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Research Paper: Comparison of Plantar Loading 
Characteristics During Two Fundamental Badminton 
Movements Between the Individuals With Cavovarus 
Foot Deformity and the Ones With Normal Foot

Purpose: Some deformities that increase the risk of injury including cavus foot are not correctable 
yet and can only be limited by prevention and taking care of external causes. The current study 
aimed at determining if foot type (cavus or normal) resulted in loading differences during badminton 
fundamental movements, considering the prevalence of cavovarus foot deformity and the important 
role of the foot in sports - especially the sports that suddenly impose forces with different speeds on 
foot.

Methods: Twenty healthy subjects (10 cases with normal feet and 10 with high arch feet) completed 
5 trials in each condition, while in-shoe pressure data were collected at 100 Hz. Peak pressure and 
mean pressure were analyzed among the subjects in 5 major anatomical regions of the foot using the 
independent t test in SPSS version 20. Foot type was determined by foot posture index (FPI) (α<0.05).

Results: Results showed that plantar loading characteristics were different in individuals with 
cavovarus foot deformity and the ones with normal feet. During the forward-right lunge, individuals 
with cavovarus foot deformity demonstrated a decrease in medial midfoot (P=0.001), lateral midfoot 
(P=0.040), peak pressure, toes mean pressure (P=0.036), and showed increased mean (P=0.800) 
and peak pressure (P=0.279) in heel region, but the decrease was not statistically significant. During 
the forward-left lunge, individuals with cavovarus foot deformity demonstrated a decrease in peak 
(P=0.010) and mean (P=0.010) pressure in midfoot and forefoot. Mean pressure in heel (P=0.608) 
and mean (P=0.577) and peak (P=0.509) pressure in toes increased, but the decrease was statistically 
insignificant.

Conclusion: The current findings demonstrated that the loading patterns differed between the 
individuals with cavovarus foot deformity and the ones with normal feet, which could possibly 
influence injury risk in the population. The results also indicated that suitable footwear should be used 
in people with foot deformities after determining the type and risk factors for the foot injuries.
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1. Introduction

any sport injuries can be treated and 
most people can return to a desirable 
level of physical activity after the apply-
ing the proper treatment, although most 

of such injuries can be prevented, if the essential points 
are considered [1]. However, some abnormalities in-
creasing the risk of injury cannot be cured and modified, 
and the risk of injury can only be reduced by preventing 
and observing the external factors. The risk of injury in 
sports also depends on the exercise and the player’s po-
sition [2]. Many risk factors are reported in ankle and 
feet injuries, including age, gender, the skeletal posture, 
muscle imbalances, shoe type, level of competition, and 
the status of plantar arch [3]. 

The height increase of the plantar arch is accompanied 
by an increased risk of lower extremity injuries includ-
ing inflammation of the plantar fascia, bone injuries such 
as pressures causing the formation of fracture [3], dam-
ages of the outer part such as inflammation of the greater 
trochanter stock, iliotibial band syndrome, or the lateral 
ankle sprain sector. It might also lead to increased dry 
and hard movement of feet, which results in the loss of 
shock absorbing properties, in comparison with players 
with the normal structure of the plantar arch [4]. Stud-
ies showed that the conditions can cause pain, fractures 
resulting from pressure, and disrupting the pattern force 
on the soles of the feet, while walking and running [5]. 

Sudden maneuvers of stop and moving impose many 
forces on the lower extremity of players, which are 
prone to leg injuries, especially during fast and frequent 
lunge that creates a lot of pressure on the back heel [6, 
7]. Lunge is a movement that cannot be removed from 
movements of badminton players [8]. Due to the out-
break of arched plantar and sensitive feet in sports, es-
pecially in the sports which impose great force to the 
sole with fast speeds, it seems that injuries and their con-
sequences can be prevented with preventive measures 
such as using shoes or the insole that are appropriate for 
sport and their structure is adequate to the distribution of 
forces and the player’s feet shape. Huang et al. (2014) 
in a study entitled “Lunge Kinetics in Four Directions” 
compared the kinetics lunge in 4 directions of the front-
right, front-left, rear-right, and rear-left in 2 brands of 
badminton shoes in lunge typical maneuver. The results 
of the experiment showed that front-left lunge is a criti-
cal maneuver in badminton biomechanics and due to a 
large force created at the heel contact, it is suitable for 
the studies on shoes [6]. 

Daniel W. Carson et al. (2012) in a study entitled “In-
creased plantar force and impulse in American football 
players with high arch compared to normal arch” deter-
mined differences in plantar pressure in football players 
during 2 movements of walking and rotation. The results 
showed a difference in the pressure patterns between the 
players with plantar arch and the ones with normal plan-
tar arch [4]. Habibi Tirtashi et al. (2013) in a study en-
titled “The effect of feet arch on compressive and shear 
forces of ankle joint in gait initiation” compared the shear 
and compressive forces of ankle in patients with flat and 
arched feet. The results showed a significant difference 
between the arched and normal feet, arched and flat feet, 
and also the flat and normal feet in the compressive force 
of the ankle joint, and the arched and flat feet, and normal 
and flat feet in the shear force of the ankle joint [10]. 

Several studies were conducted on the effects of sur-
face features on plantar pressure, comparison of the 
plantar pressure imposed on the feet in different shoes, 
evaluation of dynamic pressures imposed on the sole 
feet while walking, running, cutting, jumping, and land-
ing as well as musculoskeletal complications in the static 
mode and the effect of complications on postural bal-
ance [5, 11-16]. However, few studies were conducted 
to measure and determine the plantar pressure patterns 
in professional sports and the athletes. Given that the dif-
ferences in foot structure such as abnormal arch doubles 
the risk of damage resulting from the excessive use of 
the lower extremity limbs; therefore, athletes with low- 
or high-arch feet might expose high risks for injuries in 
the lower extremities, compared with the athletes with 
normal-arch feet. Accordingly the current study aimed 
at comparing the plantar pressure imposed on cavus foot 
and normal foot in badminton athletes.

2. Materials and Methods

The population of the current study comprised of bad-
minton players in Tehran province, Iran. The convenient 
sampling method was used to select the study subjects 
and accordingly, 10 subjects with cavovarus foot defor-
mity and 10 subjects with normal feet without any his-
tory of trauma in the feet and ankles were recruited. All 
subjects signed the consent form to participate in the 
study. Type of athletes feet was determined using the 
Feet Posture Index (FPI) test and the athletes with scores 
0 to 5, and 1 to 4 were considered the athletes with nor-
mal and cavus feet, respectively. Reliability and valid-
ity of FPI scale were assessed in several studies [17-21]. 
The internal reliability of the scale was reported 0.956 to 
0.959 [22]. Subjects with cavovarus foot deformity and 
plantar feet in both feet were tested in the current study. 

M

Bazipoor P, et al. Comparison of Plantar Loading Characteristics During Two Fundamental Badminton Movements. Physical Treatments. 2016; 6(3):155-160.



157

PHYSICAL  TREA MENTS   October 2016. Volume 6. Number 3

Bazipoor P, et al. Comparison of Plantar Loading Characteristics During Two Fundamental Badminton Movements. Physical Treatments. 2016; 6(3):155-160.

Demographic data of the subjects were record-
ed as follows: mean±standard deviation (SD) of 
age 3.34±19.3±3.34, weight 61.5±8.56, and height 
173.6±10.83. Plantar loading characteristics were col-
lected using Pedar-X® system (Germany) at a frequency 
of 100 Hz. Before test sessions, insoles were calibrated 
according to the manufacturer guidelines. Both feet size 
insoles of the subjects were put in their shoes. Subjects 
were asked to repeat 2 lunge moves (front-right and 
front-left lunge) (Figures 1 and 2) 5 times, while wearing 
badminton shoes. During the lung movements the sub-
jects were under the pressure of the right hind feet and 
the results were recorded in the last step. The maximum 
pressure variables and those of the average pressure for 
all areas of the feet were analyzed. 

Accordingly, the feet percentage mask was divided into 
5 areas including heel, the inner side of the feet, the exter-
nal side of the feet, forefeet, and toes. The current study 
aimed at determining the effect of plantar types on 2 basic 
badminton movements. To compare the 2 types of plantar 
feet (normal and arched), the Shapiro-wilk test was used 

to investigate the normality of data, and the results indi-
cated normal distribution among all the studied variables 
(P>0.05). To compare the quantitative indicators in the 2 
groups of cavus foot and normal foot, the independent t test 
was used. Data analyses were carried out using SPSS ver-
sion 20; P<0.05 was considered as the level of significance.

3. Results 

Subjects consisted of 10 athletes with normal arch in 
both feet in the control group and 10 athletes with ca-
vovarus foot deformity in both feet in the experimental 
group. A significant difference was observed in demo-
graphic variables of age (P=0.530), weight (P=0.418), 
and height (P=0.80) between the groups (Table 1). Maxi-
mum pressures of the medial mid-foot area (P=0.001), 
lateral mid-foot (P=0.040), and average pressure in the 
fingers were significantly lower in front-right lunge of 
the athletes with cavovarus foot deformity than in the 
ones with normal feet (P=0.036). The maximum and 
average pressures were more observed in the heel, 
however, the significant between the pressures were 

Table 1. Demographic information.

Age (year) Height (cm) Weight (kg)

Normal foot  20.25(3.49) 170(12.3) 63(12.74)

Arched foot 18.7(3.18) 176(9.29) 60.5(4.15)

P 0.530 0.08 0.418

Values are mean (SD) PHYSICAL TREA MENTS

Table 2. Characteristics of plantar loading between the two types of feet divided into 5 plantar areas on the front-right lunge. 

PPes CavusNormalGroup

0.186109.44±220.4244.35±182.47Heel (hind foot)

Peak pressure

0.00115.05±32.9327.00±60.97Medial mid-foot

0.04054.89±82.1543.89±117.57Lateral mid-foot

0.44056.61±212.2984.78±230.18Forefoot

0.279117.47±292.547.87±325.69Toes

0.80043.69±107.6115.76±104.78Heel (hind foot)

Mean pressure

0.0806.79±10.8111.41±16.50Medial mid-foot

0.13030.07±41.8633.79±69.94Lateral mid-foot

0.15025.14±89.6431.77±103.72Forefoot

0.03619.93±90.0620.74±104.89Toes

Values are mean±SD 
P<0.05

PHYSICAL TREA MENTS
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insignificant (P>0.05) (Table 2). In the front-left lunge, 
maximum pressure and the average area of the medial 
mid-feet (P=0.010), lateral mid-feet (P=0.010) and fore-
feet (P=0.010) were statistically significant in the ath-
letes with cavovarus foot deformity, compared with the 
ones with normal feet. In this movement, the average 
pressure on the heel and maximum and average pres-
sures on fingers were higher in people with cavovarus 
foot deformity, however, this difference was statistically 
insignificant (P>0.05) (Table 3).

4. Discussion

The current study aimed at determining the effect of foot 
type on the plantar loading characteristics of the feet dur-
ing 2 basic badminton movements. The results of the study 

showed that plantar loading characteristics were affected 
by the foot type and the differences depended on the di-
rection of the movements. As in all feet types, the pres-
sure imposed on one area of the foot is changing; these 
changes are not similar in different directions. Based on 
the previous studies, plantar loading characteristics in var-
ious sports movements and different directions of lunge 
changes in normal subjects [2, 4, 23, 24]. The results of 
previous studies on effect of foot type on the risk of injury 
and its mechanics were contradicted and it is still unclear 
that which type of foot increases the risk of injury [2]. 

Stiffness in the mechanics of gait in people with cav-
ovarus foot deformity indicated that too much pressure 
on the lateral and forefoot areas caused by muscle rigid-
ity, excessive arch, and also the first metatarsal plan-

Table 3. Characteristics of plantar loading between the two types of feet divided into 5 plantar areas on the front-left lunge. 

PPes CavusNormalGroup

0.60863.27±170.9761.29±181.72Heel (hind foot)

Peak pressure

0.0120.78±32.3627.32±70.00Medial mid-foot

0.0138.25±85.4132.49±143.82Lateral mid-foot

0.0149.63±210.4252.22±256.89Forefoot

0.509104.16±277.1277.04±256.72Toes

0.57751.58±108.8919.72±101.51Heel (hind foot)

Mean pressure

0.0104.44±8.1724.54±25.21Medial mid-foot

0.0116.78±38.9232.94±90.42Lateral mid-foot

0.0114.12±94.0319.13±120.67Forefoot

0.41417.44±87.9617.07±83.21Toes

PHYSICAL TREA MENTS

PHYSICAL TREA MENTSFigure 1. Front-right lunge. Figure 2. Front-left lunge. PHYSICAL TREA MENTS
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tar flexion can cause pain and pressure to the forefoot, 
lateral area of foot, small plantar bone, sesamoid bone, 
and inflammation of the plantar fascia [2]. Among the 
subjects of the current study, the pressure imposed on 
beneath the mid-foot area was lower in the subjects with 
cavovarus foot deformity compared with the ones with 
normal feet in the typical Lunge maneuver implemented 
in 2 directions; however, the pressure imposed on be-
neath the forefoot was lower in front-left lunge. 

Pressure imposed on the fingers in the left-front lunge 
was higher in people with cavovarus foot deformity than 
the ones with normal foot; but, the difference was insig-
nificant. Pressure on heel in 2 directions of lunge was also 
higher in people with cavovarus foot deformity than the 
ones with normal feet, although it was statistically insig-
nificant. The results on lower pressure imposed on mid-
foot and more pressure on heels in people with cavovarus 
foot deformity compared with the ones with normal feet 
were consistent with those of a study conducted by Burns 
et al. (2005) [21]. The results obtained regarding the low-
er pressure imposed on forefoot and more pressure on 
heels were consistent with those of the studies conducted 
by Carson et al. (2012) and Habibi et al. (2013) [4, 10]. 

To the authors' best knowledge, the current study was 
the 1st one investigated the plantar loading characteristics 
in the professional sport movements focusing the type of 
plantar feet. A study by Huang et al. (2014) conducted on 
the kinetics of lunge in 4 directions showed that front-left 
lunge was a critical maneuver in badminton [25]. Based 
on the current study findings, the pressure imposed on 
the heel and toes in front-left lunge were higher in the 
subjects with cavovarus foot deformity compared with 
the ones with normal feet. Therefore, the left-front lunge 
can be considered a more critical maneuver to raise the 
risk of damages resulting from pressure imposed on fin-
gers and heel in people with cavovarus foot deformity 
compared with the ones with normal feet. The way of 
determining the foot type and categorizing the subjects 
is a factor that should be considered to compare differ-
ent studies. In previous studies, the type of foot or the 
height of the medial longitudinal arch of the foot were 
defined using techniques employed by clinical trials and 
foot print analyses. Some studies defined foot type only 
based on 1 parameter [2]. 

However, the current study attempted to prevent errors 
as much as possible, using FPI test based on 6 different 
anatomic parameters, validity of which was confirmed 
in previous studies [17, 18]. Previous studies showed 
that the employed instrument frequency of measure-
ment, type of shoes, speed of movement, type of foot, 

and plantar foot can influence the amount of pressure; 
therefore, the data comparison regarding plantar loading 
characteristics beneath the foot should be done carefully 
among the studies [2, 12, 13]. The current study tried to 
minimize the differences between the study samples re-
gading age, history of injury or foot and ankle pain, and 
the use of the badminton shoes.

According to the results of the study, it can be con-
cluded that the foot arch amount as well as the type and 
orientation of the activities are the factors influencing the 
imposed pressures by plantar area and other areas under 
pressure. The current study had some limitations; for ex-
ample, it was conducted in a lab environment and the 
subjects used their own shoes. The other limiting factors 
were lack of shear forces to the feet. Therefore, research-
es on athletic shoes designed for the sports with fewer 
restrictions, measurement of forces acting on the foot, 
and also pressures imposed on feet with a focus on lower 
limb abnormalities can be conducted.
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