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Abstract
A cross-sectional analytical study was conducted on 165
healthy young adults. With pes rectus and pes planus to
correlate the medial longitudinal arch height with postural
stability, sensory integration of balance and fall risk.
Persons with pes cavus, congenital foot anomalies other
than pes planus, leg length discrepancies, recent history of
trauma, lower limb amputations, history of serious foot
injury, ligamentous laxity, or an active inflammatory
disorder were excluded. Outcome measurements included
normalised truncated navicular height (NTNH), Chippaux
Smirak index (CSI), athletic single leg stability (ASLS) index,
fall risk (FR) index, postural stability (PS), clinical test of
sensory integration of balance (CTSIB), and balance error
scoring system (BESS). Spearman correlation and Mann
Whitney U test were used for data analysis. CSI and NTNH
were noted to have no significant correlation (p<0.05) with
PS, FR, CTSIB, ASLS and BESS among healthy young adults.
Males were observed to have poorer balance and fall risk
as compared to females.
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Introduction
Medial longitudinal arch is an imperative step towards the
evolution of bipedal gait adapted by humans, as it not only
provides a mechanical advantage to the plantar flexors in
lifting the body weight during the stance phase of the gait,1
but also provides shock absorbing capacity during stride.2
A decrease in the medial longitudinal arch is known as pes
planus or flat feet3 and can predispose a person to different
musculoskeletal impairments, including hallux valgus,
plantar fasciitis, knee pain, and low back pain.4 From a
biomechanical point of view, it is hypothesised that foot
posture and medial longitudinal arch height may affect
postural stability and balance; however, its impact is not as

well established in healthy young adults as compared to
other factors such as muscle strength (especially those of
the back), proprioception, endurance capacity, and body
mass index.5,6 Moreover, literature seems to be conflicting
in terms of comparison of pes planus with pes rectus in
terms of balance parameters, with some studies showing
significant differences,7-9 whereas others show no
significant differences1,10-13 in terms of static and dynamic
postural stability, postural control, limits of stability, and
other balance measures. Moreover, the studies that do exist
have been conducted on very limited sample sizes.
Furthermore, evidence is also deficient in terms of the
relationship of medial longitudinal arch with different
balance parameters. For this reason, it is very important to
look into the relationship of medial longitudinal arch and
pes planus with balance parameters as foot is the part of
the body which is responsible for standing as well as
propelling the body forwards, and impairment in the
biomechanics of the medial longitudinal arch of the foot
can result in impaired functioning. For this reason, the
purpose of the current study was to determine the
correlation of normalised truncated navicular height and
Chippaux Smirak index with postural stability, fall risk,
sensory integration of balance, balance error scoring
system and single leg athletic stability among healthy
young adults. The findings of the study will help in
determining whether decreased medial longitudinal arch
height can be a risk factor to impaired postural stability and
increased fall risk, as is usually thought of, and is even
considered as a basis for exclusion criteria in different
professions such as armed forces. Furthermore, findings of
the study will also guide on whether improving the medial
longitudinal arch height will result in a significant
improvement in postural stability and fall risk.

Methods and Results
A cross-sectional analytical study was conducted on 165
healthy young adults both male and female aged 18-26
years, recruited via non-probability consecutive sampling,
at the Foundation University College of Physical Therapy
(FUCP), Islamabad, from July 2019 to January 2021.
Participants with pes rectus and pes planus screened via
Chippaux Smirak index (CSI) were included in the study,
whereas persons with pes cavus, congenital foot anomalies
other than pes planus, leg length discrepancies, recent
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history of trauma, lower limb amputations, history of
serious foot injury, ligamentous laxity, or an active
inflammatory disorder were excluded from the study. The
sample size was calculated keeping a power of 80% i.e. 
α (two-tailed) of 0.05 and β of 0.20, and the expected
correlation coefficient (r) of 0.25, using the formula
N=[(Zα+Zβ)/C]2+3.14,15 The sample size was calculated to
be 123, however a sample of 165 participants was included
in the study to compensate for any missing data.

Outcome measurements included, normalised truncated
navicular height (NTNH), Chippaux Smirak Index (CSI),
Athletic Single Leg Stability (ASLS) index, fall risk Index,
postural stability, clinical test of sensory integration of
balance (CTSIB) and Balance Error Scoring System (BESS).
Normalised truncated navicular height (NTNH) was
calculated using the formula NTNH = Height of navicular
tuberosity from the ground (H) / Length of the truncated
foot (L), where the height and length were calculated via
Vernier calipers, with an ICC of 0.92-0.94.16,17 Chippaux
Smirak index (CSI) was used for the foot-print analysis by
measuring the mid-foot on a smooth surface using the
formula CSI% = (Greatest forefoot width / smallest mid foot
width) x 100, with an intra-rater
ICC of 0.99.18,19 The values from
0.1% to 45% shows pes rectus
(Figure 1a), 45% to 100% shows
pes planus (Figure 1b) and when
the middle part of foot is missing
it shows pes cavus (Figure 1c).18

Biodex Balance System SDTM was
used to measure athletic single
leg stability index (ICC=0.70-
0.82), Fall Risk Index (ICC=0.80),20

Postural Stability (ICC=0.64-
0.91),21 clinical test of sensory
integration of balance (CTSIB)
(ICC3,1=0.75)22 and Balance Error
Scoring System. Ethical approval
was obtained from the
Foundation University Ethical
Review Committee (Ref#
FF/FUMC/215-2Phy/19) and
informed consent was taken from
all the participants before
induction in the study. Data was
analysed using SPSS v 21.0.
Shapiro Wilk test was used to
determine the normality of the
data, and all the variables were
observed to be non-normally
distributed (p<0.05), thus non-
parametric tests of significance

were used. Spearman correlation was used to determine
the relationship between two variables and Mann Whitney
U test was used to compare the variables in terms of
gender.

Out of the total 165 participants, 45 (27.27%) were males
and 120 (72.73%) were females. The participants’
information and averages of outcome measures are shown
in Table 1. No significant correlation (p<0.05) of NTNH and
CSI was observed with postural stability, fall risk, CTSIB,
ASLS or BESS (Table 2). Significant differences (p<0.05) were
observed in terms of height, weight, and body mass index
(BMI) between males and females. In terms of balance
measures, significant differences (p<0.05) were only
observed in ASLS (left), postural stability (eyes closed), fall
risk (eyes closed) between males and females, with higher
scores signifying poorer balance (Table 1). Because of
gender based anthropometric differences, significant
differences (p<0.05) were also observed in terms of smallest
mid-foot and greatest forefoot width, as well as navicular
height and truncated length but no significant differences
(p>0.05) were observed in terms of measures of medial
longitudinal arch, i.e. NTNH and CSI, between males and
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Table-1: Average values of participant characteristics along with gender based comparison.

Variable Average Gender Based Comparison
Male Female p-value

Median (IQR)

Age (years) 22.00(2.00) 22.00(2.00) 22.00(3.00) 0.35
Height (cm) 162.56 (12.70) 172.72(97.60) 160.02(101.60) <0.001
Weight (kg) 56.00(15.50) 68.00(12.25) 53.00(11.75) <0.001
BMI 20.81(4.43) 22.86(3.59) 20.08(4.32) <0.001
Athletic Single Leg Stability Index (Overall) Right Leg 2.40(1.00) 2.30(1.45) 2.50(1.05) 0.90
Athletic Single Leg Stability Index (Overall) Left Leg 2.50(1.70) 3.00(2.10) 2.40(1.30) 0.02
Fall Risk Score (Eyes Open) 1.00(1.10) 1.00(0.60) 1.00(1.20) 0.57
Fall Risk Score (Eyes Closed) 2.20(1.20) 2.80(1.75) 2.10(0,88) 0.01
CTSIB Composite Score 1.75(0.61) 1.83(0.77) 1.72(0.54) 0.22
Postural Stability Overall Stability Index (Eyes Open) 1.20(0.90) 1.10(0.65) 1.20(1.20) 0.45
Postural Stability Overall Stability Index (eyes Closed) 2.40(1.75) 2.80(3.20) 2.30(1.38) 0.01
Chippaux Smirak Index Score (Right) 30.48(12.80) 32.60(13.15) 29.57(12.43) 0.11
Smallest mid-foot width (Right) 2.60(1.20) 3.00(1.30) 2.50(1.10) 0.001
Greatest forefoot width (Right) 8.70(1.05) 9.50(0.70) 8.50(0.70) <0.001
Chippaux Smirak Index Score (Left) 30.40(14.16) 31.25(14.10) 30.10(13.73) 0.97
Smallest mid-foot width (Left) 2.70(1.20) 3.00(1.35) 2.60(1.28) 0.04
Greatest forefoot width (Left) 8.60(1.10) 9.50(0.45) 8.40(0.70) <0.001
NTNH (Right) 2.63(0.50) 2.50(0.63) 2.65(0.51) 0.25
Navicular Height (Right) in mm 43.40(8.75) 46.50(11.65) 42.50(7.70) 0.003
Truncated Length (Right) in mm 16.30(1.60) 17.90(1.10) 16.00(1.10) <0.001
NTNH (Left) 2.60(0.51) 2.70(0.80) 2.60(0.50) 0.23
Navicular Height (Left) in mm 42.70(8.35) 48.30(12.50) 41.60(6.85) <0.001
Truncated Length (Left) in mm 16.50(1.55) 17.60(1.10) 16.20(1.48) <0.001
BESS Composite Score 3.09(0.91) 3.260(1.52) 3.065(0.77) 0.14
BESS errors Mean ±S.D

11.08 ±5.15 11.066 ±4.29 11.091 ±5.44 0.99

BMI – Body Mass Index, NTNH – Normalised Truncated Navicular Height, CTSIB – Clinical Test of Sensory Integration of Balance, BESS-
Balance Error Scoring System.



females (Table 1).

Discussion
The purpose of the current study was to determine the
impact of pes planus on balance and fall risk. Hence, the
current study looked into the correlation of normalised
truncated navicular height (NTNH) and Chippaux Smirak
Index (CSI), with postural stability, fall risk, clinical test of
sensory integration of balance (CTSIB), and single leg
athletic stability among healthy young adults. No
significant (p<0.05) correlations were observed. In terms of
pre-existing literature a research paper authored by Kim J
et al, has shown that persons with flexible pes planus have
greater postural sway and higher centre of pressure speed
as compared to pes rectus, but no differences in terms of Y
balance test were reported.23 Kolasangiani A et al have also
shown a significant difference (p<0.05) in postural stability
in the medio-lateral direction between pes planus and pes
rectus during landing.9 Another study by Han J-T et al has
also shown a decrease in limits of stability and impaired
postural balance in pes planus on an unstable surface.7
Koshino Y and colleagues also showed pes planus to have
a significantly impaired postural stability during transition
task from double-leg to single-leg stance, as compared to
pes cavus and pes rectus.8 It has also been suggested that
impaired postural stability may be one of the mechanisms
resulting in an increased risk of lower extremity injuries,
especially in transition tasks.8

On the other hand according to a study published by
Hyong IH et al, no significant differences were observed
between pes planus, pes cavus, and pes rectus in terms of
dynamic balance ability.1 Another study by Yunus NFM et

al conducted on healthy young adults between the age of
18 and 25 years observed no significant impact of pes
planus or pes cavus on standing balance and physical
performance.10 Moreover, Chun W et al showed no
significant differences between pes planus and pes rectus
in terms of knee isokinetic strength or static postural
stability (p>0.05), but a significant difference was observed
in terms of medio-lateral stability index for dynamic
postural stability, only under eyes-closed condition 
(p<0.05).11 Another study by Hertel J et al has shown a
significant difference in terms of postural sway i.e. centre
of pressure excursion area, between pes cavus and pes
rectus, but no significant differences between pes rectus
and pes planus.12 Another study by Cote KP et al observed
that postural stability index was increased in pronators (pes
planus) as compared to supinators (pes cavus), but neither
group was significantly different from pes rectus.13

Even though most studies have been comparative in
nature, some studies have also looked into the relationship
of pes planus and medial longitudinal arch with balance
and postural stability. A study conducted by Fu GQ et al has
shown no significant relationship of rear foot alignment
with static and dynamic postural balance.24 Another study
Mun K-R et al has shown medial longitudinal arch height
to be correlated with postural stability in anteroposterior
direction,25 however the relationship was non-significant
(p>0.05), similar to the findings of the current study.
Moreover, the sample size of Mun K-R’s study was small,
consisting of only 13 healthy young adults with a mean age
of 28.08 years.25 Chun W et al also showed that foot posture
index scores were not significantly correlated with static
and dynamic postural stability index, except for dynamic
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Table-2: Correlation of CSI and NTNH with ASLS, fall risk, CTSIB, postural stability & BESS.

Variable CSI (R) CSI (L) NTNH (R) NTNH (L)
r-value p-value r-value p-value r-value p-value r-value p-value

Age (years) 0.09 0.24 0.04 0.60 0.14 0.07 0.14 0.07
Height (cm) 0.09 0.28 0.04 0.76 -0.14 0.09 -0.01 0.92
Weight (kg) 0.15 0.05 0.11 0.18 -0.02 0.85 0.07 0.37
BMI 0.15 0.05 0.12 0.11 0.06 0.47 0.08 0.32
Athletic Single Leg Stability Index (Right) 0.10 0.12 -0.04 0.66 0.001 0.99 0.02 0.77
Athletic Single Leg Stability Index (Left) 0.02 0.81 -0.02 0.76 -0.10 0.19 -0.02 0.79
Fall Risk Score (Eyes Open) 0.04 0.59 -0.003 0.97 -0.03 0.70 -0.02 0.77
Fall Risk Score (Eyes Closed) 0.09 0.27 0.04 0.59 0.02 0.84 0.02 0.83
CTSIB 0.001 0.99 -0.04 0.58 -0.05 0.51 0.11 0.15
Postural Stability (Eyes Open) -0.37 0.63 -0.04 0.58 0.09 0.26 0.08 0.32
Postural Stability (eyes Closed) -0.06 0.45 -0.09 0.27 -0.02 0.82 -0.02 0.81
BESS Composite Score 0.07 0.37 0.04 0.59 -0.09 0.26 0.004 0.96
BESS errors -0.01 0.93 -0.03 0.66 -0.20 0.01 -0.13 0.10
Chippaux Smirak Index Score (Right) - - 0.80 <0.001 -0.33 <0.001 -0.33 <0.001
Chippaux Smirak Index Score (Left) 0.80 <0.001 - - -0.32 <0.001 -0.34 <0.001
NTNH (R) -0.32 <0.001 -0.33 <0.001 - - 0.81 <0.001
NTNH (L) -0.34 <0.001 -0.33 <0.001 0.81 <0.001 - -

BMI – Body Mass Index, NTNH – Normalised Truncated Navicular Height, CTSIB – Clinical Test of Sensory Integration of Balance, BESS-Balance Error Scoring System.
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overall (r=0.344, p=0.030) and medio-lateral stability index
(r= 0.409, p=0.009) under the eyes closed condition only.11

Menz HB also showed that foot posture, including foot
posture index, arch index and navicular height were not
significant contributors of poor balance or risk of falls in
older people,26 similar to the findings of the current study
in which no significant correlation of Chippaux Smirak
Index Score and normalised truncated navicular height was
observed with Fall Risk Index. It is also imperative to point
out, that there is a dearth of literature in terms of the
relationship of medial longitudinal arch height and
Chippaux Smirak Index with fall risk and sensory
integration of balance.

Thus, in light of the previous studies and observations of
the current study, it can be said that the measures of flat
foot and pes planus such as Chippaux Smirak index score
and normalised truncated navicular height are not
significantly correlated with measures of balance and fall
risk such as postural stability, fall risk index, balance error
scoring system, clinical test of sensory integration of
balance (CTSIB), and athletic single leg stability among
healthy young adults. This conclusion is important from a
biomechanical and clinical perspective when dealing with
persons with flat feet who have issues of balance, fall risk
or impaired postural stability, and sensory integration of
balance, in the sense that medial longitudinal height
should not be the prime concern when treating such
patients, and instead other causes of impaired balance and
stability should be assessed and treated accordingly.
Furthermore, males were observed to have poorer balance
and fall risk as compared to females, especially in terms of
postural stability and fall risk index with eyes closed and
athletic single leg stability on the left side.

Conclusion
Chippaux Smirak index score and normalised truncated
navicular height have no significant correlation with
postural stability, fall risk, balance error scoring system,
clinical test of sensory integration of balance (CTSIB), and
Athletic Single Leg Stability among healthy young adults.
Moreover, males were observed to have poorer balance
and fall risk as compared to females.
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