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Abstract
Purpose: This study was conducted to determine the effects of participation in sports on the structural deformities 

of the foot.
Material: A total of 2013 athletes (1301 males, 712 females) who had regularly participated in sports for a minimum 

of three years were included in the study. Screening of the sole was performed using a podoscope as it is 
a reliable and practical device. The structure of the sole was evaluated with the highly valid Staheli index.

Results: A significant relationship was detected between the ages of the athletes, years in sport, branch of sports 
variables and the prevalence of flat foot. However, no significant relationship was found between the 
athletes’ gender and the prevalence of flat foot.

Conclusions: It is thought that the training regimes, the floor on which the sports is performed and the shoes used in 
sports had effects on flat foot deformity. Based on our results, we assert that redesigning the competition 
shoes and using sports shoes with arch support during warm-ups, running and other sportive and 
educational drills outside the routine activities of the sports branch may be beneficial for foot health.
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Introduction1

The foot is an important organ in our body that bears 
the entire weight of the body, initiates the chain of motion, 
forms a support base for an upright posture of the body 
and is the most mechanically forced limb [1]. Therefore, 
structural and biomechanical problems of the foot are 
the key factors in determining the functions of the lower 
extremities and the etiology of recurring injuries [2, 3]. 

Several studies regarding the analysis and evaluation 
of the footprint can be found in the literature [4-6]. Flat 
foot deformity, also known as pes planus, is usually 
described as a decrease in the height or loss of the medial 
longitudinal arch (MLA) or as the malalignment of the 
hindfoot (hindfoot valgus) [4]. Although the prevalence of 
the disorder increases with the loosening of the ligaments 
in the foot, not all flat foot deformities are the same [7]. 
Therefore, in diagnosing the disorder, assessment of the 
loss of height in the MLA [8, 9], clinical examination 
[10], ultrasonography [11], somatometric measurements 
[12], inked or digital foot printing [4], pedobarography 
[9] and photographic imaging [13] techniques are used. 
Individuals with flat foot deformity are more susceptible 
to foot and knee pain, stress fractures, foot injuries and low 
performance while exercising [14]. Such occurrences are 
more evident among athletes as the repetitive movements 
used in competitive sports exerts a higher load on the feet 
than usual [15, 16]. Although participation in sports leads 
to musculoskeletal adaptations and results in significant 
changes in the structure and plantar pressures of the foot, 
the different athletic tasks performed in various sports 
may have an impact on the injury risk factors [17].

Previous studies reported significant differences 
between plantar pressure patterns of athletes and non-
athletes when the playing surface and gender were taken 
into account [18-21]. However, studies investigating the 
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foot structure of the athletes are limited. Thus, the effects 
of different branches of sports on foot structure have 
not yet fully been understood. Therefore, a study with a 
population of athletes may provide information regarding 
age and gender-related differences and help to determine 
the effect of sports participation on the foot structure. 

Consequently, the objective of this study was to 
investigate the effects of different branches of sports on 
the structure of the foot in amateur athletes. 

We hypothesized that amateur athletes who participate 
in various sports are more likely to have structural foot 
disorders due to repetitive mechanical loads on the foot.

Materials and Methods
Participants
The study included a total of 2013 amateur athletes 

(1301 males, 712 females) who regularly participated in 
sports for a minimum of three years and who exercised 
at least three days a week. Individuals with foot 
disorders, open wounds, any co-existent musculoskeletal 
pathologies, concurrent use of in-shoe orthotics or a 
previous spinal/lower limb surgery were excluded. 
Demographic data of the participants including age, 
gender, years active in sport and branch of sports were 
recorded. Of the participants, 603 were wrestlers (536 
males, 67 females), 259 were soccer players (133 males, 
126 females), 146 were swimmers (98 males, 48 females), 
146 were handball players (65 males, 81 females), 137 
were boxers (114 males, 23 females), 125 were judo 
players (72 males, 53 females) and 56 were race-walkers 
(32 males, 24 females) (Table 1).

Research Design
Many methods have been used, such as the measurement 

of height loss in the medial longitudinal arch have been 
used in classification [22], the toe raise ‘Jack’ test or the 
Hubscher maneuver are most commonly used for the 
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classification of the flat foot as ‘flexible’ or ‘rigid’ [23]. 
The footprint method, the second most common technique, 
calculates the ratio between the narrowest width of the 
foot arch and the widest width of the heel region [4, 6]. 
The use of a podoscope devise have made measurements 
and evaluation of the footprint more accurate and quicker 
to perform. This method accurately identifies pressure 
problems and is capable of offering visual information on 
disorders such as flat foot, high arch, excessive pronation, 
early detection of hallux valgus, hammertoes, etc. [24]. 
Compared with other devices, a podoscope also carries 
the advantage of increased visibility of the foot since the 
pressure point information is fused with the rest of the 
plantar surface [24]. Therefore, in the current study the 
relationship between the sole and the stepped-on surface 
was assessed using a podoscope (Chinesport S.p.a., Udine, 
Italy). In this method, the person stands stable on a glass 
surface and the image of the foot is reflected onto a mirror 
beneath it. The image is then recorded on the computer 
and the planimetric index values calculated with supreme 
precision to determine whether the foot arch is normal, 

cavus or flat [3, 6, 24].
Informed consent was obtained from all participants 

and the study was approved by the Ethical Committee of 
Inonu University. All pre-measurement conditions such as 
the time spent between taking the shoes off and starting 
the test, the hardness of the surface stood on barefoot and 
the temperature of the test platform were identical for all 
participants. After thoroughly cleaning their soles with 
alcohol, the participants were asked to stand still in an 
upright normal orthostatic position on the podoscope and 
distribute their body weights equally on both feet. Their 
heads were positioned to look straight forward according 
to the Frankfurt plane. 

The obtained image of the sole was analyzed using the 
Global Postural System/PODATA software. Generally, 
Staheli’s plantar arch index (SI), Clarke’s angle (CA) and 
the Chippaux-Smirak index (CSI) are used in analyzing 
the footprints. In our study, the structure of the sole was 
assessed using the highly valid SI [25]. The SI is the ratio 
obtained by dividing the narrowest width of the central 
foot to the widest width of the heel region (Fig. 1). The 

Table 1. Demographic data of the participants.

Variable f %

Gender
Male 1,301 64.6
Female 712 35.4
Total 2,013 100
Branch of sports
Wrestling (Freestyle) 327 16.2
Wrestling (Greco-Roman) 276 13.7
Soccer 259 12.9
Taekwondo 247 12.3
Volleyball 160 7.9
Handball 146 7.3
Swimming 146 7.3
Boxing 137 6.8
Basketball 134 6.7
Judo 125 6.2
Race-walking 56 2.8
Total 2,013 100
Age range
14-18 589 29.3
19-24 996 49.5
25-29 293 14.6
30 and over 135 6.7
Total 2,013 100
Participation in sports
3-5 years 441 21.9
6-8 years 882 43.8
9-11 years 294 14.6
12-14 years 212 10.5
15 years and over 184 9.1
Total 2,013 100
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range between 0.50 and 0.70 was considered normal, 
whereas a ratio of over 0.70 was accepted as pes planus 
[4].

Fig. 1.  The footprint method.

Fig. 2. Schematic representation of the regions of 
measurement in the calculation of the Staheli index 
(SI=a/b; a: the narrowest width of the central foot, b: 
widest width of the heel region). 

Statistical Analysis
As the data did not show a normal distribution 

according to the Shapiro-Wilk test, non-parametric tests 
were applied. Associations between characteristics of the 
participants and prevalence of flat foot were analyzed 
using the chi-square test. All data were analyzed using 
the “ IBM SPSS Statistics for Windows, (Version 21.0. 
Armonk, NY: IBM Corp.)” The level of significance was 
accepted as p<0.05.

Results
Demographic characteristics of the participants are 

presented in Table 1. The prevalence of flat foot was 
7.5% in the 14-18 age range group, 12.9% in the 19-24 
age range group, 16.2% in the 25-29 age range group and 
19.1% in the 30 years and above age group. The results 
of the chi-square test revealed a significant relationship 
between the athletes’ age and the prevalence of flat foot 
(χ2

(3)=3.133, p<.05). In other words, the prevalence of flat 
foot increased as the age of the athletes increased (Table 
2).

The prevalence of flat foot was 6.3% among the 
athletes who participated in sports for 3 to 5 years, 12.2% 
among those who participated in sports for 6 to 8 years, 
15.6% among those who participated in sports for 9 to 11 
years, 17.9% among those who participated in sports for 
12 to 14 years and 20.1% among those who participated 
in sports for 15 years or more. Based on the results of 
the chi-square test, there was a significant relationship 
between the number of years the athletes participated in 
sports and the prevalence of flat foot (χ2

(2)=6.042, p<.05). 
The prevalence of flat foot increased as the years spent in 
sports increased (Table 3).

The prevalence of flat foot based on gender was 11.7% 
among female athletes and 13.4% among male athletes 
(Table 4). No statistically significant relationship was 
found between the athletes’ gender and the prevalence of 
flat foot (χ2

(1)= .056, p>.05), that is, the gender variable 
had no impact on the prevalence of flat foot (Table 4). 

The prevalences of flat foot based on the branch of 
sports were as followings: 22% among freestyle wrestlers, 
18% among Greco-Roman style wrestlers, 19% among 
judo players, 16% among boxers, 13% among taekwondo 
and handball players, 12% among swimmers, 9% among 
basketball players, 7% among volleyball players and 6% 
among soccer players. No flat foot was detected among 
race-walkers. A statistically significant relationship 
was established between the branch of sports and the 
prevalence of flat foot (χ2

(1)=13.342, p<.05) (Table 5).

Discussion
This study was performed to determine the effects of 

different branches of sports on the structure of the foot 
in amateur athletes. The results of the study support our 
hypothesis that the prevalence of flat foot among amateur 
athletes is associated with age, time spent participating in 
sports and the branch of sport, but not with gender.  

It is well known that structural deformities in the foot 
have adverse effects on the physical and mental state of 
individuals [26]. Athletic activities, whether amateur or 
professional, bear a tremendous physical burden on the 
locomotor system of athletes [27]. Studies have shown 
that intensive training begun at early ages, especially in 
performance sports, caused significant changes in the 
postures of the athletes since the musculoskeletal system 
has not sufficiently matured [27, 28]. Despite the lack of 
consensus on the prevalence of flat foot, some authors 
suggested that the prevalence of flat foot decreased by age 
[29, 30]. Wojtys et al. [28] reported negative effects caused 
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by intensive training begun at early ages on the structure 
of the foot, whereas Aydog et al. [27] stated that intensive 
training of gymnasts from early ages on had no negative 
effects on the structure of their foot and associated this 
with the exercises that strengthen and flex the muscles in 
the foot. Similarly, Kuo and Liu [31] stated that there was 
no age-related variation in the structure of the foot.   

However, Redmond et al.’s study revealed a u-shaped 

relationship between the age and structure of the foot 
since individuals aged over 60 years or under 18 years of 
age had a tendency toward a more pronated foot posture 
[32]. Some other studies [25, 32, 33] also found that the 
structure of the foot varies with age. Therefore, age might 
be a confounding factor on the prevalence of flat foot in 
athletes. Sport-specific training and repetitive movements 
have been reported to have an impact on the structure of 

Table 2. Prevalence of flat foot based on age.

Age
Presence of Flat Foot

Total
None Yes

14-18 years
n 545 44 589
% 92.5 7.5 100

19-24 years
n 869 127 996
% 87.1 12.9 100

25-29 years
n 237 56 293
% 83.8 16.2 100

30 years and over 
n 105 30 135
% 80.9 19.1 100

Total
n 1,756 257 2,013
% 87.2 12.8 100

χ2
(3)=3.133, p=.046  

Table 3. Prevalence of flat foot based on the years spent in sports. 

Age
Presence of Flat Foot

Total
None Yes

3-5 years
n 413 28 441
% 93.7 6.3 100

6-8 years
n 774 108 882
% 87.8 12.2 100

9-11 years
n 248 46 294
% 84.4 15.6 100

12-14 years
n 174 38 212
% 82.1 17.9 100

15 years and over
n 147 37 184
% 79.9 20.1 100

Total
n 1,756 257 2,013
% 87.2 12.8 100

χ2
(2)=6.042, p=.042

Table 4. Prevalence of flat foot based on gender.

Gender
Presence of Flat Foot

Total
None Yes

Female
n 629 83 712
% 88.3 11.7 100

Male
n 1,127 174 1,301
% 86.6 13.4 100

Total
n 1,756 257 2,013
% 87.2 12.8 100

χ2
(1)=.056, p=.864
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the foot and to cause substandard height of the transverse 
arch among soccer and tennis players and flat foot among 
runners and alpine skiers [34]. In other words, as the years 
spent playing these sports and as the age of the athletes 
increases, the prevalence of flat foot increases as well. 
Incorrect or extreme loadings or trainings exert excessive 
and unbalanced forces on the foot [16], resulting in the 
weakening or strain of the muscles, tendons and ligaments 
in the lower extremities and thus leading to structural 
deformities on the foot [29]. Our findings were similar 
with those studies. We thought that exposure to repetitive 
mechanical loading over time and using inappropriate 
sports shoes may cause a gradual decrease in tension of 
the supporting ligaments and also increase joint laxity 
that results in flat foot. Because of the inconsistent results 
reported in previous studies, the degree of mechanical 
loading in various sports branches on the foot posture 
should be investigated in detail.

While some authors suggested the importance of 
gender on the prevalence of flat foot [25, 33], others [35, 
36] could not establish a significant relationship between
the gender and prevalence of flat foot. Our study results 
did not determine a relationship between gender and flat 
foot and were in line with these studies. The results of 
our study were not consistent with the study conducted by 
Frey [37] and Hashimoto et al. [38]. Both authors reported 

that women had flatter feet than men. On the other hand, 
Staheli et al. [25] indicated that males have flatter feet 
than females. The inconsistencies between these studies 
and our study may be due to the age, ethnicity and cultural 
differences of the participants and the differences between 
the measurement and categorization methods of flat foot.

The higher prevalence of flat foot among freestyle 
wrestlers in comparison to Greco-Roman performers was 
another finding of our study. It was interesting to find out 
that although the wrestlers performed various exercises to 
strengthen their foot and leg muscles, they had the highest 
prevalence of flatfoot among the athletes studied. We 
relate this to the sole of wrestling shoes. We believe this 
may be due to the fact that, the inclination between the 
heel and the toe of wrestling shoes is almost the same level 
and the insole has no orthopedic arch. Tying the shoelaces 
tightly around the ankles may also be another reason for 
flat foot since this causes pressure on the Achilles’ tendon 
thus resulting in straining of the muscles in the lower leg 
and poor functionality of the tibialis posterior muscle [39, 
40]. In addition, the deformities may have been caused 
by excessive loadbearing on the inner edge of the foot to 
balance the forward-shifted center of gravity due to the 
wrestlers’ stance. Furthermore, during the pressing and 
pulling from the opponent, the body weight of the wrestler 
pushes the talus vertically toward the ground with a greater 

Table 5. Prevalence of flat foot according to the branch of sports.

Branch of sports
Presence of Flat Foot

Total
None Yes

Wrestling (Freestyle)
n 223 71 327
% 68 22 100

Wrestling (Greco-Roman)
n 227 49 276
% 82 18 100

Soccer
n 244 15 259
% 94 6 100

Taekwondo
n 215 32 247
% 87 13 100

Volleyball
n 149 11 160
% 93 7 100

Handball
n 128 18 146
% 87 13 100

Swimming
n 129 17 146
% 88 12 100

Boxing
n 115 22 137
% 84 16 100

Basketball
n 122 12 134
% 91 9 100

Judo
n 102 23 125
% 81 19 100

Race-walking
n 56 0 56
% 100 0 100

Total
n 1,756 257 2,013
% 87.2 12.8 100

χ2
(1)=13.342, p=0.44
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force, limiting the ability of the soft tissues and the joint 
to resist such stress and thus inferiorly displacing the talus 
and causing flat foot [41]. This situation is thought to lead 
to misalignment of the lower extremities, changes in the 
traction angles of the muscles and pathological loading on 
the lower extremities that in turn cause pain.

Considering that some athletes, such as judo and 
taekwondo players, do not wear shoes, flat foot and other 
postural deformities in these athletes may be associated 
with performing the sport on non-standard tatami mats or 
polyurethane floors with varying hardness. Mat or floor 
stiffness also deteriorates in time due to repetitive low or 
high-impact loads. All of these factors cause excessive 
load-bearing on the inner edge of the foot and results in 
flat foot. 

Another interesting finding of our study was the 
prevalence of flat foot in swimmers. Although flat foot 
may be a problem and disadvantage for athletes who are 
involved in land sports, it is actually an advantage for 
swimming. As the foot is plantar flexed, it provides a 
larger surface area and creates high hydrodynamic forces 
which act mostly in the vertical direction on the water and 
reduce the effort required to swim and boost the speed 
of the swimmer by minimizing the drag [42]. We thought 
that swimming did not cause flat foot since there was 
no pressure put on the sole of the foot. On the contrary, 
individuals with flat foot tended towards swimming as 
they moved more comfortable and easily in the water 
than in land activities. For this reason, we may have 
encountered flat feet swimmers in our study.

In conclusion, the training regimes may be a reason 
for feet deformities in some sports. Furthermore, based 
on the results of our study, we can assert that age, time 
spent participating in sports and the branch of sport have 

an impact on the higher prevalence of flat foot among the 
competitive amateur athletes.

Recommendations
In light of our findings, we strongly recommend 

the modification of training programs, redesigning of 
wrestling and boxing shoes in particular and using shoes 
with arch support in warm-ups, runs and in branch-
specific educational and athletic activities and competition 
shoes in branch-specific trainings and competitions for 
a healthy foot structure. As no shoes are worn in judo 
and taekwondo, producing the training and competition 
floors with standard materials that would protect the foot 
structure and appropriate shoe design would be the right 
approach.

Further detailed investigation of the subject in 
multidisciplinary studies is advised. Finally, in order 
to avoid a possible discomfort or anatomical disorder 
in structure of the foot, we recommend adding special 
exercises that strengthen the muscles, tendons and 
ligaments to routine training programs. 
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