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The relationship between body composition
and foot posture index in Special Olympics athletes
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Purpose: In Special Olympics, athletes’ foot deformities, abnormal postural patterns and overweight and obesity were observed to be
more common than in the general population. Therefore, the purpose of this study was to analyze the relationship between body compo-
sition and foot posture index. Additionally, the effect of gender and other factors on the body composition and foot posture index in
athletes with intellectual disability (ID) were analyzed. Methods: 131 athletes with ID participated in this study: 36 table tennis players,
66 cross country skiers and 29 downbhill skiers. Their body composition was assessed using the bioimpedance analysis InBody 230
(Biospace, Korea). The foot screening included the assessment of foot posture index, which evaluates the degree of pronated, supinated
and neutral position of the foot, gait speed and the last part of the procedure consisted of a short questionnaire, providing the information
about the type of housing, age, and the usage of orthotics. Results: A low correlation between body composition and some of the foot
posture index criteria was observed. The mean foot posture index score in athletes with ID was observed to be slightly pronated, as also
described in the general population, with no statistically significant difference between female and male athletes. The gender differences
were observed only in body composition. Conclusions: The high body weight and body fat percentage observed in this study highlight

the need for healthy lifestyle education in athletes with ID.
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1. Introduction

Foot abnormalities and deformities can significantly
affect the gait and others related daily activities. Com-
pared to general population, gait capacities are affected
in persons with intellectual disabilities (ID) [1] and
a higher prevalence of podiatric conditions and deformi-
ties was observed among persons with ID in previous
studies [2]-[4]. For this reason, Special Olympics,
a sport organization for people with ID, introduced the
Fit Feet program focused on podiatric screening of
intellectually disabled athletes to their Healthy Athlete
program [5]. The most common podiatric conditions
found among the Special Olympics athletes include pes
planus, abducted gait, pes cavus, hallux valgus and
over-pronated gait [2], [3]. These podiatric conditions
are mostly associated with ligamentous laxity and
wearing a non-fitting footwear [3].

Foot posture index evaluates the foot by six criteria:
talar head palpation, supra and infra malleolar curva-
ture, calcaneal frontal plane position, prominence in
the region of the talonavicular joint, congruence of the
medial longitudinal arch and abduction/adduction of
the forefoot on the rearfoot; quantifying the degree
of pronated, supinated and neutral position of the foot
[6]. The foot posture assessment is common in clinical
practice for injury prevention and intervention. In
population without ID, the participation in sports have
been associated with a more pronated foot posture [7].
Additionally, flatter and more pronated foot posture
has been observed in some of the previous studies in
obese individuals [8], [9].

Excess weight and obesity is an important factor
for the increased risk of mortality and morbidity from
cardiovascular diseases, diabetes, cancers or musculo-
skeletal disorders [10] and obesity is more prevalent
in people with ID compared to general population.
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Within the population with ID, described risk factors
of obesity are female gender, less severe intellectual
disability, higher age, less physical activity, Down syn-
drome and the use of atypical antipsychotics [11]-[13].
Also in athletes participating in Special Olympics, who
are regularly involved in physical activities, the levels
of overweight and obesity are high, 24,7% and 32,1%,
respectively [14].

The purpose of this study was (i) to analyze the
relationship between body composition and foot pos-
ture index, (ii) to analyze the effect of gender on the
body composition and foot posture index, and finally,
(iii) to analyze the factors affecting the body compo-
sition in athletes with ID participating in Special
Olympics.

2. Materials and methods

Fit Feet clinical director and trained volunteers
provided the screening of athletes with ID partici-
pating at Special Olympics National Table Tennis
Tournament 2018 in the Czech Republic and at Na-
tional Winter Games 2019, Czech Republic. Intelli-
gence quotient of the athletes was below 75 points of
IQ scale as it is in the Special Olympics regulation
and indicated a moderate level of intellectual dis-
ability. The screening was performed in accordance
with the ethical standards of the Helsinki Declara-
tion. Informed consent for Healthy Athletes exami-
nations is a part of the Czech Special Olympics
Movement registration procedure and was provided
by the athletes and their caregivers prior to the
screening. Additionally, the participation in Special
Olympics competitions is conditioned by participa-
tion in regular trainings during the year, providing at
least 60 minutes of moderate physical activity per
week.

131 athletes with intellectual disability participated
in this study. 36 of them were table tennis players
(7 females, 29 males), 66 cross country skiers (31 fe-
males, 35 males) and 29 downhill skiers (15 females,
14 males). The participants’ mean age, body height,
type of housing, a number of participants with Down
syndrome in each group and the usage of orthopedic
insoles in shown in Table 1.

The foot screening included the assessment of foot
posture index, when the participants were standing
still on both feet in a relaxed position, looking straight
ahead. All observation was made by the same exam-
iner. The six criteria: a talar head palpation (FPI-I),
supra and infra malleolar curvature (FPI-II), calcaneal
frontal plane position (FPI-III), prominence in the
region of the talonavicular joint (FPI-IV), congruence
of the medial longitudinal arch (FPI-V) and abduc-
tion/adduction of the forefoot on the rearfoot (FPI-
VI), were scored on a scale —2 to 2, form highly supi-
nated (-2) to neutral (0) and highly pronated (+2)
position for each foot [6].

Furthermore, gait speed was assessed when walking
at a self-selected speed. Participants were instructed
to walk down a 6-meter long pathway, consisting of
a l-meter long zone of acceleration, a 4-meter long
testing pathway, where the gait speed was measured,
and 1-meter long zone of deceleration. Three trials
were performed and the result from the best trial was
used for further analysis.

The body composition was assessed using the
bioimpedance analysis InBody 230 (Biospace, Korea)
to obtain the body mass [kg], kg of muscle tissue, kg
of fat tissue, total body water [kg], fat free mass [kg],
body mass index (BMI), body fat percentage and
waist-hip ratio. Body height was assessed using an
anthropometer.

Finally, a short questionnaire was completed with
a help of an examiner and coach or the caregiver when
needed, providing the information about type of hous-

Table 1. Participants’ characteristics

Table tennis Cross country skiing Downhill skiing
Females Males Females Males Females Males
n="7) n=29) (n=31) (n=35) (n=15) (n=14)
Age [years] 4429 +10.24 | 38.72£15.01 | 32.83+14.87 | 32.31+1534 | 25.67+12.41 | 26.79 = 12.67
Body height [cm)] 156.29 + 6.87 | 171.97 £9.69 | 155.55 +12.94 | 166.80 + 14.12 | 156.97 £9.65 | 169.00 + 16.12
Down syndrome [n] 1 1 3 3 4 1
Family [n] 3 16 14 18 10 9
Type Residence [n] 2 5 12 8 4 4
of housin,
g | Supported . ) 3 5 9 | |
accommodation [n]
Usage of orthopedic insoles [n] 0 0 5 2 5 3
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ing: family (living in family care, participating daily
in school or job process), supported accommodation
(living alone with mild support of social workers),
residence (living in a residential home), age, and the
usage of orthopedic insoles or shoes.

All the process took place in a separate, safety and
quiet room. The athletes with ID were keen to partici-
pate as the procedure was a new phenomenon and an
attraction for them.

Statistical analysis

Data were analyzed using Statistica 13.2. To ana-
lyze the relationship between the body composition and
foot posture index, Spearman correlation was used. The
effect of gender on body composition and foot posture
index was calculated using a t-test. To analyze the ef-
fect of other variables (a type of housing, type of sport
and gait speed) on the body composition in athletes
with ID, ANOVA and consequent post hoc Tukey HSD
test were performed. Alpha was set on 0.05.

3. Results

The participants’ mean gait speed, foot posture in-
dex and body composition characteristics are shown
in Table 2.
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Correlation between the body composition
and foot posture index

FPI-I, a talar head palpation, was found to posi-
tively correlate with age (» = 0.22 and » = 0.19 for the
right and left foot, respectively). For FPI-II, supra and
infra malleolar curvature, a positive correlation was
found with body height (» = 0.22 and » = 0.25 for the
right and left foot, respectively), fat-free mass (» = 0.20
and » = 0.19 for the right and left foot, respectively)
and muscle tissue (» = 0.18 for the right foot). Calca-
neal frontal plane position (FPI-III) was observed to
negatively correlate with body height (» = —0.22 and
r = —0.25 for the right and left foot, respectively),
muscle tissue (r = —0.18 for both feet) and body
weight (» = —0,19 for the left foot). No correlation was
found for the prominence in the region of the talona-
vicular joint (FPI-IV). The congruence of the medial
longitudinal arch (FPI-V) was found to negatively
correlate with age (» =—0.35 and » = —0.36 for the right
and left foot, respectively) and fat tissue (» = —0.19 and
r =—0.18 for the right and left foot, respectively). The
abduction/adduction of the forefoot on the rearfoot
(FPI-VI) was found to negatively correlate with the
age (r = —0.22), body height (» = —0.22), body weight
(r = —0.18), muscle tissue (» = —0.19) and total body
water (r = —0.17) for the left foot. FPI score was ob-
served to negatively correlate with age (» = —0.20 and

=—0.23 for the right and left foot, respectively).

Table 2. Participants’ gait speed, foot posture index and body composition characteristics

Table tennis Cross country skiing Downbhill skiing
Females Males Females Males Females Males
n=17 (n=29) (n=31) (n=395) (n=15) (n=14)
Gait speed [m/s] 0.74 £0.16 0.86+0.14 0.85+0.14 0.77+£0.19 0.84 £0.14 0.81+0.19
FPI-1 0.43+0.53 | 0.38+£0.56 | 0.00+0.00 | 0.00+0.00 0.20+0.41 0.07 £0.27
FPI-II 0.00 £0.82 0.17+0.71 0+0.26 -0.03+0.17 | -0.20+0.41 0.00 +0.00
FPI-IIT 0.14 £ 0.69 0.24+1.06 0.06 +£0.57 0.00 +0.69 0.33+1.05 0.36+0.74
Foot FPI-IV 0.57+1.13 0.55+0.95 0.48 £0.68 0.60 £ 0.69 0.73+£0.70 0.86 £0.53
PO FPI-V 0.00+058 | 0524095 | 0.71+1.04 | 0.89+096 | 093+1.10 | 1.07+107
FPI-VI 0.00+1.63 | 0.69=+1.23 1.03+£1.05 | 0.80+1.05 0.87+1.25 1.00 £ 1.04
FPI score right 1.00+3.83 | 2.59+£332 | 226+2.61 | 2.17+2.80 2.93+3.61 343+£2.77
FPI score left 0.71 £1.80 2.07 £2.85 2.26+2.61 229+2.84 2.87+3.64 3.36+3.00
Body weight [kg] 67.84 +14.28|79.72 £ 18.41 | 62.87 £20.00 | 68.10 £22.79 | 66.66 + 13.98 |71.40 +20.83
Muscle tissue [kg] 2341 +£3.56 | 32.66+5.84 | 21.74+5.63 | 28.63£830 | 21.91+4.02 | 29.21+7.81
Fat tissue [kg] 25.03+11.06|21.66 +10.62 | 22.85+11.69 | 1646+ 11.34| 26.04+8.75 |18.94+10.65
Body Total body water [kg] 3149+ 436 | 42.65+7.10 | 29.36+£6.92 |37.91+10.13| 29.79+4.88 | 38.54+9.64
composition |Fat free mass [kg] 42.81+593 | 58.07+9.75 | 42.00 £ 8.08 | 55.83 +10.95| 44.01+4.13 | 58.12+8.07
Body mass index 27.93+£6.32 | 26.81£5.17 | 25.57+6.83 | 23.93£5.66 | 26.97+4.63 | 24.54+4.86
Body fat percentage [%] |35.40+ 10.81| 25.88£8.10 | 34.24 £8.35 | 22.42+9.29 | 38.21+£7.29 | 25.08+8.94
Waist-hip ratio 0.89 £0.07 0.91 £0.09 0.90+0.11 0.89 +£0.07 0.97 £0.08 0.89 +0.05
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The effect of gender on body composition
and foot posture index

Statistically significant differences in analyzed vari-
ables between male and female athletes were found in
body height (p = 0.000), body weight (p = 0.019),
muscle tissue (p = 0.000), fat tissue (p = 0.009), total
body water (p = 0.000), fat free mass (p = 0.000) and
percentage of body fat (p = 0.000). The means for
females and males and the p-value for variables, in
which a statistically significant gender difference was
observed, are shown in Table 3. No statistically sig-

Additionally, statistically significant differences be-
tween table tennis players, cross country skiers and
downhill skiers were found in body weight (p = 0.018),
age (p = 0.001), body height (p = 0.032), muscle
tissue (p = 0.001), total body water (p = 0.002) and
fat free mass (p = 0.045). Most of the statistically
significant differences were observed between table
tennis players and cross country skiers (Table 5).

Table 5. The effect of different sports on body composition
in athletes with ID

nificant difference in FPI variables between male and Cr ntrv | Downhill
female athletes with ID was found. Table tennis” |~ 0“0 |
(n = 36) skiing skiing p
n (n=66) | (n=29)
*(2,3) *(1) *1)
Table 3. Gender differences of athletes with ID in body composition Age [years] 39.81 32.56 2620 0.001
Body *2) *1)
Females Males ) height [om] 168.92 161.52 162.78 | 0.032
(n=153) (n=18) R .
. Body 77.41'® 65650 | 6895 |0.018
Body height [cm] 156.047 169.115 0.000 weight [kg]
Body weight [kg] 64.602 | 73.015 | 0.019 Muscle s " 0
Muscle tissue [kg] 22.009 30.229 0.000 tissue [kg] 30.86 25.39 2543 0.001
Fat tissue [kg] 24.042 18.837 0.009 Total body *2.3) *(1) *(1)
Total body water [kg] 29.764 39.785 0.000 water [kg] 40.48 33.89 34.01 0.002
Fat free mass [kg] 42.558 57.126 0.000 Fat free ) *(1)
Percentage of body fat [%] 35.515 24.183 0.000 mass [kg] 33.10 49.04 51.07 10045

Factors affecting the body composition

Statistically significant differences between athletes
living with family, at supported accommodation or in
residence were observed in age (p = 0.000), body
height (p = 0.003), body weight (p = 0.006), muscle
tissue (p = 0.001) and total body water (p = 0.001).
Most of the statistically significant differences were
observed between participants living in residence and
family or supported accommodation (Table 4).

Table 4. The effect of different types of housing
on body composition in athletes with ID

Family” Supported 2 | Residence®
- accommodation® - p

(n="10) (n—26) (n=35)
Age [years]| 32.04 @ 46.04™59 25.777® 10.000
E;gt fem] 165.00 “® 169.04"® 157.62°0-2 | 0.003
nggyht kel 72.45 4 74.42"0) 60.36""2 | 0.006
E’i‘slf;l‘fkg] 27.77°® 29.90°® 22.94°0:2 | 0,001
;‘;ttzlr%‘(’g]y 36.83 @ 39.37 @ 30.832 | 0.001
Fat free
mass [%] 5241 53.54 45.97 0.040

* Differences between different types of housing (p < 0.05),
post hoc Tukey HSD test.

* Differences between different sports (p < 0.05), post hoc
Tukey HSD test.

The gait speed was not observed to significantly
affect the body composition or foot posture criteria.

4. Discussion

The purpose of this study was to analyze the rela-
tionship between the body composition and foot pos-
ture index, to analyze the effect of gender on the body
composition and foot posture index, and to analyze
the factors affecting the body composition in athletes
with ID participating in Special Olympics, as in ath-
letes with ID the foot deformities, abnormal postural
patterns and overweight and obesity was observed to be
more common than in the general population [2]-[4],
[117-[13], [15].

In general population the foot posture index was
found not to be influenced by gender or BMI [16].
However, in previous studies, the age effect on the
foot posture index score was described. In both, older
adults and young children, more pronated foot posture
indexes were observed [16], [17]. Additionally, a neu-
tral or slightly pronated (+4) foot posture index is nor-
mal position at rest in healthy adult population [16].
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Similarly, in athletes with ID, the mean FPI score was
slightly pronated and no statistically significant differ-
ence in foot posture index between females and males
were found. In contrast to the general population, the
age was found to negatively correlate with foot pos-
ture index criteria in athletes with ID. This difference
might be caused by the age range in our athletes,
where the elderly population was missing, and there-
fore, the results showed more pronated foot posture
only in younger athletes.

Statistically significant correlations of foot posture
index criteria and body composition were ranged in
a low correlation. Supra and infra malleolar curvature
positively correlated with body height, fat free mass
and muscle tissue suggesting a more pronated posture
in athletes with higher body height, fat free mass and
muscle tissue. Analogous observation was described
in a study by Rabiatti Aurichio et al. [9] on elderly
people and explained by a greater amount of fat in the
lower limbs and edema formation in the obese people
in this foot region, which may be interpreted as a foot
supination [9]. Calcaneal frontal plane position was
observed to negatively correlate with body height,
muscle tissue and body weight. Pronated posture of
calcaneus is often associated with a flat foot, pes pla-
nus, which may lead to increased fatigue and pain
during physical activities and, therefore, to a lower
level of muscle tissue compared to neutral and supi-
nated calcaneus position [18], [19]. The congruence of
the medial longitudinal arch was found to negatively
correlate with fat tissue in athletes with ID. In contrast
to this finding, in previous studies on general popula-
tion, the BMI was not observed to differ in population
with or without flat feet [19], or a flatter and more
pronated foot posture has been reported in previous
studies in obese individuals [8], [9]. The abduc-
tion/adduction of the forefoot on the rearfoot was
found to negatively correlate with the body height,
body weight, muscle tissue and total body water for
the left foot. Similar observation, a difference between
left and right foot in FPI-VI was observed in previous
study in association to recent physical activity [20].

As factors affecting the body composition recog-
nized were gender, type of sport and type of housing.
A significantly higher percentage of body fat was
observed in female athletes, compared to males. This
finding is in accordance with previous studies, where
the female sex was reported to be a risk factor for
obesity in both general population and in population
with ID [11]-[13], [21]. Statistically significant dif-
ferences between table tennis players, cross country
skiers and downhill skiers were found in body weight,
age, body height, muscle tissue, total body water and

fat free mass and were predominantly caused by the
different proportion of female and male athletes in each
group and different sports’ needs. Furthermore, age,
body height, body weight, muscle tissue, total body wa-
ter and fat free mass were observed to significantly differ
with the type of housing. Body weight was the lowest in
athletes living in the residence, probably associated with
their younger age and smaller body height. Additionally,
in the residence meals are prepared under a supervision
and also in previous studies a smaller proportion of
overweight and obese individuals with ID was observed
in this type of housing [22], [23].

The mean gait speed in athletes with ID observed
in this study was 0.82 £ 0.16 m/s. In the general
population the cut point of 1.0 m/s was suggested as
a predictor for health-related events, disability, falls
and cognitive impairment [24]-[26]. However, the
gait speed in adults with ID was observed to be slower
than in the general population as the balance and gait
capacities are affected in persons with ID [27], [28].

The unique constrains in athletes with ID and the
unknown proportion of different syndromes associated
with both intellectual disabilities and foot and gait ab-
normalities, such as Fragile X syndrome, or Smith
Magenis syndrome, constitutes the limitation of this
study. Future studies focused on gait biomechanics of
athletes with ID will provide a more detailed insight
into the specific foot conditions, body composition,
age and sports performance relationship and the pos-
sibilities for foot care and healthy lifestyle education
in the population with ID.

5. Conclusions

A low correlation between body composition and
foot posture index criteria was observed. The mean
foot posture index score in athletes with ID was ob-
served to be slightly pronated, as also described in the
general population, with no statistically significant
difference between female and male athletes. The
gender differences were observed only in body com-
position. Other factors affecting the body composition
found in this study were the type of sport and type of
housing. The high body weight and body fat percent-
age observed in this study highlight the need for
healthy lifestyle education in athletes with ID.
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