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Objective  To evaluate the therapeutic effect of a Tibia Counter Rotator (TCR) with toe-out gait plate (GP) upon 
tibial internal torsion by a comparative analysis of transmalleolar angle (TMA) and gait analysis with GP alone.
Methods  Twenty participants with tibial internal torsion were recruited for this study. Each 10 participants were 
included in group A with TCR and GP application and in group B with GP application only. The TMA and the 
kinematic results were used for the evaluation of the therapeutic effects of orthoses.
Results  Within each group, TMA showed a significant increase after treatment. Group A showed a continuous 
improvement up to six months, however, group B showed an improvement up to five months only. Group A 
showed a significantly higher correction effect than group B after treatment. Regarding kinematic data, both 
groups showed a significantly decreased mean ankle adduction angle after treatment. However, group A showed a 
significantly lower mean ankle adduction angle than group B after six months.
Conclusion  The group with TCR and GP showed a significantly better outcome and continued correction force 
compared to the group with GP only. Our results suggest that TCR with GP may be useful therapeutic orthoses for 
children with tibial internal torsion.
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INTRODUCTION

Intoeing gait is a common gait problem in children, 
and tibial internal torsion is known to be one of the most 
common causes of intoeing gait [1-4]. Tibial internal tor-
sion is a condition in which the distal tibial articular sur-
face (ankle joint) is rotated internally along the proximal 
tibial articular surface (knee joint) in the transverse plane 
toward the body’s midline [1]. According to some reports, 
tibial torsion may be medial or neutral at birth, however, 
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as the child grows, lateral torsion develops and the adult 
level of 18o–23o of lateral torsion has been reached at 
seven or eight years [1,5-8]. 

However, in Asian people, such as in Korean and Japa-
nese, who have the lifestyle of kneeling on the floor with 
internal rotation of the legs, tibial internal torsion com-
monly remains, even in older age, despite the natural 
course of tibial torsion angle [1,9]. Tibial internal torsion 
or excessive lateral torsion may cause esthetical, func-
tional or psychological problems and may also induce 
degenerative arthritis in an older age. Therefore, several 
previous studies have recommended a proper treatment 
of severe tibial internal torsion at an early age [1,10-12]. 

A toe-out gait plate (GP) has commonly been used for 
the treatment of tibial internal torsion due to its advan-
tages of lightness, better comfort and adjustable flex-
ibility [13,14]. The therapeutic effect of GP upon tibial 
internal torsion has been reported in previous studies 
[13,14]. It was reported that Tibia Counter Rotator (TCR) 
can be an effective therapeutic tool in the management 
of tibial internal torsion [1,15,16]. It changes the direction 
of growth of tibial physeal cells and leads to a correction 
of a tibial internal torsion [1,15,16]. However, although 
the purpose of the correction of tibial internal torsion is 
to correct the intoeing gait pattern, no one has evaluated 
the effect of the tibia correction device using gait analysis 
on tibial internal torsion yet [1,13,16]. 

We investigated the therapeutic effect of TCR with GP 

by a comparative analysis of transmalleolar angle (TMA) 
and by a gait analysis with GP alone upon tibial internal 
torsion.

MATERIALS AND METHODS

Subjects
The study population was selected from children who 

visited the foot clinic of Yeungnam University Medical 
Center between January 2012 and August 2012. The diag-
nosis was made using clinical symptoms, image findings 
and physical examinations by two expert physiatrists. 
Participants whose diagnosis was in disagreement among 
two physiatrists were excluded. Patients were recruited 
according to the following criteria: 1) participants aged 
between 4 and 11 years; 2) participants whose TMA was 
less than 0o at the time of initial evaluation [1,5,17]; 3) no 
definite spasticity, somatosensory problem or abnormal 
neurologic conditions, including developmental delay; 
4) no history of orthopedic surgery or traumatic event on 
lower extremities during the study period; 5) no history of 
significant cardiopulmonary, metabolic or neuromuscu-
lar condition, including tumors and inflammation; and 6) 
volunteers whose parents had applied to this study. Fifty-
one patients diagnosed with tibial internal torsion were 
originally selected. Of 51 participants, 16 did not meet 
the age criterion, 12 were diagnosed with developmental 
delay, and three had a traumatic event on lower extremi-

Fig. 1. Flowchart of subject selection. Fifty-one participants diagnosed as tibial internal torsion. Of 51 participants 
were 16 participants excluded who did not meet the age criterion: 12 participants were diagnosed as developmental 
delay and 3 participants had traumatic events on lower extremities during the study period. Finally, 20 participants 
were included in the study. A clinical coordinator unaware of the clinical data of participants randomized the subjects 
into two groups. Among 20 participants, 10 participants were included into group A with Tibial Counter Rotator (TCR) 
and toe-out gait plate (GP). The remaining 10 participants were included into group B with GP application only.
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ties during the study period and were excluded from the 
study participation therefore (Fig. 1). Finally, 20 par-
ticipants (40 limbs; 10 males and 10 females; mean age 
6.05±2.54 years; range 4–11 years) were included in the 
study. Of 20 participants were 10 participants (20 limbs; 3 
males; mean age 6.80±2.74 years; range 4–10 years) ran-
domly included in group A, the TCR with GP group, and 
the remaining 10 participants (20 limbs; 7 males; mean 
age 5.30±2.21 years; range 4–11 years) were included in 
group B, the GP alone group. We used the block random-
ization method to balance the numbers in this study. Af-
ter randomization, all orthoses were individually molded 
and fitted. The study was approved by the Institutional 

Review Board at our hospital. Also, a written informed 
consent was obtained from the parents of all participants.

TCR and GP
TCR consisted of well-padded straps (Velcro), foot 

plate, and metal brace (Fig. 2). The initial foot plate set-
ting angle was the end point of leg lateral motion with a 
flexed knee position [15]. The patients visited our clinic 
monthly. If the patient had accommodated to a setting 
angle, we increased the foot plate angle by 5o [15] (Fig. 
2C). However, foot plate angle was not changed in partic-
ipants who did not accommodate to the setting angle or 
who did not show definite improvement compared with 
previous visits. The goal of treatment using TMA was 10o 
of external rotation or normal value as referred by Staheli 
et al. [2], Valmassy and Stanton [5], and Vanderwilde et 
al. [17]. The type of GP used in this study was a gait plate, 
which was composed of a polypropylene shell. All TCR 
and GP (Biomechanics Technology Co. Ltd., Goyang, 
Korea) were individually molded and fitted by one expert 
podiatrist.

TMA
The severity of tibial internal torsion was evaluated by 

TMA for all participants. TMA was measured monthly 
for overall 6 months after GP and/or TCR application 
[5,6,8,9,18]. TMA was measured using a gravity goniom-

Fig. 2. Tibial Counter Rotator (TCR). (A) Anterior view, 
(B) oblique view, and (C) inferior view. TCR consisted of 
well-padded straps (Velcro), foot plate and metal brace 
(A, B). The initial setting angle was the end point of leg 
lateral motion with a flexed knee position. Foot plate 
angle was increased using units of 5° as the patients vis-
ited the foot clinic monthly (C). All participants were in-
structed to apply TCR with a flexed knee position during 
sleep for at least 3 hours a day.

Fig. 3. Measurement of transmalleolar angle (TMA). TMA 
was measured using a gravity goniometer in the supine 
position after marking the medial malleolus of the tibia 
and lateral malleolus of the fibula while extending the 
knee to the coronal plane [5,6,8,9,18]. The negative value 
refers to the internal rotation of the tibia, whereas the 
positive value refers to the external rotation.
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eter in the supine position after marking the medial mal-
leolus of the tibia and lateral malleolus of the fibula while 
extending the knee to the coronal plane [5,6,8,9,18] (Fig. 
3). The negative value refers to the internal rotation of 
the tibia, whereas the positive value refers to the external 
rotation. The TMA was independently assessed by an ex-
pert physiatrist and expert podiatrist who were unaware 
about the other assessment results. All participants were 
assessed by these two experts. The acquired data were 
averaged for statistical analysis.

Gait analysis and data processing
Three-dimensional gait analysis was performed using 

a computerized VICON T40 motion analysis system with 
12 infrared cameras (Oxford Metrics Inc., Oxford, UK) for 
the measurement of kinematic data during the gait cycle. 
During gait analysis, 14-mm diameter reflective markers 
were attached directly by the same trained investigator 
over the following anatomic locations of both pelvis and 
lower extremities: anterior superior iliac spines, posterior 
superior iliac spines, midway between the posterior su-
perior iliac spines, lateral epicondyles of the knee joints, 
lateral malleoli, heels, second metatarsals and lateral as-
pects of the thigh and calf segments [19,20]. Gait analysis 
was performed before and six months after application 
of orthoses. Prior to performance of gait analysis, a static 
trial was captured in a static position in order to establish 
the relationship among the markers. All participants were 
instructed to walk barefoot at their self-selected speed 
along 10 m with the markers in place. For averaging of 
data, all participants walked at least three trials. Also 

each walking trial included more than three gait cycles. 
Motion capture, modeling and all trials were processed 
using VICON Nexus 1.7 software and kinematic data were 
computed using POLYGON software. All results of walk-
ing trials were accumulated and averaged. Data were 
normalized based on the entire gait cycle and kinematic 
parameters were measured.

Regarding kinematic data of the participants, positive 
mean ankle adduction angle refers to adduction of the 
ankle, whereas negative angle refers to abduction. Ankle 
adduction angle is the angle between the foot vector and 
the sagittal axis of the tibial shank, projected to the foot 
transverse plane. In terms of hip and knee internal rota-
tion angle, a positive value refers to hip and knee internal 
rotation, whereas a negative value refers to hip and knee 
external rotation.

Statistical analysis
Independent sample t-test was used for comparison of 

demographic and clinical data of the participants except 
non-parametric data. Pearson chi-square test was used 
for non-parametric data including sex. One-way analysis 
of variance for repeated measurements followed by post-
hoc analysis with Bonferroni adjustment was performed 
to analyze changes in each group for TMA and kinematic 
data of gait analysis including time effect. Comparative 
analysis between two groups for TMA and kinematic data 
of gait analysis was also performed. The inter-rater reli-
ability of TMA was assessed to determine the intra-class 
correlation coefficient (ICC). The inter-rater ICC value of 
TMA between the two experts was 0.906, revealing excel-

Table 1. Demographic and clinical data of the patients

Variable Group A (n=10) Group B (n=10) p-value*
Sex, male 3 7 0.074

Mean age (yr) 6.80±2.74 5.30±2.21 0.195

Height (cm) 118.35±15.76 110.45±11.08 0.211

Weight (kg) 23.54±8.38 20.60±5.06 0.355

TMA anglea) (o) -13.90±7.77 -12.40±5.38 0.482

Hip internal rotation anglea) (o) 13.64±6.23 8.95±10.26 0.089

Knee internal rotation anglea) (o) 6.57±6.93 2.01±9.86 0.099

Ankle adduction anglea) (o) 5.26±4.05 3.63±3.78 0.198

Values are presented as number or mean±standard deviation.
Group A was defined as the TCR with GP group and group B was defined as the GP alone group.
TMA, transmalleolar angle; TCR, Tibial Counter Rotator; GP, toe-out gait plate. 
a)Before orthosis application. *p<0.05.
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lent reproducibility. The Statistical Package for Social Sci-
ences (SPSS) ver. 18.0 (SPSS Inc., Chicago, IL, USA) was 
used for data analysis. The adopted level of significance 
was p<0.05.

RESULTS

Demographic and clinical data
A summary of demographic and clinical data for all 20 

participants is shown in Table 1. In all variables, no sig-
nificant difference was observed between the two groups. 
None of the participants dropped out during this study 
and no side effects, including moderate to severe pain 
or somatosensory problem on lower extremities were re-
ported.

TMA angle
In group comparison, both groups showed significantly 

increased TMA six months after treatment (Fig. 4, Table 2). 
The mean TMA of group A improved from -13.9o to 10.9o. 
Group B showed an increased TMA from -12.4o to 2.1o. 
In detail, group A showed a sustained significant cor-
rection effect to 6 months of orthoses application, how-
ever, group B showed significant improvement to only 5 
months, not from 5 to 6 months of therapeutic session. 
We also compared the therapeutic outcomes between 

Fig. 4. Comparative results of transmalleolar angle within 
both groups. TCR, Tibial Counter Rotator; GP, toe-out 
gait plate. *p<0.05.

Table 2. Change in variables from pretreatment to six months after treatment 

Variable Group A Group B
p-value  

(group comparison)
TMA (o) <0.001*

Before orthosis application -13.90±7.77 -12.40±5.38  

After 6 months of orthosis application 10.90±4.49 2.10±8.64

Time effect <0.001* <0.001*

Hip internal rotation angle (o) 0.051

Before orthosis application 13.64±6.23 8.95±10.26

After 6 months of orthosis application 12.77±7.25 7.22±12.15

Time effect 0.427 0.531

Knee internal rotation angle (o) 0.167

Before orthosis application 6.57±6.93 2.01±9.86

After 6 months of orthosis application 3.94±4.99 2.65±8.20

Time effect 0.079 0.765

Ankle adduction angle (o) <0.001*

Before orthosis application 5.26±4.05 3.63±3.78  

After 6 months of orthosis application -7.87±3.97 0.79±1.95

Time effect <0.001* 0.002*

Values are presented as number or mean±standard deviation.
Group A was defined as the TCR with GP group and group B was defined as the GP alone group.
TMA, transmalleolar angle; TCR, Tibial Counter Rotator; GP, toe-out gait plate; time effect, temporal changes of thera-
peutic effect of orthosis in each group after treatment.
*p<0.05.
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the two groups. Group A showed a significantly increased 
mean value of TMA than group B after six months of 
treatment, although no significant difference was ob-
served before the therapeutic session. In addition, no 
significant difference was observed between both groups 
from pretreatment to one month after treatment. Howev-
er, group A showed a significantly increased mean value 
of TMA, compared with group B, from one month to two 
months and this difference continued to six months. Also, 
group A showed a significantly higher amount of interval 
change from pretreatment to one month, and this signifi-
cant difference was maintained up to six months.

Kinematic parameters
Regarding kinematic data, both groups showed a sig-

nificantly decreased mean ankle adduction angle after 
treatment (Fig. 5, Table 2). The mean ankle adduction 
angle of group A improved from 5.26o to -7.87o. Group 
B also showed an improved ankle adduction angle, but 
the amount of change was 3.63o to 0.79o smaller than that 
of group A. We also compared the therapeutic progress 
between the two groups. No significant difference was 
observed between the groups before treatment (Table 
1). However, after six months, group A showed signifi-
cantly lower mean ankle adduction angle than group B. 
For the hip and knee angle, no significant difference was 
observed between group A and B, and no significant im-
provement was observed after the therapeutic session.

DISCUSSION

In the current study, we demonstrated the therapeutic 
effect of TCR on tibial internal torsion. The TCR with GP 
group showed a significantly better outcome and contin-
ued correction force compared with the GP only group. 

The tibia correction device was first introduced as a 
tibial torsion transformer by Bresnahan and Lubert [15] 
in 1992. They reported that tibial torsion transformer had 
an advantage of better comfort because the feet are not 
linked together [15]. Since then, a few researchers have 
reported on the effectiveness of the device for treatment 
of pediatric intoeing [1,16]. In 2007, Song et al. [1] inves-
tigated the therapeutic effect of the device using TMA 
in 149 pediatric patients with tibial internal torsion. In 
this study, TMA increased from -10.93o to 7.54o after 12 
months of treatment [1]. Another study by Lee et al. [16], 
measured the thigh foot angle and computed tomogra-
phy (CT) for assessment of the tibia internal brace effect 
in 20 pediatric participants with tibial internal torsion. 
Thigh foot angle improved from -12.2o to 5.0o and tibial 
angle by CT increased from 22.6o to 26.0o [16]. In the cur-
rent study, we also found that application of GP and/or 
TCR improved tibial internal torsion by increase of TMA 
and by decrease of mean ankle adduction angle. All par-
ticipants in both groups were applied GP. However, the 
amount of improvement was significantly greater in the 
TCR with GP group than in the GP only group. Therefore, 
the authors suppose that these results can be attributed 
to the therapeutic effect of the tibia correction device on 
intoeing gait. The device could influence on capsule and/
or ligament around knee joint as well as tibial growth 
plate [15]. Previous study using CT reported increased 
bony tibial torsion angle as much as 3.4o after treatment 
for 13 months [16]. In this study, participants showed 
increased TMA more than 20o after treatment. This result 
implies that TCR influences mainly on capsule and liga-
ment than tibial growth plate itself. In addition, above-
mentioned change was prominent especially during first 
one month of treatment. Therefore, we suppose that the 
improvement of TMA was due to the change of soft tis-
sues rather than that of tibial bone. The tibia correction 
devices are used nowadays due to their benefits of com-
fort compared with the other night orthosis, including 
a Denis-Browne splint which is totally bounded [7,21]. 
Patients in whom the device treatment was applied could 

Fig. 5. Comparative results of mean foot ankle adduction 
angle in both groups. TCR, Tibial Counter Rotator; GP, 
toe-out gait plate. *p<0.05.
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have freedom of comfortable movement of hip joint. In 
addition, patients with a unilateral tibial internal tor-
sion can be treated with a single orthosis to the affected 
extremity without application of orthosis to the other 
leg. In addition, we used a unit equipped in the device to 
accommodate foot plate angle quantitatively. However, 
too rapid correction of tibial internal torsion angle could 
cause pronation of the subtalar and midtarsal joints; 
therefore, application of the device has to be applied cau-
tiously and to check participants’ compliance [7,16]. In 
the current study, we checked participants’ compliance 
as well as TMA monthly. There were none of the partici-
pants who dropped out during this study or who reported 
side effects, such as pain.

There were various measures for tibial internal torsion, 
such as conventional CT, three-dimensional CT, TMA, 
and thigh foot angle [5,6,8,18,22-25]. A previous study by 
Abel et al. [23] reported an accuracy of three-dimension-
al CT upon the femoral neck-shaft angle over 99% and of 
conventional CT over 96%. However, due to its lower cost 
and ease, TMA using a gravity goniometer has frequently 
been used in the field of rehabilitation [5,6,8,18,22,24,25]. 
Lang and Volpe [22], who compared CT with TMA, re-
ported a good correlation between these two measure-
ments. Also, another study by Lee et al. [18] reported that 
TMA and thigh foot angle are reliable and valid measure-
ment tools, compared with two-dimensional CT. Further, 
another study conducted by Lee et al. [26] reported a 
significant correlation between CT and clinical measure-
ment data of thigh foot angle and femoral internal tor-
sion angle. The reliability and validity of the VICON mo-
tion analysis system have been well-established [13,19]. 
Therefore, we compared the TCR and GP groups with the 
GP only group using gait analysis as well as TMA and de-
termined its therapeutic effect for correction of intoeing 
gait.

In conclusion, we found that TCR with GP could be an 
effective therapeutic modality in pediatric patients who 
showed intoeing gait due to tibial internal torsion. To the 
best of our knowledge, no study has been reported yet on 
the therapeutic effect of TCR with GP using gait analysis. 
However, the current study has its limitations, including 
a small number of participants and a short study period. 
It would be recommended to conduct further comple-
mentary studies involving larger case numbers with long-
term follow-up.
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