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Background: Plantar pressure assessment are useful for understanding the functions of the
foot and lower limb and predicting injury incidence rates. Musculoskeletal fatigues are likely
to affect the results of plantar pressure profiles. This study aimed at characterizing college
elite basketball players’ plantar pressure profiles and pain profiles during static standing and
walking.

Methods: Fifty-one male elite basketball players and eighty-five male recreational basketball
players participated in this study. An optical plantar pressure measurement system was used
for collecting the arch index (Al), regional plantar pressure distributions (PPDs), and footprint
characteristics during static and dynamic activities. Elite basketball players’ pain profiles
were examined for evaluating their common musculoskeletal pain areas.

Results: The Al values in recreational basketball players fell in the normal range, whereas

was considerably lower in elite basketball players. Elite basketball players’ static PPDs of
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both feet were mainly exerted on the lateral longitudinal arch and the lateral heel, and
relatively lower on the medial longitudinal arch, the medial and lateral metatarsal bones.
The PPDs mainly transferred to the lateral metatarsal bone and lateral longitudinal arch, and
decreased at the medial heel during the midstance phase of walking. The footprint
characteristics of elite basketball players illustrated the features of the calcaneal varus
(supinated foot) of high arches and the dropped cuboid foot. The lateral ankle joints and
anterior cruciate ligaments were the common musculoskeletal pain areas.

Conclusions: Elite basketball players’ Al values was found to be high arches, and their PPDs
tended to parallel the features of the high-arched supinated and dropped cuboid foot. Their
pain profiles not only resonated with the common basketball injuries, but also reflected the
features of the Jones fracture and cuboid syndrome. The potential links among high-arched
supinated foot, Jones fracture and cuboid syndrome are worth further studies.

Keywords: elite basketball players, arch index (Al), plantar pressure distributions (PPDs),

supinated foot, Jones fracture, cuboid syndrome

Basketball is an intensely physical sport involving various tactical elements. Its varied
technical includes jumps, accelerations and decelerations, short sprint with sudden stops,
lay-ups and cutting movements in various directions.? Basketball maneuvers are repetitive
and impose specific loading demands on athletes, which usually results in a high incidence of
lower extremity injuries, where key roles have amortisation in area of foot. This is
particularly true in elite athletes whose bodies are trained for enduring high stresses

inherent in strenuous repetitive jumping and pivoting.? ‘Jones fracture’ is one of the

020z Joquisydes £z uo ysenb Aq ypd-¢10-81/2029552/€¥0-81/L¥S 2 0L/10p/3pd-sjoie/ewdel/woo ssaidua)|e uelpuswy/:dpy woly papeojumoq



JAPMA Online Early DOI: 10.7547/18-043

This Original Article has been reviewed, accepted for publication, and approved by the author.

It has not been copyedited, proofread, or typeset and is not a final version.

common podiatric diseases in basketball players* and usually occurs when the proximal fifth
metatarsal suffers from the forces caused by the basketball-specific repetitious jumping and
cutting® and the inherent structure of the ligamentous and capsular attachments.” A high
rate Jones fracture was developed in basketball players because they often suffer from
reinjury and regard to injury return to play and performance.® In addition, the cuboid
syndrome is most likely to happen in people who do the particular sports such as basketball,
tennis, running and ballet. These sports place large forces through the foot or in quick
movement where players are quickly changing direction. This, in turn, makes muscles
attached to the cuboid bone overused and tightened, and increases the stress placed upon
the cuboid bone joints and attachments. Repetitive pressure on the cuboid bone could
damage and tear the surrounding ligaments or joint capsule, which may cause the support
around the cuboid bone to slacken, allowing the cuboid bone to dislodge and dislocate.’
Cuboid syndrome usually results from flat foot when foot arches have fallen and in some
cases when arches are too high. Abnormal foot arches may put disproportionate pressure
through the cuboid bone and increase the stress through the lower leg muscles.’

Foot arch types can be classified as being high, normal and low arches. Foot arches
provide vital shock absorption for foot to adapt people’s movement during activities. One of
the more important and highly variable structural characteristics of the human foot is its
medial longitudinal arch (MLA).%° The MLA provides adequate elastic forces and twisting
forces for absorbing the ground reaction force, and is helpful for attenuating the shock from
movement during walking and running.'? Height of the MLA is generally treated as the
influential and key determinant of the function of the foot and lower limbs.'! High-arched

foot are possibly at increased risk for injuries to bony structures on the lateral side of the
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foot (oversupinated), whereas low-arched foot seem to be at high risk for soft-tissue
damage on the medial side of the foot (overpronated).'? It is, therefore, important to have a
relatively easy and reliable way to classify the foot arch. Footprint parameters such as the
arch index (Al) could be considered a reliable and valid method to characterize the foot arch
and MLA height.'31> Recently, assessment of static arch mobility, associated with lower
extremity and footprint measures has been placed at the core of understanding the overall
function of the foot and lower extremities during running.1®

Plantar pressure assessment from footprints is an effective method for evaluating
plantar loading characteristics during functional activities.'” It could show foot and ankle
function during gait since foot and ankle provide necessary support and flexibility for weight
bearing and weight shifting while performing activities.'®2° Parameters obtained from
plantar pressure assessment could be used for understanding and evaluating people’s
different foot impairments, combined with neurological and musculoskeletal disorders.?%??
For example, greater regional plantar loadings are usually involved with forefoot rheumatoid
arthritis, hallux valgus deformity,?®> medial midfoot osteoarthritis,?* and posterior tibialis
tendon dysfunction leading to flatfoot deformity.? In addition, a recent prospective study
noted that static characteristics of flatfoot, high-arched foot, and rearfoot ranges of motion
seemed to be risk factors for lower extremity overuse injuries.?® When plantar pressures in
each region of the foot are distributed evenly, sports injuries could be reduced effectively.*®

According to previous studies, the results of plantar pressure distributions (PPDs) could
demonstrate foot and lower limb functions and predict injury incidence rates. Notably
however, the characteristics of individuals with specific musculoskeletal fatigues are likely to

affect the results of PPDs.?”-28 Hence, profiles of the athletes’ PPDs during standing and
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activities are worth examination and understanding, in that frequently stressful training,
exercises and competition usually make athletes’ feet burdened with excessive pressures
and forces. In order to gain deeper insight into basketball players’ PPDs, potential pain
profiles and sport injuries, there is a need to further examine plantar pressure profiles of the
entire foot in both static and dynamic activities. PPDs have been predominantly investigated
in the research field concerning running,?® soccer-specific tasks,3%3! basketball technical
gestures?3? and specific maneuvers.3234 Yet, little is known about basketball players’ PPDs
during static standing and walking. The purpose of this study was to explore the differences
between elite basketball players and recreational basketball players in terms of their PPDs
during static standing and walking, and to examine elite basketball players’ potential pain
profiles. Parameters secured from the plantar pressure assessment including the Al values,
regional PPDs of the forefoot, midfoot and rearfoot, six subregional PPDs, and footprint
characteristics. Furthermore, elite basketball players’ pain assessment and self-reported
health status were examined for accurately evaluating their common musculoskeletal pain
areas. We hypothesized that elite basketball players in the present study were more likely to
be classified into high-arched foot, and their PPDs were mainly concentrated on the lateral
aspect of the foot. Furthermore, the PPD profiles and pain profiles may be related to the

features among high-arched foot, Jones fracture and cuboid syndrome.

Methods
Participant Selection
Research subjects within this study comprised two groups of college and university students

in Taiwan. One of the groups, labelled as ‘elite basketball players’, included 51 male elite
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basketball players. Participants in elite basketball players were recruited from the National
Taiwan Sport University, National Taiwan University of Sport, College of Kinesiology in
University of Taipei, and three city sports centers in Taipei, Taiwan. They all had more than 4
successive years of basketball experiences, aged between 19 and 22, and registered in the
University Basketball Association (UBA). Their basketball workout schedules (Monday to
Friday), including physical and shooting training, were set from 8AM to 10AM. Basic
movements and tactical training were set from 3PM to 5PM. Weight training and 1- to
2-hour high intensity interval sprint training were set for 3 to 5 days a week. The other group,
‘recreational basketball players’, was composed of 85 male recreational basketball players of
the same age range as elite basketball players. Participants in recreational basketball players
were recruited from five city sports centers in Taipei and had more than 4 years of
recreational basketball experiences. They play basketball at least 3 days per week at the
basketball court or at the stadium within 6 months before this study was initiated. Each
participant’s age, height, body weight and body mass index (BMI) were recorded in the
research process. It has been widely accepted in many studies that people’s arch shapes
change when gaining weight in the process of growth and development, and there seems to
be a strong link between obesity and flat feet.'® Considering the effect of body weight on
shape characteristics of the foot arch, each participant’s BMI was required to range between
18.5 and 24. This particular range of BMlI is defined by the World Health Organization (WHO)
as healthy weight. A total of 116 subjects participated in this study, and their average age,
height, weight and BMI value were shown in Table 1.

Both groups in this study were recruited from a relatively homogeneous population.

Two groups were different in their training intensity, training patterns, rigid workout
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schedules and competition experiences. The present research aimed at exploring the effects
of the different exercise behavior on the plantar pressure characteristics between both
groups. Furthermore, the elite basketball players’ pain and health assessments were
conducted through the self-reported health describes and the diagnoses made by a
professional physiotherapist at the rehabilitation department. These health assessments
were essential for this research to ensure that all participants had no history of previous
fracture and surgery, and that they had no injuries in their ankle joints, knee joints, hip joints,
spine, and bones and muscles of their lower limbs within a year as this study was underway.
Prior to the experiments, all subjects were required to sign the informed consent forms of
participation in this study. All experiments within this study followed the guidelines of the
Research Ethics Committee, National Taiwan University, and the recommendations of the

Declaration of Helsinki.

Instruments and Equipment

‘JC Mat optical plantar pressure analysis system’ (View Grand International Co., Ltd., New
Taipei City, Taiwan) was the main research tool for measuring plantar pressure and PPD. The
measurement technology and principles of JC Mat were parallel to the operation principles
of the Harris footprint measurement instrument. The following are the main features of JC
Mat: (1) foot characteristics are easily and effectively recognized; (2) the PPD and footprints
conform to the weight calibration data (data not shown); (3) 25 sensors are in each square
centimeter for plantar pressure measurement, and thus, 13,600 sensors are on each side
(32*17 cm) of JC Mat; (4) the sensitive pressure sensing with a wide working area can

display and mark the delicate plantar pressure image with round dots; (5) the pressure
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profiles from footprints and barefoot images are captured instantly; and (6) the built-in
FPDS-Pro software is qualified for analyzing the following parameters: the arch index (Al),
plantar pressure distribution (PPD) values, balance of the center of gravity, toe angles and

footprints.

Methods and Procedures

It took approximately six months to select research participants and conduct the

experiments. Before the experiments, each participant’s consent to participate in this

research was gained. Time for each experiment was set from 10AM to 12PM on the same

day in order to ensure consistency and trustworthiness of the present research. All

participants were asked to measure their body weights and heights during the experiments

for calculating the BMI values for this study. It was necessary for securing the data of the

static footprints via brief trials of the static upright standing, participants were required to

obey the following steps:

(1) Roll both trouser legs up to above the knees for avoiding the clothing from limiting
movements of the extremities.

(2) Stand with bare feet on the sensing cushion with specific marks and measuring range of
JC Mat.

(3) Relax the body. Control and balance the center of gravity by standing with feet
shoulder-width apart and with body weight evenly distributed on feet.

(4) Stampede for 6-8 steps; then, stand still with a natural posture and arms hanging

straight down at sides.
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(5) Face the experiment instructor. Look the instructor straight in the eye. Keep the body
stationary and balanced until no obvious changes in the foot pressure value measured
by JC Mat.

When participants reached the condition in step 5, pressure profiles from the static
footprints were recorded directly. In follow-up measurement of the dynamic footprints,
participants walked at a self-selected speed over the 4-m-long and JC Mat embedded
walkway. Multiple walking trials were completed until at least three steps for each limb were
correctly acquired (i.e., the sensing cushion with marks of the specific measuring range of JC

Mat was struck with a single foot).

Data Analysis

For exploring the PPDs in three regions and six subregions of both feet, the computer
program (FPDS-Pro software) was used for managing digital images of the static and walking
footprints. The software generated the first line (a perpendicular line) on the footprint image.
The perpendicular line extended from the tip of the second toe to the center of the heel;
then, was drawn tangential to the most anterior and posterior part of the footprint

excluding the toes. The software formed four parallel lines perpendicular to the first line and
divided the footprint into three equal regions (regions A, B and C) and six subregions
(subregions 1, 2, 3, 4, 5 and 6). Regions A, B and C were defined, respectively, as the forefoot,
midfoot and rearfoot regions. Subregions from 1 to 6 were defined, respectively, as the

lateral metatarsal bone (LM), lateral longitudinal arch (LLA), lateral heel (LH), medial
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metatarsal bone (MM), medial longitudinal arch (MLA) and medial heel (MH). The Al ratio
method proposed by Cavanagh and Rodgers assumes that the Al is calculated as the ratio of
the area of the middle third of the footprint divided by the entire footprint area excluding
the toes, i.e., AI=B/(A+B+C). For Cavanagh and Rodgers, an Al lower than 0.21 is a
high-arched foot, between 0.21 and 0.26 is a normal arched foot, and higher than 0.26 is a

flat arched foot.3®

Pain Assessment and Self-Reported Health Status

Participants’ pain assessments and self-reported health status, and skeleton arrangement
were undertaken by a physiotherapist at the rehabilitation department of Tri-service
General Hospital in Taipei after the plantar pressure measurement. This was essential for the
participant selection criteria, physiological symptom assessment and confirming pain
locations. In this study, all participants subject to individual self-reported health status
survey by the physiotherapist conducting a history and physical examination. Personal data
with individuals will be collected by filling out a questionnaire. In the process of the skeleton
arrangement and soft tissue pain assessment, lower limb pain was defined as the
musculoskeletal pain which occurred during the past month and originated from the
structures of the foot, ankle, knee, lower leg and thigh. This definition excluded intermittent
cramps, dermatological conditions, digital calluses and night-time paresthesia from analysis.
A standardized protocol of the questioning and examination techniques was used for
ensuring the precise nature of the complaint (e.g., metatarsalgia and plantar fasciitis). The
following shows the steps of examining participants’ frequent pain areas:

(1) The physiotherapist examined participants’ self-reported health status and pain areas.

10
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(2) Participants needed to stand with bare feet and roll both trouser legs up to above the
knees.

(3) Inspecting participants’ lower extremities by pressing their feet (including phalanges,
metatarsal bones, navicular bone, cuboid bone and calcaneus), ankle joints, knee joints,
hip joints, tibias, fibulas and femur. Assessing participants’ skeleton arrangement of their

lower extremities.

Two key steps of examining the soft tissue pains were:

(1) The physiotherapist pressed participants’ self-reported pain areas and re-checked the
corresponding locations on the opposite side of pain areas.

(2) According to their clinical experiences, the physiotherapist checked the specific points in
participants’ common pains areas, including plantar metatarsal heads, plantar fascia, the
inferior margin of navicular bones, the Achilles tendon, the medial and lateral sides of ankle
joints, the medial and lateral fossas of knee joints, gastrocnemius, tibialis anterior and
posterior, biceps and quadriceps femoris. This was beneficial for confirming participants’

pain areas.

Statistical Analysis

Descriptive statistics was used for outlining all participants’ ages, heights, weights and BMI
values. Numerical data within this study was presented as mean and standard deviation (e.g.
mean + SD). Parameters gained from the plantar pressure measurement regarding the Al values,
three regional PPDs of the forefoot, midfoot and rearfoot, six distinct subregional PPDs were

compared between groups using independent sample t test. Statistical significance was defined

11
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as P < .05 (marked as *) and P < .01 (marked as **). The statistical software (SPSS version18;

SPSS Inc, Chicago, lllinois) was used for managing statistical analysis.

Results

Arch Index

The mean Al values of recreational basketball players was 0.22 (Table 2). Yet, the Al of both
feet in elite basketball players was significantly smaller than that in recreational basketball
players (P < .01), suggesting that the arch type was higher in elite basketball players than in

recreational basketball players.

PPDs of the Forefoot, Midfoot, and Rearfoot Regions

The PPDs were presented as percentages of the relative load. During static standing, the
relative load in the forefoot region of both feet was lower in elite basketball players than in
recreational basketball players (P < .01) (Table 3). The relative load in the midfoot region of
both feet was found to be significantly higher in elite basketball players than in recreational
basketball players (P < .01). In addition, the relative load in the rearfoot region of both feet
was higher in elite basketball players than in recreational basketball players (P <.01). Yet, in
the midstance phase of walking, the relative load of both feet was higher in the forefoot and
midfoot regions (P < .01) but lower in the rearfoot region in elite basketball players than in

recreational basketball players (P < .05) (Table 4).

PPDs of the Six Subregions

The relative loads at the six distinct subregions were derived from the data from the three

12
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equal regions. During static standing, the relative load in the forefoot region of both feet in
elite basketball players was significantly lower at the lateral and medial metatarsal bones
than in recreational basketball players (P < .01). In the midfoot region, the relative load at
the lateral longitudinal arch of both feet was significantly higher in elite basketball players
(left foot: 22.24% + 3.25%; right foot: 22.77% + 3.21%) compared with recreational
basketball players (left foot: 19.10% + 4.18%; right foot: 20.58% * 4.49%) (P < .01). The mean
t SD relative load at the medial longitudinal arch of both feet was found to be significantly
lower in elite basketball players than in recreational basketball players (P < .01). In the
rearfoot region, the mean + SD relative load at the lateral heel of both feet was higher in
elite basketball players (left foot: 23.82% + 2.69%; right foot: 24.24% + 2.45%) than in
recreational basketball players (left foot: 19.69% + 3.63%; right foot: 23.11% + 3.71%) (P

< .05) (Fig. 1). The results from the midstance phase of walking showed that the mean + SD
relative load in the forefoot region of both feet was exerted more on the lateral metatarsal
bone in elite basketball players (left foot: 33.19% + 3.31%; right foot: 34.46% + 3.69%)
compared with recreational basketball players (left foot: 26.29% + 3.74%; right foot: 25.95%
+3.19%) (P < .05). Nonetheless, the relative load at the lateral longitudinal arch of both feet
was higher in elite basketball players (left foot: 19.95% + 2.78%,; right foot: 19.91% + 3.18%)
compared with recreational basketball players (left foot:15.58% + 3.05%,; right foot: 14.22%
+ 3.87%) (P < .05). In the rearfoot region, the mean + SD relative load at the medial heel of
both feet was lower in elite basketball players than in recreational basketball players (P < .05)

(Fig. 2).

Footprint Characteristics

13
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The static footprints of elite basketball players showed lower pressure profiles in the
forefoot region of both feet and higher pressure profiles in the lateral midfoot and rearfoot
regions of both feet compared with recreational basketball players (Fig. 3). To a certain
extent, these findings indicate that the arch type was higher and displayed an oversupinated

foot in elite basketball players than in recreational runners.

Pain Assessment and Self-reported Health Status of the Participants

According to findings from the elite basketball players’ pain assessment and self-reported
health status, the eleven most common pain areas are the lateral ankle joint (51.0%); the
lateral knee joint (51.0%); the medial knee joint (45.1%); the plantar metatarsal bone
(43.1%); the calcaneus (41.2%); the tibia (39.2%); the femur (35.3%); the patella (35.3%); the
hip joint (33.3); the fibula (29.4%) and the medial ankle joint (17.6%) (Table 5). The twelve
most common sites of soft-tissue pain were the anterior cruciate ligament (64.7%); the
lateral ankle ligament (60.8%); the medial collateral ligament (58.8%); the patellar tendon
(58.8%); the quadriceps femoris (51.0%); the biceps femoris (41.2%); the gastrocnemius
(37.3%); the tibialis anterior (37.3%); the lower back (37.3%); the Achilles tendon (33.3%);
the plantar fascia (29.4%); and the neck and shoulder (17.6%).

Discussion

The present research aimed at examining the differences in plantar pressure characteristics
between elite basketball players and recreational basketball players during static standing
and walking. Static Al of both feet was considerably close to each other within the respective
groups. The Al of both feet was lower in elite basketball players than in recreational

basketball players. Previous studies concluded that the Al from footprints could act as a
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predictor of arch height,8'3153> and that normal Al ranged between 0.21 and 0.26.3° In this
view, recreational basketball players appeared to fall into normal foot arches, and elite
basketball players may be categorized into high-arched foot. High-arched individuals with
increased height of the MLA often suffered from supinated foot and decreased pronation
during the stance phase.3® An oversupinated foot was viewed as increased calcaneal
inversion and tended to be helpful for reducing contact time when running.3” Hasegawa et al
noted that runners with a greater degree of heel inversion at foot strike had shorter contact
time, and that shorter contact time and higher frequency inversion at foot contact usually
resulted in higher running economy.3” Therefore, deformation of foot arches seemed to be
crucial for force transfer and shock absorption, particularly in impact sports, such as jump
and sprint.>®

During static standing, results from three regional PPDs revealed that relative load of
elite basketball players’ both feet mainly focused on the midfoot and rearfoot regions, but
was significantly lower in the forefoot region compared with recreational basketball players.
The opposite situation was found during the midstance phase of walking. Relative load of
elite basketball players’ both feet was generally concentrated more in the forefoot and
midfoot regions, but less in the rearfoot region. The results showed high homogeneity on
the forefoot and rearfoot regions of both feet within and between groups. This is possibly
because most Taiwanese college basketball players’ PPDs were homogeneously distributed
on both regions. High heterogeneity on the midfoot region of both feet within and between
groups may be related to the features of the basketball players’ high arches or/and dropped
cuboid feet, since these features could cause either a lack of PPDs on the midfoot region or a

higher PPDs at the lateral longitudinal arch of feet. The results seemed to be consistent with
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previous studies that high arches usually experience oversupination, and this results not only
in a decrease in pronation throughout the stance phase but also in an increase in supination
in the forefoot and rearfoot regions of the foot during exercise.3® Previous studies
concerning the basketball-specific maneuvers noted that male basketball players increased
total foot and lateral midfoot peak pressures while decreasing contact area and lateral
midfoot force-time integral during the side-cut task. During the crossover-cut task, the
footplate increased total foot and lateral midfoot peak pressure and lateral forefoot
force-time integral while decreasing total and lateral forefoot contact area.? Pau and Ciuti
profiled female basketball players’ barefoot PPDs and found that high pressures tended to
happened in forefoot when performing technical gestures, including free throw, jump stop
shot, three-point shot and lay-up.3 Studies by Chua et al went further, arguing that high
plantar loadings often happened not only to heels during the take-off steps but also to heels
and forefoot regions when landing.33

Six subregional PPDs were found to be parallel to three regional PPDs. Findings from six
subregional PPDs were summarized as follows: during static standing, elite basketball
players’ plantar loadings were mainly exerted on the lateral longitudinal arch and the lateral
heel of both feet. Yet, they were found to be relatively low on the medial longitudinal arch,
the medial and lateral metatarsal bones of both feet. During the midstance phase of walking,
elite basketball players’ plantar loadings were mainly transferred to the lateral metatarsal
bone and the lateral longitudinal arch of both feet, whilst decreased at the medial heel of
both feet. These findings seemed to support the studies of dynamic plantar loadings. As can
be seen in the studies by Teyhen et al and Wong et al, the center of pressure was more

lateral in high-arched foot during gait stance.***! Queen et al found that for sports (e.g.,
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soccer) similar to basketball in terms of crossover-cut tasks, most players’ plantar loads were
beneath the lateral column of the foot.*? In Guettler et al’s research, most college basketball
players’ plantar loads were exerted on the fifth metatarsal during simulated basketball
lay-up, one-footed landing, side-to-side shuffle and maximal-effort sprinting.*® Yu et al
maintained that high peak force and plantar loading were usually concentrated at the fifth
metatarsal during basketball lay-up landing and the stance of the shuttle run.** Increased
lateral forefoot loads were observed in highly repetitive movements (e.g. running and
sprinting) in basketball games.* However, for people suffering from the Jones fracture (a
stress fracture occurring at the proximal fifth metatarsal diaphysis), their maximal loading
was usually exerted on the lateral aspect of foot.® Wright et al reported that patients with
Jones fracture had a twofold increase in peak pressures at the base of the fifth metatarsal
head compared with normals, and that athletes who undertake running and cutting
maneuvers may be predisposed to these fractures.’ Lee et al went further, arguing that
under weight-bearing conditions athletes with a history of the fifth metatarsal stress
fracture tended to have inverted rearfoot alignmen.*> An increased inversion of the rearfoot
in basketball players is a common accident during cutting maneuvers.*® Baumhauer et al
found that 85% of the ankle injuries were caused by excessive rearfoot inversion.*” Excessive
rearfoot inversion resulted from sudden lateral forces which were sufficient to compromise
the joint integrity.*” Other studies presented that people with a pes cavus foot and an
anterior equines deformity with a plantar flexed lateral column may make them walk in a
more supinated position, which could place excess lateral pressures on the midfoot. This
may increase the incidence of cuboid syndrome.*® Despite many proposed etiologies that

may result in cuboid syndrome, plantar flexion and inversion ankle sprains have been widely
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accepted as the main cause throughout the literature.*

Plantar pressure and impact forces on the foot have been widely accepted as one of the
main causes of lower extremity injuries in sports.>® In the present study, elite basketball
players’ common bony pains were mainly at the lateral ankle joint, the lateral knee joint, the
medial knee joint, the plantar metatarsal bone, and calcaneus. Their soft-tissue pain
occurred most frequently in the anterior cruciate ligament (ACL), the lateral ankle ligament,
the medial collateral ligament (MCL), the patellar tendon, and the quadriceps femoris. The
results seemed to supported the studies by Williams et al. who noted that high-arched
runners were more likely to experience bone injuries on the lateral portion of the lower
extremity and injuries at the foot.>® Molgaard et al maintained that high-arched people had
a high probability of ankle injuries, heel pains, and stress fractures.>! In terms of basketball
injuries, basketball players usually landed on another competitor’s foot, which caused a
plantar-flexed inversion and stretched the lateral ankle ligaments beyond their capacity. This,
in turn, may result in an ankle sprain.>? Highly repetitive cutting maneuvers in basketball
competition can lead to soft tissue injuries such as ACL injuries,> ankle sprains,®* Jones
fracture® and foot problems.>> Ankle injuries are one of the most common sports injuries in
contact sports (e.g. basketball, soccer and volleyball). Most ankle sprains are inversion
injuries which damage the lateral ligaments of the ankle.>® Most common mechanism of the
lateral ankle sprain is a distinct incidence involving the rearfoot’s supination and the lower
leg’s external rotation. This mechanism is often described as a plantar flexion-inversion
which frequently involves internal rotation (adduction) of the foot.>” In addition, extensive
stop-and-go movements and cutting maneuvers in basketball games seem to be at the core

in putting the ligaments and menisci of the knee at risk.”® The related studies observed that
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male college basketball and soccer athletes had a high rate of ACL injuries which were the
most commonly disrupted ligaments in the knee. Non-contact ACL injuries were common in
basketball competition with movements of rapid decelerations and pivoting.>® ACL injuries
usually result from an abrupt change in direction and landing for the jump. MCL injuries may
be attributed to a blow to the outside of the knee in basketball competition.>® Furthermore,
lateral ankle and foot pains may be due to cuboid syndrome.*® Ankle inversion sprain is the
most common injury which can possibly result in cuboid syndrome. More specifically,
pathomechanics of the cuboid syndrome may stem from an eversion of the cuboid from an
inverted foot position, such as the mechanism of injury for a lateral ankle sprain and
produce pain over the lateral column of the foot.®° As evidenced in many studies, cuboid
syndrome to a certain degree is related to other injuries presenting with signs and symptoms
on the lateral aspect of the foot. The injuries including Jones fracture, fracture of the
anterior calcaneal process, stress fractures of the cuboid, meniscoid of the ankle,
malalignment of the lateral ankle and subtalar joints.?%-62 Basketball players’ stress fractures
usually occur in the foot and tibia.>® Basketball players have an increased prevalence of
sustaining the fifth metatarsal stress fractures compared with other athletes.*®3 The fifth
metatarsal fractures commonly occur in basketball games and practices in which the shuttle
run and cutting tasks were frequently performed.®

The present research was limited by its particular highlights of plantar pressure
characteristics of 51 elite and 85 recreational basketball players who were 19 to 22 years
college or university students in Taiwan. It is inevitable that results from the present
research may limit the possibilities for generalization. Notably, however, little research is

currently being conducted for exploring recreational and elite basketball players’ plantar
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loading characteristics by focusing exclusively on static standing. It is anticipated that
findings from this study may shed light on college and university elite basketball players’
static and dynamic pressure profiles and pain profiles. It is expected that the results and
literature on dynamic states discussed in this study may contribute to illuminating the issues
of the possible correlation between pressure profiles and pain profiles.

To conclude, elite basketball players in the present study were generally classified as
high-arched foot, and their PPDs were categorized into the features of calcaneal varus
(supinated foot) of high arches and dropped cuboid foot. Patterns of the elite basketball
players’ pressure profiles indicated possibilities for Jones fracture and cuboid syndrome.
Results from the elite basketball players’ pain profiles revealed that the lateral ankle joint
and the anterior cruciate ligament were the most common musculoskeletal pains. The
results could reinforce the findings from previous studies regarding basketball players’
commonly observed injuries.®* Many studies have noted the relationships among basketball
players, pressure profiles and pain profiles. Nevertheless, limited research has been
undertaken for understanding potential link between high-arched supinated foot and
incidence of the cuboid syndrome and Jones fracture. Findings from the present research
confirmed that high-arched supinated patterns tended to occur in elite basketball players.
The results stressed the possible links among high-arched supinated foot, cuboid syndrome

and Jones fracture, and the correlations are worth further study.
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Figure 1. Plantar pressure distributions of the six subregions of the left (A) and right (B) feet
in static standing. *P < .05 and **P < .01 are significantly different between elite basketball
players and recreational basketball players by the independent-samples t test. LH, lateral
heel; LLA, lateral longitudinal arch; LM lateral metatarsal bone; MH, medial heel; MLA,
medial longitudinal arch; and MM, medial metatarsal bone.
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Figure 2. Plantar pressure distributions of the six subregions of the left (A) and right (B) feet
during the midstance phase of walking. *P < .05 and **P < .01 are significantly different
between elite basketball players and recreational basketball players by the
independent-samples t test. LH, lateral heel; LLA, lateral longitudinal arch; LM lateral
metatarsal bone; MH, medial heel; MLA, medial longitudinal arch; and MM, medial

metatarsal bone.
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Figure 3. Static footprints of both feet from a male recreational basketball players (A), and a

male elite basketball players (B). White arrows indicate higher pressure areas.
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Table 1. Demogr aphic Char acteristics of the 116 Study Participants

Characteristic Recreational Basketball Players # (n=85) Elite Basketball Players® (n=51)
Age (years) 21.0+0.8 20.2+ 1.0
Height (cm) 171.2+6.3 180.4+ 7.9
Mass (kg) 68.3+6.4 776+7.0
BMI 23.2+01 23.8+02
Experience (years) 35+10 50+08

Abbreviation: BMI, body mass index (calculated as the weight in kilograms divided by the square of the height in meters).
Note: Data are given as mean = SD.

? Recreational basketball players are college and university students who play basketball at least 3 days per week at the
typical basketball court or at the stadium within the 6 months before study initiation.

® Elite basketball players are college and university students. They had to have more than four successive years of basketball

experience and registered in the University Basketball Association (UBA) to be considered dlite.
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Table 2. Arch Index of the Foot in Static Standing

Recreational Basketball Players Elite Basketball Players P Vaue?
L eft foot 0.22+0.03 0.18+0.02 <.01
Right foot 0.22+0.03 0.18+0.02 <.01

Note: Data are given as mean = SD.
4P values were determined by the independent-samples t test between recreational basketball players (n=85) and elite basketball

players (n=51).
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Table 3. Relative L oad of the Forefoot, Midfoot, and Rearfoot Regions During Static Standing

Region Recreational Basketball Players Elite Basketball Players P Vaue®

Left foot

Forefoot ( % ) 23.16 + 4.88 16.96 + 3.09 <.01
Midfoot ( % ) 10.42 £ 9.29 11.68 £ 10.86 <.01
Rearfoot ( % ) 16.42 £ 4.87 21.37+391 <.01
Right foot

Forefoot ( % ) 22,03 + 5.67 17.26 + 3.59 <.01
Midfoot ( % ) 10.82 £ 10.36 1194+ 1112 <.01
Rearfoot ( % ) 17.21 £6.70 20.80 £ 4.52 <.01

Note: Data are given as mean + SD.
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4P values were determined by the independent-samples t test between recreational basketball players (n=85) and elite basketball players

(n=51).
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Table 4. Relative L oad of the Forefoot, Midfoot, and Rearfoot Regions During the Midstance Phase of Walking

Region Recreational Basketball Players Elite Basketball Players P Vaue®

Left foot

Forefoot ( % ) 26.66 + 4.46 26.85+7.30 <.01
Midfoot ( % ) 8.34+7.58 1046 £9.74 <.01
Rearfoot ( % ) 15.00 + 3.65 12.69+ 3.14 0.041
Right foot

Forefoot ( % ) 26.92 + 4.04 26.74 + 8.60 < .01
Midfoot ( % ) 7.66+7.13 10.40 £ 9.82 <.01
Rearfoot ( % ) 1542 + 3.20 12.86 + 3.59 0.039

Note: Data are given as mean + SD.
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4P values were determined by the independent-samples t test between recreational basketball players (n=85) and elite basketball players

(n=51).
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Table5. Pain Assessment and Self-reported Health Statusin the 51 Elite Basketball Players

Pain Area Elite Basketball Players (No. [%]) Pain Area Elite Basketball Players (No. [%0])

Bone pain Soft-tissue pain
Lateral ankle joint 26 (51.0) Anterior cruciate ligament 33(64.7)
Lateral kneejoint 26 (51.0) Lateral ankle ligament 31 (60.8)
Medial knee joint 23 (45.1) Media collateral ligament 30 (58.8)
Foot (Plantar metatarsal bone) 22 (43.1) Patellar tendon 30 (58.8)
Foot (Calcaneus) 21 (41.2) Quadriceps femoris 26 (51.0)
Tibia 20(39.2) Biceps femoris 21 (41.2)
Femur 18 (35.3) Gastrocnemius 19 (37.3)
Patella 18 (35.3) Tibialis anterior 19 (37.3)
Hip joint 17 (33.3) Lower back 19 (37.3)
Fibula 15 (29.4) Achilles tendon 17 (33.3)
Media anklejoint 9(17.6) Plantar fascia 15 (29.4)
Others 7(13.7) Neck and shoulder 9(17.6)
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