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Abstract
Background and Purpose: Flatfoot is a condition in which the foot is characterized by a flat medial longitudinal arch either congenitally or
acquired. The prevalence of flatfoot varies worldwide. Our aims in this study were to estimate the prevalence of adult flatfoot in Riyadh city, Saudi
Arabia. And to evaluate the relationship between adult flatfoot and the Body Mass Index (BMI).
Methods and Study design: Initially the demographic data of the participants such as Name, age, Gender, Height, Weight, Nationality were
obtained. Foot examination was done by a podiatrist using a podoscope. We used three types of footprint parameters to determine the foot arch;
Clark’s angle, Chippaux-Smirak index, and Staheli index indices were calculated twice by the same person.

Results: This study included 533 (218 males, and 315 females) with mean age 37 years (SD 11.26). Most of the participants were Saudi
417 (78.2%), while 116 (21.8%) were non-Saudi. The prevalence of flatfoot is different according to the footprint parameters. We observed that
some participants have different types of the arch between right and left feet, either a pair of normal and flat arches, normal and high arches or
flat and high arches. The diagnosis of flatfoot increased with high BMI where all footprint parameters showed a significant correlation (P-value
< 0.05) between high BMI and flatfoot.

Conclusion: As seen in our results, Flat foot is common in our community. Flatfoot can result in pain and disability if left uncorrected. As
healthcare providers we should raise the level of awareness of the population that the incidence of the flat foot and its complications increase
with obesity, which may decrease the quality of life. The authors recommended to establish a new method to diagnose flatfoot that gives us an
accurate measure.
Keywords: Flat foot; Obesity; Prevalence; Saudi Arabia

Abbreviations: CA: Clark’s Angle; SI: Staheli Index; CSI: Chippaux-Smirak Index

Introduction
The foot is a biomechanical structure works perfectively in
the presences of healthy bones, muscles, and ligaments. Threefoot arches support the function of the foot, and the medial
longitudinal arch is considered the most important clinically
[1]. Theses arches help the foot in the distribution of the body
weight while standing, support the foot during the gait cycle and
provide a proper adjustment on different surfaces. Any disorder
affecting theses arches will interfere with the normal function of
different muscle groups and joints at varying levels of the lower
extremity and low back [2]. Flatfoot is a condition in which the
foot is characterized by a flat medial longitudinal arch either
congenitally or acquired [3]. There are two types of flatfoot
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flexible and rigid, in flexible flatfoot; the medial longitudinal
arch can be observed when the person in a non-weight bearing
position, but it disappears with weight-bearing posture. While in
rigid type the medial longitudinal arch cannot be seen even with
non-weight bearing position [4].

Flatfoot has a number of complications if left untreated.
Worsening pain started along the aspect of the posterior
tibial tendon, and structural foot deformities such as forefoot
abduction and hindfoot valgus are possible complications seen
in flatfoot patients [5]. Flatfoot is mainly a clinical diagnosis.
However, radiological studies and a podoscope examination
can also diagnose flatfoot [6-8]. The prevalence of flatfoot
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varies worldwide. Our aims in this study were to estimate the
prevalence of adult flatfoot in Saudi Arabia. And to evaluate the
relationship between adult flatfoot and the Body Mass Index
(BMI).

Methodology

This cross-sectional study was conducted in the Department
of Orthopedic, College of Medicine, King Saud University, Riyadh,
Saudi Arabia, during the period from October 2018 to April 2019.
We followed a convenience sampling method. We organized
a flatfoot awareness campaign at one of the biggest malls in
Riyadh city the capital of Saudi Arabia. Through the campaign
we asked people to be a participant in our study as one booth
of the campaign was foot examination. We included anyone
who is 18 years old or above and does not have neuromuscular
disorders, previous fracture, surgical treatment, or other causes
of pathological flatfoot.
Initially the demographic data of the participants such as
Name, age, Gender, Height, Weight, Nationality were obtained.
Foot examination was done by a podiatrist using a podoscope.
We scanned the both feet, and all pictures were saved. We used
three types of footprints parameters to determine the foot arch;
Clark’s angle, Chippaux-Smirak index, and Staheli index indices

Results

were calculated twice by the same person. We used a photoshop
CS5 software to measure the footprint arching parameters [9].
Clark’s angle as defined by Clark [10] is the angle between two
lines; first line connects the medial aspect of the first metatarsal
bone and the medial side of the heal, where the second line
that crosses a line at first metatarsal bone to the acme of the
medial longitudinal arch concavity. Clark’s angle considered to
be normal if the values are between 42°-54°, flat arch < 41°, and
high arch >55° [11].

Chippaux-Smirak index is calculated by dividing the
narrowest distance of the midfoot over the widest distance of
the forefoot. Normal arch if the ratio is between (25% - 45%),
flat arch >45%, high arch <25%. Staheli index is the ratio
between the minimal distance of midfoot and maximal distance
of hindfoot. The ratio is categorized into; high arch (0.1-0.4),
normal arch (0.5-0.7) and flat arch (0.8-1.2) [12]. Data were
analyzed by using Statistical Package for Social Studies (SPSS
22; IBM Corp., New York, NY, USA). Continuous variables were
expressed as a mean ± standard deviation, and categorical
variables were expressed as percentages. Chi-Square Tests were
used for continuous variables. A P-value <0.05 was considered
statistically significant.

Figure 1:
A.
Staheli index is the ratio between the minimal distance of midfoot and maximal distance of hindfoot.
B.
Clark’s angle is the angle between two lines; first line connects the medial aspect of the first metatarsal bone and the medial side
of the heal, where the second line cross the acme of the arch.
C.
Chippaux-Smirak index is calculated by dividing the narrowest distance of the midfoot over the widest distance of the forefoot

This study included 533 (218 males, and 315 females) with
mean age 37 years (SD 11.26). Most of the participants were
Saudi 417 (78.2%), while 116 (21.8%) were non-Saudi. There
were four categories of BMI; underweight (BMI < 18.5), normal
(BMI 18.5 – 24.9), overweight (BMI 25 - 29.9), and obese (BMI ≥
30) (Figure 1). The foot arch was determined by three footprints
parameters; Clark’s angle (CA), Chippaux-Smirak index (CSI),
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and Staheli index (SI). The types of the foot arch according to
the three-foot parameters are shown in (Table 1). The CSI and
SI exhibited a significant agreement in the diagnosis of flatfoot
with Kappa value > 0.8 and (P-value < 0.05). However, there was
a weak agreement between Clark’s angle with SI and CSI with
Kappa values < 0.5 and (P-value < 0.05).
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Table 1: The types of the foot arch according to the three-foot parameters in both genders.
Male

Female

Total

N (%)

N (%)

N (%)

Normal

111 (50.9%)

132 (41.9%)

243 (45.6%)

Flatfoot

88 (40.4 %)

133 (42.2%)

221 (41.5 %)

Normal

123 (56.4%)

131 (41.6%)

254 (47.7 %)

Flatfoot

79 (36.2%)

137 (43.5%)

216 (40.5 %)

Normal

111 (50.9%)

190 (60.3%)

301 (56.5 %)

Flatfoot

32 (14.7%)

40 (12.7%)

72 (13.5 %)

R CA

High arch

19 (8.7%)

L CA

High arch

50 (15.9%)

16 (7.3%)

R CSI

High arch
L CSI

69 (12.9%)

47 (14.9%)

75 (34.4%)

Significance (p<0.05)

63 (11.8 %)

85 (27.0%)

160 (30 %)

Normal

118 (54.1%)

184 (58.4%)

302 (56.7 %)

Flatfoot

30 (13.8%)

37 (11.7%)

67 (12.6 %)

High arch

70 (32.1%)

R SI

94 (29.8%)

Normal

121(55.5%)

204 (64.8%)

Flatfoot

26 (11.9%)

25 (7.9%)

High arch

71 (32.6%)

L SI

Normal

122(56.0%)

High arch

71 (32.6%)

164 (30.8%)
325 (61%)

86 (27.3%)

157 (29.5%)

202 (64.1%)

324 (60.8 %)

51 (9.6 %)

93 (29.5%)

Flatfoot
25 (11.5%)
20 (6.3%)
CA: Clark’s angle; SI: Staheli index; CSI: Chippaux-Smirak index; L: Left foot; R: Right foot
Table 2: The Measure of Agreement between Right and left feet.

164 (30.8 %)
45 (8.4 %)

0.024

0.001

0.093

0.592

0.075

0.055

R CA * L CA Crosstabulation
L CA
Flatfoot
R CA

Flatfoot

202 (37.9%)

High arch
Total

1 (0.2%)

18 (3.4%)

221 (41.5%)

4 (0.8%)

225 (42.2%)
254 (47.7%)

243 (45.6%)

533 (100.0%)

High arch

Normal

Total

2 (0.4%)

32 (6.0%)

58 (10.9%)

216 (40.5%)

63 (11.8%)

14 (2.6%)

R CIS * L CIS Crosstabulation

Normal

0 (0.0%)

Normal

Total

High arch

11 (2.1%)

69 (12.9%)

L CIS
Flatfoot
Flatfoot
R CIS

38 (7.1%)

High arch
Normal

2 (0.4%)

119 (22.3%)

67 (12.6%)

164 (30.8%)

43 (8.1%)

231 (43.3%)

Flatfoot
30 (5.6%)

27 (5.1%)

Total

R SI * L SI Crosstabulation

72(13.5%)

39 (7.3%)

160 (30.0%)

302 (56.7%)

533 (100.0%)

High arch

Normal

Total

0 (0.0%)

21 (3.9%)

51 (9.6%)

301 (56.5%)

L SI
R SI
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Flatfoot
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High arch
Normal
Total

1 (0.2%)

116 (21.8%)

45 (8.4%)

164 (30.8%)

14 (2.6%)

48 (9.0%)

40 (7.5%)

157 (29.5%)

324 (60.8%)

533 (100.0%)

263 (49.3%)

325 (61.0%)

Table 3: The significance of correlation between age categories and foot arches based on (A) Clarke index, (B) Chippaux-Smirak index, (C)
Staheli index.
A
Clarke index right foot

B

Clarke index left foot

Chippaux-Smirak index right foot Chippaux-Smirak
index_left foot
Staheli index right foot

C

Staheli index left foot

<29 y

29 -36 y

37 - 45 y

>45 y

Significance (p<0.05)

36.5 %
31.4 %

38.4 %
39.1 %

36.9%
36.9 %

54.7 %
55.5 %

0.03
0.006

10.8 %
10.8%

15.6 %
11.7 %

6.2 %
5.4 %

7.8 %
7.8 %

<29 y

29 -36 y

37 - 45 y

<29 y

29 -36 y

37 - 45 y

10.2 %
8.8 %
10.9 %
8.0 %

We observed that some participants have different types
of the arch between right and left feet, either a pair of normal
and flat arches, normal and high arches or flat and high arches.
The measurement of agreement test was done to determine the
degree of agreement between the two feet with the three different
footprint parameters (Table 2). Among the foot parameters,
Clark’s angle had the highest degree of agreement between the
right and the left feet (Kappa value = 0.850) followed by Staheli
index (Kappa value = 0.562) followed by Chippaux-Smirak index
(Kappa value = 0.523). We further correlated the types of the
foot arch according to the three footprint parameters; CA, CSI,
and SI with the participants’ age, BMI and nationalities. Table
3 shows a significant correlation between age categories and
flatfoot. There is no significant difference between Saudi and
non-Saudi in the prevalence of flatfoot (P-value > 0.05). However,
diagnosis of flatfoot increased with high BMI where all footprint
parameters showed a significant correlation (P-value < 0.05)
between high BMI and flatfoot (Figures 2 & 3).

Figure 2: BMI classification of the participants.

Discussion
The human feet are strong, mechanical and complex
structures containing arches that protect it from injuries by
acting as a spring, which absorbs shock and direct pressure
during various activities [12]. To determine the type of foot arch,
0055

17.4 %
18.8 %
13.0 %
12.3 %

>45 y

Significance (p<0.05)

>45 y

Significance (p<0.05)

0.148
0.005
0.148
0.016

we used three different parameters; Clark’s angle (CA), ChippauxSmirak index (CSI) and Staheli index (SI). All three parameters
were considered reliable in other studies [13,14]. We found that
the prevalence of flat foot was highest while using the CA and
lowest while using SI, ergo, there were some differences in the
foot arch results between the three parameters in our study,
unlike other studies which found them to be similar in results
[12,15]. Our study also found instances of unilateral high-arched
feet and unilateral flat feet in some participants, much like other
studies with similar results [12,16]. However, bilateral flat feet
were found to be more common, which was attributed to the fact
that congenital flat foot usually occurs bilaterally [16].

As for the agreement between those parameters, we found
that the CSI and SI exhibited excellent agreement in the diagnosis
of flatfoot with a Kappa value of > 0.8 (P-value < 0.05) in contrast
to Clarke’s angle with SI and CSI, as their Kappa value was <
0.5 8 (P-value < 0.05), which is similar to results found in the
literature [17] but differed from another study which showed
excellent intrarater interobserver and interrater reliability,
with ICC values of > 0.880 [18]. In addition, Clarke’s Angle had
the highest degree of agreement between the two feet when
compared to the other footprint parameters with a Kappa value
of 0.850. One study found Clarke’s angle to be highly accurate in
detecting flatfoot [13].
In our results, we found that the incidence of flatfoot was
higher in obese participants, suggesting a relationship between
BMI and flatfoot; equivalent to other studies which showed similar
results [1,3,12,19,20]. This could be due to added exertion forces
on the arches of the feet because of weak musculature, ligaments
causing the arches to collapse, significantly altering the contact
surfaces between the arches and the ground [19]. Unlike other
studies which show no correlation between BMI and flatfeet
[21]. Furthermore, foot joint pain has been noted among higher
BMI categories which likely predicts the development of foot
joint stress overtime with obese participants [22,23]. Therefore,
a small increase in body mass can impact plantar pressure [24].
While a modest weight reduction can have a significant reduction
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in plantar loading [25]. One study concludes that a loss of more
than 2 kg conveys a change in functional limitation and reduced
foot pain [26].

When comparing genders, we found that Clark’s angle in
females had higher prevalence of flat feet than males. On the
other hand, CSI and SI showing insignificant higher prevalence
of flatfoot in males than females. Yashika and Chougala studies

reported that flatfeet are more common in males, of which
they’ve attributed it to the foot-ware males use [16,19]. However,
another study pointed out a higher incidence of flat feet in female
school students due to the closed-toe shoes they wear which are
detrimental to the development of the foot arch [3]. High-arched
feet were also observed in another study to be more common in
young females [1]. Other studies showed no correlation between
gender and the presence of flatfeet [21].

Figure 3: The significance of correlation between BMI categories and foot arches based on Clarke index, Chippaux-Smirak index, and
Staheli index.

The quality of life does not seem to be affected when it
comes to the presence or absence of flat foot [13,19] nor does
physical functioning and participation in physical activity
[13]. However, some studies show that the quality of life is
lower in participants with flatfeet [20]. (explain how flatfoot
affected quality of life). Many of our flat-footed participants
seem to experience complications related to flat feet, e.g. pain,
0056

tightness in the feet and recurrent ankle twisting, which raises
the question to the possibility of more complications; one study
concludes that having flat feet or high-arched feet has lower
incidence of lower extremity injuries when compared to normal
feet [27]. In contrast to another study, which concludes lack of
evidence to support the relationship between the type of foot
and the incidence of lower limb injuries [28]. Add more about
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complications: planter fasciitis is one of the most common.
However, other studies show a positive correlation between foot
type and injury, for example, one study concludes that runners
with high or low arch structures are related to different injury
patterns [29] and another found a positive correlation between
foot type and knee pain but not ankle sprain [30]. When it
comes to other complications like Medial Compartment Knee
Osteoarthritis, a study concludes that pronated feet, in which
flat feet are susceptible to, are associated with medial knee OA,
whereas high-arched feet are a protective factor [31]. As for
lower back pain, a significant correlation was found between
flat feet and an increase in the lumbar curvature whereas higharched feet are correlated with lumbar rectification in women
complaining of low back pain [32].

10. Clarke HH (1933) An Objective Method of Measuring the Height of the
Longitudinal Arch in Foot Examinations. Res Quarterly Am Phys Educ
Assoc 4(3): 99-107.

As seen in our results, Flat foot is common in our community.
Flatfoot can result in pain and disability if left uncorrected. As
healthcare providers we should raise the level of awareness
of the population that the incidence of the flat foot and its
complications increase with obesity, which may decrease the
quality of life. The authors recommended to establish a new
method to diagnose flatfoot that gives us an accurate measure.

16. Yashika Kalra, Aga Ammar Murthuza, Geetanjali BG, Varsha Mokhasi,
Rajini T (2016) Study of Footprints to Determine the Incidence of Pes
Planus In South Population Using Staheli’s Plantar Arch Index. Int J
Curr Res.
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