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Abstract
Background: While the roles of injury prevention and performance enhancement have increasingly been
investigated for badminton footwear, there is a lack of research on gender-speci�c badminton footwear.
The purpose of this study was to examine the gender differences in footwear demands and foot injuries
in badminton.

Methods: A supervised questionnaire survey of 326 recreational badminton players was collected. The
questionnaire was divided into four sections enquiring about the characteristics of (1) participant pro�les,
(2) importance of shoe properties (3) shoe complaints. (4) and pain or discomfort in different foot
regions. The Mann-Whitney U test and Wilcoxon Signed Ranks test were performed to determine the
differences between genders and the differences between leg dominance, respectively. The signi�cance
level was set at 0.05.

Results: Both males and females rated shoe �t as the most important features, followed by overall
comfort, and injury protection. Females considered forefoot cushioning, comfort, breathability and color
as the more important compared with other properties, which showed distinct pattern differences from
males. The shoe problem results indicated that plantar pain of the non-dominant foot was considered the
most commonly reported footwear problem by both males and females. The problem of excessive arch-
support on the dominant and non-dominant sides of male participants was signi�cantly higher than
females (p < 0.05). Occasional pain or frequent pain were mainly distributed in the forefoot, followed by
the rearfoot and midfoot regions.

Conclusion: There were small differences in footwear demand between the dominant and non-dominant
sides, but several differences existed between females and males. The results from gender differences
suggested that female speci�c shoes prefer a speci�c better �t, rather than a modi�ed version of male
shoes. In the future, the design of badminton shoes should consider footwear demands and foot
discomfort pro�les in respective male and female badminton players. 

1 Introduction
Badminton is one of the most popular recreational sports worldwide. It requires athletes to maintain high-
intensity exercises and rapid changes of direction. In a badminton competition, athletes intermittently
perform repetitive strenuous movements including rapid acceleration and turning, sidestepping, cross-
overstepping, lunging, jumping, high clear and smash, which exert high strains on the lower extremities
and functional characteristics in the sport, because they act as the interface between the foot and
ground. It is known that modi�cation of shoe construction (e.g., midsole material, heel cup height, heel to
toe drop) can induce a kinematic and kinetics adaption, which in�uences sport performance and
potential injury risks in various sports [1][2][3]For instance, better shoe cushioning is related to better
impact attenuation [4–6]; increased shoe bending stiffness is related to improve jumping, sprint and
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agility performances [5, 6]. Matching footwear requirements with movement characteristics is bene�cial
to improve footwear development.

Biomechanical research of badminton sneakers typically focus on kinematic [4] and kinetic [5] variables
associated with performances injuries in badminton. Highspeed cameras and force platforms are usually
used to quantify movement characteristics and joint loading. However, these would cost enormous
�nancial and human resources. In contrast, retrospective studies in hospital clinics tend to underestimate
the incidence and types of injuries [7] because injured amateur players often do not seek medical help,
especially in the case of minor injuries (e.g., blisters, ankle sprain). Morever, retrospective studies employ
personal interviews and structured questionnaires [8] can allow researchers to gather a vast amount of
data using reasonable human and �nancial resources. In addition to performance and injury, Llana et al.
[9] raised the issue of the comfort of sport shoes. These fundamentals can be used in the design and
development process of athletic shoes to improve shoe quality and speci�c function.

Footwear structural features have the potential to affect comfort and athletic performances [10]. Sport
shoe characteristics for running, gym, football, basketball, and tennis have been previously studied using
questionnaires [1, 11–14], but information for badminton has not been established. Movement
mechanics and loading characteristics in badminton are clearly different from running and other court
sports, resulting in distinct requirements of footwear. So far, there is a lack of study on gender-speci�c
badminton shoes. Compared to males, a lower maximal stiffness and higher elasticity within the heel pad
have been noted in females [15]. Additionally, young males have signi�cantly increased midfoot fat pad
thickness compared to young females[16]. Furthermore, a recent study by Tas and colleagues showed
males have a signi�cantly larger plantar fascia and heel fat pad thickness compared with females [17].
Several papers show that female feet were not just a scaled down version of male feet [18, 19] female
feet were characterized by a higher arch, shallower �rst toe, shorter length of the outside ball and smaller
instep circumference. Other etiological factors, including hip Q-angle, foot shape, body mass, muscle
strength, and joint laxity, are different between genders [13], which results in distinct biomechanical
alternations and thereby footwear requirements between male and females [11], when selecting
badminton shoes.

The functional requirements of a shoe are multifaceted. While the foot is the only interface of the human
body in contact with the ground, function-al constructions for good control, ground support, grip ability
and agility are suggested to improve sports performance [20]. Inappropriate shoes and shoe �tting can
cause several foot problems [21], such as blisters, squeezed toes, and soft tissue bruises [20]. The
function of badminton shoes is aimed at minimizing the injury risks [22] whilst maximizing sports
performance and comfort. Typically, badminton movements are highly asymmetrical with clear
functional differences between the dominant and non-dominant legs. Hence, the purpose of this study
was to examine the gender differences in footwear demands and foot injuries in badminton using a
supervised questionnaire method. The results from this study can help to understand and collate
badminton footwear requirements and foot pain mechanisms to provide insights of footwear feature
recommendations and footwear development.
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2 Methods

2.1 Participants
A total of 326 recreational badminton players completed the supervised questionnaire. All of the
respondents were recruited from recreational competition events held in Beijing, China in October 2019.
All respondents were above 18 years old and reported no previous lower limb surgery or neurological
injury. Details of participant numbers are listed in Table 1. All respondents provided their informed
consent and participated on a voluntary basis.

2.2 Data collection
The Supervised custom questionnaire was completed by participants under supervision of trained
experimenters, who provided guidance and supervision to ensure the validity of the data. The
questionnaire was categorized into four sections: (1) participant pro�le, (2) importance of shoe properties
(3) shoe complaints. (4) pain or discomfort in different foot regions.

In section one, participant pro�les regarding gender, age, height and weight were obtained. Section two
and three required respondents to indicate subjects rating on the importance of shoe properties and shoe
complaints, respectively. In section two, the importance of shoe properties was selected as the common
shoe requirements during gameplays, which was established based on previous studies on footwear
properties in running, basketball and gym training [11, 12, 15, 23]. The assessed variables were overall
evaluation of shoe, heel cushioning, forefoot cushioning, arch support, forefoot bending stiffness,
traction/grip, durability, and stability. All respondents indicated their preferences on the 9-point Likert
scale (1-extremely unimportant, 2-very unimportant, 3-unimportant, 4-somewhat unimportant, 5-neutral, 6-
somewhat important, 7-important, 8very important, 9extremely important).

In section three, the footwear complaint was de�ned as any footwear problems encountered in
badminton, including poor breathability, blisters, loose shoelaces, poor insole grip, forefoot squeezing
toes (media-lateral), forefoot squeezing toes (dorsal), forefoot upper too hard, forefoot sole too hard
(plantar pain), forefoot sole too soft (instability/sprain ankle), heel cup too soft (instability/sprain ankle),
insu�cient arch support, and excessive arch support. All of the shoe properties and footwear complaints
were extracted from previous studies on footwear comfort perception [3, 11, 23, 24] as well as advice
from badminton coaches. All respondents gave their rating on the 9pointLikert scale (1-extremely
comfortable, 2-very comfortable, 3-comfortable, 4-somewhat comfortable, 5-neutral, 6-somewhat
uncomfortable, 7-uncomfortable, 8-very uncomfortable, 9-extremely uncomfortable). The Likert scale has
a good reliability and validity to measure subjective perception [25, 26].

In section four, respondents were asked to indicate any pain or discomfort at 12foot regions (Fig. 1),
including hallux, other four toes, �rst metatarsophalangeal (MTP), second-�fth MTP, cuneiform bone,
cuboid bone, navicular bone, talus, heel, soft tissues of the foot, arch, and Achilles’ tendon, as described
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in previous studies [27][28]. The degree of pain/discomfort was assessed by 3-point Likert scale (never
pain, occasionally pain, and frequent pain) [29] for the dominant and non-dominant feet, respectively.

In addition, the subjective assessment was determined for respective dominant and non-dominant legs,
as badminton is considered as a highly asymmetrical sport that results in uneven loading and movement
characteristics. The more sensitive dominant side will be more suitable for athletes to used during
competition, which may lead to the larger discrepancy of the strength and movement characteristics
between dominant and non-dominant legs. Therefore, we also evaluated the requirements for footwear
and pain on the dominant and the non-dominant sides [30].

2.3 Data analysis
The date obtained were showed as means and standard deviations, and as frequencies. The gender
differences in all variables were analyzed using the Mann-Whitney U test, and the differences between the
dominant and non-dominant feet were analyzed using the Wilcoxon Signed Ranks Test. The signi�cance
level was set at P< 0.05. All statistical analyses were conducted using SPSS 21.0 (SPSS Inc., Chicago, IL,
USA).

3 Result

3.1 Importance of shoe properties
In Table 2, both males and females rated shoe �t as the most important variable, followed by shoe
comfort and injury protection. The Mann-Whitney U test showed signi�cant differences in the importance
of some shoe features between males and females. Females reported higher importance of forefoot
cushioning, comfort, breathability, color and upper durability than males (P=0.002, 0.032, 0.043, 0.049<
0.05).

Wilcoxon Signed Ranks Test was used to compare the importance of shoe characteristics between
dominant and non-dominant sides, respectively (Table 3). For males, heel cushioning and heel stability
were more important (P= 0.000, 0.010) but the upper durability were less important on the dominant side
(P= 0.002) compared with the non-dominant side. For females, forefoot cushioning on the dominant shoe
was signi�cantly more important than the non-dominant shoe (P= 0.019).

3.2 Shoe problems/complaints
Descriptive statistics showed that none of the shoe problems were extremely serious, but individual
differences were large (Table 4). By ranking the severity of shoe problems, sole too hard (plantar pain) of
non-dominant foot was considered as the most serious footwear problem by both males and females.
For males, the next ranking was the soles on the dominant soles, the sole on the dominant heel was too
hard, and the sole on the non-dominant heel was too hard. For females, the next shoe problem ranking
was squeezing toes (medial-lateral), forefoot upper, and sole too hard on the dominant foot (Table 4).
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The Mann-Whitney U test reported that the shoe problem of excessive arch support on both dominant and
non-dominant sides was signi�cantly higher in males than females (P=0.017, 0.018, Table 4). Wilcoxon
Signed Ranks test showed no signi�cant difference between dominant and non-dominant sides (Table 5).

3.3 Pain or discomfort in different foot regions.
The foot regions with occasional pain or frequent pain were distributed in the forefoot, followed by
rearfoot and midfoot regions (Table 6). The gender difference results showed that occasional pain in the
hallux on both dominant and non-dominant feet was more likely in females than males (P=0.017, 0.032).
On the other hand, the heel frequent pain on the dominant and non-dominant sides of males were
signi�cantly higher than that of females (P=0.009, 0.023). Similarly, the soft tissue of the foot on the
dominant side was signi�cantly higher in males than females (P=0.028).

4 Discussion
Badminton requires athletes to perform substantial explosive movements on joint loading [30][31], which
could be related to various extremely rapid and intense activities during the game [32]. The foot is
susceptible to considerable high level pressure, which increase the risks of potential foot injury [33].
Badminton shoes are clearly different from other sports shoes, and they must be functionally suitable for
the characteristics of badminton players [4]. The basic requirements of badminton footwear usually
focus on the soles, the weight and appearance [30], [34]. It is generally believed that the correct shoe
shape is obtained by matching shoe shape to foot shape [35]. Therefore, appreciation of the gender
differences in foot shape is essential to the proper design of both male and female footwear. [18].
However, it is still questionable if male and female athletes would demonstrate different footwear
requirements, foot complaints and foot injury locations, since there are considerable anthropometrical
and biomechanical differences between genders. The objective of this study was to investigate the shoe
requirements, shoe problems/complaints and pain locations in males and females using supervised
questionnaires. The results from this study can provide insights for badminton footwear development.

Our results showed that the �t and comfort of badminton shoes were recognized as the most important
shoe feature in both males and females. This is similar to previous research on running, soccer, gym,
basketball and tennis footwear, which also indicate �t and comfort as the most important shoe features
[1, 11–14]. Moreover, it has been shown that footwear comfort has signi�cant in�uences on lower limb
injuries and performances. In a prospective study involving 206 military personnel, the incidence of stress
fractures and pain was found to be reduced in a more comfortable shoe condition [36]. In another
research studing comfort during standing tasks, preferred footwear conditions were shown to result in the
lowest levels of lower extremity and back pain [37]. In addition to affecting injuries, it has been suggested
that footwear comfort is related to sport performances [37, 38]. Some studies have found signi�cant
improvements in running economy during the most comfortable shoe conditions [39].

Shoe �t is a prerequisite to shoe comfort as well as sports performance, fatigue and injury prevention [14,
40, 41]. Comfortable �t is also considered essential for shoe performance.[42–44]. Fit and comfort are
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closely related to shoe design. [45] Although shoe �t and comfort were ranked as important by both
genders, the higher importance of �t and comfort was found in female players. One possible explanation
is that females may have different foot shape, with wider forefoot and narrower heel, compared with
males [18, 19, 46]. However, most female sports shoes are scaled down versions of male shoes [46],
resulting in concerns on shoe �t. Another explanation is due to the higher hallux valgus angles found in
females than males [47–52], which would result in more sensitivity to shoe upper pressures exerted on
the hallux and therefore higher frequency of discomfort of the female hallux.

In our study, females reported importance for shoe color, dominant forefoot cushioning and upper
durability than the males, suggesting that colour should be considered in female footwear.
Biomechanically, the function of shoes is minimally affected by color. From the cognitive science
perspective, colour can in�uence human cognition, perception and behaviour, which may further impact
on motor performances [6, 53, 54][55]. The earliest study investigating the color of badminton shoes [56]
indicated that badminton shoes should concentrate on exciting colors (e.g., red) and material
combinations, which would help improve wearer’s sports performance perception.

Compared to males, females have a wider pelvis width, which is associated with greater genu valgus,
increased femoral anteversion, greater external tibial torsion and a greater Q-angle. Previous work has
shown that female athletes have higher knee injury rates than male athletes in many court sports such as
basketball and soccer [57], which is partly consistent with our survey results. Our female respondents
rated shoe cushioning as one of the important shoe features in badminton and the need for shoe
cushioning was more important in the dominant leg compared with the non-dominant leg to lower the
impact of the lower limbs during exercise. Since females have narrower heel and higher medial arch than
males [19], females prefer shoes with better upper �t and durability.

Based on our shoe problem/complaints �ndings, there were no gender differences found for the majority
of shoe problems/complaints in regular sports. Due to the different anatomical structures of male and
female feet, female arches are higher than males. Excessive arch support causes excessive ankle varus,
which is suggested to increase the risk of ankle sprain [58][59]. Subjectively, athletes exhibit differences in
perceived shoe stiffness based on mechanical properties. As a result, soft soles were more popular than
hard soles, and shoes with a stiffer forefoot were considered particularly uncomfortable for recreational
athletes, [60]. Our foot discomfort and pain results showed that the plantar region was the most
susceptible to discomfort or pain regardless of gender. Together with the �ndings from the “importance
of shoe properties” section, which showed a higher demand on fore-foot cushioning. Moreover, our
recreational badminton athletes complained of hard forefoot soles. In the future, forefoot cushioning
should be improved to minimize the risk potential of foot and lower limb injuries.

Several limitations need to be considered when interpreting our data. First, badminton athletes did not
wear the same shoes, which may result in different wearing experiences and footwear preferences.
Second, only recreational athletes and adult athletes were recruited for the study. Our results may not be
generalizable to athletes at elite or lower playing levels. Highly skilled athletes demonstrated larger lunge
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distance and landing angles as well as higher movement intensities, implying that different shoe
demands and foot pain/injury pro�les.

5 Conclusion
This study provided comprehensive information related to badminton shoe demands, shoe
problems/complaints, and discomfort locations in respective leg-dominance and genders. Good �t and
comfort are considered as the most important shoe features for badminton shoes. The differences
between dominant and non-dominant shoes were not obvious, while there were clear differences in shoe
feature demand between females and males. These �ndings suggest that female-speci�c shoes are
recommended for better shoe �t and comfort, as indicated by the anthropometrical differences between
genders.
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Tables
Table1 Study population by genders.
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Study population Male (n = 200) Female (n = 126)

Age (yr.) 30.9±11.8 33.18±12.1

Weight (kg) 72.9±12.5 57.97±9.5

Height (cm) 175.0±16.8 165.79±6.3

BMI (kg/m2)  23.3±3.4 21.3±2.7

Table 2 Importance of shoe properties between genders

D= dominant; ND= non-dominant. *Indicates a signi�cant difference, P< 0.05.
Table 3. Importance of shoe properties between dominant and non-dominant sides.
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*Indicates a signi�cant difference, P< 0.05.

Table 4 Shoe problems/complaints between genders

D= dominant; ND=non-dominant. *Indicates a signi�cant difference, P< 0.05.
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Table 5. Shoe problems/complaints between dominant and non-dominant sides.
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Table 6
Foot pain/ discomfort locations between genders.

Foot regions NP (%) OP (%) FP (%) P- values

male female male female male female Male vs. female

Hallux D 87.5 77 10 21.4 2.5 1.6 0.017*

ND 89 80.2 8 16.7 3 3.2 0.032*

Other toes D 93 87.3 6 11.9 1 0.8 0.088

ND 94 93.7 4.5 6.3 1.5 0 0.926

1st MTP D 76.5 76.2 21 20.6 2.5 3.2 0.747

ND 74.5 78.6 22.5 19 3 2.4 0.669

2nd -5th MTP D 84.5 81.7 14 15.1 1.5 3.2 0.484

ND 89 87.3 10.5 11.9 0.5 0.8 0.638

Cuneiform bone D 97.5 95.2 2.5 2.4 0 2.4 0.259

ND 96 95.2 2.5 4.8 0.5 0 0.418

Navicular bone D 98.5 99.2 1.5 0 0 0.8 0.58

ND 99.5 97.6 0.5 2.4 0 0 0.569

Talus D 95.5 90.5 4.5 8.7 0 0.8 0.07

ND 96.5 97.6 3.5 2.4 0 0 0.95

Cuboid bone D 100 99.2 0 0.8 0 0 0.208

ND 97.5 97.6 2 1.6 0.5 0.8 0.950

Heel D 70.5 84.1 23 9.5 6.5 6.3 0.009*

ND 77.5 88.1 16.5 6.3 6 5.6 0.023*

Soft tissues D 93 98.4 6.5 1.6 0.5 0 0.028*

ND 95 96.8 4.5 2.4 0.5 0.8 0.435

Arch D 96.5 96 3.5 2.4 0 1.6 0.807

ND 96 95.2 3 4 1 0.8 0.747

Achilles’ tendon D 99 94.8 1 1.6 0 0 0.640

ND 99.5 100 0.5 0 0 0 0.427

D = Dominant; ND =Non-dominant; NP= never pain, OP=occasional pain, FP= frequent pain; *indicates
a signi�cant difference, P< 0.05.
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Figures

Figure 1

Diagram of the foot regions (Left foot).

1-Hallux, 2-Other four toes, 3-First MTP, 4-2nd-5th MTP, 5-cuneiform bone, 6-navicular bone, 7-Talus, 8-
Cuboid bone, 9-Heel, 10-Soft tissues of the foot, 11-Arch, 12-Achilles’ tendon.


