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Objective: Eversion of the foot is created with internal rotation of the shank, and inversion of the foot is created with external ro-
tation of the shank. The purpose of the study was to investigate the effect of continuous changes in the angle of the subtalar joint 
on lower extremity alignments. 
Design: Cross-sectional study.
Methods: Seventeen healthy young adult subjects recruited. The subjects were asked to stand up in a natural standing position on 
a footplate with eye open and equal weight on each foot for 10s in two different conditions: The right subtalar joint was everted 
continuously 0o-20o and in separate segments of 0o, 5o, 10o, 15o, 20o. The averages of three trials were used.  The observation of the 
changes in the lower extremity was performed with the use of 3-dimensional motion analysis. For data analysis, the SPSS 18.0 
software using paired t-test and repeated measures analysis of variance (ANOVA) was applied.
Results: The angle was significantly increased at the horizontal rotation angle of the shank, thigh, and ankle without anterior rota-
tion of the pelvis (p<0.05). The maximum horizontal rotation angle at the thigh on 20o was −4.52o in static, and −3.10o in the dy-
namic conditions compared to 0o. 
Conclusions: Increased unilateral foot pronation, thigh, shank, ankle horizontal rotation variance was significantly effective. 
The observation of the changes in foot abduction with the use of a 3-dimensional motion analysis augmented in predicting the an-
gle values of each segment of the lower extremity. In further studies, a comparison of the right and left subtalar joints need to be 
investigated. 
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Introduction

The subtalar joint articulates on three sides that allow for 

pronation and supination movements of the ankle joint [1]. 

The ankle joint has a role in maintaining balance in standing 

and walking, and with pronation and supination movements, 

the subtalar joint is used in major activities such as walking, 

changing direction, balance, and also horizontal turning 

movements of the ankle joint and calf [2]. In addition, other 

structures of the lower leg influences the pronation and supi-

nation of the subtalar joint [3]. 

Eversion of the foot is created with internal rotation of the 

shank, and inversion of the foot is created with external rota-

tion of the shank [4,5]. If the supination angle of the foot is 

increased, the patellofemoral angle and tibiofibular angle 

decreases. The reason the tibiofibular joint decreases when 

the foot pronates from a supination position, is because the 

hip and leg rotate together on an axis [6]. Thus, movement of 

the foot and alignment of the leg is associated with each 

other. The degree of internal rotation of the leg and talus 

bone, when the heel comes in contact with the ground while 

the subtalar joint is in pronated has not been confirmed in 

previous studies [7].

In a previous study, muscle activity was significantly re-
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Figure 1. Foot plate of anterior view 
and lateral view.

Table 1. Characteristics of subjects (N=17)

Characteristic Value

Age (y) 18.47 (0.62)
Height (cm) 162.63 (5.08)
Weight (kg) 58.25 (7.22)

Values are presented as mean (SD).

duced in single limb stance (SLS) on a 15o wedge rather than 

SLS without a wedge [8].

In a previous study with use of motion analysis and mark-

ers on the thoracic segment, pelvic segment, and heel in SLS 

with the calcaneous everted at 0o, 5o, and 10o, when the heel 

abduction angle is increased, the movement of pelvic ante-

rior tilt as well as the abduction angle of the hip was in-

creased with leg alignment analysis [9]. In a study that used 

a footplate in 10o, 20o, and 30o of inversion and eversion, the 

tibiofibular and tibiocalcaneal angles increased when the 

foot was in inversion [6]. With use of a wedge to keep the 

foot fixed in inversion and eversion, a research was done to 

observe the changes in the body. Although the results were 

not found to be statistically significant in the amount of pel-

vic tilt, a decreasing trend was confirmed [9].

In a study with a wedge placed in the front, rear, medial 

and lateral sides to compare the movements of the leg, the 

subtalar joint moved 6 times more with a wedge placed in the 

medial and rear than without use of a wedge, and with a 

wedge on the medial and rear in the sagittal plane, the ankle 

and hip joint angles in the frontal plane, the trunk movement 

moves 2-3 times more than without use of a wedge [10].

In a previous study where a wedge was placed at 10o, 15o, 

and 20o to assess the alignment of the lower extremity (LE), 

it was confirmed that as the angle of the wedge increased the 

shank internally rotates, the femur externally rotates, and the 

pelvis tilts anteriorly [3].

Excessive eversion of the subtalar joint increases abnor-

mal motion compensation in the knees, pelvis, trunk, and an-

kle joint [10].

Although there have been studies in differences in wedge 

angle to assess the LE alignment, continuous changes of 

pronation of the subtalar joint have yet to be studied. 

The purpose of this study was to determine the basis for 

continuous ankle eversion at 0o-20o as well as study the 

changes in the femoral, shank, and LE alignment to use as 

basic data to understand the changes in foot deformity.

Methods
Subjects

In this study, the subjects were 17 healthy young adult 

women that attended Konyang University. The subjects 

were healthy adults without previous traumatic history on 

the knees, hips or ankles, and all subjects had normal hip 

range of motion and no past history of neurological disease. 

Exclusion criteria included persons with arthritis, back pain, 

muscle weakness or limited movement. The subjects all 

signed a consent and voluntarily agreed to participate in this 

experiment after receiving explanations on the purpose of 

the study (Table 1).

Assessment tools

The experimental foot plate that was used was adjustable 

to control the angle for the entire foot, forefoot, hindfoot, 

and arch. The footplate moves dynamically and is composed 

of six plates with two bottom plates that move the entire foot, 

and two middle plates that can measure the angle of adduc-

tion and abduction, and the remaining two plates measure 

the changes in the hindfoot and midfoot. Each plates is ad-

justable from 0o-20o (Figure 1).

With the subjects in exercise pants, we placed the markers. 
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Figure 2. Anterior and lateral view of 
marker placement during standing on 
a plate. (A) Anterior view. (B) Lateral 
view.

A total of 19 markers were placed bilaterally on the anterior 

superior iliac spine (ASIS), femoral shaft, medial and lateral 

condyles, shank shaft, medial, and lateral malleoli, between 

the second and third toe joints (dorsal), heel, and one placed 

on the sacrum. The markers on the shaft of the femur and 

shank were attached to different heights to separate the left 

from the right.

We collected the movement data with the use of 6 3-di-

mensional infrared motion analysis cameras. The sampling 

rate was 60 Hz, and we used a Butterworth low pass filter. 

The cut off frequency was 4 Hz.

Experimental methods

Subjects were instructed to stand on the footplate after all 

the markers were in place. Each foot was aligned straight to 

the footplate with the second toe (Figure 2). The subjects 

were then instructed to stand with equal weight on each side 

as possible. The experiment was performed with the sub-

jects eyes open and were instructed to fix their eyes on a tar-

get that was 2 m away from the subject at shoulder height. 

The arms were in a natural resting position hanging at the 

sides, and the subjects were asked to move as little as 

possible. In this position, the right plate which measures the 

angle of the foot was everted to measure the changes in 

alignment of the LE. 

The right subtalar joint was continuously everted from 

0o-20o. To compare with previous studies, the averages of 

three trials of static standing at 5o, 10o, 15o, and 20o were 

used [11]. 

Data analysis

IBM SPSS Statistics ver. 20.0 (IBM Co., Armonk, NY, 

USA) was used for data analysis. 

Descriptive analysis was used to compare and analyze the 

general characteristics

A paired t-test was used to compare the changes in seg-

mental alignment between static and dynamic conditions, 

and a one-way repeated measured ANOVA was used to 

compare the LE segments in the dynamic condition. The 

level of statistical significance was set at p< 0.05.

Results

Seventeen healthy young adult women without disability 

participated in this study in order to evaluate the impact on 

the femur, shank, foot, and pelvis with continuous eversion.

Dynamic position (change of angle in each segment)

There was a significant difference in the femoral, shank, 

and foot angle when the footplate angle was dynamically 

changed, however no significant differences were found at 

the pelvis. Post analysis results in the femur in all angles 

showed significant differences, and there was significant 

differences at the shank at 5o-10o, 5o-15o, 5o-20o, 10o-20o, 
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Table 2. Comparison of lower extremity segments in dynamic

condition                                                                       (N=17)

Factor Segment
Type III 
sum of 
squares

Degree 
of 

freedom
F p

Angle Thigh 56.121 1.872 15.627 <0.001a,b,c,d,e,f

Shank 75.207 2.187 11.357 <0.001a,c,d,e,f

Foot 14.213 1.905 16.060 <0.001a,b,c,d,e,f

Pelvic 0.252 2.332 0.754   0.496
Error (angle) Thigh 57.460 29.957  

Shank 105.952 34.990
Foot 14.159 30.480
Pelvic 5.343 37.305

Dynamic position, one-way repeated measured ANOVA.
aSignificant difference between 5o and 10o. bSignificant differ-
ence between 5o and 15o. cSignificant difference between 5o and 
20o. dSignificant difference between 10o and 15o. eSignificant dif-
ference between 10o and 20o. fSignificant difference between 15o

and 20o.

Table 3. Comparison of lower extremity segments in static 

condition                                                                       (N=17)

Factor Segment
Type III 
sum of 
squares

Degree 
of 

freedom
F p

Angle Thigh 65.283 2.538 12.167 <0.001a,b,c,d,e

Shank 32.898 2.270 3.165 0.048d,f

Foot 7.484 2.138 4.486 0.017a,c,d

Pelvic 1,274.010 1.001 1.072 0.316
Error (angle) Thigh 85.848 40.605  

Shank 166.335 36.320
Foot 26.692 34.214
Pelvic 19,014.083 16.015

Static position, one-way repeated measured ANOVA.
aSignificant difference between 5o and 10o. bSignificant differ-
ence between 5o and 15o. cSignificant difference between 5o and 
20o. dSignificant difference between 10o and 15o. eSignificant 
difference between 10o and 20o. fSignificant difference between 
15o and 20o.

Table 4. Comparison of changes in segmental alignment between static and dynamic condition                                         (N=17)

Segment Angle Statica Dynamica Mean difference t p

Thigh 5o −1.82 (2.80) −0.69 (1.14) 1.130 1.539 0.143
10o −2.92 (2.78) −1.55 (1.30) −0.090 −0.107 0.916
15o −3.53 (3.67) −2.44 (1.88) 1.090 1.350 0.196
20o −4.52 (3.29) −3.10 (2.10) 1.426 1.780 0.094

Shank

5o −0.84 (4.12) 0.48 (2.29) 1.315 1.068 0.301
10o −1.46 (2.98) −1.17 (1.98) 0.294 0.275 0.787
15o −2.42 (3.96) −0.99 (2.04) 1.436 1.432 0.171
20o −2.51 (3.50) −0.249 (2.33) 0.019 0.016 0.987

Foot

5o −0.13 (1.08) −0.20 (0.48) −0.071 −0.253 0.804
10o 0.31 (1.21) 0.11 (0.66) −0.204 −0.794 0.439
15o 0.36 (1.58) 0.59 (0.91) 0.228 0.703 0.492
20o 0.80 (1.70) 0.99 (1.29) 0.190 0.432 0.671

Pelvic 5o 10.83 (30.97) −0.17 (0.46) −11.001 −1.465 0.162
10o 5.50 (29.46) −0.10 (0.62) −5.601 −0.779 0.447
15o −0.89 (44.24) −0.11 (0.80) 0.772 0.072 0.944
20o 2.29 (34.01) −0.25 (0.74) −2.545 −0.305 0.764

Values are presented as mean (SD).
aPositive values: thigh external rotation, shank external rotation, foot eversion, pelvic posterior tilt; negative values: thigh internal 
rotation, shank internal rotation, foot inversion, pelvic anterior tilt.

and 15o-20o. There was a significant difference in the foot in 

all angles (p<0.05; Table 2).

Static position (change of angle in each segment)

There was a significant difference in the femur, shank, 

and foot, however no significant differences were found at 

the pelvis. Post analysis results showed a significant differ-

ence in static changes in the footplate at the femur at 5o-10o, 

5o-15o, 5o-20o, 10o-20o, and 15o-20o. There was a significant 

difference in the shank at 5o-15o and 5o-20o. There was a sig-

nificant difference in the foot at 5o-10o, 5o-20o, and 15o-20o 

(p<0.05; Table 3).

Changes in angle in dynamic and static positions

When comparing the dynamic and static changes in angle 

positions of the footplate, not all segments showed a sig-
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nificant difference (Table 4).

Discussion

The purpose of the study was to investigate the effect of 

continuous changes in the angle of the subtalar joint on LE 

alignments. Although there are studies that have observed 

changes in LE alignment according to changes in the sub-

talar joint angles, studies that have examined the changes in 

each of the LE segments are insufficient. 

Therefore, through this study, the specific correlation in 

each LE segments with changes in subtalar joint angles have 

been investigated. In addition, the specific changes in the 

each segment was compared during static positions.

There were significant differences in the angle of the foot 

in all of the LE segments from 5o-20o except the pelvis in a 

static position. When measuring during a continuous dy-

namic state, there were significant differences from 5o-20o. 

There was no significant differences in LE segmental 

changes during the static state and dynamic state with 5o, 

10o, 15o, and 20o. A previous study investigated the effects of 

forced foot hyper pronation LE and pelvic alignment. There 

was a significant increase in internal shank rotation, hip in-

ternal rotation and anterior pelvic tilt. An effective correla-

tion between the segmental alignments in every two consec-

utive types in all levels was observed [3]. An Increase in in-

clination angle by 10o is sufficient to cause a change in the 

shank, left average of 2.33o, and right of 2.44o has been re-

ported to cause internal shank rotation .

The subjects ambulated in two insole conditions: a control 

wedge at 0o and a lateral wedge set at 6o [12]. Then the fron-

tal plane angles of the subtalar joints and knee were mea-

sured. It is suggested that these changes occur due to a stable 

subtalar joint, which leads maintenance of bone stability, 

and also due to stability of the knee joints reinforced by the 

surrounding soft tissue [3].

A study by Khamis et al. [13] had found the following re-

sults of the measurements with changes in alignment from 

10o, 15o, and 20o while standing on a scaffold: standing di-

rectly on the floor to encourage bilateral excessive pronation 

on three wedges at 10o, 15o, and 20o for 20 seconds: If the an-

gle of the ankle joint changes from 0o-10o, changes in hip in-

ternal rotation is turned to the left by 1.37o, and right by 

2.09o, and when the angle changes from 10o-15o, it is turned 

to the left by 0.67o, and to the right by 1.38o, and from 

15o-20o, it is turned to the left by 0.87o and to the right by 

0.74o.

In a previous study using a fixed wedge, the pelvis was 

tested for associated correlation with other LE structures. 

With use of the wedge and heel abducted, the hip abduction 

angle and pelvic anterior tilt increased [3,9]. Eslami et al. 
[10] completed a study using a foot wedge to observe the 

pelvis and trunk angle variability during single-limb stance 

and found the anterior tilt in the horizontal plane to have a 

change in 0.052o, however was not significant.

In Pinto et al. [14] study used 3-dimensional motion anal-

ysis to study the correlation between the pelvic and calca-

neal angle. Unilateral and bilateral use of medially tilted 

wedges produced a significant increase of calcaneal ever-

sion, on the right and left sides. Bilateral and unilateral in-

creases of the calcaneal eversion caused average pelvic ante-

version of 1.57o and 1.41o, respectively. Unilaterally in-

creased everted position generated an average pelvic lateral 

tilt of 1.46o. 

A limitation of this study is that it is difficult to generalize 

the findings due to the specific age group used. Another lim-

itation is that the footplate was manually moved to the spe-

cific angles and the changes in velocity was not consistent. 

The right subtalar joint and the left ankle was not measured. 

A comparison of both right and left subtalar joints was not 

observed. Also, with a wedge placed unilaterally on only the 

right side, an analysis of the alignment changes on both sides 

was not observed.

In further studies, a comparison of right and left subtalar 

joints need to be researched. Also, there needs to be a specif-

ic equipment with automated movement for increased con-

sistency to minimize changes in velocity.

Therefore, the observation of the changes in foot abduc-

tion with the use of 3-dimensional motion analysis, angle 

values of each segment of the LE was predictable. There was 

no significant differences unilaterally in static and dynamic 

changes, and further studies are needed to find out the 

changes in the LE bilaterally for more accurate changes in 

value. 
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