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Foot morphology is influenced by factors such as physical activity, footwear habits, gender, and body mass index (BMI)
and plays an important role in ficlds like orthopedics and sports science. However, data on the foot morphology of
Indonesian recreational runners remain limited. This study aimed to describe the foot morphology of Indonesian
recreational ninners using a 3D foot scanner
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A cross-sectional study including 50 recteational runners was included. Data were collected using a selfdeveloped
questionnaire and foot scanning using a 3D foot scanner UPOD-S during ding to assess a few

including BMI, arch index (A1), heel angle, foot length, toe type, shoe size, shoe brand, vitamin D supplementation intake,
tory, and recent foot and leg pain, which were conducted via a physical examination by a foot and ankle surgeon

Result

‘This study included 32 male and 18 female recreational runners aged 22-45 years with a mean BMI of 25.047.3 and
24,1041, respectively. The average weekly running distance was 13.8 + 13.1 km, with participants using various shoe

Indonesian brands. Shoe sizes varied from 36 10 44 (European sizing). Heel angles varied: three feet showed neutral, 20 mild, and one
. severe angle. All participants exhibited a normal or low AL Toe types included Roman, Egyptian, and Greek types. The
Recreational mean foot lengths in males were 256.2 + 11.9 mm (right) and 256.1 + 12.0 mm (left), and in females, 2203 + 8.6 mm
(right) and 220.7+ 8.7 mm (left). The Al valucs of most recreational runners were classified as low arch.

Runners

1
2 Conclusion
N | . MaleIndonesian recreational runners generally have longer feet than their female counterparts, alihough the AT values are
Astuti Pitarini _ Andi similar between the sexes, regardless of foot pain. These mild ariations may have for
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monitoring and preventing musculoskeletal health issues,
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Traumatclogy, Introduction

St. Carolus Bone und Jeint Centre, Rinming is a popular sport and recreational activity worldwide, including in Indonesia. Almost 60% of adults stay active by
Jakarta, IDN 3. Sports Medicine Tinning, with the number of people participating in organized races increasing by S0% over the past decade [1]. Rumning is
Eminence Sports Medicine Centre. one of the most accessible physical activities, offering significant benefits for improving fitness and preventing obesity,
Jakarta, IDN cardiovascular discases, and other chronic conditions [2]. Despite fts surge in popularity. running-related injuries (RRI)and
Sports Medicine, St. Carolus Sports fendinopathy are commen, particularly overuse injuies [3]. The injury incidence ameng short-distance rumners (<15 km)
Clinic, Jakari, IDN 5. Orthopedics Tanges from 14.3% o 44.7%, whereas for long-distance rumers (half-marathons or marathons), it ranges from 16.7% to
:d"ld"'”“"“““’w' Facultyof ﬂ‘s% [4]. Many risk factors contribute to the RRI, including extrinsic factors (such as age, sex, limb mechanics, and

Universitas Katolik Indonesia Atma
Jaya, Jakarta, IDN 6. Orthopedics and
Traumatology, Faculty of Medicine,

Universitas Trisakti,
Jakarta, IDN

tics) and intrinsie factors (activity level, training factors, loading characteristics, footwear, and medication intake)
ﬁfrever, previous rescarch revealed that RRI was the strongest risk factor for injury in longdistance runners. Additionally,
significant risk factors for short-distance unners included previous non-RRI (musculoskeletal complaints), higher body
‘mass index (BMI), older age, male sex, lack of nning experience, and running less than two hours per week [1 ]

How to cite this article

Fitarini A, Kurniawan A, Mitchel M, etal. (June 11, 2025) Foot Morphology Profie in Indonesian Recreational Runners. Cureus 17(6): e85817. DOI

10.7750icureus 85617
Human foot morphology is a key focus in physical anatomical studies actoss various biomedical fields, such as orthopedics
arthotie development, and sports science. Factors such as environmental conditions, daily activities (including the
frequency of sports participation and shoe-wearing habits), as well as gender, BMI and age, have all been shown o
significantly influence foot shape and structure in adults [3]. A widely used method for analyzing foot morphology is
through 2D footprints. as they are easy t obiain. However, i h lacks vertical shape which limits its
aceuracy [6]. Foot types such as flat feet or high arches are typically elassified based on visual inspecion, and numerous
footprini-based indices have been developed. primarily targeting the medial longitudinal arch. Despite their practicality, 2D
measurements fail 10 capture the foot's complex 3D structure. Research has shown that attempts to infer 3D morphology
from 2D data o flen result in significant inaccuracies 7]

Materials And Methods

This cross-sectional study included recreational runners participating in a running :vem All participants underwent
interviews and physical examinations to screen for foot or gait he d of running at
Jeast 5 km per week for three consecutive months, either indoars or ouldoars, regardless of whelher participants were
competing in the event. Consent was obiained from each participant. This study employed a simple random sampling
biased data collection. In this study, we aimed to

approach to select nd schedul ensuring
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Variable

Total patients

Age (years)
Body weight (kg)
Height (cm)
BMI (kgim?)

Shoe size

Regular core training (n)

Regular aerobic exercise (n)

deseribe the foot morphology of Indoncsian recreational runners using a 3D foot scanner. The parameters evaluated
included arch index
(AI), heel angle, foot length, and toe type. Additional information, such as BMI, shoe size and brand, vitamin D
supplementation intake, and the presence of foot or leg pain, was collected through a combination of physical examination
by a foot and ankle surgeon and a sel F-reported questionnaire. The Research Ethics Committee of Fakultas Kedokteran
Universitas Trisakti approved the study (reistration number 00 6/KER/FK/02/2025), and all participants were fully

d of the study's proced d provided wri

Foot morphology

In this study, we measured the Al heel angle, foot length, and toe type separately for the left and right feet to evaluate foot
morphology. The heel angle consists of neutral (0), mild (<4), moderate (4-8), and severe (>8). For the Al values below
0.21 were classified as high, 0.21-0 26 as normal, and above 0.26 as low. The low category is further subdivided into three
levels: low (+) < 0.28: low (++) < 0.30; and low (+++) > 0.30 [£]. The toe type will be classified as cither Roman, Greek, or
Egyptian. The heel angle was defined as the angle formed between the medial and lateral borders of the posterior heel
region. Foot length was defined as the linear distance from the mest posterior aspect of the calcaneus to the tip of the
longest toe.

Foot morphology data were collected under static standing conditions using a 3D foot scanner UPOD-S (Wuhan City.
China) with an accuracy of +1 mm. The participants needed to follow the steps: (1) Roll up their trousers above the knee
and remove their shoes and socks: (2) stand with both feet in anatural posture, eyes and head straight facing front, and
place one barefoot (right or left) on the UPOD-S foot scanner within the measuring range: (3) distribute body weight evenly
between both feet and maintain balance for three to five seconds until the foot morphology scan is fully recorded; and (4)
switch to the other foot and repeat the process.

Pain assessment and self-report survey

A foot and ankle surgeon eonducted the foot pain assessments and self-reported surveys of recreational runners following
foot merphology measurement. The survey included medical history. physical examination, and personal data (including
sex. age, height, weight, email address, and phone number). For footand leg pain assessment, knee pain was categorized as
leg pain, while foot and ankle pain were elassified as foot pain. The participants were asked to describe the quality of pain
(e.&.. buming, stabbing, dull ache), as well as the aggravating and relieving factors, including physical activities (e.g..
walking, prolonged standing), footwear, orthotic use, and rest. Clinical examination assessed for associated foot conditions,
such as hallux valgus (bunion), calluses. hammer toes, and skin changes.

Additionally, foot pain was divided into forefoot, midfoot, and hindfoot based on anatomical location. The analysis
excluded muscle cramps, dermatological conditions, digital calluses, and nighttime paresthesia. Physical examinations were
conducted to evaluste the recreational runner's foot and leg pain based on the following steps: (1) The surgeon reviewed the
self-reported survey and pain complaints, then guided participants to stand barefoot with their trouser legs rolled up sbove
the knees. (2) The lower extremities were examined through palpation and pressure testing of the feet, ankles, patellac,
lanees, hips, tibias, fibulas, and femurs, hecking the ide for (3) To precisely localize pain,
the sugeon assessed (i) soft tissues: plantar fasei, Achilles tendon, gastrocnemius, tibialis anterior and posterior, biceps
femoris, quadriceps, medial/lateral ankle ligaments, anterior cruciate ligament, medial lateral collateral ligaments, abductor
hallucis, abductor digiti minimi, and lower back: (2} bone structures: navicular, cuboid, phalanges, metatarsals, and
caleaneus: and (3) joints and key anatomical sites: ankles, patella, knees, hips, and tibia

Results

This study involved 50 recreational runners (32 males and 18 females). The participants' ages ranged from 22 to 45 years,
with mean body weights of 70.6411.0 kg for males and 60.1411.0 kg for females. Shoe sizes varied from 36 to 44
(European sizing). Detailed information is provided in Table /. The average weekly running distance among participants
was 13.8413.1 km, reflecting considerable variation in training levels.

Female
32 18
33.1+£106 35.049.9
70.6+11.0 60.1+11.0
171.7+6.0 167.824.7
25.0£7.3 24.14.1
42.4£1.7 5
10 8
8 6

TABLE 1: Di

h: istics of the partici

Data are given as mean £ SD.

p
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BMI: body mass index

Left Foot
Sex

Neutral
Male 6
Female 1

TABLE 2: Heel angle
Mild <4; moderate 4-8; severe >6

Participanis wore various running shoe brands, including Hoka, Adidas, Asics, Nike, On Running, Diadora, and New
Balance, Seven reported regular vitamin Seven lefi feet and eight right feet
exhibited a neutral heel angle, 25 left feet and 27 right feet showed amild heel angle, and three lef fect displayed a severe

heel angle (Table 7).

Right Foot
Mild Moderate Severe Neutral Mild Moderate Severe
18 8 2 7 17 8 0
7 9 1 1 10 7 0

Most participants had normaland low Al in both feet. as detailed in Table 1. The mean Al of the male left foot in those
without pain was 0.28+0.04, while in those with pain, it was 0.26+0.04 (mean Al = 0.27+0.04). On the right foot, the Al in
males without pain was 0.28+0.03, compared to 0.25+0.04 in these with pain (mean Al = 0.27+0.04), For females, the left
foot Al was 0.27+0.02 in individuals without pain and 0.27+0.06 in those with pain (mean Al = 0.27+0.04). Similarly, on
the right foot, the Al in females without pain was 0.27+0.03, while in those with pain, it was 0.28+0.06 (mean Al =
0.27+0.04). The details can be seen in Table .

Left Foot Right Foot
Low Low
Sex High Normal High Normal
e s e e
Male o 17 1 8 6 1 15 6 6 4
Female 1 9 2 3 3 1 7 2 4 4
TABLE 3: Type of arch index
High <0.21; normal 0.21-0.26; low >0.26
Low (+} <0.28; low (++) 30.30; low (+++) >0.30
Arch Index
Variable
Without pain With pain
Left foot
Male 0.2810.04 0.26£0.04
Female 0.2740.02 0.2740.06
Right foot

2025 Pitarini et al. Cureus 17(6): e85817. DOI 10.7758/cureus.85817
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Male 0.28:0.03 0.25:0.04

Female 0.27+0.03 0.28+0.06

TABLE 4: Arch index of the foot in static standing

The toc types were identified among the participants: Roman, Egyptian, and Greek. In the male group, the mean foot
lengths were 257.3+10.3 mm for the right foot and 257.5¢11.2 mm for the left foot. Similarly, in the female group, the
mean foot lengths were 231.348.5 mm for the right foot and 232.5+8.7 mm for the left foot. Foot and leg pain was reported
by 21 participants, with the most commen pathology being plantar fasciitis, which was found in four participants (8%)
Detailed pathology is presented in Table §

Location n (%)
Forefoot

Metatarsalgia 3 (6%)

Hallux valgus 1(2%)

Sesamoiditis 1(2%)
Midoot

Midfoot strain 1(2%)

Lisfranc injury 1(2%)

Tiialis posterior tendinitis 3.(6%)

Plantar fibromatosis 1(2%)
Hindfoot

Plantar fasciltis 4(8%)

Achilles tendinitis and/or tendinopathy 2 (4%)

Baxter nenve lesion 1(2%)
Ankle

Achilles tendinitis and/or tendinopathy 2 (4%)
Knee

Patelofemoral instabilty 1(2%)

2025 Pitarini et al. Cureus 17(6): e85817. DOI 10.7758/cureus.85817
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TABLE 5: Foot and leg pain based on location

Discussion

Running is one of the most widely practiced physical activities worldwide. However, although the health benefits of
running for physically active individuals have been demonstrated, recreational runners are often affected by RR1 ata rate of
approximately 79% [4]. Various intrinsic and extrinsic factors, including foot morphology, have been implicated in the
development of RR1[1]. However, there is d d: the specific foot of runner different
populations. Based on our knowledge, this is the first study that describes the foot morphology in Indonesian recreational
uners.

Inour recent study, we observed that the Al values of feet with pain and those without pain were nearly identical. This
suggests that foot and leg pain do not consistently comelate with variations in foot morphology, particularly when assessed
using the Al Furthermore, arch height variations may not be a key factor in foot pain development. This finding contrasts
with previous research linking abnormal Al o foot pain. A possible explanation is that foot pain is multifactorial, involving
neuromuscular function, inflammation. and individual pain perception [9]. Additionally. compensation mechanisms such as
altered gait pattems or muscle adapiations may help mitigate plantar pressure sbnommalities. thereby roducing their direct
impact on pain. Esculier et al. reported that gait modifications in runners with patellofemoral pain. such as inereasing the
step rate by 10% (1o 180 steps per minute), deereasing the siep rate by 10%, striking with the forefootor heel, and running
softer, are assoiated with reduced lated pain gait may induce anal gesic effeets
that are not solely related to mechanical loading but also involve centzal pain mechanisms [ 10].

Previous research has highlighted the utility of the Al derived from footprints as a predictor of foot arch heightand atool
for classifying footprint morphalogy [11]. According to the literature by Cavanagh and Redgers [¢], the Al value for normal
arches typically falls within the range of 0.21-0.26. A retrospective study conducted by Chow etal. found the mean Al of
both feet in recreational rugby players to be within the normal range. The elite group's arch type fell into the category of
low arch, based on 57 male college students (mean age, 20 years). This recent study reported that the clite rugby group
more commonly experienced lower limb pain, particularty pain in the metatarsophalangeal joints and the cuboid bone [12].
Our study found that most of the participants were classified as having low-arched fect or flat feet. This finding is
consistent with a study by Chow, which reported that Indigenous Taiwanese have lower arched

et compared to non-Indigenous Taiwanese [ 13]

‘The data collected in this study show that males generally had longer feet than females on both sides. These gender-based
differences in foot marphology align with findings from previous research, which consistently report that men tend to have
longer feet than women. Zhao et al. noted that gender has a greater influence on foot dimensions, such as length, width,
height, and girth, than BMI or age [14]. Similarly, Castro et al.. using calipers and foolprint analysis in elder Brazilian
adults, found thal men had significantly higher instep height, forefoot width, and rearfoot width than women [15]. A study
utilizing a 3D foot scanner in 291 okder adults also confirmed that men exhibited significantly larger values across all major
foot dimensions, ineluding length, widih, height, and girth, compared to women [16]. Wearing et al. observed that
individuals with higher BMIs tend to have a lower plantar arch height. They atiributed this finding to fat under the foot,
making it difficult to measure arch height [17]. A similar study reported by Domjanic et al. found that a high BMI was
associated with wide and flat feet [15]. Kim et al. reported that gender differences in lower limb biomechanics were
observed following a 5 km barefoot run. In female nuners, there was an increase in loading under the lateral forefoot and
lateral midfoot, whereas male runners experienced a decrease [19]. Anatomical variations may influence these differences,
as females exhibit greater hip internal rotation, while males show external rotation. Additionally, female runners
demonstrated significantly higher hip adduction, hip intemal rotation, and knee abduction angles than their male
counterparts [ 20]

In this study. we found that most participants have normal or low-arched feet, which are commonly referred to as flat feet. A
study conducted by Powell et al. indicated that individuals with high- or low-arched or flat fet experience a higher
incidence of lower extremity injuries than those with normal arches. Furthermore, high-wehed feet are asseciated with an
increased risk of bony injuries on the lateral side of the lower extremity. In contrast, low-arched feet are more prone to
injuries on the medial side [21]. Low- and normalarch feet have better shock absorption than high-arch feet. Flat feet result
in an uneven distribution of weight across the foot. Over time. this altered weight loading can lead to thickening of the
plantar fascia due 1o increased mechanical stress. Consequently. individuals may rely on excessive knee and hip joint
flexion to compensate for limited dorsiflexion during walking, which can ultimately result in joint pain and discomfort [22].
Feger et al. found that subjects with low-arched feet are more prone to an ankle sprain and ankle instability due to weak
muscle strength in dorsiflexion and eversion [23]. In marathon and halfmarathon runners. toe injuries such as bruised
toenails, nail thickening, and subungual hematomas are common. These injuries result from the continuous friction between
the toe and the shoe's toe box and can significantly affect a runner's training and performance [24]. Menz [25] also found
that the wrong-fitted shoe size was associated with toe corns, hallux valgus deformity. and foot pain.

Marathon nunning presents a significant challenge for amateur runners. The gait characteristics of marathon runners are
crucial, as the foet endure substantial force during unning. Rescarch indicates that the prolonged physical exertion
associated with marathons can lead to fatigue in the soft issues supporting the plantar arch, which may, in tumn, alter
pressure distribution across specific regions of the foot [26]. A study by Toresdahl etal. found that overuse injuries are the
primary factors contributing to marathon noncompletion, and strength training did not reduce the incidence of overuse
injuries, minor injuries, pain during the race, or the need for medical attention in the marathon medical tent [27). Foot shape
is dynamic and influenced by factors such as obesity and prolonged physical activity. which can result in deformities and
variations in morphology. These changes may cause shoes to fit poorly, leading to dermatological issues such as blisters and
coms. Additienally, improper footwear can lead to abnommal compensatory movements, thereby increasing the risk of
musculoskeletal injurics.

Ahealthy runner's lifestyle is grounded in balanced nutrition, effective training routines, adequate recovery, and mental
well-being. Proper nutrition is essential, emphasizing a diet rich in carbohydrates, proteins, and fats, aleng with sufficient
hydration, to support optimal and recovery. Morcover like vitamin D can play a crucial role in

preventing skeletal muscle injuries in athletes after exercise [24]. A similar study reported that lower serum vitamin D
2025 Pitarini et al. Cureus 17(6): €85817. DOI 10.7758/cureus 85817
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levels are associated with increased muscle weakness, fatigue, and a higher incidence of injurics [29]. Furthermore, dictary
vitaniin D supplementation has been shown to benefit immune system function by reducing exercise -induced
proinflammatory eytokines in elite athletes 2. However, in this study. we did not measure the serum 25 (OH)D

ons duc 1o logistical limitations and the focus of our study.

‘The primary limitation of our study is the small sample size, which restricts the generalizability of our findings to the
broader Indonesian population. This imitation may have reduced the statistical power of our analysis, polentially
contributing to the lack of a significant association between the Al and foot and leg pain. Second. although the study
focused on foot in runners, we did not provide detailed of h related to
their running, including duration, intensity, frequency, and warm-up and cool-down protocols. This lack of specificity may

hinder reproducibility and limit the ability of clinicians or researchers io implement or compare similar interventions in
future studies.

Conclusions

Male Indonesian recreational runners generally have longer foot lengths compared 1o females. Interestingly, the Al values in
feet with and without pain were remarkably similar between men and women, with most of the genders exhibiting a low
arch. This suggests that foot pain in runners with low arches or flat feet is not exclusively attributable o arch structure. As
such, clinicians should explote other possible underlying foot conditions during assessment. These findings may suggest 2
general trend toward mild © | | variations in foot hology among Indonesian jional runners. Although
these differences may seem subclinical, they could hold clinical relevance for orthopedic and sports medicine specialists
when designing training programs for runners, as well as for long-term musculoskeletal health monitoring and preventive
care

Appendices

Foot Morphology Profile Questionnaire

Personal Information

® Full Name:

& Email Address:

e Phone Number:

. Age

® Sex:
Anthropometric Data

® Body Weight (kg):

® Height (m):

® Shoe Size:

® Preferred Shoe Brand:
Running and Injury History

» Average Running Distance per Week (km):

e History of Foot or Ankle Injuries (Yes'No):

o Ifyes, please specify the symptoms and type of injury.
Exercise and Supplementation

® Do you perform regular core training? (Yes/No)

® Do you perform regular aerobic training? (Yes/No)

® Do you take any ) ? (e.g., protein, coll

® Do you take vitamin D supplements? (Yes/No)

® Serum Vitamin D Level (if available):

2025 Pitarini et al. Cureus 17(6): e85817. DOI 10.7758/cureus.85817




Cureus

Part of SPRINGERNATURE

FIGURE 1: Survey page 1

Foot Scan Measurements

Medial Arch Height (Right, mm):
Medial Arch Height (Left, mm):
Area Height (Right, mm)

Area Height (Left, mm):

Lateral Arch Height (Right, mm):
Lateral Arch Height (Left, mm):
Arch Index (Right):

® Arch Index (Left)

Heel Angle (Right, degrees):
Heel Angle (Left, degrees):

FIGURE 2: Survey page 2
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