nique is guided growth correction.

Guided growth correction uses various minimally inva-
sive devices such as staples, figure eight plates, and screws
to correct angular deformity in the distal femur or proximal
tibia. Temporary hemi-epiphysiodesis has been shown to
be associated with lower morbidity and fewer complica-
tions than an osteotomy.>* However, the biggest challenge
of this technique is implanting these devices at the optimal
time to avoid over- or under-correction. It is important to
consider each individual case to determine when they will
begin to have a growth spurt and when their physes will
close as this will have a crucial impact on the timing of
surgical intervention. Further over- or under-correction
could lead to additional follow-up surgical interventions.>®

This study aims to illustrate the rate of change of the
lower limb angle in children treated with hinged tension
band plates. In addition, this study hopes to provide insight
into the optimal timing of implantation of hinged tension
band plates in children with various years of growth
remaining. We hypothesize that patients who have implant-
mediated guided growth at a younger age will correct
faster than patients who undergo implant-mediated guided
growth at an older age.

Materials and methods

After Institutional Review Board approval, all skeletally
immature patients with knee valgus deformity treated with
hemi-epiphysiodesis using a hinged tension plate (Hinge-
plates, Pega Medical, Inc., Laval, Quebec, Canada) from
2012 to 2022 by one pediatric orthopaedic surgeon were
performed and were identified using implant item number.
Patients who had subsequent clinical and radiological fol-
low-up and underwent implant removal surgery after lower
limb axis correction were included in the analysis. Patients
who received previous surgical treatment for lower limb
axial correction were excluded. No exclusion was made
based on each patients’ etiology of genu valgum.

The patients’ diagnosis, chronological and bone age at
the time of hemi-epiphysiodesis, and surgery dates of both
plate insertion and removal procedures were recorded. The
time interval between implant placement and implant
removal was consequently calculated. Radiographic mea-
surements performed on lower hip-to-ankle radiographs
included the mechanical femoral tibia angle (mFTA), the
mechanical lateral distal femoral angle (mLDFA), and
medial proximal tibial angle (MPTA) (Figure 1). The
screw divergent angle (SDA) and hinge angle (HA) were
also measured. Every measurement was performed on the
immediate post-operative radiograph following plate
insertion procedure and on the last pre-operative radio-
graph before hardware removal surgery. The angle varia-
tion between the pre- and post-operative measurements

was then divided by the duration of treatment to obtain the
correction rate. To avoid bias, we considered MPTA mea-
surements and changes only in the knees with hinged ten-
sion band plates on the proximal tibia.

For analysis purposes, the patients were divided into
two cohorts based on chronological age: cohort 1 included
females = 12 years old and males = 14 years old, cohort 2
included the older patients (females>12 and
males > 14 years). The change in degrees over time of
mFTA and mLDFA was compared between the two groups.

Next, the change in angles over time was compared
between different groups of patients based on the years of
expected time of growth remaining (ETGR). The patients
were split into two cohorts, a younger group of males and
females with 2 or more years of ETGR, and an older group
of skeletally immature patients with less than 2 years. The
ETGR was calculated using bone age whenever available
(78.2%) or chronological age in the remaining cases
(21.8%). The Greulich and Pyle method was used to assess
bone age, and expected growth maturity was set at 14 years
for girls and 16years for boys, as reported in the
literature.”

Finally, measures of angular velocity of mFTA were
univariately correlated with the growth remaining. Data
failing normal distribution assumption with Kolmogorov—
Smirnov (n>50) or Shapiro—Wilk (n<<50) tests were
analyzed with a Spearman coefficient and Mann—Whitney
U tests, respectively. Data in normal distributions were
analyzed with Pearson coefficients and independent sam-
ples -tests.

Data analysis was performed using IBM (Armonk, NY)
SPSS Statistics version 22 for Windows.

Results

Seventy-eight patients with 158 hinged tension band plates
were identified using implant item number. Five patients
had implants on the lateral side of the knee for pathologic
genu varum and were excluded. Nineteen patients did not
have their plates removed at the time of our analysis and
were excluded.

Fifty-four skeletally immature patients—28 (51.9%)
males and 26 (48.2%) females—were included, for a total
of 97 knees treated with 110 hinged tension band plates for
pathologic genu valgum (Table 1). The mean age at time of
surgery was 12.5 £ 1.9years (range: 7.8-16.9 years). The
mean duration of the treatment was 17.9 = 7.6 months
(1.5*=0.6years), (range: 8.2—48.2months). Ninety-seven
plates were implanted on the distal femur and 13 on the
proximal tibia, with 13 knees where the implants were
positioned both on the femur and tibia. There were no
cases of hemi-epiphysiodesis on the proximal tibia only.
Forty-four (81.5%) patients had bilateral lower limb defor-
mity and had implants on both left and right knees; among
them, four patients (7.4%) had all four physes of the knees
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Figure |. Lower hip-to-ankle radiograph measurements (a) medial lateral distal femoral angle (mLDFA), (b) medial proximal tibial

angle (MPTA), and (c) mechanical femoral tibia angle (mFTA).

Table |. Demographics of the entire cohort (N=54).

Sex, N (%)
Female 26 (48.1)
Male 28 (51.9)
Age at surgery, Mean = SD (years) 125+ 1.9
Bone age at surgery, Mean = SD (years) 128+ 1.2
BMI (kg/m?) 255+5.6
ETGR (years) 28+ 1.5
Number of plates (total right, total left) 58, 52
Right femur, right tibia, both 50, 8,8
Left femur, left tibia, both 47,5, 5
Duration of implants, Mean = SD (months) 179+7.6

SD: standard deviation; BMI: body mass index; ETGR: expected time of
growth remaining.

treated with hinged tension band plates. Ten patients had
unilateral lower limb deformity, four on the right knee, and
six on the left.

Lower limb angles

All 97 treated knees were studied for lower limb angles.
The mLDFA showed significant correction from
84.01 £ 3.44° t0 91.88 = 3.84° at the time of plate removal
(»<<0.001). The mLDFA change rate was 6.38 *4.44°/
year. The general MPTA was 90.65 * 2.65° pre-operative
and 88.63 = 2.61° at the time of plate removal (p=0.001),
with a change rate of 4.02 £ 3.26°/year.

The mFTA at the time of implant placement was
6.48+2.99° and —1.79 +=3.13° at the time of implant
removal (a negative sign indicates a slight overcorrection
to varus). This difference was statistically significant
(»<<0.001). The deformity correction rate over time for
mFTA was 6.78 £ 4.29°/year.

There were no statistically significant differences in
the rate of mFTA correction in knees with only femoral
plates versus knees with plates on both the femur and
tibia (6.7 =4.1°/year vs. 6.9 =4.9°year, p=0.90)
(Table 2).
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Table 2. Lower limb angles throughout treatment.

Angle Knees Pre-operative Post-operative Change in p-value Correction
(N) angle (°) angle (°) angle (°) rate (°/year)
mLDFA 97 84.01 £3.44 91.88 +3.84 7.86 +4.38 <0.001" 6.38 4.44
mMPTA 13 90.65 +2.65 88.63 261 299244 0.001" 4.02+3.26
mFTA 97 6.48+-2.99 -1.79*£3.13 8.22 +4.02 <0.001" 6.78 £4.29

*indicates statistical signficance p < 0.05. mLDFA: mechanical lateral distal femoral angle; mMMPTA: mechanical medial proximal tibial angle; mFTA:

mechanical femoral tibia angle.

Figure 2. Plate-related angles (a) An example of the screw divergence angle measurement. This example shows a SDA of 27.2° (b)
An example of the HA measurement. This example shows a HA of 26.9°.

Plate-related angles

The SDA and HA were measured and the plates implanted
on the distal femur and proximal tibia were separately
considered. For the 97 femoral plates, the SDA changed
significantly from 11.63*8.29° pre-operatively to
24.92 = 9.72° at time of plate removal (p <0.001). The HA
also changed significantly in this group, from 23.52 = 8.75°
at the time of implant placement to 2.31 = 5.34° at the end
of the treatment (p <0.001). For the plates on the proximal
tibia, the SDA changed from 7.12 = 6.91° to 12.47 =7.03°
(p=0.001), and the HA from 11.04 = 9.08° to —0.87 = 2.42°
(p=0.002) (Figure 2, Table 3).

Age-related differences

The rate of mLDFA and mFTA correction was different
comparing the two cohorts of patients based on chrono-
logical age. The younger group consisted of females
younger than 12 years old and males younger than 14, for
a total of 63 knees. The older group was composed of
females 12years of age and older and males 14 years of
age or older, for a total of 34 knees. The mLDFA correc-
tion rate was 7.3 =4.9%year for the younger group and
4.8 = 2.8°/year for the older group (p=0.002). The mFTA
correction rate was 7.5 = 4.6°/year and 5.3 = 2.8°/year for

the younger and the older group, respectively (p=0.03)
(Figure 3).

Next, the change in angles per unit time was compared
between two groups based on the years of ETGR. The
younger group included 80 knees with angle correction rate
of 6.9 £ 4.3°/year for LDFA and 7.4 + 4.2°/year for mFTA.
The older group included 17 knees with angle correction
rate of 2.9 +2.0%year for LDFA and 3.4 =2.3°/year for
mFTA. The correction rate of both angles was significantly
different between the two groups (p <0.001) (Figure 4).

Finally, the rate of mFTA change was univariately cor-
related with the years of ETGR, demonstrating a signifi-
cant relationship in which each additional year of growth
remaining correlated with 1.84° of mFTA correction rate
change per year (Figure 5).

Complications

No screws or plate breakages, deep infections, or prema-
ture growth arrests were observed during the study. Two
(3.7%) patients experienced recurrent valgus knee defor-
mity at follow-up and they were subsequently treated
again with hinged tension plates with definitive deformity
correction. Three patients had minimal residual valgus
knee deformity at the time of implant removal, with mFTA
values between 3.6° and 3.8°.
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Table 3. Plate related angles at the beginning and end of treatment, their change, and the rate of change over time.

Plates Pre-operative Post-operative Angle change p-value Correction rate
Angle (n) angle (°) angle (°) (°) (°lyear)
Femoral plates SDA 97 11.63+829 24.92+£9.72 1329 +6.32 <0.001" 10.67 =6.18
Tibial plates SDA 13 7.12+ 691 12.47 +=7.03 535*4.19 0.001" 459+439
Femoral plates HA 97 23.52+8.75 231 £5.34 21.21 =791 <0.001" 16.90 +9.56
Tibial plates HA 13 11.04+9.08 —0.87+242 11.91+9.16 0.002" 9.61 =9.85

*indicates statistical signficance p < 0.05. SDA: screw divergence angle; HA: hinge angle.
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Figure 3. Age-related differences based on chronological age comparing the mLDFA and mFTA correction rate.
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Figure 4. Age-related differences based on years of expected time of growth remaining (ETGR) comparing the mLDFA and mFTA
correction rate.
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Figure 5. The correlation between the mFTA correction rate
and the years of estimated growth remaining. Each additional
year of growth remaining at the time of implantation leads to
an increase of 1.84° of mFTA correction velocity per year.

Discussion

Implant-mediated guided growth with plates has become a
leading treatment option for lower extremity angular
deformity correction in patients with open physes; how-
ever, limited data exist regarding the rate of change of the
lower limb axis and the optimal time for performing this
intervention. Different guided growth implants are com-
mercially available. All the patients in our study were
treated with the same implant to avoid confounders. The
hinge plate is a novel design implant with the design
advantage of a hinge that connects two plate halves.

Shin et al.} analyzed the complications of three differ-
ent guided growth implants. They reported three broken
cannulated screws in the peanut plate group and three
screw pullout in the eight-plate group. They did not report
any plate-related complications for the hinge-plate group.
Plate-mediated guided growth has become increasingly
popular as it reduces physis damage upon removal as the
implant is placed in a periosteal position while securely
fixed to the bone; the hinge plate in particular adds an
additional mechanism to reduce growth stress of the phy-
sis, due to the bearing connecting the two halves of the
implant. In our study, two patients had recurrent genu val-
gum deformity and were treated with a second hemi-epi-
physiodesis. We did not have any plate-related
complications in the 110 plates considered. The limited
number of complications demonstrates the validity of the
hinge-plate implant. The hinge plate specifically allows
the implant to conform to the anatomy of the growing bone
of the skeletally immature patient, as the two parts of the
plate lay directly on the surface of the bone. By having a

hinge plate situated over the growth plate, there may be
less contact stress on the implant.

A recent study evaluated the difference between tension-
band plates and percutaneous transphyseal screws hemi-
epiphysiodesis; in their analysis, they found different
mechanical axis deviation (MAD) correction rates com-
paring three different age groups. In their study group
composed of 35 patients they concluded that in the tension
band plate cohort the MAD correction rate progressively
increases from the younger group (7—10years old) to the
oldest (14—16years old).® However, they did not consider
sex-related differences, which are paramount to consider
in skeletal maturity and bone development.

The main purpose of this study was to illustrate the rate of
change in the mFTA and mLDFA in children who underwent
hemi-epiphysiodesis for pathologic genu valgum and to
identify the optimal timing of implantation, considering sex-
related difference due to the different age skeletal maturity in
males and females. We found that the mFTA and mLDFA
correct at a similar rate. When considering all the patients,
the mFTA correction rate was 6.78 =4.29°/year (0.57°/
month) and the mLDFA correction rate was 6.38 = 4.44°/
year (0.53°/month). Considering the patients with tibial
hemi-epiphysiodesis, the MPTA was 4.02 % 3.26°/year
(0.34°/month). Both the mLDFA and MPTA correction rate
were in line with the results of Kadhim et al.,'° who reported
0.56°/month and 0.40°/month, respectively. Interestingly, we
did not find any significant difference in the velocity of
mFTA correction when we compared the knees treated with
only femoral plates and the knees with plates implanted on
both the femur and tibia. This is in contrast with what was
highlighted in Kadhim et al.'” study, where they reported a
faster deformity correction rate if both the femoral and tibial
physes were treated. We attribute this difference to our indi-
cation of performing hemi-epiphysiodesis of both distal
femur and proximal tibia only in patients who are approach-
ing skeletal maturity, therefore, having a slow growth of the
physis. This data further underlines the importance of timing
in the variability of correction rate when using these implants.

Both mFTA and mLDFA corrections showed a large
variability among our patients when related with time.
This is also evident considering that the removal of the
implant is performed once the knee deformity is corrected:
in our study, one patient maintained the implant for
48.2 months before removal, while the shortest treatment
had a duration of only 8 months.

Since the temporary hemi-epiphysiodesis blocks only
one side of the physis while the other side continues to
growth, it seems reasonable to expect an expedited varia-
tion of lower limb angles during the time of the growth
spurts. However, to our knowledge, no study evaluated
this aspect of hemi-epiphysiodesis.

To evaluate the difference in rate of angle correction,
we divided the patients into a younger and an older cohort.

We performed the first analysis based on the chronologi-
cal age. The current literature reports expected growth
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maturity at 14 years for females and 16 years for males,’ so
we consequently considered 2 years before this age as the
cut-off to consider different patients. We found that males
younger than 14 and females younger than 12 had a signifi-
cantly faster mLDFA correction rate than older patients;
more importantly, the mFTA, which better relates to the
lower limb axis and the clinical valgus deformity of the
knee, also corrected at a faster rate in this cohort.

We performed a second analysis of deformity correction
per unit time based on the bone age, to have a more accurate
relation between the bone growth and the correction rate.
Bone age indicates the level of biological and structural
maturity more precisely than chronological age.!! Both
mLDFA and especially mFTA corrected faster in the younger
group, with an even stronger statistically significant differ-
ence (p <0.001) than the previous analysis. Orthopaedic sur-
geons performing plate-mediated guided growth should be
aware of these differences to correctly counsel patients and
to plan adequate timing for plate positioning, subsequent
follow-up, and implant removal surgery.

There were important limitations in our study. In addi-
tion to limitations due to the retrospective nature of our
research, bone age was available in 78.2% of patients.

One strength of our study is the homogeneous popula-
tion. All the 97 lower limbs with pathologic genu valgum
had the medial distal femoral physis treated, which allowed
us to evaluate plates acting on the same location of the
knee. The majority of the published studies regarding tem-
porary guided growth implants considered small cohorts
without differentiating the multiple combination of hemi-
epiphysiodesis—medial side for valgus deformity, lateral
side for varus deformity, femur only, tibia only, cases with
both the femur and the tibia treated— which we strongly
believe can lead to erroneous conclusions when consider-
ing all the lower limb axial angles at the same time.

Skeletally immature patients with pathologic genu val-
gum treated with hinged plate-mediated hemi-epiphysio-
desis have an expedited correction when they have 2 or
more years of ETGR compared to older patients. Further
studies are necessary to evaluate different age-related
groups to further define the best timing for hinged plate-
mediated guided growth treatment.
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