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Introduction

Limb length discrepancy (LLD) of lower extremities more 
than 2 cm before or at skeletal maturity is an important 
cause of morbidity. It may cause gait abnormalities, 
chronic hip, knee or back pain, and osteoarthritis.1,2 In 
children with more than 2 years of growth remaining, dif-
ferent growth modulation techniques have been defined as 
major treatment methods for moderate LLD.3–7 Although 
its efficacy compared with other growth modulation meth-
ods has still been under debate, tension band plating (TBP) 
has been a common treatment option for LLD.8–15

Several complications related to TBP have been 
reported, including inadvertent coronal plane deformity of 

the lower extremity.2,7,9,10,14,16–18 The rate of this complica-
tion and suggested reasons were reported in articles involv-
ing heterogeneous patient groups including both idiopathic 
cases and cases with pathological physes.7,9,10,14,18,19 In 
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Abstract
Purpose: One of the most common treatment methods for moderate limb length discrepancy in children is growth 
modulation using tension band plating. Coronal plane deformities after tension band plating for limb length discrepancy 
have been documented as an important complication in articles involving heterogeneous groups consisted of both 
idiopathic cases and patients with pathological physes. The aim of the study was to determine the rate of coronal plane 
deformities after treatment of a homogeneous group of idiopathic limb length discrepancy cases with tension band 
plating and to compare screw constructs of medial and lateral plates.
Methods: Patient files were retrospectively reviewed for amount of limb length discrepancy, anatomical femorotibial 
angle, mechanical lateral distal femoral angle, mechanical medial proximal tibial angle, and inter-screw angles of each plate 
on both sides of the tibiae and femora. Measurements at each follow-up period were compared to each other.
Results: A total of 26 patient files (37 bones) were included to the study. The mean age was 10.5 years. The mean 
limb length discrepancy was 27.5 mm. Implants were removed after mean 34.5 months. The mean follow-up period 
was 58.5 months. There was no significant difference in inter-screw angle on each side of the bones at the time of 
implantation and in lower limb alignments during follow-up.
Conclusion: Treatment of mild-to-moderate idiopathic limb length discrepancy with tension band plating in children 
was found to be safe against any coronal plane deformity during follow-up until skeletal maturity.
Level of evidence: Level IV.
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some studies, coronal plane deformities were attributed to 
poor surgical technique, proximal tibial anatomical fea-
tures, younger age, larger LLD, or congenital physeal 
pathologies.18–20 Another possible underlying mechanism 
might be the phenomenon involving that a TBP with a 
maximally divergent screws might affect earlier and more 
than another plate with less divergent screws.10,21

The aim of the study was to determine the rate of coro-
nal plane deformities after treatment with TBP of a homo-
geneous group of children with idiopathic LLD. We also 
aimed to study whether there was any significant differ-
ence in inter-screw angles (ISA) between plates on each 
side of a bone, and relation of the change in limb align-
ment, if any, with difference of ISA.

Materials and methods

After receiving institutional review board approval, the 
files of patients operated for LLD with TBP between years 
2013 and 2019 were retrospectively reviewed. Cases with 
idiopathic LLD were included to the study. Idiopathic term 
was used for cases without any known history of disease or 
trauma affecting the physeal growth. Non-idiopathic cases 
(e.g. skeletal dysplasias, Marfan’s syndrome, and endo-
crine diseases), patients lost during follow-up, revision of 
cases from another institution, cases with previous lower 
extremity deformity, and those that required concomitant 
osteotomy or TBP at a level other than the knee were 
excluded from the study.

In addition to demographic data of the patients, initial 
limb measurement difference, the timing of the operation, 
operated bones, time of implant removal, and total follow-
up duration were recorded. Each full-length leg X-ray of 
both lower extremities before the operation, at the time of 
the implant removal, and at final follow-up were measured 
for LLD, anatomical femorotibial angle (aFTA), mechani-
cal lateral distal femoral angle (mLDFA), and mechanical 
medial proximal tibial angle (MPTA) according to previ-
ous reports.20 The early postoperative anteroposterior knee 
X-rays and radiographies at the time of implant removal 
were evaluated for ISA. ISA was defined as the angle 
between screws on each plate (Figure 1). All measure-
ments were made by the same author. The preoperative 
measurements were compared to the X-rays at the time  
of implant removal or final follow-up. The ISA on medial 
and lateral sides of each bone were also compared to 
each other.

The surgical procedure was performed under general 
anesthesia by authors. A 2- to 3-cm-long skin incision was 
done on each side of the focused growth plate (distal 
femur or proximal tibia). After exposing the deep fascia, it 
is cut and a K-wire is inserted into the physis under fluo-
roscopy. The periosteum was not cut or dissected. When 
the position of the wire was confirmed to be in the middle 
of the growth plate on lateral views, a titanium TBP (TST 

Medical Devices, TR) with two holes was inserted over 
the wire and fixed with two cannulated screws in epiphy-
sis and metaphysis, under fluoroscopic control.

Follow-up controls were made every 3 months until 
implant removal. Plates were removed when LLD was 
eliminated. After implant removal, all patients were fol-
lowed until skeletal maturity with clinical examination and 
finally with X-ray around the time of maturity.

Statistical analyses were performed using NCSS program 
(Number Cruncher Statistical System) 2007 (Kaysville, 
Utah, USA). In addition to descriptive statistical methods, 
data distribution was evaluated with Shapiro–Wilk test. 
Two-group comparison of quantitative data was done by 
Mann–Whitney U test. Data of two periods of follow-up 
were compared using Wilcoxon test while data comparisons 
of three or more follow-up periods were performed using 
Friedman test. Significance was evaluated at p < 0.05.

Results

We retrospectively reviewed files of 35 patients who had 
undergone TBP for idiopathic LLD. After application of 

Figure 1. Preoperative X-ray of a male patient with 29 mm leg 
length discrepancy. Lower extremity alignment measurements 
and inter-screw angle (ISA) measurements are shown.
mLDFA: mechanical lateral distal femoral angle; aFTA: anatomical 
femorotibial angle; MPTA: medial proximal tibial angle.
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exclusion criteria, we included files of 26 patients. A total 
of 37 bones (23 femora; 14 tibiae) were operated for LLD 
with TBP between 2014 and 2018. The mean age of the 
patients was 10.5 years (range, 6–14; SD, 2.1), with at least 
2 years of growth remaining according to the skeletal age, 
at the time of TBP application. The initial LLD was mean 
24.3 mm (range, 17–36; SD, 5.8). Both tibiae and femora 
were operated in 11 children while 3 patients were oper-
ated only for tibia and 12 for only femur. All patients, 
except one, returned to their previous level of physical 
activity in 3–4 weeks. One case experienced joint limita-
tion for more than 1 month and returned to previous activ-
ity level in 2 months only after receiving physical therapy. 
There was no other complication early after the procedure 
or throughout the follow-ups. The plates were removed at 
a mean of 34.5 months (range, 14–58; SD, 9.7), and each 
patient was followed for a mean of 58.5 months (range, 
25–94; SD, 18) (Table 1). All except three patients reached 
skeletal maturity at the end of follow-up period. Implants 
were completely removed in all cases except five cases 
whose metaphyseal screws were removed first. The mean 
age of the patients at the time of implant removal was 
13.4 years (range, 8–18). The final LLD measurements 
were mean of 3.2 mm (range, 0–21; SD, 4.7). The mean 

correction was 20.8 mm (range, 12–33; SD, 11.1), and the 
correction rate was 0.6 mm/month (range, 0.3–1.2; SD, 
0.2). The mean correction rate in cases operated for only 
the femora or the tibiae were 0.6 mm/month (range, 0.3–1; 
SD, 0.2) and 0.9 mm/month (range, 0.6–1.2), respectively. 
Only one case, who was the oldest one in our cohort 
(14-year-old male) ended up with a more than 2 cm differ-
ence (21 mm), which required femoral lengthening surgery 
2 years after skeletal maturity. In total, 24 out of 26 patients 
had less than 1 cm LLD at the final follow-up (mean, 
2 mm; range, 0–6). The initial LLD were 24 and 36 mm in 
those two cases who ended up with 12 and 21 mm length 
difference, respectively. None of the patients experienced 
a rebound LLD and received a repeat TBP during 
follow-up.

The limb alignment measurements are given in Table 2. 
The difference of each measurement during follow-up was 
detected as insignificant. The final limb alignment mea-
surements at the end of follow-up did not show any signifi-
cant difference with the measurement at the time of implant 
removal (Figure 2). Also, there was no significant differ-
ence between measurements of both lower extremities 
during follow-up. There was a significant difference 
between early postoperative and implant removal time 

Table 1. Demographic data of patients.

Demographic data Mean ± SD Min-max (median)

Age (years) 10.5 ± 2.14 6–14 (11)
Duration of plating (months) 34.54 ± 9.69 14–58 (34.5)
Follow-up (months) 58.46 ± 17.99 25–94 (61.5)
Initial LLD (mm) 24.3 ± 5.8 17–36 (24)

LLD: limb length discrepancy; SD: standard deviation.
N: 26—16 male, 10 female.

Table 2. Measurements of limb alignment and inter-screw angles.

Early postop Time of removal Final follow-up p

LLD 24.3 ± 5.8
17–36 (24)

3.19 ± 4.45
0–21 (2.5)

3.21 ± 4.23
0–21 (2.5)

0.001**

aFTA 3.62 ± 1.7
2–7 (3)

3.85 ± 2.13
1–10 (4)

3.85 ± 2.13
1–10 (4)

0.949

mLDFA 89.52 ± 3.7
82–101 (89)

89.13 ± 2.83
85–95 (89)

88.96 ± 2.4
85–94 (89)

0.895

MPTA 87.29 ± 3.07
83–93 (87)

88.57 ± 2.03
86–92 (88)

89.14 ± 2.11
86–93 (89)

0.069

LAT ISA 24.14 ± 8.57
2–45 (25)

34.38 ± 10.65
15–55 (38)

N/A 0.001**

MED ISA 22.84 ± 10.71
0–49 (23)

30.32 ± 11.37
10–52 (32)

N/A 0.001**

LLD: leg length discrepancy; aFTA: anatomical femorotibial angle; mLDFA: mechanical lateral distal femoral angle; MPTA: medial proximal tibial angle; 
ISA: inter-screw angle; LAT: lateral; MED: medial; N/A: not applicable.
Given as mean ± SD and min-max (median).
Friedman test: **p < 0.01.
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ISA, which showed divergence of the screws (Figure 3). 
ISA measurements showed no significant difference 
between medial and lateral plates at early postoperative 
and implant removal time, with p values 0.42 and 0.107, 
respectively. Additionally, any correlation or effect of ISA 
on coronal plane alignment was not suitable for statistical 
analysis, because there was no change on coronal align-
ment of the limbs. Therefore, the difference of medial and 
lateral ISA measurements on the coronal plane, which was 
about a mean of 4 degrees, was considered both statisti-
cally and clinically insignificant.

Discussion

TBP is a valuable alternative for the treatment of LLD in 
children with longer than 2 years of growth remaining. 
There has been significant controversy about its effective-
ness and possible complications.9 One of the possible 
important complications was coronal plane deformity at 
the end of treatment. In this study, we searched for it and 
the potential effect of ISA differences on coronal plane 

alignment due to potentially different hinge effects on each 
side of the physis.

More than 2 cm LLD at maturity is related to future 
morbidities due to gait deviation, hip pain, osteoarthritis, 
and lumbar pain.1,17,22 Any LLD in children is evaluated if 
the difference increases to or beyond 2 cm in maturity, with 
the help of several prediction tools.23 Cases with predicted 
discrepancy > 2 cm are indicated for appropriate treatment 
based on the remaining growth potential and predicted 
final height. For moderate LLD with 2–5 cm projected  
difference in patients with more than 2 years of growth 
remaining, growth modulation methods have attracted 
interest because of their minimally invasive applications 
and reversibility of some.14 The first application was  
permanent epiphysiodesis with the help of a drill or 
curette.6,18,24 Because of its irreversible effect, the tech-
nique required accurate prediction of remaining growth 
and predicted LLD.6,10,16,18,21,23,25 However, accuracy of the 
prediction methods was reported to be moderate, with a 
mean prediction error of about 1 cm.10,23 Therefore, the 
efficacy of permanent methods was under debate. They 
were predominantly recommended for older children with 
around 2 years of growth remaining.7 Later, temporary 
epiphysiodesis or growth modulation methods were devel-
oped and gained popularity. Staples, percutaneous epi-
physiodesis using trans-physeal screws (PETS), and TBP 
or 8-plates have been the major implants used for tempo-
rary growth modulation for deformity correction or treat-
ment of LLD.3,6–10,14,16,25

TBP were introduced by Stevens.8 The main characteris-
tics of a TBP were peripheral location of its hinge apex 
from the physis, a longer lever arm compared to other 
implants, angular movement of screws on the plates, and 
inconstant compression force on the growth plate.4,8,11,16,19,21 
With the help of the movement of screw heads on the 
plate, it acts as a tether or a flexible hinge as the screws get 
more divergent and plate bends. With TBP, inconstant 
growth plate compression prevents physeal arrest, provides 
high reversibility, while the gap period of plate bending 
and screw divergence causes a delay in beginning of its  
effect.4,8,10,11,13,19,21 Owing to its reversibility, TBP can be 
applied at earlier ages, treatment can be repeated as long as 
growth continues and accurate deformity or LLD predic-
tion would not be required.2,25 The implants can be removed, 
completely or partially depending on the age, and normal 
growth resumes.7,10,16,21,22,26 Also, metaphyseal screws can 
be reinserted in cases with recurrent LLD or coronal plane 
malalignment during follow-up after removal of them, 
especially in younger children.7,21 The effect of TBP on 
physeal growth was shown to be variable depending on the 
age of the patient, presence of underlying physeal pathol-
ogy, and compliance to the standard surgical technique.16

TBPs were mainly used for the treatment of coronal 
plane deformities around the knee.9,11,13,16,27 Following 

Figure 2. Full-length X-rays of a 10-year-old male patient 
at the time of tension band plate implantation and just after 
removal of the metaphyseal screws, 26 months after the first 
operation.
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reports on their effectiveness and reversibility, they were 
also used for sagittal plane corrections in children with 
knee flexion contractures.4,12 Other studies evaluated their 
potential effect on rotational malalignment, as well.8,28 
After studies on the use of TBP in deformity correction, 
recent studies reported their results after using them for 
LLD in children with more than 2 years of growth remain-
ing.1,4,5,7,10,13,22,26,29 Although widely used because of 
reversibility of growth modulation and ability to apply at 
earlier ages without calculating remaining growth, there is 
still controversy about its efficacy in LLD. The first report 
on the effectiveness of TBP on LLD was from Lauge-
Pedersen and Hägglund.10 After TBP of proximal tibiae of 
10 patients and follow-up of only 1.5 years, they concluded 
that the technique did not show significant effect on  
LLD. They commented that after maximal divergence, 
18–24 months later, the plates might act like a rigid con-
struct. Stevens21 reported an important detail with the use 
of TBP, which was the fact that TBP required about 1 year 
more than standard methods considering the lag period, 
unless screws were all applied maximally divergent. 
Borbas et al.7 and Bayhan et al.15 found that the efficacy of 
TBP was similar to that of permanent epiphysiodesis. 
Lykissas et al.13 found comparable results after TBP, PETS, 
and staple applications for LLD.

After increased number of studies about growth modu-
lation with TBP, several complications were reported as 
well. Most of them were related to local wound complica-
tions and implant irritation, while some were more serious, 
like plate or screw breakage, permanent epiphysiodesis, 
under- or over-correction, physeal bone bridge formation, 

and iatrogenic bone deformity.3,4,14,16–18,24 Complication 
rates were reported to be higher among patients with path-
ological physes.2,9,16,18

Coronal plane deformities after growth modulation 
with TBP for LLD have been of significant concern.27–29 
The deformities after growth modulation may be insignifi-
cant in some cases, but it may require surgical correction 
or partial removal of plates in cases with significant defor-
mity. The rates of this complication were variable among 
articles. An article by Sinha et al.4 reported change of mor-
phology of the tibial plateau after TBP in eight patients 
with idiopathic LLD hemihypertrophy. Change in the tib-
ial morphology was found to be correlated with change in 
ISA. Borbas et al.7 reported 11.7% rate of varus/valgus 
deformity after TBP for LLD, among a heterogeneous 
patient group. Those patients required secondary TBP for 
the coronal plane deformities. However, Pendleton et al.29 
reported only one case with coronal plane deformity out of 
34, after TBP for LLD. Nine patients were idiopathic. 
They concluded that femoral application was more pre-
dictable than tibial TBP. Gaumétou et al.26 and Lykissas 
et al.13 reported no coronal plane deformity in their cohorts. 
A recent article by Cheng et al.14 reported 18/38 rate of 
varus/valgus deformities after TBP compared to 12/15 
after percutaneous screws. Only 10 patients in all cohorts 
were idiopathic. The rate and comparison of complications 
in the idiopathic group were lacking. They also observed a 
tendency toward varus with TBP and valgus with screws.

The causes of varus/valgus deformities after TBP 
remain unclear. Problem with the surgical technique or 
unpredicted behavior of pathological growth plates might 

Figure 3. X-rays of a patient at the time of TBP implantation and at the time of removal, which show significant change in ISA 
during follow-up.
ISA: inter-screw angle.
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play a role. But other causes especially in cases with 
healthy growth plates or idiopathic cases have not been 
clarified, yet. An article by Lauge-Pedersen and Hägglund10 
suggested that the effect of TBP started only after maximal 
divergence of the screws and the screws of both plate on 
each side of the bone must have reached highest diver-
gence at the same time against any asymmetrical growth 
retardation. As mentioned before by Stevens, TBP requires 
a gap time before bending of the plate and full divergence 
of the screws.2,8,21 They also reported that for an early 
effect the screws might be applied divergent instead of par-
allel to the physeal line, which was presumed to shorten 
the initial gap time.21 However, Gaumétou et al.26 reported 
no increased effect with divergent screws. Based on these 
views, we searched for any coronal plane deformity after 
TBP for LLD and its relation with the asymmetry of the 
ISA on both sides of the tibia or the femur.

In our retrospective study of a patient group with idio-
pathic LLD, the rate of correction was 0.6 mm/month, 
which was similar to the wide range of reported rates in 
previous articles. The correction rate was 0.9 mm/month 
(1.11 cm/year) in a comparative study by Lykissas et al.13 
The reported correction rates (mm/month) in other studies 
were 0.51 (12.2 mm in 2 years) in the study by Borbas 
et al.;7 0.5 in another study;14 and 0.37–0.41 in a study by 
Bayhan et al.15 However, the timing of plate removal was 
later in our series, which was a mean of 3 years, compared 
to previously reported duration of plating which was a 
mean of 2 years.2,19 We did not observe a clinically or sta-
tistically significant deformity. Therefore, idiopathic cases 
in our cohort seemed to be safe from any inadvertent coro-
nal plane deformity after TBP. Additionally, the difference 
of the screw angles at the time of TBP between medial 
and lateral plates was statistically insignificant. The differ-
ences of mean ISA change during follow-up were also 
clinically low and insignificant, considering lack of any 
inadvertent deformity. Considering that none of the 
patients developed any coronal plane deformity, almost 
symmetrical application of plates was considered safe 
enough against any inadvertent coronal plane deformity in 
the treatment of idiopathic LLD with TBP. Our study was 
the first research that studied coronal plane alignment of 
the limbs after TBP for LLD in a homogeneous patient 
group without any growth plate affecting disease and also 
to evaluate ISA of the plates and their effect on limb 
alignment.

The results should be interpreted with limitations of this 
study. First, retrospective design of the study is a limita-
tion. Also, the study lacks a comparison group such as per-
manent epiphysiodesis or other implants for growth 
modulation. That is because the TBP method has been the 
dominant technique for the treatment of LLD at our clinic. 
The number of cases was another limitation. However, 
the fact that the selected patient group comprised only 

idiopathic cases could be considered as a strength of the 
study. Another strength of the study was that almost all 
patients (23/26) were followed up until skeletal maturity, 
which may answer the question whether a coronal plane 
deformity occurs after implant removal due to long-term 
effect of a possible physeal damage. A similar but prospec-
tive comparative study on a larger cohort involving patients 
with normal growth plates and those with pathological 
physes would give more convincing results. Because there 
was no significant difference between the early postopera-
tive ISA measurements or comparison group with different 
early ISA, it is not possible to conclude the parallel-placed 
screws as the key factor to avoid the complication of sub-
sequent angular deformity. Another limitation could be the 
definition of ISA. It was only measured on the coronal 
plane. So, any divergence on the other planes and anatomi-
cal differences between both sides of the femur and the 
tibia were not considered in this study.

Conclusion

Treatment of children with mild-to-moderate idiopathic 
LLD with TBP applied almost symmetrically on the coro-
nal plane was found to be safe against any inadvertent 
coronal plane deformity during follow-up until skeletal 
maturity. The ISA differences between medial and lateral 
sides of the bones were found to be statistically insignifi-
cant. Therefore, the study cannot draw any conclusion 
regarding the effect of significant ISA difference or differ-
ent screw constructs on coronal plane alignment of the 
lower limbs.
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