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The relationship between knee-ankle
muscle strength and performance tests in
young female adults with flexible pes
planus
Serkan Bakırhan1* , Nuray Elibol1 , Mehmet Özkeskin1 and Fatih Özden2

Abstract

Background: A decrease in muscular activation of the knee and ankle is one of the primary reasons for pes planus.
The muscle strength of the knee and ankle in patients with pes planus may affect the performance tests which
consists of daily life activities. The aim of the study was to determine the relationship between knee and ankle
muscle strength with performance tests in young female adults with flexible pes planus. In addition, we also aimed
to observe whether the severity of pes planus affects the ankle muscle strength and performance test scores. We
carried out a cross-sectional single-center study. The muscle strength measurement of knee flexion-extension, ankle
dorsal-plantar flexion, and ankle inversion-eversion movements were evaluated with the manual muscle test (MMT)
device. The timed up and go test (TUG), 5-repeat sit-and-stand test (5STS), and 10-m walk test (10MWT) were used
to evaluate knee and ankle performance.

Results: A significant difference was found only for the five-repetitive sit-and-stand test among the classified
groups considering the pes planus grade (p < 0.05). There was no significant difference between groups for other
parameters (p > 0.05). In correlation analysis, there was only a relationship between the timed up and go test (TUG)
with left foot dorsal flexor muscle strength and between 10-m walk test (10MWT) with right foot invertor muscle
strength (r1 = − 0.288, r2 = − 0.288, p < 0.05).

Conclusions: The results of this study reveal that the duration of 5STS was significantly lower in the second degree
pes planus group. TUG test score showed low negative correlation with left foot dorsal flexor muscle strength. In
addition, the scores of 10MWT exhibited poor negative correlation with right foot invertor muscle strength.
Regarding other parameters, no significant correlations were found.
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Background
Pes planus (flatfoot) is one of the common orthopedic
problems, usually caused by a decrease or disappearance
of the medial longitudinal arch (MLA) of the foot [1].
Biomechanically, it has also been defined as the eversion
or pronation of the heel accompanying the forefoot
supination [2]. Apart from the changes in the hip, knee,
and lumbar region biomechanics, bone, ligament, intrin-
sic, and extrinsic muscle strengths play an important
role in the formation of pes planus due to the height of
the MLA [3].
Knee and ankle muscle strength and control are

associated with MLA height and is essential in func-
tional activities and maintaining dynamic balance. The
decrease or disappearance of MLA height due to pes
planus causes a decrease in foot ground reaction forces,
deterioration in balance parameters, gait disturbances,
and a decrease in muscle strength endurance [4]. Studies
on this issue have been reported to increase the trajec-
tory of the foot to the pes planus due to the decrease in
muscle strength in the knee and ankle, especially the
tibialis posterior muscle [5, 6]. Therefore, the decrease
in muscular activation around the knee and ankle muscle
girdle is important for the pes planus formation [6].
Performance-based physical evaluation tests are used

in the functional evaluation of the patients. Physical
performance tests are standardized tools that are used to
monitor the patients during functional activities. Besides,
these measurements provide objective quantitative
scores (e.g., duration, number of repetitions) [7]. The
timed up and go test (TUG), 5-repeat sit-and-stand test
(5STS), and 10-m walk test (10MWT) are widely used in
the clinical practice to measure lower extremity
performance [8]. These tests contain the task related to
the daily living activities of the patients. Performing
these tests in patients with pes planus essential in terms
of obtaining clinical information about their functional
activities.
There is no study in the literature showing the

relationship between knee and ankle muscle strength
and performance tests in individuals with pes planus.
The muscle strength of the muscles around the knee
and ankle in patients with pes planus may affect their
physical performance. This study aims to determine the
relationship between knee and ankle muscle girdle
strength and performance tests in patients with pes
planus. We also aimed to observe whether the severity
of pes planus affects the knee and ankle muscle strength
and performance test scores.

Methods
Subjects and procedures
A cross-sectional study was carried out with 78 young
female adults between December 2019 and August 2020

at Ege University Faculty of Health Sciences, Depart-
ment of Nutrition and Dietetics, and Department of
Midwifery. Measurement of the individuals with pes pla-
nus was carried out in the clinical laboratory of the faculty
of health sciences. All muscle strength measurements and
other performance tests were conducted by the same
researcher (physiotherapist). The inclusion criteria were
(1) individuals with flexible pes planus at the 1st, 2nd, and
3rd level and (2) ≥ 18 years. The exclusion criteria of the
study were (1) a history of lower extremity surgery; (2)
neurological, orthopedic, and vestibular impairments that
can affect balance and gait; and (3) patients who do not
give consent to participate in the study. The diagnosis of
pes planus was carried out by Jack’s test/toe rising test
and Feiss-line by a physiotherapist who has clinical experi-
ence on pes planus.
In Jack’s test, the physiotherapist raises the patient’s

toe passively upward and the formation of an arch is
detected with the extensor hallucis longus mechanism.
Jack’s test is easy-to-use, common, and practical in
diagnosing pes planus. Therefore, physiotherapists and
physicians frequently use this test to diagnose pes planus
[9]. Pes planus assessment was carried out while the
patients were in a standing position with equally weight-
bearing to both extremities on a firm surface. In the
standing position, normally, the tubercle of the navicular
bone projects on the Feiss line which is drawn towards
the center of the medial malleolus and metatarsophalan-
geal joint of the thumb.
The pes planus grades of the patients were evaluated ac-

cording to the distance of the navicular tubercle from this
line and towards the ground. If the navicular tubercle was
located 1/3 or 2/3 down the distance between the Feiss
line and the ground, pes planus was the 1st and 2nd grade,
respectively. If the tubercule was completely touched the
ground, the degree of the pes planus was 3rd [10]. The
participants were grouped according to pes planus grades.
There were 28, 26, and 24 participants in 1st, 2nd, and 3rd
grade pes planus group, respectively.
The study was carried out in accordance with the eth-

ical principles and the Helsinki Declaration. Informed
consent of the patients was obtained. The study protocol
was approved by the ethics committee of Ege University
(No.: 19-7T/63). The study was funded by Ege University
Scientific Project Research Office (No.: TGA-2019-
20857).

Outcome measurement tools
Knee and ankle muscle strength measurement
Manual muscle test (MMT) device was used to measure
knee and ankle muscle strength (Lafayette Hand Held
Dynamometer, Model 01165). The MMT dynamometer
was developed as a handheld device that detects the
muscle strength of the patient, quantitively. MMT device
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is reliable, valid, and highly calibrated [11]. It has been
widely used in many clinical trials. The measurement
results could be obtained in kilograms or pounds. The
device also measures the maximum power (peak force)
and the time to reach the maximum power. It also has
an automatic calibration feature. The measurement time
can be set as 1–10 s, at the end of this time it gives a sig-
nal that the user can hear, easily. In the evaluation of
knee extensor muscle strength, the participant seated,
while the hips and knees are 90° flexed, the measure-
ment was carried by placing a dynamometer on the
proximal of the ankle joint (front of the shaft). For the
knee flexor muscles, the knee and hip were at 90° flexion
while the participant was sitting. It was measured with a
dynamometer placed at the back of the shaft, proximal
to the ankle joint. Ankle plantar flexors are measured
with the participant lying supine in hips and knees
extended. In addition, invertor muscles were evaluated
in the side-lying position. Dynamometer placed over the
metatarsal heads on the sole of the foot. Ankle dorsi-
flexor muscles were evaluated with the participant lying
supine with the ankle relaxed and also hips and knees
extended. Evertor muscles were evaluated in the side-
lying position. Dynamometer placed over the metatarsal
heads on the dorsum of the foot. During the test, the
“make test” technique, which requires isometric contrac-
tion, was used. While the evaluator kept the dynamometer
constant, the person being measured applied maximum
power against the device. Both of the measurement results
were taken in kilograms (kg). The measurements were
repeated 3 times for each muscle group and the average
values were recorded [12].

The timed up and go test (TUG)
The timed up and go test is a popular tool among
clinicians to assess functional mobility. It includes many
basic mobility components such as balance, transfer,
walking, and turning. According to the testing protocol,
the individual was seated in a standard chair. It was
marked by measuring a distance of 3 m forward from
the level of the chair. The participant, sitting on the
chair with his back leaning, was asked to stand up and
walk at a normal walking speed with the “Start” com-
mand, return from the 3-m mark and sit on the chair
again. The time elapsed between the moment the patient
lifts his back from the chair and the moment he comes
back and rests his back was recorded. Measurements
were repeated 3 times and the average duration was
calculated as a patient score [13].

Five-repeat sit-and-stand test (5STS)
The participants were asked to stand up and sit as fast
as possible 5 times on a standard chair (42–45 cm), with
their hands on their shoulders, arms crossed on the

chest. They were initiated to perform the test with the
“Start” command, and the duration was recorded until
the end of the 5th repetition. The time was stopped with
the contact of the hip with the chair. Measurements
were repeated 3 times and the average duration was
calculated as a patient score [14].

Ten-m walk test (10MWT)
10MWT is a performance test in which walking is evalu-
ated by recording the walking performance of the 10-m
distance of the patient. It is used to determine functional
mobility, walking speed, and also vestibular functions.
The duration of walking the 10-m distance between the
first 5 m given for acceleration and the last 5 m given
for deceleration was recorded. Measurements were re-
peated 3 times and the average duration was recorded [15].

Statistical analysis
All statistical analysis was calculated by using SPSS for
Windows v25.0 software (SPSS Inc., Chicago, IL, USA).
For quantitative variables, mean and standard deviation
(SD) were presented. Percent (%) were reported for
qualitative variables. The confidence interval of 95% was
accepted. The normal distribution of data was analyzed
by Shapiro-Wilk or Kolmogorov–Smirnov tests. The sig-
nificant difference between the groups in terms of ankle
muscle strength and performance tests was analyzed by
one-way analysis of variance (ANOVA). The relationship
between knee and ankle girdle muscle strength and
performance tests were analyzed using the Pearson
correlation coefficient (r). The Pearson correlation
coefficients were interpreted as 0–0.19 = very low,
0.20–0.39 = low, 0.40–0.69 = medium, 0.70–0.89 =
high, and 0.90–1.0 = very high [16].
In order to reduce type 2 errors, the sample size was

determined by performing power analysis before the
data collection period. The minimum adequate sample
size calculated using G*power 3.1 software (effect size
= 0.3, an error probability of 0.05, and power = 0.80).
Accordingly, 64 participants were required. We completed
the study with 78 patients [17, 18].

Results
The mean age of the patients was 20.65 ± 0.14 years.
The patients were grouped according to their pes planus
levels. 35.9% was 1st degree, 33.3% was 2nd degree, and
30.8% was 3rd degree pes planus. The physical charac-
teristics of the individuals are given in Table 1. The
absolute values of the dynamometer measurement and
physical performance test results were given in Table 2.
The duration of the timed up and go test was 4.96 s, the
5-repetitive sit and go test was 8.36 s, and the 10-m
walking test time was 5.85 s. As a result of the variance
analysis, there was a significant difference between the
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groups only for the five-repetitive sit-and-stand test (p <
0.05). Second degree pes planus group completed 5STS
in a significantly shorter time than the third and first de-
gree pes planus group. There was no significant differ-
ence between groups for other parameters (p > 0.05)
(Table 2). There was a low significant negative correl-
ation between TUG with left foot dorsal flexor muscle
strength and between 10MWT with right foot invertor
muscle strength (r1 = − 0.288, r2 = − 0.255, p < 0.05)
(Table 3).

Discussion
In the present study, we aimed to demonstrate the
relationship between knee and ankle muscle strength
with performance tests in young female adults with
flexible pes planus. Besides, we also aimed to observe
whether the severity of pes planus affects the ankle
muscle strength and performance test scores. Due to the
collapse of the medial longitudinal arch of the foot in
pes planus, related biomechanical problems could cause
balance and posture disorders [19]. According to our
results, we determined that muscle strength values are
not related to performance test parameters. Also, pes

planus severity does not affect the physical performance
of the patients.
Due to the low arch heights, lower extremity injuries

are more common in different degrees of pes planus
than healthy individuals with normal arch height [20]. In
a prospective study, it was reported that soft tissue and
foot injuries were more common in individuals with
high arch height compared to people with low arch
height [21], while this injury caused by falls was reported
to be related to foot muscle strength [22]. In our study,
manual muscle strength (MMS) device was used to
evaluate ankle muscle strength. This hand-held detects
the resistance given by the person performing the test
and objectively shows the amount of force used. The
MMT device provides accurate measurement on a scien-
tific basis [12]. Accordingly, the MMT device was used
in our study, because it is easy to use, practical, and pro-
vides objective quantitative results. Studies examining
the relationship between ankle muscle strength and arch
height are quite limited in the literature. No other study
was carried out with a manual muscle strength device.
Zhao et al. examined the effect of different arch heights
on ankle muscle strength. They investigated the muscle

Table 1 The physical characteristics of all participants and the groups

n: 78 Total 1st grade 2nd grade 3rd grade

Age (years, mean ± SD) 20.65 ± 0.14 20.60 ± 1.47 20.73 ± 1.00 20.62 ± 1.27

Weight (kg, mean ± SD) 56.64 ± 7.85 56.67 ± 8.05 53.84 ± 5.64 59.62 ± 8.81

Height (cm, mean ± SD) 164.94 ± 6.16 165.46 ± 5.70 163.23 ± 5.96 166.20 ± 6.71

BMI (kg/m2, mean ± SD) 20.79 ± 2.49 20.73 ± 3.05 20.20 ± 1.70 21.51 ± 2.40

SD standard deviation, n number of patients, kg kilogram, cm centimeter

Table 2 Absolute values of the measurements and one-way analysis of variance (ANOVA) between pes planus groups

Total 1st degree 2nd degree 3rd degree F p

Knee extensor—right 9.73 ± 1.81 9.37 ± 1.63 9.22 ± 1.37 9.73 ± 1.81 5.647 0.052

Knee extensor—left 9.70 ± 1.79 9.44 ± 1.71 9.39 ± 1.44 10.36 ± 2.10 2.379 0.100

Knee flexor—right 11.16 ± 1.51 11.33 ± 1.54 10.66 ± 1.11 11.52 ± 1.75 2.390 0.099

Knee flexor—left 10.68 ± 1.41 10.76 ± 1.55 10.31 ± 0.96 10.98 ± 1.61 1.513 0.227

Dorsiflexor—right 10.74 ± 1.91 10.30 ± 2.07 10.88 ± 1.94 11.11 ± 1.62 1.256 0.291

Dorsiflexor—left 10.44 ± 1.98 9.98 ± 2.12 10.63 ± 2.14 10.76 ± 1.56 1.206 0.305

Plantar flexor—right 11.50 ± 0.97 11.47 ± 0.93 11.39 ± 0.62 11.67 ± 1.30 0.525 0.594

Plantar flexor—left 11.92 ± 1.21 11.97 ± 0.95 11.74 ± 1.26 12.07 ± 1.44 0.489 0.615

İnvertor—right 9.26 ± 0.99 9.43 ± 1.00 8.94 ± 1.03 9.42 ± 0.87 2.182 0.120

İnvertor—left 9.26 ± 1.10 9.41 ± 1.21 8.92 ± 0.98 9.47 ± 1.06 1.973 0.146

Evertor—right 9.63 ± 1.02 9.66 ± 0.96 9.28 ± 1.00 9.97 ± 1.01 3.028 0.054

Evertor—left 9.27 ± 1.00 9.47 ± 1.12 9.01 ± 0.84 9.33 ± 1.01 1.485 0.233

TUG 4.96 ± 0.53 4.98 ± 0.58 4.97 ± 0.57 4.93 ± 0.44 0.048 0.954

5STS 8.36 ± 0.98 8.66 ± 1.14 7.95 ± 0.76 8.44 ± 0.89 3.873 0.025*

10MWT 5.85 ± 1.29 5.88 ± 1.41 6.15 ± 1.47 5.49 ± 0.79 1.640 0.201

TUG the timed up and go test, 5STS 5-repeat sit-and-stand test, 10MWT 10-m walk rest, s second
*p < 0.05
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strength values of the ankle dorsiflexor and plantar
flexor at 30°/s and 120°/s, and the ankle invertor and
evertor muscle groups in 67 patients. They determined a
negative correlation between high arch level and ankle
muscle strength; they found that patients with low arch
level had higher muscle strength values [23]. In another
study, Aydoğ et al. found a negative correlation between
arch height and ankle eversion muscle strength in a
comparative study on 20 gymnastic athletes and 17
healthy and sedentary cases [24]. In our study, we exam-
ined the difference of arch height on knee and ankle
muscle strength. There was no significant difference
between ankle muscle strength and pes planus grades in
young female adults aged 18–24. The lack of significant
difference between the groups may be due to the fact
that our patients are young individuals with high activity
levels.
Balance is the ability to control the body against the

body’s center of gravity changes in static and dynamic
positions with minimal muscle activity. In this respect,
maintaining balance and keeping center of gravity on
the support surface is provided by coordination between
appropriate neural mechanisms and the musculoskeletal
system [25]. Especially the ankle strategy has an essential
place in maintaining balance. The ankle strategy main-
tains ground balance by shifting the center of gravity
around the ankle more slowly. Therefore, ankle muscle
strength is important in maintaining balance [22]. In
individuals with pes planus, in addition to the inequality
in the load distribution caused by the collapse of the
medial arch support, the weakness of the muscle,
tendon, and ligament structures, accompanied by bio-
mechanical disorders, causes rapid fatigue and balance
disorders in individuals. As a result, the duration of

individuals with pes planus to stay in balance decreases,
and balance parameters are negatively affected [19]. Tel-
fer et al. reported that the support surface of the patients
with pes planus is increased, but changes in the medial
arch structure negatively affect walking ability [26]. In
our study, we observed that there was no difference
between the timed up and go test times used in the dy-
namic balance assessment of individuals with different
degrees of pes planus. In addition, the muscle strength
values in individuals with different pes planus degrees
did not correlate with dynamic balance parameters. We
thought that the similarity of age groups could be the
reason for the similar dynamic balance parameters.
Performance tests are used to observe functionality.

Among these tests, TUG is one of the important meas-
urement tools that evaluate the individual’s ability to
stand up and sit, as well as walking ability, and show the
independence level of the individual in daily life. The
World Health Organization defines the failure in this
activity as one of the most essential inadequacy of the
patients in daily life. For this purpose, it is a frequently
preferred test due to the simplicity of the use, which
does not require special equipment and costs [7, 27].
Performance tests make important statements about the
individual's overall sense of strength, agility, and proprio-
ceptive. Each of these parameters is sensitive to biomech-
anical changes in the lower extremity [23]. Therefore, in
our study, we used this sit-and-stand test to evaluate the
relationship between knee extensor muscle strength and
performance tests in individuals with pes planus. Lin et al.
demonstrated that pes planus is associated with motor
performance levels in preschool children [28]. In another
study, Oda et al. reported that the degree of pes planus
has no effect on motor functions [29].
In our study, patients with 2nd degree pes planus

completed the 5-repeat sit-and-stand test in a shorter
time than other pes planus degrees, although there was a
slight but significant difference. We interpreted that this
difference may not have affected physical performance
due to pes planus, since the difference between the
groups in the time to complete the 5-repeat sit-and-
stand test was less than one second. However, we think
that it will be important to include a sample consist of
different age groups in the study in order to better
analyze the effect of arch height on the performance
level, in order to give more objective results. Also, exclu-
sion criteria (e.g., body mass index) could be more
comprehensive. Besides more decisive and predictive
performance tests (e.g., plyometric tests) might be more
effective to reveal the precise results.
Walking is one of the important activities that

determines the lower extremity performance level. The
deformity in the foot due to the pes planus causes these
individuals to have higher peak pressure and more

Table 3 The relationship between the average knee-ankle
muscle strength and performance test measurements

n: 78 TUG 5STS 10MWT

Knee extensor—Right − .192 .042 − .007

Knee extensor—Left − .135 .000 .044

Knee flexor—Right − .188 − .075 − .171

Knee flexor—Left − .183 − .086 − .133

Dorsiflexor—Right − .181 .138 .142

Dorsiflexor—Left − .288* .072 .216

Plantar flexor—Right − .021 .134 − .051

Plantar flexor—Left − .073 − .023 .071

İnvertor—Right − .039 .059 − .255*

İnvertor—Left − .014 .098 − .180

Evertor—Right − .071 .029 − .171

Evertor—Left − .023 − .077 − .129

TUG the timed up and go test, 5STS 5-repeat sit-and-stand test, 10MWT 10-m
walk test
*p < 0.05
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contact areas due to more pressure on the forefoot [30].
In the related studies, the changing foot plantar pressure
ultimately leads to changes in walking patterns, espe-
cially a decrease in walking speed [31, 32]. One of the
tests evaluating walking speeds are the TUG and
10MWT. The 10-m walking test is a simple, reliable,
valid, sensitive, and easy-to-use [15]. In correlation ana-
lysis, there was only a relationship between TUG with
left foot dorsal flexor muscle strength and between
10MWT with right foot invertor muscle strength. We
concluded that gait-based performance tests are associ-
ated with knee and ankle muscle strength. We commen-
ted that the 5-repetitive sitting and standing test might
not have been associated since it did not require walk-
ing. For this reason, we used the TUG and 10MWT to
evaluate walking in our study. In our study, there was no
correlation between muscle strength and walking speed,
while a relationship was determined only between the
invertor muscles and 10MWT. It may be important to
include individuals without pes planus in the study as a
control group and to compare them with individuals
with different degrees of pes planus.

Conclusion
The results of this study reveals that the duration of
5STS was significantly lower in the second degree pes
planus group. TUG test score showed low negative
correlation with left foot dorsal flexor muscle strength.
In addition, the scores of 10MWT exhibited poor nega-
tive correlation with right foot invertor muscle strength.
Regarding other parameters, no significant correlations
were found.
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