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Introduction

wimming is a popular physical activity

and is considered a part of life skills [1].

Swimming ranks first among the other

10 activities conducted in the spare time

of Africa, the United States, the Eastern
Mediterranean, Europe, Southeast Asia, and the Western
Pacific [2]. In Malaysia, swimming is a relaxing work-
out. More emphasis is placed on frequency and hours of
training in the pool rather than the anatomy and biome-
chanics of the human body, which significantly affects
the swimmers’ performance [3]. There are four main
competitive strokes: Freestyle, breaststroke, backstroke,
and butterfly, and the combination of all these strokes
is called the individual medley [4]. A successful swim-
mer typically spends several years competing in impor-
tant junior and senior events; however, little data ex-
ists on changes in performance over time [5]. A study
among Portuguese swimmers reported the proportion
of arms and leg work in men’s performance was 70.3%
and 29.7%, respectively. In comparison, women’s per-
formance was 66.6% and 33.4% in a 50 m front crawl
sprint. In addition, women use their legs more than men
in short-distance swimming [6]. Partial swimming in
the pool is part of strength training for the legs using
the swim board. In swimming, better swimmers should
minimize arm-rowing, focus on the correct kicks, elimi-
nate upper body movements, and place hands close to
their bodies underwater. Swimmers with incorrect kick-
ing techniques, such as a kick done only from the knee
or a kick with almost straight legs, are forced to engage
the core of their body and transfer the entire kick from
the hips in the vertical position [7]. A study reported the
lower leg’s contribution was 37.3%+4.1% in swimming
compared with the upper limb’s 62.7%=+5.1%, highlight-
ing the importance of lower leg strength assessments [8].
In addition, a study showed a significant correlation be-
tween 50 m swim and 22.86 m kick time (r=0.790) in
front crawl swimming [9].

A study showed that runners with low foot arches are
more prone to soft-tissue injuries, whereas runners with
high foot arches are more likely to face bony injuries
[10]. The longitudinal and transverse arch were worse
amongst swimmers than in other competitive sports,
such as volleyball and basketball players. Human feet
consist of 26 bones with muscles, tendons, and liga-
ments involved, and they are subdivided into the hind
foot, the midfoot, and the forefoot [11]. Metatarsal bones
provide stability, while phalanges help stabilize and sup-
port the body posture in the stance phase [12]. The height
of the foot’s medial longitudinal arch (MLA) is another
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predisposing factor for injuries [10]. The foot types in a
clinical setting are identified using MLA as normal feet,
low-arched feet, and high-arched feet. From a clinical
perspective, MLA is the prominent arch that defines the
supination or pronation of the foot [13, 14].

Pronated or low-arched feet are more flexible than nor-
mal feet, indicating that lower-arched feet are less stiff
and flexible than supinated or high-arched feet [15].
Strength, speed, agility, and balance, however, they vary
depending on the type of foot. The study among 14 to
17-year-old female participants reported that flat-footers
were significantly better in agility tests, but normal-
footers were better in speed and static balance [16]. In
contrast, school children aged 11 and 12 with normal
arches showed significantly better results in explosive
strength on land. In contrast, children with flat feet had
considerably better results when performing the speed
running test [17]. Similarly, a study investigating explo-
sive strength in younger age groups from 10-20 years
showed no significant difference between flat feet and
normal feet types [18]. Further, the study reported that
the lower arch produced greater muscle strength than the
high arch among adults, which may be due to adapta-
tions in supporting the body weight and acting as a shock
absorber [19]. Despite research on other variables, such
as agility, strength, flexibility, and running speed on dif-
ferent foot types, there is a lack of research on different
foot types for swimmers with kicking speed. Thus, this
study compares flutter kicking speed among competitive
swimmers with flat and normal feet.

Materials and Methods
Study participants

This study was conducted at Pusat Akuatik Darul
Ehsan, Shah Alam, Selangor, Malaysia, a training arena
for competitive swimmers. A total of 85 male and female
participants were enrolled from August 2019 to October
2019 via purposive sampling using a cross-sectional re-
search design. The inclusion criteria were as follows: 1)
Swimming competitively for at least four years; 2) Being
in the age range of 13 to 19 years; 3) Being healthy with
no medical conditions; and 4) Having a navicular drop
test (NDT) score confirming both feet having the same
foot type. The participants with ongoing lower leg inju-
ries, on medication, or had limb disability were excluded.
An information sheet was provided, and informed con-
sent was obtained from all the participants. Parents and
coaches provided signed consent for participants under
18 years of age. The participants’ swimming career and
training involvement were scrutinized from demograph-
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Figure 1. Research flow chart

ic data. The foot type of the participants was assessed
by the NDT and categorized as flat foot (group A) and
normal foot (group B) based on NDT scores (Figure 1).

Outcome measures
Navicular drop test

The participant’s foot type and eligibility were mea-
sured using NDT [20, 21]. The reliability of NDT has
an intra-class correlation coefficient of 0.83-0.95 [22].
NDT was conducted on both feet as healthy participants
stood in an upright standing position with both feet flat
on the ground. The relaxed and weight-bearing stand-
ing foot assessments represent the displacement of the
navicular tuberosity from the neutral foot position in the
sagittal plane. The navicular bone was palpated about
the medial malleolus to mark the navicular tuberosity.

January 2024, Volume 18, Number 1

JMR

An “x” was drawn over the most prominent aspect of
the navicular tuberosity using a marker pen before the
measurement. The participants were instructed to bear
weight mostly toward the opposite side of the measure-
ment leg but with foot-ground contact (Figure 2a). Then,
the talus was returned to a neutral position, and the dis-
tance from the navicular tuberosity “x” to the ground
was measured as distance 1 (D1) using a measuring tape.
A subtalar neutral position was achieved when both the
medial and lateral sides of the ankle had an equal talar
depression. Next, the participants were instructed to bear
equal weight on both feet and repeat the measurement as
distance 2 (D2). Each foot was measured three times,
and an average measurement was calculated. NDT val-
ues were calculated as D1-D2=Dx. The measurements
were recorded in mm.

JMR

Figure 2. a) Navicular drop test measurement, b) Starting position for 50 m flutter kick speed test, c) Execution of 50 m flutter

kick test with foot action
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50 meter flutter kicking test

The 50 m flutter kicking test was conducted for each
participant with a foot kick for a distance of 50 m across
an Olympic-sized pool using a kicking board that was
provided. Each participant was instructed to start the
kick test with two hands on the board (Figure 2 b). The
pool water temperature was standardized at 27°C to
28°C. Following NDT, the participants’ kicking speeds
were calculated by recording the time to reach 50 m in
the flutter-kicking test. The participants were alone in
the pool while conducting the 50 m front crawl flutter-
kicking test, with no other swimmers in the lane or sur-
rounding lanes, to reduce drafting and pacing influences,
which increase the drag force. A warm-up was provided
at the start of the testing session. The test was standard-
ized by providing the kicking board for each participant
with instructions to start the kicking test with two hands
on the board. The participants were instructed to kick as
fast as they could. Cues, such as “take your mark; go!”
were given to start the testing (Figure 2¢). The time taken
for each participant to complete the 50 m freestyle kick-
ing test was recorded using a stopwatch.

Study statistics

The collected data was analyzed using the IBM SPSS
statistics software, version 26. The Shapiro-Wilk test
established the normality of the collected data, and the
data followed the normal distribution where P>0.05. De-
scriptive statistics was applied for the demographic data,
and differences between the groups were analyzed using
the independent t-test with P<0.05 as significant. The ef-
fect size was calculated using the Cohen d coefficient
(0.2="small” effect size, 0.5="“medium” effect size, and
0.8="large” effect size) [23, 24]. The sample size was
estimated as 84 participants using priori G'Power cal-
culation with an effect size of 0.80, two-tailed a=0.05 to
achieve a power of 95% [25].
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Results

Among the enrolled competitive swimmers, only 78
participants met the inclusion criteria with the mean age
range of 15.26+1.92 years. A total of 7 participants were
excluded as presented with unilateral flat feet (n=5) and
had not been involved in competitive swimming for
more than 4 years (n=2). The participants’ demographic
data demonstrated that increasing age in group A was
observed to have a decrease in the flatfoot appearance
among competitive swimmers. Further, the male swim-
mers had 65.8% flat feet and 52.5% had normal feet,
whereas female swimmers had 34.2% flat feet and
47.5% had normal feet (Table 1).

The participants with NDT values >10 mm were
grouped into flat-foot swimmers (n=38), and the partici-
pants with NDT values <10 mm were grouped as nor-
mal-foot swimmers (n=40), as shown in Figure 1. The
obtained results on the independent t-test indicate that
flat-footed swimmers (43.47+5.56 m/s) kick faster than
normal-footed swimmers (46.34+£5.81 m/s), t (74)=-
2.20, P=0.03, d=0.50. Figure 3 depicts a bar graph rep-
resenting the mean values (s) of the participants’ kicking
speeds during the 50 m flutter kicking test.

Discussion

This study compared the flutter kicking speed among
competitive swimmers with different foot types. The
findings based on the independent t-test in the present
study demonstrate significant differences in the kicking
speed between flat feet and normal feet among competi-
tive swimmers. The demographic data (Table 1) shows
that most male swimmers have flat feet compared to fe-
male swimmers. Similarly, previous studies reported that
male participants were predominantly found to have flat
feet, consistent with the current findings [26, 27]. Our
data also supports the earlier findings of increasing age

Kicking speed

Normal foot

Flat foot

2 43

4

43.47

44

46.34

45 46 47

Average Time(s)

Figure 3. The time taken by participants during 50 m flutter kicking test
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Table 1. Demographics characteristics

January 2024, Volume 18, Number 1

Mean1SD/No. (%)

Variables
Flat Foot (n=40) Normal Foot (n=38)
Age (y) 15.18+2.01 15.33+1.86
13 11(28.9) 6(15)
14 6(15.8) 10(25)
15 6(15.8) 10(25)
Age (y) 16 5(13.2) 3(7.5)
17 3(7.9) 5(12.5)
18 4(10.5) 2(5)
19 3(7.9) 4(10)
Male 25(65.80) 21(52.50)
Gender
Female 13(34.20) 19(47.50)
Underweight 6(15.8) 11(27.5)
Normal 26(68.4) 27(67.5)
Body mass index
Overweight 3(7.9) 2(5)
Obese 3(7.9) -
1-2 times/week - -
3-4 times/week 10(26.3) 8(20)
Swimming frequency
5-6 times/week 20(52.6) 25(62.5)
>6 times/week 8(21.1) 7(17.5)
<lh - -
2-3h 38(100) 40(100)
4-5h - =
>6h = -
Hours of swimming in a day Swimming competitively
<4 years - =
4-6 years 19(50) 26(65)
7-9 years 14(36.8) 14(35)
>10 years 5(13.2) -
School/Club - -
State 21(55.3) 27(67.5)
Level of participation
National 11(28.9) 9(22.5)
International 6(15.8) 4(10)
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with a decrease in the flatfoot appearance [26]. To iden-
tify the best swimmers, the flutter kicking test was the
common test applied, and in addition, classifying the
foot types, such as flat feet, may be the contributory fac-
tor of the swimmers’ performance [28, 29]. Further, a
study among young male swimmers firmly states that
biomechanical factors and muscle strength influence
the swimmers’ crawling speed than the anthropometri-
cal factors [30]. In the current study, swimmers with flat
feet require shorter time compared with normal feet be-
cause low arch feet or flat feet have advantages in hav-
ing greater muscle strength, which influences the pro-
pulsion speed during flutter kicking in swimming [19,
31]. Studies conducted on runners found that flat-footers
have better agility and speed performance than normal-
footers [16, 17]. Besides, studies report that ankle flex-
ibility influences kicking speed, which improves swim-
ming performance [9, 32]. Hence, swimmers with flat
feet affect the propulsion of flutter kicking speed, which
contributes to improved performance. However, the flat
foot was further known to increase the risk of injury [10].
Furthermore, the study on flat feet among runners found
that they have patella femoral pain syndrome in the knee
joint, which may be a disadvantage for swimmers during
general physical conditioning [33].

Some methodological limitations in this study should
be addressed. The recruited number of participants did
not meet the estimated G*Power sample size calculation;
therefore, future studies need to be conducted with a larg-
er sample size. Using a stopwatch to assess swimming
performance may affect its test accuracy, whereas elec-
tronic timing systems should be used in future investi-
gations. Future studies should also investigate the swim-
mers’ flutter kicking rate, lower limb strength, foot size,
and various swimming styles and force characteristics.
Furthermore, the participants in the flat foot and normal
foot groups were not matched in terms of demographic
properties, and the level of participation in swimming
may have affected the findings in this present study.

Conclusion

The study reported that competitive swimmers with
flat feet have an advantage in kicking speed. The authors
suggest that the current study would provide information
on the advantages of flat feet in kicking speed to physio-
therapists, bio-mechanists, and other health profession-
als involved in foot type evaluation, as well as for the
swimming coaches.
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