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ABSTRACT
Pes planus is a common foot and ankle physiologic deformity. The normal medial longitudinal arch is depressed or 
flattened due to a lack of  strength in associated muscles, ligaments, and tendons. This study aimed to investigate how 
isokinetic hip muscular strength affected normal medial longitudinal arch feet and pea planus. Forty adult subjects 
participated in this study: 20 with pea planus and 20 with normal medial longitudinal arched feet. Both groups were 
similar in age (p=.074), weight (p=.324), height (p=.211), and BMI (p=.541). The navicular drop test determined 
the differences in navicular height. An isokinetic dynamometer was used to determine hip muscular strength (peak 
torque and total work) during hip flexion, extension, abduction, and adduction at speeds of  90°/s and 180°/s. A 
Kruskal-Wallis test was computed to determine the comparison between the normal medial longitudinal arch and 
pea planus. Subjects with normal medial longitudinal arch had more muscle strength than pes planus. Hip muscle 
strength did not show any significant difference between both groups. The abductor and adductor group muscles' 
total work were higher in subjects with pes planus. This study showed that normal medial longitudinal arched foot sub-
jects have higher muscle strength than pes planus. However, the hip abductors were significantly lower in pes planus after 
measuring the total work, suggesting that individuals with pes planus are easily fatigued, possibly due to the overuse of  
the muscles that compensate for any changes in lower limb alignment.
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INTRODUCTION

Pes planus or foot pronation is a chronic disorder character-
ized by the absence of  the medial longitudinal arch completely 
or partially and increased rearfoot eversion [1]. Pes planus involves 
plantar flexion and adduction of  talus [2]. Internal rotation of  
the lower limb is generally associated with talus adduction [3, 4]. 
Forward motion is the most important biomechanical function of  
bipedal movement. Balance, shock absorption, and bodyweight 
support must all be maintained [5]. The pes planus cannot distrib-
ute the body's load due to the arch's increased flexibility, resulting 
in biomechanical changes [6]. Several musculoskeletal issues are 
caused by these changes, including knee injuries, Achilles tendi-
nosis, lower back pain, and stress fracture [7]. It is possibly con-
sidered that pes planus is associated with internal rotation supina-
tion related to external rotation [8]. Understanding how motion 
is transferred from the distal to the proximal ends of  the lower 
limbs and the proximal to the distal ends is critical for a person 

with pes planus [9]. Proximal injuries are likely linked to abnormal 
foot structures, while distal injuries may result in abnormal hip 
function. It has been found that pes planus is responsible for pelvic 
malalignment. 

Previous studies showed that pes planus causes hip and pel-
vic misalignment and increased medial hip rotation in unilateral 
standing [10, 11]. Another study used a wedged sandal to simu-
late unilateral pes planus and looked at how it affected pelvic and 
lower extremity biomechanics during walking. They observed 
that pes planus caused enhancement in knee and hip moment and 
enhancement in internal rotation of  the lower extremity [12]. 
However, as previously stated, the studies had some limitations. 
This study utilized a platform to replicate pes planus and recruit-
ed healthy subjects with normal medial longitudinal arch feet. 
However, different muscle activation patterns [13] and various 
levels of  muscle strength [14] have been seen in subjects with 
pes planus, which may affect joint angles and kinematics. Pes planus 
may influence muscle strength given that pes planus is less rigid 
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and produces less torque than a foot with a normal medial longi-
tudinal arch [15]. It has been recommended that individuals with 
pes planus require additional muscular support during gait [16]. 
Therefore, if  lower limb muscles are weak during gait, others 
may generate additional muscular power to compensate for the 
weak muscles [16, 17]. The impact of  pes planus on hip muscle 
strength is currently unknown. 

The current study explored the effect of  hip muscle strength 
on pes planus (pronated foot) and normal medial longitudinal arch 
feet. To treat the whole lower extremity joint chain, it is critical 
to understand the impact of  pes planus on the proximal joints. 
The current study could assist researchers and physical thera-
pists in better understanding how the pes planus affects proximal 
joint function and mobility. As a result, the evaluation would be 
improved, conservative therapy will be used, and any future com-
plications from pes planus will be avoided.

MATERIAL AND METHODS

The study was based on an experimental design. The study 
occurred at Imam Abdulrahman Bin Faisal University's biome-
chanics lab in Dammam, Saudi Arabia. The study included for-
ty adult males who volunteered to take part. The experimental 
group comprised 20 pes planus, and the control group comprised 
20 individuals with normal medial longitudinal arched feet; both 
groups were similar in age, weight, height, and body mass in-
dex (BMI). The criteria for inclusion and exclusion were chosen 
based on their potential to affect muscle strength and alter the 
movement patterns of  the lower limbs. The experimental group 
comprised subjects whose navicular drop (ND) test revealed a 
fall in arch height of  more than 10 mm and whose rearfoot (cal-
caneal) angle was greater than 5 degrees. If  a subject had any 
foot deformities, systemic or neurological illnesses, a history of  
foot or ankle surgery, or a recent fracture, they were ruled out 
from the study. The following criteria were used to choose the 
control group: ND test arch height change of  less than 10 mm 
in a typical medial longitudinal arch foot and no lower limb dis-
eases or fractures. Subjects who volunteered to participate in the 
study were given a detailed written and verbal explanation of  the 
study's procedures and protocols. 

The outcome measures included peak torque, a measure of  
a muscle's force capabilities determined from an isokinetic dy-
namometer device and recorded as the greatest muscular force 
created during the repetitions. Total work, or the amount of  
muscular work, is an indicator of  the capability of  the muscles 
to generate force throughout a range of  motion. The isokinet-
ic dynamometer system measured it. The researcher measured 
the subject's body weight and height when he arrived at the lab. 
The dominant leg of  each subject was determined by asking him 
which leg he could use to kick a ball harder. The navicular drop 
(ND) test assesses the medial longitudinal arch height by measur-
ing the differences in the navicular height between a non-weight-
bearing (open kinetic) chain and a weight-bearing (closed kinetic) 
chain. The ND test is reliable and valid [18]. While seated, each 
subject placed one foot on a stable surface with the knee flexed 
at 90 degrees and the ankle joint in a neutral position; then, the 
tubercle of  the navicular bone was marked with a pen, and an in-
dex card was placed on the inner side of  the hindfoot perpendic-
ular to the ground and adjacent to the navicular bone. The sub-
ject was requested to stand without moving his feet and distribute 
his weight evenly on both feet while the tubercle of  the navicular 
bone was marked on the card, and the navicular was measured 

once again. Finally, a ruler measured the distance between the 
navicular bone while sitting and standing. ND under 10 mm was 
considered normal, and ND over 10 mm was considered a pes 
planus [18]. The rearfoot angle is a clinical measurement used 
in many studies [3, 19, 20] to assess calcaneal eversion or heel 
valgus and determine the amount of  pes planus. Kanatli et al. [21] 
indicated that the rearfoot angle and the foot medial longitudi-
nal arch height must be examined separately in pes planus assess-
ments. The rearfoot angle was measured with the subject lying 
prone, and the foot and ankle extended 10 cm off  the bed. The 
subject stood on both feet after drawing a longitudinal line with a 
pen along the rear side of  the lower third of  the leg. A goniome-
ter was used to measure the angle between the calcaneus and the 
bottom portion of  the tibia.

Hip muscle strength measurement

Muscle strength was measured by the isokinetic dynamom-
eter system (Biodex Medical Systems, Shirley, New York). The 
system controls the speed of  a movement, allowing the subject 
to accelerate but not higher than the maximum speed select-
ed for the protocol (accommodating resistance). The isokinetic 
Biodex system has moderate to high reliability in determining 
hip muscle strength [22]. Hip muscle strength was measured at 
90 and 180 degrees per second at two different speeds. Each sub-
ject was given a detailed explanation of  the procedure and test 
protocol. Each subject was allowed to warm up by cycling for 
5 minutes to prepare the muscles for testing and prevent injuries. 
The calibration of  the dynamometer was conducted according 
to the manufacturer's guidelines. Subject age, height, and weight 
were recorded. The dynamometer height, angle, rotation, and 
position were also adjusted. Stabilization straps were applied to 
stabilize the subject and isolate the muscles. The movement start 
and endpoints were selected according to the anatomical range 
of  motion. The isokinetic dynamometer calculated the weight of  
the examined limb in a relaxed position. Before testing, each sub-
ject performed practice repetitions at the same speed to become 
familiar with the testing protocol. The testing protocol included 
concentric movements at 90°/s and 180°/s, with one minute rest 
period between each set. A rest of  five minutes was also provided 
to test different muscle groups. Visual feedback from the Biodex 
system was provided on a computer monitor. In addition, the ex-
aminer provided verbal encouragement.

Hip abduction/adduction test

The subject was lying on his side with the hip to be tested on 
top, facing away from the dynamometer, and his opposite limb 
was flexed at the knee. The attachment length was adjusted to 
place the pad superiorly to the popliteal fossa. The knee was fully 
extended and fastened at the femur level to prevent hip rotation. 
The trunk and pelvis were fastened to the chair. The starting po-
sition of  the hip joint was at full adduction. The testing protocol 
included concentric movements at 90 and 180 degrees. The sub-
ject was asked to move his leg upward and downward by exerting 
his maximum strength for five repetitions when the testing started. 
Subjects were verbally encouraged and given visual feedback 
from the Biodex system.

Hip flexion/extension test

The subject was seated in a supine position with the chair 
back flat. The tested hip was at 0 degrees of  flexion with 90° of  
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knee flexion. The attachment length of  the hip was adjusted so 
that the thigh support was just superior to the popliteal fossa. A 
strap secured the non-tested thigh to the chair at 0-degree flexion 
of  the hip. The trunk and pelvis were strapped as well. The testing 
protocol included concentric movements at 90 and 180°. Then, 
when testing started, the subjects were asked to flex and extend 
their hips by exerting their maximum strength for five repetitions. 

Statistical analysis

For statistical analysis, data were computed with the help 
of  SPSS software version 23 for windows. The normality of  
data was checked by the Shapiro-Wilk test and found that data 
were not normally distributed. Thus, a non-parametric test 
(Kruskal-Wallis) was used to determine the difference between 
two groups. A Kruskal-Wallis test was employed if  the two groups 
were similar in terms of  age, height, weight, and BMI. The arch 
height and rearfoot angle differences were determined using the 
same test. Similarly, to evaluate and examine the differences be-
tween the two groups, a Kruskal-Wallis test was used concerning 
hip muscle strength determined by total muscular work and peak 
torque during hip flexion, extension, adduction, and abduction. 

RESULTS

Subjects' characteristics

This study included forty adult males: 20 with pes planus and 
20 with normal medial longitudinal arched feet. The character-
istics of  the subjects are shown in Table 1. No statistically signif-
icant differences existed for any of  the variables, which indicates 

the groups had similar general characteristics. However, there 
were significant differences in arch height (p=0.001) and rearfoot 
angle (p=0.001).

There were no significant differences between the pes planus 
group and the normal medial longitudinal arch feet in the peak 
torque and total work of  the hip flexors, extensors, abductors, 
and adductors, as shown in Tables 2–5. However, there were sig-
nificant differences in hip abduction total work but no significant 
differences in hip flexors, extensors, or adductors total work. Peak 
hip flexor torque and total work at 90 and 180 degrees per second.

Table 3 showed no significant differences between the pes 
planus and normal medial longitudinal arch feet groups during 
extension in peak torque and total muscular work and hip ex-
tensor. Hip extensor peak torque and total work at speeds of  90 
and 180 deg./s.

Table 4 showed no significant differences between the pes 
planus and normal medial longitudinal arch feet groups during 
abduction in peak torque and total muscular work of  the hip ab-
ductor. Hip adductor peak torque and total work at speeds of  90 
and 180 deg./s. At the same time, only total muscular work of  the 
hip abductor was significant (p=.036) at a speed of  90 deg./sec.

Table 5 showed no significant differences between the pes 
planus and normal medial longitudinal arch feet groups during 
adduction in peak torque and total muscular work of  the hip ad-
ductor. Hip adductor peak torque and total work at speeds of  90 
and 180 deg./s. At the same time, only total muscular work of  the 
hip adductor was significant (p=.044) at a speed of  90 deg./sec.

DISCUSSION

The study compared isokinetic hip muscle strength. The 
findings revealed no significant differences in hip muscle strength 

Table 1. Descriptive statistics of subject's anthropometric characteristics and rare foot angle.

Characteristics Pes Planus (n=20) 
Means±SD

Control (n=20) 
Means±SD Sig.

Age (years) 20.64±5.7 21.64±3.4 0.744

Height (cm) 172.46±4.9 171.61±6 0.211

Weight (kg) 68.47±10.82 69.72±11.24 0.324

BMI (kg/m2) 21.4±4.7 24.7±5.2 0.541

Arch height ND (mm.) 12.6±2.26 7.5±.94 0.001

Rear-foot angle (degrees) 8.5±2.3 3.62±0.8 0.001

Table 2. Comparison of hip muscle strength between pes planus and normal medial longitudinal arch feet during flexion.

Control – Normal medial longitudinal arch feet; Sig. – p-value, with a significance level of P<0.05.

Speed Groups Grand Median Independent-Samples 
Test Statistic

Asymptotic Sig. 
(2-sided test)

Peak Torque 

90
Pes Planus

40.00 .752 .685
Control

180
Pes Planus

52.00 .752 .766
Control

Total Work

90
Pes Planus

70.95 .752 .675
Control

180
Pes Planus

57.20 .752 .735
Control
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between pes planus and normal medial longitudinal arched feet. 
However, the total work of  the hip abductor muscles was sub-
stantially lower in the pes planus group. Only the total muscular 
work showed significant differences between normal medial lon-
gitudinal arch feet and pes planus for abduction and adduction at 
90 deg./sec. Our findings agree with previous reports showing 
no significant differences in muscle strength between pes planus 
and normal arched foot. For example, according to Lizis et al. 
[23], foot arch height was not significantly associated with muscle 
strength. Their study regarding the relationship between lower 
limb muscle strength and foot arch height concluded that flexible 
flat feet should be considered within the normal range of  a strong 

and stable foot and rarely causes disability. A study investigates 
the impact of  arch height on knee and ankle muscular strength. 
There was no significant difference in ankle muscle strength or 
pes planus grades in adult females aged 18–24 years. The absence 
of  substantial differences between the groups may be attribut-
able to our young and active patients [24]. The influence of  pes 
planus on ankle muscle peak torque was investigated by Karatsolis 
et al. who revealed insignificant differences for peak torque 
measurements between pes planus and normal medial longitudi-
nal arched foot groups [25]. Zhao et al. investigated how arch 
heights affected muscular strength in 67 subjects. They tested 
the strength of  the ankle dorsiflexor and plantar flexor muscles 

Table 3. Comparison of hip muscle strength between pes planus and normal medial longitudinal arch feet during extension.

Control – Normal medial longitudinal arch feet; Sig. – p-value, with a significance level of P<0.05.

Speed Groups Grand Median Independent-Samples 
Test Statistic

Asymptotic Sig. 
(2-sided test)

Peak Torque 

90
Pes Planus

61.20 .752 .262
Control

180
Pes Planus

52.95 .343 .387
Control

Total Work

90
Pes Planus

67.00 .343 .190
Control

180
Pes Planus

46.95 .752 .417
Control

Table 4. Comparison of hip muscle strength between pes planus and normal medial longitudinal arch feet during abduction.

Control – Normal medial longitudinal arch feet; Sig. – p-value, with a significance level of P<0.05.

Speed Groups Grand Median Independent-Samples 
Test Statistic

Asymptotic Sig. 
(2-sided test)

Peak Torque 

90
Pes Planus

51.60 .752 .914
Control

180
Pes Planus

44.65 .752 .490
Control

Total Work

90
Pes Planus

26.00 .150 .036
Control

180
Pes Planus

16.15 .752 .588
Control

Table 5. Comparison of hip muscle strength between pes planus and normal medial longitudinal arch feet during adduction.

Control – Normal medial longitudinal arch feet; Sig. – p-value, with a significance level of P<0.05.

Speed Groups Grand Median Independent-Samples 
Test Statistic

Asymptotic Sig. 
(2-sided test)

Peak Torque 

90
Pes Planus

31.65 .752 .337
Control

180
Pes Planus

26.55 .752 .144
Control

Total Work

90
Pes Planus

12.25 .343 .044
Control

180
Pes Planus

8.25 .752 .818
Control
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as well as the ankle invertor and evertor muscle groups at 30°/s 
and 120°/s. They discovered a link between high arch level 
and ankle muscular strength, with persons with low arch levels 
scoring higher on muscle strength tests [26]. Aydog et al. [27] 
examined the relationship between ankle joint muscle strength 
and foot posture, and their result showed no relationship between 
ankle joint muscle strength and arch height. Those who have pes 
planus have developed to adopt the structural abnormality. Peo-
ple with pes planus had higher and varied muscle activations and 
relied on additional muscular support during gait than people 
without pes planus [16]. Fayez et al. reported no significant dif-
ferences between asymptomatic pronation foot and non-pronat-
ed foot, with the kinematic analysis being done for the hip joint 
from three different directions [28]. Ransimala et al. investigat-
ed the relationship between pes planus and hip abductor muscle 
strength among male and female undergraduate students. While 
comparing the hip abductor muscle strength, they found that the 
average hip abductor muscle strength in the right leg was 76.17, 
whereas the average hip abductor muscle strength in the left leg 
was 73.12. The left and right abductor muscle strength in males 
and females had a significant value of  0.00. They discovered a 
statistical significant difference in hip abductor muscle strength 
between females and males when looking at both flat-footed and 
non-flat-footed student groups [29].

The present study showed insignificant differences between 
pes planus and normal medial longitudinal arch feet for hip mus-
cle strength as peak torque and total work done by the muscles 
during isokinetic contraction. The subjects with normal medial 
longitudinal arch had more flexor, extensor, abductor, and ad-
ductor muscle strength (peak torque) than those with pes planus at 
speeds of  90 and 180 deg./s. 

The total muscle work means that the score is higher in 
flexor and extensor group muscles for subjects with pes planes 
at speeds of  90 and 180 deg./s. Only the total muscular work 
showed significant differences between normal medial longitu-
dinal arch feet and pes planus for abduction and adduction at 90 
deg./sec. The total work of  the abductor and adductor group 
muscles was higher in subjects with pes planus than in subjects 
with normal medial longitudinal arch feet. The hip abductors 
and adductors of  the subjects with pes planus generated less mus-
cular work than those of  the normal medial longitudinal arch 
feet, which may be due to overuse of  the muscle to compensate 
for abnormalities and may indicate that individuals with the pro-
nated foot are easily fatigued.

The current study has some limitations. First, all our sub-
jects were males, making it difficult to generalize the findings for 
all populations. The second limitation was that the subjects in 
this study were all of  young age, mean 21 years. The third lim-
itation was the study design, which could not see the long-term 
effect of  deformity on muscle strength. In addition, a smaller 
number of  subjects were selected to conduct this study, especially 
when analyzing groups. Finally, as the subjects were from only 
the eastern region, the results can be biased and influenced by 
factors associated with this region.

CONCLUSIONS

The current study analyzed the isokinetic muscle strength 
between pes planus and normal medial longitudinal arch feet in 
adults. We found that individuals with pes planus and those with 
normal medial longitudinal arch feet were similar in hip muscle 
strength at flexion, extension, abduction, and adduction.

ACKNOWLEDGEMENTS

Conflicts of Interest
The authors declare no conflict of  interest.

Ethical approval
The study was carried out following the Declaration of  

Helsinki criteria and was approved by the deanship of  research 
(PGS-2017-03-176) at Imam Abdulrahman Bin Faisal University 
in Dammam, Saudi Arabia. 

Consent to participate
All participants in this study received written informed 

consent. 

Personal thanks
We gratefully acknowledge the approval of  the Dean and 

Head of  the Department of  Physical Therapy, College of  Ap-
plied Medical Sciences, Imam Abdulrahman Bin Faisal Univer-
sity, Dammam, to perform this study. Aside from that, we want to 
thank all the subjects who participated in this study.

Authorship
FA, SA contributed to conceptualization. FA, MA, and SAA 

contributed to data curation. MA and FA contributed to the for-
mal analysis. FA, SA, MA, and SAA contributed to the method-
ology. SA contributed to project administration. SA, MA, and 
SAA contributed to the visualization. FA contributed to writing 
the original draft, and SA, MA, and SAA contributed to review-
ing and editing. 

REFERENCES

1. Tiberio D. Pathomechanics of  structural foot deformities. Phys Ther. 
1988;68:1840-1849. doi: 10.1093/ptj/68.12.1840

2. Harris EJ. The natural history and pathophysiology of  flexible flatfoot. Clin 
Podiatr Med Surg. 2010;27:1-23. doi: 10.1016/j.cpm.2009.09.002.

3. Rockar JPA. The subtalar joint: anatomy and joint motion. J Orthop Sports 
Phys Ther. 1995 Jun;21(6):361-72. doi: 10.2519/jospt.1995.21.6.361.

4. Cornwall MW, McPoil TG. Footwear and foot orthotic effectiveness research: 
a new approach. J Orthop Sports Phys Ther. 1995;21:337-344. doi: 10.2519/
jospt.1995.21.6.337.

5. Lippert LS. Clinical kinesiology and anatomy. Philadelphia: H.A. Davis 
Company; 2011.

6. Franco AH. Pes cavus and pes planus. Analyses and treatment. Phys Ther. 
1987;67:688-694. doi: 10.1093/ptj/67.5.688.

7. Greisberg J, Hansen ST, Jr., Sangeorzan B. Deformity and degeneration in 
the hindfoot and midfoot joints of  the adult acquired flatfoot. Foot Ankle Int. 
2003;24(7):530-4. doi: 10.1177/107110070302400704.

8. Souza TR, Pinto RZ, Trede RG, Kirkwood RN, Fonseca ST. Temporal 
couplings between rearfoot-shank complex and hip joint during 
walking. Clin Biomech (Bristol, Avon). 2010;25:745-748. doi: 10.1016/j.
clinbiomech.2010.04.012.

9. Gross KD, Niu J, Zhang YQ, Felson DT, et al. Varus foot alignment and 
hip conditions in older adults. Arthritis Rheum. 2007;56(9):2993-2998. doi: 
10.1002/art.22850.

10. Tateuchi H, Wada O, Ichihashi N. Effects of  calcaneal eversion on 
three-dimensional kinematics of  the hip, pelvis and thorax in unilateral 
weight-bearing. Hum Mov Sci. 2011;30(3):566-573. doi: 10.1016/j.
humov.2010.11.011.

11. Khamis S, Yizhar Z. Effect of  feet hyperpronation on pelvic alignment 
in a standing position. Gait Posture. 2007;25(1):127-134. doi: 10.1016/j.
gaitpost.2006.02.005.

12. Resende RA, Deluzio KJ, Kirkwood RN, Hassan EA, Fonseca ST. Increased 
unilateral foot pronation affects lower limbs and pelvic biomechanics 
during walking. Gait Posture. 2015;41(2):395-401. doi: 10.1016/j.
gaitpost.2014.10.025.

13. Murley GS, Menz HB, Landorf  KB. Foot posture influences the 
electromyographic activity of  selected lower limb muscles during gait. J Foot 
Ankle Res. 2009;2:35. doi: 10.1186/1757-1146-2-35.



© 2022 JOURNAL of  MEDICINE and LIFE. VOL: 15 ISSUE: 9 SEPTEMBER 2022 1169

JOURNAL of MEDICINE and LIFE

14. Snook AG. The relationship between excessive pronation as measured by 
navicular drop and isokinetic strength of  the ankle musculature. Foot Ankle 
Int. 2001;22(3):234-240. doi: 10.1177/107110070102200311.

15. Murphy DF, Connolly DAJ, Beynnon BD. Risk factors for lower extremity 
injury: a review of  the literature. Br J Sports Med. 2003;37(1):13-29. doi: 
10.1136/bjsm.37.1.13.

16. Hunt AE, Smith RM. Mechanics and control of  the flat versus normal 
foot during the stance phase of  walking. Clin Biomech (Bristol, Avon). 
2004;19(4):391-397. doi: 10.1016/j.clinbiomech.2003.12.010.

17. Lees A, Lake M, Klenerman L. Shock absorption during forefoot running 
and its relationship to medial longitudinal arch height. Foot Ankle Int. 
2005;26:1081-1088. doi: 10.1177/107110070502601214.

18. Sporndly-Nees S, Dasberg B, Nielsen RO, Boesen MI, Langberg H. The 
navicular position test - a reliable measure of  the navicular bone position 
during rest and loading. Int J Sports Phys Ther. 2011;6(3):199-205.

19. Smith-Oricchio K, Harris BA. Interrater reliability of  subtalar neutral, 
calcaneal inversion and eversion. J Orthop Sports Phys Ther. 1990;12(1):10-
15. doi: 10.2519/jospt.1990.12.1.10.

20. Jonson SR, Gross MT. Intraexaminer reliability, interexaminer reliability, 
and mean values for nine lower extremity skeletal measures in healthy naval 
midshipmen. J Orthop Sports Phys Ther. 1997;25(4):253-263. doi: 10.2519/
jospt.1997.25.4.253.

21. Kanatli U, Gozil R, Besli K, Yetkin H, Bolukbasi S. The relationship between 
the hindfoot angle and the medial longitudinal arch of  the foot. Foot Ankle 
Int. 2006;27:623-627. doi: 10.1177/107110070602700810.

22. Meyer C, Corten K, Wesseling M, Peers K, et al. Test-Retest reliability of  
innovated strength tests for hip muscles. PLoS One. 2013;8(11):e81149. doi: 
10.1371/journal.pone.0081149.

23. Lizis P, Posadzki P, Smith T. Relationship between explosive muscle strength 
and medial longitudinal arch of  the foot. Foot Ankle Int. 2010;31(9):815-822. 
doi: 10.3113/FAI.2010.0815.

24. Bakırhan S, Elibol N, Özkeskin M, Özden F. The relationship between knee-
ankle muscle strength and performance tests in young female adults with 
flexible pes planus. Bull Fac Phys Ther. 2021; 26:4. https://doi.org/10.1186/
s43161-021-00021-3

25. Karatsolis K, Nikolopoulos CS, Papadopoulos ES, Vagenas G, et al. Eversion 
and inversion muscle group peak torque in hyperpronated and normal 
individuals. Foot (Edinb). 2009;19:29-35. doi: 10.1016/j.foot.2008.06.006.

26. Zhao X, Tsujimoto T, Kim B, Tanaka K. Association of  arch height with 
ankle muscle strength and physical performance in adult men. Biol Sport. 
2017;34(2):119–126. doi: 10.5114/biolsport.2017.64585.

27. Aydog ST, Ozcakar L, Tetik O, Demirel HA, et al. Relation between foot arch 
index and ankle strength in elite gymnasts: a preliminary study. Br J Sports 
Med. 2005;39:e13.

28. Alahmri F, Alsaadi S, Ahsan M. Comparison of  3D Hip Joint Kinematics in 
People with Asymptomatic Pronation of  the Foot and Non-Pronation Controls. 
Malays J Med Sci. 2021;28(3):77-85. doi: 10.21315/mjms2021.28.3.7.

29. Ransimala GAA, Fernando DRM, Madhuwanthi DYRS, Nawakshana ADT, 
et al. Relationship Between Hip Abductor Muscle Strength and Flatfoot 
Deformity Among Undergraduates At Faculty Of  Allied Health Sciences. 
13th International Research Conference. Alli Heal Sci Sess. 2020;159-163.


