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Abstract

Background: Angular deformities of the lower extremities are among the most

common findings in pediatric orthopedics. Alteration of the mechanical axis in

the lower extremity affects the cosmetic appearance and may lead to

gait disturbances, knee discomfort, patellar maltracking with or without pain,

and early joint osteoarthritis. In the current study, we aimed to investigate

the efficacy of 3‐hole 3.5 mm reconstruction plates in tension‐band

temporary hemiepiphysiodesis for correcting idiopathic knee coronal angular

deformities.

Methods: The surgical procedure was performed using an extraperiosteal tension

band plate (a 3‐hole reconstruction plate) and two 3.5 mm cortical screws to treat

idiopathic knee coronal angular deformity in children. The location of the

hemiepiphysiodesis was determined based on the type of angular deformity present.

Postoperative follow‐ups were conducted through x‐rays to measure the medial

proximal tibial angle and lateral distal femoral angle of the limbs. Statistical analysis

was then performed to evaluate the efficacy of the surgical treatment based on the

rate of alignment change exhibited.

Results: The study included 14 patients (25 limbs) with genu valgum deformity who

underwent temporary hemiepiphysiodesis on both the distal femur and proximal

tibia, with 16 proximal tibias and 15 distal femurs being corrected. The correction

rate for genu valgum was found to be 0.59° per month for both proximal tibial and

distal femoral hemiepiphysiodesis. Six patients (12 limbs) were also identified with

genu varum deformity, and the correction rates for proximal tibial lateral

hemiepiphysiodesis and distal femoral lateral hemiepiphysiodesis were 0.85° and

0.15° per month, respectively. During a mean follow‐up duration of 11 ± 5.7 months,

only one case of physeal plate closure was observed, and there were no other

significant complications.
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Conclusion: Temporary hemiepiphysiodesis with a 3‐hole R‐plate and two cortical

screws takes advantage of physiological physeal growth to successfully treat

idiopathic angular deformities with low complication rates.

K E YWORD S

3‐hole R‐plate, angular deformity, genu valgum, genu varum, hemiepiphysiodesis

1 | INTRODUCTION

Angular deformities of the lower extremities are among the most

common findings in pediatric orthopedics.1,2 Alteration of the

mechanical axis in the lower extremity affects the cosmetic

appearance and may lead to gait disturbances, knee discomfort,

patellar maltracking with or without pain, and early joint osteo-

arthritis.3 Several procedures have been described to attain normal

alignment in pediatric patients.

Acute corrective osteotomy is the most common operation used

in limb angular deformities, but it is a highly invasive intervention

with some complications such as compartment syndrome, neurovas-

cular injury, and over‐ or under‐correction.4,5 Hemiepiphysiodesis is

an alternate technique that can correct angular deformities by

inducing asymmetric growth arrest in the physeal plate, thus allowing

gradual correction of the deformity with limb growth over time.

However, permanent hemiepiphysiodesis, the Phemister method and

its modifications, is an irreversible method that requires an exact

calculation of the remaining growth and is exclusively applicable to

adolescents.6,7

Several techniques are utilized for hemiepiphysiodesis. Stapling is

one of these techniques used for temporary hemiepiphysiodesis, first

introduced by Dr. Walter P. Blount in the 1940s.8 It is a minimally

invasive procedure for children with genu varum and genu valgum,

who are as young as 2 years old. This technique has been found to be

well‐tolerated, with few complications and a quick recovery time.9

Despite its apparent simplicity, it is not used routinely due to

unpredictable complications, including the risk of residual deformity

or over‐correction of the affected limb, premature physeal closure, or

iatrogenic physeal arrest.10 Furthermore, stapling carries the poten-

tial risk of implant breakage or migration.8,11 Likewise, Metaizeau

et al.12 introduced a trans‐physeal screw for hemiepiphysiodesis that

involves crossing the physeal plate from the metaphysis to the

epiphysis direction. This technique may also be associated with some

complications such as screw breakage and physeal bar formation.

Further, Stevens et al.13 described the concept of guided growth

using a nonlocking 8‐plate and two screws. This technique has gained

popularity and is well‐established for correcting angular deformities

around the knee.2,4 While it has been associated with lower

postoperative complications, the cost of the plate used is higher

than that of other techniques.1,14

The use of a 3‐hole R‐plate for temporary hemiepiphysiodesis is

a novel and promising technique for the correction of idiopathic

coronal plane knee angular deformities. To establish a tension band

across the physis, a plate and screw construct is positioned on the

medial side of the proximal tibia and on the lateral side of the medial

femoral condyle. As growth proceeds, the tension band‐induced

growth arrest enables the deformity to gradually be corrected.15 The

R‐plate technique for temporary hemiepiphysiodesis, in contrast to

other techniques that use pins or staples, provides a more cost‐

effective alternative to conventional methods by lowering the need

for subsequent surgical intervention since the R‐plate does not need

to be removed, using fewer materials, and minimizing hospital

stays.16

Given the above reflection, we aimed to investigate the use of

3‐hole 3.5 mm reconstruction plates for tension‐band temporary

hemiepiphysiodesis around the knee joint to correct idiopathic

angular deformities. Our assessment focused on the efficacy of the

hemiepiphyseal procedure in achieving limb angular correction at the

distal femur and proximal tibia.

2 | MATERIALS AND METHODS

2.1 | Study design

This pilot study was conducted on patients with coronal deformities

(genu varum or genu valgum) of the lower limb who underwent

hemiepiphysiodesis using an extraperiosteal reconstruction plate and

screws between 2017 and 2019 in Akhtar Hospital (a university‐

affiliated hospital in Tehran, Iran). The protocol of this study was

reviewed and approved by the Ethics Committee of Shahid Beheshti

University of Medical Sciences, and all patients' parents or legal

guardians were fully informed and provided written consent.

2.2 | Study subjects

The study enrolled patients between the ages of 11 and 15 who had

coronal angular knee deformities, specifically genu varum or genu

valgum, and had active physeal plates in the distal femur and proximal

tibia. However, patients with a history of previous tibial and/or

femoral fractures and musculoskeletal dysplasia were excluded from

participation.

Before treatment, patients were assessed for a variety of

factors including limb length discrepancies, ligamentous laxity,

2 of 8 | MALEKI ET AL.



patellar tracking, and angular and rotational deformities. To

determine the alignment of the lower extremity, weight‐bearing

long‐leg x‐rays were taken in both anteroposterior (AP) and lateral

views with the patella facing forward. In particular, the mechanical

axis of the lower limb was assessed in the AP view. Patients with

excessive ligament laxity causing knee thrust, clinical limb length

discrepancy >1 cm, rotational deformities, or patellar maltracking

were excluded from the study. The subjects' mechanical axis

(femur and tibia) deviations from the normal value of 87 ± 2

degrees determined the location of the deformity and plate

position, whether medial or lateral in the distal femur or proximal

tibia or both.

2.3 | Surgical technique

During the hemiepiphysiodesis procedure for children with idiopathic

coronal angular knee deformities, an extraperiosteal tension band

plate (3‐hole reconstruction plate) and two cortical screws (3.5 mm)

were implanted (Figure 1). The location of the hemiepiphysiodesis

was determined by the type of deformity present, with the plate

being implanted medially for genu valgum and laterally for genu

varum, either unilaterally or bilaterally. The surgical technique

involved the initial implantation of an epiphyseal screw in the

proximal tibia or distal femur under fluoroscopy to avoid physeal

injury. Another screw was then located in the metaphysis, and each

deformity was treated using a single plate per physis during the

procedure, following Stevens' technique.17 After the hemiepiphy-

siodesis procedure, patients did not require any brace or splint and

weight‐bearing was allowed as tolerated on the first postoperative

day. Range‐of‐motion exercises for the knees were initiated on the

second day following the surgery, and patients were not routinely

referred for physiotherapy except in cases where they were

uncooperative.

2.4 | Outcomes

The main objective of our study was to evaluate the rate of alignment

correction and associated complications. To this end, two weeks after

the hemiepiphysiodesis procedure, patients were revisited to assess

knee range of motion and soft tissue healing. At the 4‐week follow‐

up visit, AP and lateral x‐rays of the knee were taken to examine the

status and position of the implants. Six months following the surgery,

long‐leg radiographs were performed on the lower limbs to measure

the medial proximal tibial angle and lateral distal femoral angle of

the operated limbs. The timing of subsequent visits depended on the

rate of limb alignment correction. Implants were removed if follow‐up

revealed mechanical axis correction in the limbs. We also documen-

ted any complications that arose from the surgical procedures during

follow‐up visits.

2.5 | Statistical analysis

Statistical analysis was performed using SPSS statistical software

version 23 (SPSS Inc.). The normal distribution of the data was

assessed with either a Kolmogorov–Smirnov or Shapiro test.

Comparisons between pre‐ and postoperative measurements were

made using either a nonparametric Wilcoxon test or a paired t‐test.

Additionally, the rate of alignment change was calculated by dividing

the sum of changes in degrees by the time spent. Statistical

significance was determined by a p value < 0.05.

3 | RESULTS

A total of 39 patients aged between 11 and 15 with a coronal plane

knee deformity (genu varum or genu valgum) underwent surgery at

our hospital between July 2017 and December 2019. All surgeries

were performed by the same surgical team. Nineteen cases were

excluded from the study due to different reasons. Specifically,

one case had a rheumatic disease, six cases had prior fractures, one

case had multiple epiphyseal dysplasia, one case was associated with

blunt trauma, seven cases underwent permanent hemiepiphysiodesis,

and three cases had insufficient follow‐up data.

In the study, a total of 20 cases were examined, which included

37 limbs. Of the 20 cases, 12 were male and 8 were female. The

patients' mean age during implantation was 12 years and 4 months.

On a gender basis, the females had an average age of 11 years and 10

F IGURE 1 Hemiepiphysiodesis using a 3‐hole tension band plate and two cortical screws.
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months, while the males had an average age of 12 years and 5

months. Out of all the cases, 14 patients (25 limbs) had genu valgum,

while six patients (12 limbs) had genu varum. The mean follow‐up

time was 11 ± 5.7 months. The data collected during the study, such

as age, follow‐up time, and pre‐ and postoperative angles for each

case, are presented in Table 1.

To detect the location of angular deformities, the mechanical

lateral distal femoral angle (mLDFA) and the mechanical medial

proximal tibial angle (mMPTA) were used. A reference point of 87 ± 2

degrees was established as the normal value for these angles by

comparing them to the location of hemiepiphysiodesis. Table 2

presents the details of the deformities that were examined in the

study.

A group of 14 patients (25 limbs) with genu valgum deformity

underwent hemiepiphysiodesis procedures, with a nearly equal

number of surgeries performed on either the distal femur or proximal

tibia (16 proximal tibias and 15 distal femurs, as indicated in Table 2).

The mean follow‐up time for the genu valgum group was 10.7 ± 5.1

months, calculated from the date of implantation to the date of

removal. Both the distal femoral and proximal tibial hemiepiphysiod-

esis procedures had a similar rate of correction for genu valgum,

specifically 0.59° per month (Table 3).

Among the six patients (12 limbs) with genu varum deformity, the

proximal tibia was the most frequently affected site (Table 2). The

mean follow‐up time for this group, from the time of implantation to

removal, was 11.5 ± 6.3 months. In proximal tibia lateral hemiepi-

physiodesis, the rate of correction for genu varum was 0.85° per

month, while in distal femoral lateral hemiepiphysiodesis, it was 0.15°

per month (Table 4).

Only one case (No. 3 in Table 1) of under‐correction was

identified in the study, and it was found to be caused by the early

closure of the physeal plate. This particular patient was implanted

before the age of 12, which resulted in the cessation of physeal

growth and ultimately led to incomplete correction of the deformity.

TABLE 2 Location of deformities corrected with hemiepiphysiodesis.

Deformity
Distal femur Proximal tibia Both Bilateral distal femur +

unilateral proximal tibia
Unilateral distal femur +
bilateral proximal tibiaUnilateral Bilateral Unilateral Bilateral Unilateral Bilateral

Genu valgum 0 4 3 3 0 2 1 1

Genu varum 0 1 0 4 0 1 0 0

TABLE 3 Changes in LDFA and MPTA in genu valgum group.

Preoperative Postoperative p Value

LDFA LDFA in total limbs (n = 28) 84 ± 4 86.6 ± 2.5 0.001

LDFA in operated limbs (n = 15) 81.1 ± 3.2 86.1 ± 3 0.001

LDFA in nonoperated limbs (n = 13) 87.3 ± 1.4 87.2 ± 1.6 0.891

MPTA MPTA in total limbs (n = 28) 90 ± 3.8 87.1 ± 1.7 0.001

MPTA in operated limbs (n = 16) 92.5 ± 2.3 87.3 ± 1.5 0.001

MPTA in nonoperated limbs (n = 12) 86.7 ± 2.7 86.8 ± 1.9 0.829

Note: Bold values were considered statistically significant.

Abbreviations: LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle.

TABLE 4 Changes in LDFA and MPTA in genu varum group.

Preoperative Postoperative p Value

LDFA LDFA in total limbs (n = 12) 88.7 ± 3.1 88.3 ± 1.9 0.587 (Wilcoxon)

LDFA in operated limbs (n = 4) 92 ± 2.4 89.2 ± 3.2 0.059 (Wilcoxon)

LDFA in nonoperated limbs (n = 8) 87.1 ± 2 87.9 ± 0.8 0.221 (Wilcoxon)

MPTA MPTA in total limbs (n = 12) 83.5 ± 2.8 88.3 ± 2.5 0.005

MPTA in operated limbs (n = 10) 82.6 ± 1.8 88.5 ± 2.7 0.005

MPTA in nonoperated limbs (n = 2) 88.5 ± 0.7 87.5 ± 0.7 0.157

Note: Bold values were considered statistically significant.

Abbreviations: LDFA, lateral distal femoral angle; MPTA, medial proximal tibial angle.
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4 | DISCUSSION

The most important finding of the current study was that utilizing a

3‐hole tension band plate and two cortical screws for hemiepiphy-

siodesis is a safe and efficient method for correcting the coronal

alignment of the lower extremities.

The peri‐genicular physeal plates are responsible for approxi-

mately 75% of lower limb growth, and any intervention that

interferes with their function can lead to significant changes in both

limb alignment and length. Hemiepiphysiodesis procedures have

been implemented using different techniques, including stapling,

tension‐band plating,6,7,17–19 and transphyseal screws.18,20,21 All of

these techniques have proven to be effective in inducing temporary

growth arrest, and normal growth will resume once the implant is

removed. The extraperiosteal positioning of the tension band plate

offers the advantage of facilitating implantation and removal without

causing damage to the physeal plate. As a result, there is no need for

precise calculation of remaining growth, which enables the device to

be used for any age before maturation.2,4,22 With the increasing

popularity of hemiepiphysiodesis techniques, there has been a

corresponding rise in the variety of plates used for the procedure.

According to research, using 8‐plates with two holes is associated

with a lower complication rate than R‐plates. However, it does come

at a higher cost compared to the latter option.1,6,19

Stevens et al. conducted a study to evaluate the efficacy of using

a 2‐hole extraperiosteal plate and two nonlocking screws for treating

knee angular deformities in 34 patients. It was found that only one

out of the two recalcitrant Blount's disease patients required revision

of fixation due to screw loosening, whereas none of the idiopathic

patients experienced any complications related to screw loosening.17

Another study evaluated the outcomes of temporary hemiepiphy-

siodesis in 21 patients with bilateral angular deformities around the

knee using a 2‐hole R‐plate and two 4mm solid cancellous screws.

The results showed that six screws failed and had to be replaced with

solid 4.5 or 3.5 mm cortical screws.14

In our study, the 3.5 mm cortical screw with a 2.7 mm core

diameter (standard screw) and a 3.5 mm, 3‐hole reconstruction plate

were utilized, and we were fortunate enough not to encounter any

instances of screw failure during the procedure. The fatigue strength

of a screw is greatly influenced by its core diameter, which has a

direct impact on the stress and strains the screw can endure over

time. This relationship follows the fourth power rule, highlighting the

essential nature of carefully selecting the appropriate screw size to

ensure the long‐term success and stability of hemiepiphysiodesis

procedures.23,24 Consistently, a fatigue life analysis of small fragment

screws verified that 4 mm cancellous screws with a 2.8 mm core

diameter had a longer fatigue life than 4mm cancellous screws, with

a core diameter of 1.9 mm.23 Aside from core diameter, improper

tightening of the screw and insufficient contouring or contact of the

plate near the bone can also contribute to screw failure in

hemiepiphysiodesis procedures25 Thus, to avoid any potential

looseness, we needed to focus intently and make sure all screws

were tightened fully.

Danino et al.22 retrospectively examined 537 patients (967

limbs) with knee coronal deformities of different origins in a

multicenter study. The rate of correction for mMPTA and mLDFA

was found to be 0.79° per month and 0.77° per month, respectively.

There was no statistically significant difference between the

femoral and tibial changes. Tibial and femoral deformities were

corrected to normal alignment in 80% and 70% of cases,

respectively. Also, according to a study by Burghardt and

Herzenberg,7 hemiepiphysiodesis using an 8‐plate successfully

corrected varus or valgus knee deformities in 90% of 43 patients.

A total of 54 physes from 51 limbs underwent this procedure, and

all 8‐plates were removed without complications. The study also

reported that the monthly correction rate for mLDFA was 0.65°,

while it was 0.58° for mMPTA. In the current study, we found that

genu valgum hemiepiphysiodesis, medial distal femur hemiepiphy-

siodesis, and medial proximal tibial hemiepiphysiodesis had similar

corrective effects with an average correction rate of 0.59° per

month. However, in genu varum hemiepiphysiodesis, lateral proxi-

mal tibial hemiepiphysiodesis was more effective than lateral distal

femur hemiepiphysiodesis, with an average correction rate of 0.85°

and 0.15° per month, respectively. Additionally, it is worth noting

that the plate used in the distal femoral growth has a slower growth

rate of only 6 mm per year compared to the proximal tibia despite

the faster growth rate of the distal femur (9 mm/year).26

It is important to note that our study did not investigate the

relationship between body mass index (BMI) and screw failure rates

after hemiepiphysiodesis. However, prior research has yielded

conflicting results on this topic. For example, Aslani et al.14 found

no significant differences in screw failure rates among patients with

varying BMIs who underwent medial distal femoral hemiepiphysiod-

esis using a screw. In contrast, other studies have suggested that

higher BMIs may increase the risk of screw failure after hemi-

epiphysiodesis using screws.16

Our study utilized a 3‐hole R‐plate with two 3.5 mm cortical

screws for temporary hemiepiphysiodesis and found no implant

failure or screw loosening. In valgus knees, there was an average

correction rate of approximately 0.59° per month for both mLDFA

and mMPTA, while in varus knees, the average correction rates were

approximately 0.15° and 0.85° per month, respectively. However,

further studies with larger sample sizes are needed to validate these

findings and determine their generalizability across different patient

populations, particularly those involving idiopathic deformities.

Future research should investigate the long‐term outcomes of using

3‐hole R‐plates for hemiepiphysiodesis to correct lower limb

alignment and compare its efficacy with other methods.

It is important to acknowledge the limitations of this study when

interpreting our findings. The sample size in the genu varum group

was relatively small, which may limit the applicability of our

conclusions. Additionally, our follow‐up duration only assessed

complications until plate removal, and, therefore, may not capture

the full long‐term outcomes of the procedure. Furthermore, we did

not compare the outcomes of hemiepiphysiodesis using a 3‐hole

plate with other devices, such as the 8‐plate.
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Temporary hemiepiphysiodesis with a 3‐hole R‐plate and two

cortical screws takes advantage of physiological physeal growth

to successfully treat idiopathic angular deformities with low

complication rates. It seems that proximal tibial hemiepiphysiod-

esis in varus knees results in a higher correction rate compared to

distal femoral or proximal tibial hemiepiphysiodesis in valgus

knees. Based on these findings, the authors recommend tempo-

rary hemiepiphysiodesis with a 3‐hole R‐plate and two cortical

screws as a safe and effective treatment option for immature

patients with idiopathic angular deformities who are still under-

going bone growth.
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