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Abstract
Introduction. The purpose was to investigate changes in knee valgus angle, as well as associated pelvic muscles, gluteus 
medius and tensor fasciae latae, when using an insole in people with leg length mismatch less than 2 cm in high-intensity 
weight-bearing tasks.
Methods. The knee valgus angle, muscle activity of the gluteus medius, and muscle activity of the tensor fasciae latae were 
measured with and without an insole during a drop jump task and a step landing task. All measurements were performed 
3 times, and the average value was used. The subjects practised 3 times before the measurement and took a sufficient rest 
between each measurement.
Results. There was no significant difference between the knee valgus angles with or without an insole during the drop jump 
task or step landing task. For the drop jump task, a significant difference was observed in the muscle activity of the tensor fas-
ciae latae on the short leg side; for the step landing task, a significant difference was noted in the muscle activity of the gluteus 
medius on the long leg side (p < 0.05).
Conclusions. The use of insoles by people with leg length discrepancy during high-intensity landing may prevent non-contact 
anterior cruciate ligament damage, which is frequently seen in high-intensity landings.
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Introduction

Leg length discrepancy is largely classified into 2 types, 
depending on the cause [1]. The first is actual leg length dis-
crepancy, which is a discrepancy in the structural leg length 
caused by anatomical or structural changes due to a con-
genital dysfunction or trauma. The second is functional leg 
length discrepancy due to altered mechanisms of the lower 
extremities function, such as contracture of the joints, ma-
lalignment of the body, or calcaneal eversion between the feet 
greater than 3°, which results in compensatory changes [2]. 
Leg length discrepancy can be caused by congenital or ac-
quired causes [3], and it leads to problems of the musculo-
skeletal system, such as osteoarthritis of the hip joint, knee 
pain, back pain, and scoliosis [4], as well as functional prob-
lems, such as abnormal walking or loss of balance [5].

Treatment of leg length discrepancy depends on the se-
verity of the discrepancy and of the symptoms [6]. The range 
of the discrepancy is clinically very important, but there are 
several opinions as to how big it must be to warrant treatment. 
Treatment methods include raising the height of the shoes, 
surgery to lengthen or shorten the leg length, and epiphysio-
desis [5, 7]. When the leg length discrepancy is not large, in-
creasing the height of the shoe on the shorter leg is often 
used. in general, when the leg length discrepancy is 2 cm or 
less, an insole is inserted into the shoe, and when it is 2 cm 
or more, a way is found to raise the sole [5]. Surgical treat-
ment may be considered, which is a more reliable method, 
but it is not generally recommended if the difference in leg 
length is less than 25 mm because of the limited advantages 
provided versus the potential morbidity associated with sur-

gery [8]. For smaller discrepancies, insoles are one of the most 
common intervention methods and have various advantages, 
such as non-invasiveness, low cost, easy application, and 
easy removal when unnecessary [9]. insoles can also cor-
rect leg length discrepancy, relieve pain, and improve func-
tional outcomes in patients with low back pain, hip osteoar-
thritis, or knee osteoarthritis [10].

Leg length discrepancy also causes asymmetry in the 
muscles related to the knee valgus. Asymmetry of leg length 
leads to deformation of the sacroiliac joint [11], and defor-
mation of the sacroiliac joints causes tilting of the pelvis and 
lower back pain [12]. The knee joint is an intermediate joint 
of the lower extremity and is closely related to the alignment 
of the hip and ankle joints, which are adjacent [13]. The tilt 
and instability of the pelvis are associated with the weak-
ness of the hip abductor muscles, and the gluteus medius is 
usually weakened in people with deformed hip joints or chronic 
back pain [14]. in other words, leg length discrepancy causes 
lateral pelvic tilt, which leads to abnormal gait, resulting in 
muscle imbalance, and the weaker leg side tilts the pelvis 
downward owing to the difference in the tension of the tensor 
fasciae latae. The tensor fasciae latae shows a pattern of 
activity that stabilizes the knee varus and knee valgus [15] – 
most of the pelvic muscles are not activated to stabilize the 
knee against varus-valgus load, but the tensor fasciae latae 
exhibits substantial activity [15]. in a previous study, increased 
valgus motion and valgus moment in the knee joint during 
the impact phase of the jump landing operation were the 
major predictors of increased likelihood of the anterior cru-
ciate ligament (ACL) injury [16].
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Subjects with large leg length discrepancies may expe-
rience an asymmetric effect in the alignment of the musculo-
skeletal system, such as the knee nevus angle, when weight 
is loaded. Previous studies evaluated the symmetry of weight 
load in subjects with leg length discrepancy and found that 
a discrepancy of more than 2 cm caused asymmetry of the 
ground repulsive force [7]. Clear gait asymmetry has been 
observed when there is a difference in leg length greater 
than 2.33 cm [17]. in other studies that created artificial leg 
length differences, there was no difference in ground repul-
sive force at a difference of 2.3 cm of leg length, but there 
was a difference in ground repulsive power at a difference 
of 3.5 cm [18]. in previous studies, a leg length discrepancy 
of 2 cm or more usually resulted in asymmetry.

However, there have been no studies investigating whether 
the application of insoles to high-intensity weight-bearing 
tasks, such as a drop jump task or a step landing task, has 
a significant effect on the knee valgus and related muscles 
in subjects with leg length discrepancies of less than 2 cm. 
The purpose of this study was therefore to examine chang-
es in the knee valgus angle, as well as the associated pel-
vic muscles, gluteus medius and tensor fasciae latae, when 
using an insole under high-intensity landing.

Subjects and methods

Subjects

overall, 34 healthy people in their 20s agreed to partici-
pate in the experiment. After 4 dropped out, 30 remaining 
subjects were selected. of the 30 selected subjects, 3 were 
not able to participate owing to personal reasons. Thus, 27 
subjects participated in the test; the criteria for selection 
were a leg length discrepancy of 5–20 mm [19], no pain or 
surgery in the joints of either lower limb, no history of ortho-
paedic or neurological disease or surgery, and no pain or 
clinically abnormal muscle strength or muscle tone result-
ing in abnormal walking. The general characteristics of the 
participants are presented in Table 1. Prior to the study, all 
subjects were fully briefed on the research methods.

Table 1. Characteristics of participants

Variable Group (n = 27)

Age (years) 21.11 (1.42)

Gender (F/M) 13/14

Height (cm) 167.28 (7.17)

Weight (kg) 61.23 (8.87)

Body mass index 21.78 (1.87)

Leg length discrepancy (cm) 1.26 (0.55)

Measurements

Leg length discrepancy

After aligning the centreline between the trunk, knee 
joints, and ankle joints in the supine position, the functional 
leg length was measured from the point at the lower middle 
of the navel to the medial malleolus of both legs by using 
a tape measure. The anatomical leg length was assessed 
from the anterior superior iliac spine to the medial malleolus 
of both legs. After measuring 3 times, the average value was 
recorded [20].

Electromyography

Electromyography (EMG) was performed by using sur-
face EMG equipment (TeleMyo2400T, Noraxon Co., USA) 
with disposable electrodes (Electrode 2237, 3M, USA) made 
of silver/silver chloride (Ag/AgCl). To minimize errors in mea-
surement, the hair was removed from the electrode attach-
ment site to reduce skin resistance; impurities and foreign 
substances were removed with alcohol, and the electrode 
was attached after the alcohol had completely dried [21]. 
Two electrode contacts were applied to the gluteus medi-
us, and the distance between the electrodes was 2 cm. The 
gluteus medius electrode was placed 5 cm posterior to and 
15 cm lower than the iliac apophysis [22]. For the tensor fas-
ciae latae, 2 electrodes were attached between the iliotibial 
band and the middle half of the femur, 2 cm apart. All the 
electrodes were attached parallel to the direction of the mus-
cle fibres and converted the surface EMG signals into digital 
signals with a multi-channel remote control system. The sam-
pling rate of the EMG signals was set at 1000 Hz. The band-
width was measured by using a measurement frequency 
band of the surface EMG measuring equipment, 20–450 Hz, 
and the sampled signal was processed with the root mean 
square method.

To standardize the muscle activity of the gluteus medi-
us and tensor fasciae latae, the resistance was measured 
in the bare manual muscle test posture to induce maximum 
voluntary isometric contraction (MViC), which was used to 
calculate %MViC. To prevent compensation during measure-
ment, the participants held the bed with both hands in a su-
pine position, and rest time was provided to reduce muscle 
fatigue after each motion. The MViC value of each muscle was 
normalized by measuring the signal amount of the EMG for 
5 seconds and averaging the middle 3 seconds of the mea-
surement; this was repeated 3 times, and the average was 
used to calculate %MViC [23]. Peak EMG within each con-
traction (repetition) was normalized to the %MViC.

myoVIDEO

in this study, the knee valgus angle was measured by 
using a video capture device (NiNoXTM 125, Noraxon Co., 
USA). The entire experiment was recorded by equipment 
installed at a height of 1 m at a point 4 m away from where the 
subjects landed during the tasks. The recorded video was 
set to 60 frames per second, with a resolution of 1088 × 704 
pixels, and markers were attached to the centre of the femur, 
patella, and tibia of the subjects. From the marker attached to 
the patella, an imaginary line was drawn to each marker to 
measure the angle of the crossing point, and this was ana-
lysed by using the MR3.12 program (Noraxon Co., USA).

Step landing task

Before the experiment, a 30-cm high bench was prepared 
and a point marked 30 cm away from the bench. Each par-
ticipant stood with their feet on the front line of the bench. 
Then, they stepped forward, with the centre of the foot of 
the short leg landing at the marked point (Figure 1). The knee 
valgus angle was measured at the lowest knee height when 
landing [24]. The EMG peak at the moment when the sub-
ject’s foot hit the floor was evaluated.
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Drop jump task

Before the experiment, a 30-cm high bench was pre-
pared and a point marked 30 cm away from the bench. 
Each participant stood with their feet on the front line of the 
bench. They then jumped and landed so that the marked 
point was between their feet. This was then repeated but 
swinging both arms to provide maximum recoil to jump ver-
tically (Figure 2). The knee valgus angle was measured at 
the lowest knee height during the landing process after the 
second jump [24]. The EMG peak was evaluated after the 
second landing.

Procedure

The unilateral step landing task and bilateral drop jump 
task were used to model landing during daily life. After MViC 
was measured as described above, the subjects listened to 
instructions for the 2 tasks and practised them 3 times to 
become acquainted with the procedure. Each patient was 
allowed to randomly select 1 from 2 folded pieces of paper 
located in a container and representing the 2 tasks. They per-
formed the 2 tasks 3 times while wearing an insole and 

3 times without any insole (Figure 3). EMG and the knee 
valgus angles of the gluteus medius and tensor fasciae la-
tae were recorded as the average values measured across 
the 3 repetitions. There were 5-minute intervals between the 
tests.

data analysis

Sample size was determined by examining the pilot study. 
Power analysis (with G*Power 3.0.10) revealed that 5 pa-
tients were sufficient to produce a power level of 95% with 
a detected effect size of 0.76.

All measurements were analysed by using SPSS 22.0 
for Windows. Paired t-tests were performed to compare the 
muscle activity of the gluteus medius and tensor fasciae latae 
and the knee valgus angle during the step landing and drop 
jump tasks with and without an insole. The significance level 
was set at p < 0.05.

Ethical approval
The research related to human use has complied with all 

the relevant national regulations and institutional policies, 
has followed the tenets of the declaration of Helsinki, and has 
been approved by the Cheongju University institutional Re-
view Board (approval number: 1041107-202004-HR-011-01).

Informed consent
informed consent has been obtained from all individuals 

included in this study.

Results

There were no significant differences in the knee valgus 
angle between the insole and non-insole conditions during 
either the step landing task or the drop jump task (Table 2).

There were significant differences in the EMG peak be-
tween the insole and non-insole conditions in the tensor 
fasciae latae on the short leg side during the drop jump 
task and in the gluteus medius on the long leg side during 
the step landing task. There were no other significant differ-
ences (Table 3).

Figure 1. Example of step landing task

Figure 2. Example of drop jump task

Figure 3. The study procedure flow chart
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Discussion

in this study, we investigated changes in the knee valgus 
angle and the muscle activity of the gluteus medius and ten-
sor fasciae latae during a drop jump task and a step landing 
task with and without insoles in people with leg length dis-
crepancies. The tasks are the most common landing behav-
iours in everyday life. There were significant differences in the 
EMG peak between the insole and non-insole conditions in 
the tensor fasciae latae on the short leg side during the drop 
jump task and in the gluteus medius on the long leg side 
during the step landing task.

There was no significant difference in the knee valgus 
angle between the insole and non-insole conditions during 
either the step landing task or the drop jump task, which is in 
contrast to our hypothesis that we would find an increased 
knee valgus angle on the long leg side, leading to asymmetry 
on both sides. This unexpected result could be due to small 
leg length discrepancies in our study. in a previous study, 
gait analyses of groups with a leg length difference of about 
1 cm and of less than 1 cm revealed symmetry and showed 
no significant differences [25]. However, another study indi-
cated a significant increase in the knee joint angle on the 
long leg side in the stance phase during gait in a group with 
a difference in leg length of more than 2 cm, but there was 
no significant difference in the knee joint angle of the short 
leg, regardless of the degree of leg length discrepancy [17]. 
in another previous study, the angle of the knee joint on the 
long leg side was significantly larger when the leg length dis-
crepancy was 2 cm or more; this was because a leg length 
difference of less than 2 cm is mainly compensated for by 
the pelvis and hip joints [26]. Consistently among the previ-
ous studies, a leg length discrepancy of 2 cm or more had 
a compensation effect when landing through a change in 
the angle of the knee joint, but a difference in leg length of 
less than 2 cm showed no change in the knee joint angle, as 
sufficient compensation was seen in the pelvis and hip joints. 

Most of the studies mentioned above used relatively light 
tasks under walking conditions. in our study, even if the leg 
length differences were small, it would be expected that a 
different result would be observed under the relatively heavy 
loads of jumping or landing tasks, but this was not the case. 
Therefore, there is no reason to consider the use of insoles 
for asymmetry of the knee valgus during jumping or landing 
among subjects whose leg length discrepancies are less 
than 2 cm.

For the EMG peaks, there was significantly lower muscle 
activity in the tensor fasciae latae on the short leg side during 
the drop jump task with an insole than without it. in addition to 
affecting hip joint flexion and knee joint extension, the tensor 
fasciae latae is the only muscle that affects knee joint ab-
duction and contributes to the creation of knee valgus mo-
ments [27]. in a similar study, the increase in the tensile load 
of the iliotibial band due to a strong contraction of the tensor 
fasciae latae was converted into compressive load outside 
the knee joint, and the knee valgus moment increased [28]. 
in another study, increasing tensor fasciae latae activity raised 
the knee valgus angle, and decreasing tensor fasciae latae 
activity reduced the knee varus moment [29]. Another similar 
study suggested that increasing the knee valgus moment 
raised the load on the medial collateral ligament and also 
increased the anterior tibial translation, which enlarged the 
probability of ACL injury [30]. Therefore, in our study, it can 
be inferred that the reduction in the activity of the tensor fas-
ciae latae, which is the abductor muscle, results from a de-
crease in knee internal rotation or knee adduction moment 
owing to the insole. overall, it is supposed that the signifi-
cant decrease in tensor fasciae latae activity was partly due 
to the knee adduction moment reduction due to wearing 
the insole, but it did not make a significant difference in the 
knee valgus angle.

There was also significantly greater muscle activity in the 
gluteus medius on the long leg side during the step landing 
task with the insole than without it. As compared with the 

Table 2. Results of the knee valgus angles with and without insole during both tasks

Task
Knee valgus angle (mean ± SD)

t p
No insole insole

drop jump 9.72 (5.75) 10.48 (7.17) –1.00 0.32

Step landing 9.01 (5.74) 7.76 (5.90) 1.74 0.09

Table 3. Results of the muscle activity with and without insole during both tasks

Parameter
Normalized EMG peak

t p
No insole insole

Jump short leg Gmed 84.66 (30.86) 82.98 (36.52) 0.27 0.78

Jump short leg TFL 195.78 (123.71) 162.53 (98.05) 2.84 0.01*

Jump long leg Gmed 94.62 (72.62) 85.80 (48.00) 1.19 0.24

Jump long leg TFL 168.01 (107.52) 156.19 (79.78) 0.99 0.32

Step short leg Gmed 28.91 (19.59) 26.60 (18.74) 0.89 0.38

Step short leg TFL 50.76 (31.51) 49.32 (31.98) 0.34 0.73

Step long leg Gmed 17.81 (8.77) 21.57 (10.71) –4.06 < 0.01*

Step long leg TFL 53.87 (37.23) 53.34 (33.52) 0.15 0.88

EMG – electromyography, Gmed – gluteus medius, TFL – tensor fasciae latae
Values reported as mean peak normalized EMG ± standard deviation in % of the maximum voluntary isometric contraction
* p < 0.05
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drop jump task, in which weight is supported with both legs, 
a larger knee valgus angle appears in the step landing task, 
in which weight is supported with only one [31]. Upon landing, 
the gluteus medius acts as a strong hip abductor, contribut-
ing to the stabilization of the pelvic tilt during the gait cycle, 
and the knee abduction moment increases as the activity of 
the gluteus medius increases [32]. it can be inferred that this 
is a result of a decrease in knee adduction moment due to 
wearing the insole. despite these results, there was no sig-
nificant difference in the knee valgus angle during the step 
landing task in our study.

in summary, there was no significant difference in the knee 
valgus angle during the high-intensity drop jump or step land-
ing motions in a group of subjects with minor leg length dis-
crepancies. However, it can be concluded that the significant 
decrease in tensor fasciae latae activity on the short leg side 
during the drop jump task and the significant increase in glu-
teus medius activity on the long leg side during the step land-
ing task result from a decrease in knee adduction moment 
due to wearing the insole. Knee adduction moment during 
landing may cause non-contact ACL damage, and, even with 
a small leg length discrepancy, using an insole may help to 
prevent non-contact ACL damage that can occur in high-in-
tensity landing motions.

Limitations

There are 3 main limitations to this study. First, research 
involving participants in their 20s is difficult to generalize to 
other age groups. Second, as the knee angle was viewed in 
2 dimensions, there may have been a difference from the 
actual knee movement. Third, since a flat-type insole was 
used, there may be a difference when applying other types of 
insole. Future studies should seek to measure the knee angle 
more accurately by viewing it in 3 dimensions.

Conclusions

in this study, we investigated changes in the knee valgus 
angle and the activity of the gluteus medius and tensor fasciae 
latae during a drop jump task and a step landing task when 
an insole was used by subjects with leg length discrepancy. 
The results concerning knee valgus show that there is no rea-
son to consider the use of an insole for knee valgus asym-
metry during jump or landing in subjects with leg length 
discrepancies less than 2 cm. However, the EMG peak im-
plies that using an insole for individuals with leg length dis-
crepancies can reduce the load on the medial collateral liga-
ments, which maintain knee stability by limiting the anterior 
tibial translation. This may lower the likelihood of frequent 
non-contact ACL damage on high-intensity landings.
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