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ABSTRACT

Purpose: The structural appearance of each disabled athlete or the shape of their body, as determined by their
individual genotype and influenced by the environment, considerably affects their technical and physical per-
formance. This study sought to examine the morphological characteristics of elite track and field athletes with
different disabilities, including their possible effects on physical and physiological performance.

Methods: A total of 66 male elite athletes with cerebral palsy (n = 12), upper arm amputation (n = 12), short
stature (n = 20), or intellectual disability (n = 22) were included. For each athlete, height, weight, sitting height,
arm span and four skin folds were assessed; ape index, body mass index, body fat percentage, fat mass, fat mass
index and fat-free mass values were calculated; and vertical jump, drop jump, countermovement jump, squat
jump, repeated sprint ability and Yo-Yo Intermittent Recovery Level 1 tests were performed.

Results: Significant differences were noticed between short stature and the other groups concerning morphological
characteristics, however, the best motor performance was observed in amputees and, to a lesser degree, in short
stature. In the top performing athletes, physical performance was significantly correlated with body mass index
and fat mass index for amputees, and with arm span, ape index, body fat percentage and fat mass index for short
stature. Regression analysis revealed that regardless of disability type, physical and physiological performance
(except maximum heart rate) were significantly influenced primarily by adipose tissue-specific variables. A sig-
nificant effect of height, weight, fat free mass, arm span, sitting height, and ape index on drop jump performance
with left leg, maximal oxygen consumption, and maximum heart rate was also noticed. The type of disability
affects performance in the squat jump and vertical jump tests, and to a lesser extent in the countermovement jump
test.

1. Introduction

environment, considerably affects their technical and physical perfor-
mance (Jaarsma et al., 2014). Thus, the quantification of each athlete's

Many studies have reported that individuals with disabilities tend to
achieve poorer results on standard fitness tests—in particular, those
considering weight and body composition, cardiorespiratory endurance,
muscular strength, and agility—relative to their nondisabled peers
(Franciosi et al., 2010). It has also been demonstrated that structured
exercise regimens may attenuate abnormalities and improve physical
fitness (Bauman et al., 2016). It is also evident that the structural
appearance of each disabled athlete or the shape of their body, as
determined by their individual genotype and influenced by the
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morphological characteristics and the correlation between their body
structure and sports performance could later serve as a key element in
developing technical and physical abilities (Frontera, 2006). Conse-
quently, somatotyping, or the classification of individuals according to
their morphological characteristics, has become a major field of interest
for many exercise and sports scientists as well as physiotherapists.
Anthropometry and its effects on athletic prowess have been well
documented in able-bodied participants in different types of sports (Kirk,
2016). In many cases, it has been demonstrated that anthropometry
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could predict success, contributes to a longer sports career, and enhances
the motivation and increases the chance of being selected at the elite
level, particularly in those sports requiring specific skills or that have
unique physical demands (Norton and Olds, 2001). Body proportions in
terms of fat mass and fat-free mass have been more widely reported by
studies; however, it was found that generalized whole-body measure-
ments are not always an important marker for identifying potential
success (Tsukahara et al., 2020). This has prompted researchers to seek
out more detailed and precise anthropometric measurements such as
certain lengths of body segments, differential growth rates, and distinct
indices to reveal more reliable performance indicators (Stratton and
Oliver, 2019). Unfortunately, a review of the existing literature shows a
lack of information regarding high-performance athletes’ disability
development patterns and their relationship with different expressions of
the human somatotype.

Given that variable anthropometric requirements in different dis-
abilities would lead to differences in physical and physiological vari-
ables, a better understanding of the impact of anthropometric variables
on physical and physiological performance and the effects of physio-
logical variables on physical variables among athletes with different
disabilities is of greater importance. Thus, the aims of this study were to
(1) describe the anthropometrical and body composition profiles and
evaluate the physical and physiological performance levels of elite
Paralympic track and field athletes with certain characteristics; (2)
analyze the between-group differences in anthropometry and physical
and physiological performances; and (3) examine the relationships that
may exist between anthropometric characteristics and the physical and
physiological performance of these athletes.

2. Materials and methods
2.1. Participants

In all, 66 athletes from the Tunisian Paralympic track and field team
volunteered to participate in our study, aged 24.58 + 3.33 years, and nine
of them participated in the 2020 Paralympic games in Tokyo, Japan. All
athletes eligible for inclusion compete in elite level sports for at least five
years and had participated in the last three tournaments of the Tunisian
Para Athletics Championship, with no smoking habit, no sensory or motor
deficits, and no ergogenic aid or use of any medication known to affect
cardiorespiratory function for six months prior to inclusion in the study.
The study was conducted in accordance with the latest declaration of
Helsinki (World Medical Association, 2013), and approval was obtained
from the local ethics committee of the Tunisian Federation of Sports for the
Disabled, Tunisia. All athletes were informed about the study protocol and
signed an informed consent form before taking part.

2.2. Outcomes and assessments

2.2.1. Weight and body composition

All assessments relating to this research were conducted at the health
center of the Mohamed-Kassab Institute of Orthopaedics in La Man-
nouba, Tunisia; regional training centers for the disabled; and the Na-
tional Center for Medicine and Sports Sciences in El-Menzah, Tunisia.
Before undergoing any testing, each participant was subjected to a clin-
ical examination, including answering a questionnaire reporting their
health history and a cardiovascular assessment with electrocardiography,
respiratory clinical assessment, and osteoarthritis physical assessment.
All anthropometric and body composition measurements were collected
by the same expert operators with a minimum of five years of work
experience at the Mohamed-Kassab Institute of Orthopaedics. The reli-
ability of measurements was tested as described by Cavedon et al. (2018)
and the technical errors of measurements were calculated for each
operator; these values were generally less than 1% for the skinfolds and
less than 0.5% for the remaining parameters. All measurements were
conducted on the right side of the body, following the guidelines of the
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International Society for the Advancement of Kinanthropometry (Mar-
fell-Jones et al., 2012), and included height, weight, sitting height, arm
span, and four skinfolds (biceps, triceps, subscapular, and suprailiac).
Height and sitting height were measured using a Harpenden stadiometer
(Holtain, Crymych, Wales) with an accuracy of 0.1 cm; skinfold thick-
nesses were measured with Harpenden skinfold calipers (Baty Interna-
tional, Burgess Hill, England); Arm span was measured from the right
fingertips to left fingertips, with the arms extended laterally as far as
possible and held parallel to the ground, using a horizontal stadiometer
placed behind the athlete (de Lucia et al.,, 2002); and weight was
determined using a platform beam balance (Seca, Hamburg, Germany)
with minimal clothing to the nearest 0.02 kg. The sum of the four skinfold
measurements was used to estimate body density according to the
equation of Durnin and Womersley (1974), as previously reported in
Paralympic athletes (Bernardi et al., 2012), and the obtained values were
used to calculate athletes’ body fat percentage scores according to Siri
(1961). The fat mass was calculated as weight (kg) x body fat percentage
and the fat-free mass was calculated as weight (kg) — fat mass (kg). The
arm span-to-height ratio, labelled as the “ape index”, was calculated as
arm span (m)/height (m); the body mass index (BMI) was calculated as
weight (kg)/height squared (mz); and the fat mass index was calculated
as fat mass (kg)/height squared (m?) (Peltz et al., 2010; Lemos et al.,
2016; Monson et al., 2018). Participants were prohibited from eating or
drinking any beverage for 4 h before testing.

2.2.2. Physical and physiological performance
All tests were performed within two days of the clinical examination
in the order described henceforth.

2.2.2.1. Vertical jumping tests. Details of the vertical jumping tests were
previously described by Nuzzo et al. (2011) and included the vertical
jump, drop jump with the right (DJ-right) or left leg (DJ-left), counter-
movement jump, and squat jump tests. These tests were performed to
evaluate the lower limb muscle characteristics using an Opto-jump
dispositive (Microgate SRL, Bolzano, Italy) connected to a personal
computer. Three attempts were allowed for each test, with 60 s of rest
between trials and 3 min between tests, and the best performance was
chosen for analysis. The parameters acquired were the time of flight and
height achieved from the center of gravity.

2.2.2.2. Repeated sprint ability test. This test was used to measure the
athlete's ability to perform six maximal sprints back and forth along a 15-
meter route, interspersed with 30-second episodes of recovery (Turner
and Stewart, 2014). Speed was evaluated using two pairs of photocells
and reflectors connected to an electronic timer (Tag Hewer, Marin,
Switzerland). The photocells were placed at shoulder height and the time
was given in hundredths of a second. The photocells were positioned at
the start and at the end of a 15-m runway.

2.2.2.3. Yo-Yo Intermittent Recovery Level 1 (YYIR1) test. The protocol of
the YYIR1 was previously described by Bangsbo et al. (2008). YYIR1 aims
to evaluate athletes' ability to repeatedly perform intense effort and their
capacity to rapidly recover from such exercise (Krustrup et al., 2003).
Briefly, participants performed two 20-m runs at a gradually increasing
speed, interspaced by two 10-second periods of active recovery (5 m
each). The test started at a relatively low speed (10-13 km/h) during the
first four running bouts, which was then increased by 0.5 km/h after
every eight running bouts until exhaustion. The heart rate was also
recorded before, during, and after the test using a Polar Sport Tester
(Polar, Kempele, Finland). The running speed reached at the point of
exhaustion was defined as the participant's maximal aerobic speed
(MAS), and the highest heart rate level reached was defined as their
maximum heart rate (HRmax).

Oxygen consumption was measured continuously using a wearable
portable telemetric device (Cosmed K4b2, Rome, Italy), and was



Table 1. Anthropometry, body composition, and physical and physiological performances in elite athletes with different disabilities.

Cerebral Palsy (N = 12)

Amputee (N = 12)

Short Stature (N = 20)

Intellectual Disability (N = 22)

Median Range Min. Max. Median Range Min. Max. Median Range Min. Max. Median Range Min. Max.
Age (years) 26 11.00 20 31 24.00 10 19 29 25.00 10.00 19.00 29.00 23.00 11.00 19.00 30.00
Height (cm) 161 26.00 155 181 163.00 25 153 178 132.50 16.00 125.00 141.00 158.00 27.00 147.00 174.00
Sitting Height (cm) 85.5 12.00 80 92 80.50 25 62 87 64.50 26.00 58.00 84.00 72.00 34.00 60.00 94.00
Arm Span (cm) 168 22.00 155 177 147.00 38 140 178 105.00 37.80 90.20 128.00 162.50 35.00 140.00 175.00
Ape Index 1.0211 0.19 0.92 1.11 0.92 0.26 0.85 1.11 0.79 0.30 0.69 0.99 1.02 0.22 0.86 1.08
Weight (kg) 62.4 20.10 52.7 72.8 60.70 25.3 58 83.3 39.63 25.25 31.25 56.50 66.30 26.00 52.00 78.00
BMI (kg/m?) 22.9 8.98 17.66 26.64 23.83 8.71 20.28 28.99 22.56 9.15 19.68 28.83 25.72 10.12 21.87 31.99
BFP (%) 14.36 8.24 11.72 19.96 13.05 9.69 6.64 16.33 12.84 12.49 4.41 16.90 13.89 7.38 11.20 18.58
Fat mass (kg) 9.1024 6.60 7.01 13.61 8.13 8.9 4 12.9 5.39 6.00 1.45 7.45 9.17 3.53 7.25 10.78
FMI (kg/m?) 3.2863 3.06 2.19 5.25 3.07 2.79 1.6 4.39 2.98 2.88 .87 3.75 3.61 1.50 2.66 4.16
Fat-Free Mass (kg) 52.875 17.84 45.53 63.37 55.03 21.87 48.53 70.4 34.51 24.08 27.27 51.35 56.80 22.83 44.75 67.58
DJ-Right (cm) 12,5 8.00 9 17 21.00 11 15 26 16.00 5.00 15.00 20.00 12.00 17.00 8.00 25.00
DJ-Left (cm) 10 7.00 8 15 19.00 6 17 23 17.00 3.00 15.00 18.00 11.00 14.00 8.00 22.00
Squat Jump (cm) 16 10.00 14 24 24.50 17 14 31 20.50 9.50 16.50 26.00 15.00 14.00 10.00 24.00
CMJ (cm) 18 13.00 12 25 27.50 16 16 32 21.50 10.00 18.00 28.00 17.00 19.00 10.00 29.00
Vertical Jump (cm) 20.5 10.00 18 28 30.00 18 18 36 25.25 9.00 20.00 29.00 19.50 21.00 11.00 32.00
RSA (m/s) 12.075 3.13 9.55 12.68 9.89 1.9 9.12 11.02 10.43 1.40 10.10 11.50 11.00 3.72 9.75 13.47
MAS (km/h) 12.36 0.85 11.94 12.79 12.68 1.81 12.04 13.85 12.25 .70 11.90 12.60 12.31 2.34 11.83 14.17
VO max (ml/kg/min) 43.33 2.31 42.18 44.49 44.20 4.9 42.47 47.37 43.19 1.51 42.40 43.91 43.19 6.34 41.89 48.23
HRmax. (bpm) 180 30.00 160 190 180.00 20 170 190 186.00 13.00 180.00 193.00 180.00 20.00 170.00 190.00
% recovery 50 11.76 47.06 58.82 55.56 16.71 42.11 58.82 51.50 19.11 42.00 61.11 50.00 25.82 38.89 64.71

Note: BMI, body mass index; BFP, body fat percentage; FMI, fat mass index; DJ, drop jump; CMJ, counter movement jump; RSA, repeated sprint ability; MAS, maximal aerobic speed; VO,max, maximal oxygen consumption;
HRmax, maximal heart rate.
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considered maximal (VOsmax.) if 2 of the following 3 criteria were met:
(a) the existence of a VO, plateau despite increasing intensity of exercise
(change lower than 100 mL/min in the last 30-s stages), (b) a respiratory
exchange ratio >1.15, and (c) +£10 bpm of age-predicted HRmax, using
equation 208 — 0.7 x age to predict the HRmax (Beltz et al., 2016).

2.3. Statistical analysis

Using the software G*Power version 3.1.9.7 (Heinrich Heine Uni-
versity Diisseldorf, Diisseldorf, Germany), and based on the method
described by Lakens (2013) and the preliminary data of Bernardi et al.
(2010) related to VOzmax. in Paralympic athletes in various sports, we
calculated a minimum sample size of 32 athletes to achieve a standard
deviation premeasurement of 5.695 ml/kg/min, while assuming an effect
size f = 1.2433, a level of significance o error prob = 0.008, a power (1—f
error prob) = 99%, and a number of groups = 4. Considering a dropout
rate of 20%, a minimum of 40 athletes should be selected for potential
participation in this study at the rate of 10 participants/group.

Data were assessed for normality with the Shapiro-Wilk test and log-
transformed where necessary. The between-group comparisons were
performed using an analysis of variance (ANOVA), when the ANOVA p-
value was significant, a Bonferroni's post-hoc comparison test was per-
formed to determine the differences between groups. The specific cor-
relations between morphological characteristics and physical and
physiological parameters were conducted using Pearson's coefficient
correlation, applying a Sidak's type I error correction to consider multiple
comparisons. The results are represented graphically with a color-coded
heat map. The linearity of the predictor variables was tested using scatter
plots. The normality and homoscedasticity of the residuals were also
verified, and the independent variables were checked for multi-
collinearity using the variance inflation factor (VIF): a value of VIF
exceeding 10 indicated excessive multicollinearity. A principal compo-
nents analysis was used to handle the collinearity between variables. In
addition, a sequential multiple regression procedure was performed to
determine the amount of variance in physical and physiological perfor-
mance that could be explained throw the components derived from the
principal components' analysis (Model 1) and the effect of the disability
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(Model 2). Data were analysed with SPSS version 26 for Windows (IBM
Corporation, Armonk, NY, USA), presented as mean + standard devia-
tion, and the statistical significance was set at a = 0.05.

3. Results
3.1. Sample characteristics

Participants were classified according to their disability into the
following four groups: (1) athletes with cerebral palsy (CP) (disability
sport classifications T37-38; n = 12), (2) athletes with upper arm
amputation (amputees) (disability sport classifications T46-47; n = 12);
(3) athletes with short stature (SS) (disability sport classification F40; n =
20) and (4) athletes with intellectual disability (ID) (disability sport
classification T20; n = 22). All the athletes have completed all stages of
the experiment.

3.2. Outcome data

3.2.1. Anthropometric characteristics

Data related to anthropometric characteristics and physical and
physiological performance in disabled elite track and field athletes are
shown in Table 1. The between-group comparisons revealed significant
differences in height, weight, sitting height, arm span, fat mass, and fat-
free mass (p < 0.001 for all) between SS and the other three groups as
well as in ape index between SS and ID and CP, respectively (p < 0.001
for both comparisons). Significant differences were also observed in
sitting height between CP and ID (p < 0.001); in body fat percentage
between CP and ID (p < 0.05); in BMI between SS and ID (p < 0.05), and
CP and ID (p < 0.05); and in ape index between SS and CP and ID (p <
0.001 for both comparisons). No significant differences were noted in
other comparisons (Table 2).

3.2.2. Physical and physiological characteristics

The comparison of physical performances revealed significant dif-
ferences in performance levels in tests of DJ-right, DJ-left, squat jump,
countermovement jump, vertical jump, and repeated sprint ability tests

Table 2. Anthropometric characteristics, and physical and physiological performances in elite athletes with different disabilities.

Cerebral Palsy (N = 12)

Amputee (N = 12)

Short Stature (N = 20) Intellectual Disability (N = 22)

Age (years) 26 + 3,43
Standing Height (cm) 165.5 + 8,33 ¢
Siting Height (cm) 86,58 +4.21 ¢, d
Arm Span (cm) 167,5 + 6,86 ¢
Ape Index 1.0135 + 0.049 ¢
Weight (kg) 62,50 + 5,67 ¢
Body Mass Index (kg/m?) 22,91 +2,51d
Body Fat Percentage (%) 14,85 + 2,52 ¢
Fat mass (kg) 93+1,87¢

Fat Mass Index (kg/m?) 3,44 + 0,87
Fat-Free Mass (kg) 53,22 + 5,06 ¢

Drop Jump Right (cm)
Drop Jump Left (cm)

12,83 + 2,44 b, ¢
11,08 + 2,31 b, ¢

Squat Jump (cm) 17,58 + 3,57 b
Counter Movement Jump (cm) 18,91 &+ 3,55 b
Vertical Jump (cm) 21,75 +£ 3,25 b
Repeated Sprint Ability (m/s) 11.61 + 1.06 b, ¢
Maximal Aerobic Speed (km/h) 12,43 + 0,32
Maximal Oxygen Consumption (ml/kg/min) 43,52 + 0,88
Maximal Heart Rate (bpm) 177,5 + 8,66

% recovery 51% =+ 0,04

23,83 + 3,29 24,85 + 3,22 23,95 + 3,34
162.75 + 6.63 ¢ 133.7 £ 5.57 a, b, d 159.23 + 7.5 ¢
80,25 + 6.24 ¢ 65.7 + 6.24 a, b, d 73,6 + 10,14 a, ¢
155,75 + 16,55 ¢ 106,9 + 9,2 a, b, d 160,32 + 11,3 ¢
0.886 + 0.288 0.78 + 0.069 a, d 1.007 + 0.536 ¢
65,36 + 8,42 ¢ 41.83+78a,b,d 65,19 + 7,32 ¢
24,65 + 2,52 23.32 +3,43d 25,69 + 2,05 a, ¢
12,17 + 3,18 12,25 + 3,01 a 13,95 + 1,6

8,03 + 2,62 ¢ 52+1,4a,b,d 9,03 + 0,96 ¢
3,02 £ 0,91 2,85 + 0,74 d 3,57 + 0,39 ¢
57,34 + 6,9 ¢ 36.68 + 7.22 a, b, d 56,15 + 6,95 ¢
21,25 + 2,92 a, ¢, d 17.5+1.88 a,d 13,59 + 4,26 b, ¢
19+1,80a,d 17 +£ 0,73 a, d 12,04 + 3,67 b, ¢
23,5+5,05a,d 21.7 +3,18d 16,18 + 4,71 b, ¢
25,5 + 5,38 a, d 22.95 + 3,75 d 17,68 + 5,32 b, ¢
28,66 + 5,59 a, d 249 +335d 20,04 £ 5,61 b, ¢
10 + 0.66 a, d 10.4 + 0.37 a, d 1133+ 1.1b, ¢
12,76 + 0,66 12,4 + 0,21 12,5 + 0,53
44,44 + 1,78 43,32 + 0.49 43,71 + 1,45

180 + 7,38 181 + 5,13 180,45 + 6,52
53% =+ 0,06 51,79% =+ 7,66 51% + 0,7

Results expressed as mean + SD. a: differs significantly to Cerebral Palsy; b: differs significantly to Amputee; c: differs significantly to Short Stature; d: differs signif-

icantly to Intellectual Disability.
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in amputees relative to CP (p < 0.001, 0.001, 0.05, 0.01, 0.01, and 0.001,
respectively) and ID (p < 0.01 for repeated sprint ability and p < 0.001
for the rest). Significant differences were also observed in all physical
variables between SS and ID (p < 0.001 for DJ-left and squat jump and p
< 0.01 for the rest); in DJ-right, DJ-left, and repeated sprint ability
performance level between SS and CP (p < 0.01, 0.001, and 0.01,
respectively) and SS and ID (p < 0.05); and in DJ-right between amputees
and SS (p < 0.05). The best motor performance was observed in ampu-
tees and SS. No significant difference in physiological performance was
found among all groups (Table 2).

3.2.3. Correlation between physical and physiological performance, and
anthropometric variables

3.2.3.1. Athletes with cerebral palsy. The DJ-right performance was
negatively correlated with the body fat percentage (r = —0.576; p <
0.05). A negative correlation was also noticed between the repeated
sprint ability performance and the athlete's height (r = —0.959; p < 0.01)

[ .

-1 -0.5 0 0.5 1

DJR DJL
(cm) (cm)

SJ
(cm)

cMJ
(cm)

\2J
(cm)
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and fat-free mass (r = —0.679; p < 0.05). This parameter was also
positively correlated with ape index (r = 0.654; p < 0.05), PBF (r =
0.616; p < 0.05), and fat mass index (r = —0.577; p < 0.05; Figure 1a).

3.2.3.2. Amputee athletes. The DJ-right performance depends upon the
BMI (r = —0.608; p < 0.05) and fat mass index (r = —0.608; p < 0.05).
Negative correlations were noticed between BMI, fat mass, fat mass
index, and MAS (r = —0.711, —0.718, and —0.743; p < 0.01, respec-
tively). The BMI, fat mass, and fat mass index affected also the VOymax (r
= —0.71, —0.718 and —0.742; p < 0.01, respectively), the HRmax (r =
0.767, 0.796 and 0.73; p < 0.01, respectively), and the % recovery (r =
—0.651, —0.697, and —0.617; p < 0.05, respectively). In addition,
HRmax and % recovery was also correlated with the athlete's weight (r =
0.729 and —0.665; p < 0.01 and 0.05, respectively) and fat-free mass (r =
0.615 and —0.578; p < 0.05, respectively; Figure 1b).

3.2.3.3. Athletes with short stature. Pearson's correlation coefficient
revealed that the ape index was positively correlated with results of the

RSA MAS VO2max. HR max. Recovery
(m/s) (km/h) (ml/kg/min) (bpm) (%)

Ape Index

* % *

Height (cm)

Sitting H (cm)

Arm Span (cm)

Weight (kg)

BMI (kg/m2)

BFP (%)

FM (kg)

FMI (kg/m2)

FFM (kg)

| DN

-1 0.5 o 0.5 1

DJR  DJL
(em)  (em)

ST
{cm)

CMLT
(em)

VI
(e

(a)

RSA
sy

MAS YVOrmax.,. HR max. Recovery
(km/h) (mlkg/miny  (bpm) (%a)

Ape Index

Height (cm)

Sitting H (cm)

Arm Span (cm)

Weight (kg)

BMI (kg/m2)

BFP (%)

FM (kg)

FMI (kg/m2X)

FFM (kg)

(b)

Figure 1. Correlations between the anthropometric characteristics of elite athletes with cerebral palsy (a) or upper limb amputation (b) and their physical and
physiological performance. DJR, drop jump right; DJL, drop jump left; SJ, squat jump; CMJ, counter movement jump; VJ, vertical jump; RSA, repeated sprint ability;
MAS, maximal aerobic speed; Sitting H, siting height; BMI, body mass index; BFP, body fat percentage; FM, fat mass; FMI, fat mass index; FFM, fat-free mass.
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DJ-right (r = 0.476; p < 0.05), squat jump (r = 0.449; p < 0.01), and
countermovement jump (r = 0.454; p < 0.05) tests. A significant corre-
lation was also noticed between the arm span and performance level
during the DJ-right (r = 0.447; p < 0.05), squat jump (r = 0.535; p <
0.05), countermovement jump (r = 0.546; p < 0.05), vertical jump (r =
0.523; p < 0.05), and repeated sprint ability (r = —0.532; p < 0.05) tests.
However, the DJ-left, and repeated sprint ability were negatively corre-
lated with the body fat percentage outcome (r = -0.425 and -0.458; p <
0.05, respectively), and with the fat mass index for the repeated sprint
ability only (r = -452; p < 0.05; Figure 2a).

3.2.3.4. Athletes with intellectual disability. Analysis revealed significant
relationships between all physical and physiological performance levels
and athlete height, except for the HRmax; fat-free mass, except for the
HRmax and the % recovery; and the arm span. Level of performance
during the DJ-left (r = -0.454; p < 0.05), squat jump (r = -0.436; p <
0.05), countermovement jump (r = -0.514; p < 0.05), vertical jump (r =
-0.568; p < 0.01) and repeated sprint ability (r = 589; p < 0.01) tests was
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also significantly correlated with BMI. In addition, the squat jump and
vertical jump were negatively correlated with the body fat percentage (r
= -0.454 and -0.436; p < 0.05, respectively; Figure 2b).

3.2.4. Associations between morphological characteristics and physical and
physiological performance

The partial component analysis was carried out with 1 as the mini-
mum eigenvalue of the factors. After Varimax rotation with Kaiser
normalization, a three-factor solution was extracted. Factor 1 includes
height, weight, fat-free mass, arm span, sitting height, and ape index;
Factor 2 includes body fat percentage, fat mass, and fat mass index; and
factor 3 includes age and BMI (Table 3). The regression analysis showed
that, regardless of the type of disability, physical and physiological per-
formance (except HRmax) was significantly affected mainly by the sec-
ond factor which includes the adipose tissue specific variables. A
significant effect of the first factor on the performance at the DJ-left,
MAS, VO;max and HRmax tests was also noticed. The proportion of
variability explained by these factors, together or separately, ranged from

vJ RSA MAS VO2max. HR max. Recovery
(cm) (m/s) (km/h) (ml/kg/min) (bpm) (%)

Sitting H (cm)

Arm Span (cm)
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[
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Figure 2. Correlations between the anthropometric characteristics of elite athletes with short stature (a) or intellectual disabilities (b) and their physical and
physiological performance. DJR, drop jump right; DJL, drop jump left; SJ, squat jump; CMJ, counter movement jump; VJ, vertical jump; RSA, repeated sprint ability;
MAS, maximal aerobic speed; Sitting H, siting height; BMI, body mass index; BFP, body fat percentage; FM, fat mass; FMI, fat mass index; FFM, fat-free mass.
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Table 3. Factors extracted, eigenvalues and proportion of variance after rotation.

Components 1 2 3
Height 0.965 0.028 0.007
Weight 0.841 0.222 0.446
Age -0.063 0.184 -0.449
Body Mass Index 0.111 0.390 0.853
Fat Free Mass 0.839 0.097 0.484
Percentage Body Fat 0.134 0.969 0.189
Fat Mass 0.078 0.937 -0.252
Fat Mass Index 0.617 0.749 0.155
Arm Span 0.951 0.133 0.069
Sitting Height 0.720 0.096 -0.412
Arm Span to Height 0.791 0.216 0.118
Eigenvalues 50.72 20.03 10.43
% of variance after rotation 43.74 24.52 15.21

Extraction Method: Principal Component Analysis. Rotation Method: Varimax
with Kaiser Normalization. Retained eigenvalue of the factors >1.

9.4% to 23.1%. A negative effect of the type of disability (CP as ref.) was
observed on the performance at the squat jump test (R? changes from
9.5% to 16.8%), and that at the vertical jump (R? changes from 10.8% to
18%). A large, but statistically not significant, effect was also observed on
the performance at the countermove jump test (R changes from 10% to
16.4%). No significant effects of the type of disability were noticed on the
other physical and physiological performances (Table 4).

4. Discussion

Studies that focus on sports participation among people with dis-
abilities are limited due to the limited total population of disabled ath-
letes and the enormous variability in disabilities within the population
itself, resulting in a wide territorial distribution for most studies (Cav-
edon et al., 2018). One main finding of this study was that mean BMIs in
track and field athletes with intellectual disabilities was 25,69 kg m 2
which are above the current cutoff values for an overweight status (Fox
et al., 2014). SS also have the smallest body dimensions, together with
reduced fat proportions, and, yet, together amputee athletes, they
demonstrated the greatest physical performance. Additionally, the cor-
relation analysis noted that, in SS, the DJ-right, squat jump, counter-
movement jump, vertical jump, and repeated sprint ability performance
levels were significantly correlated with arm span; conversely, in am-
putees, leg strength and power depend upon mainly the BMI and fat mass
index. Significant relationships were also observed between physical and
physiological performance and height, fat-free mass, and arm span in ID
and in DJ-right vs. body fat percentage, in repeated sprint ability vs. ape
index, height, body fat percentage, fat mass index and fat-free mass, and
in ape index vs. MAS and VOjmax. in athletes with cerebral palsy,
respectively. The regression analysis showed that, in all participants,
physical and physiological performance (except HRmax) was signifi-
cantly affected by the body fat percentage, fat mass and fat mass index. A
significant effect of height, weight, fat-free mass, arm span, sitting height,
and ape index on the performance at the DJ-left, MAS, VO;max and
HRmax tests was also noticed. A negative effect of the type of disability
was observed on performances at squat jump and vertical jump tests.

Our findings are in line with those of previous studies indicating that
favorable anthropometric characteristics lead to exceptional biomechan-
ical and physical efficiency in selected sports. In fact, several reports have
suggested that morphological characteristics are important determinants
in many sports. Certain body composition parameters, mainly those related
to fatty mass, can significantly influence both physical and physiological
performance (Maciejczyk et al., 2014). According to Carter (1996) athletes'
unique body structure and morphological characteristics could explain
25%-60% of the variance in physical fitness test results. He affirmed in

Heliyon 8 (2022) e09023

addition that the most successful athletes have the appropriate charac-
teristics for the sports-related tasks they face; therefore, studying the
different links between these characteristics and tasks will improve our
understanding of the aspects of human physics. An athlete's weight, fat
mass, and muscle mass all appear to be important factors, particularly
influencing their jumping performance, MAS, VO,max, and running speed
ability. It is accepted that lower body fat is associated with greater muscle
mass, which would give athletes an advantage in both jumping and
running. Greater fat-free mass would imply greater economy in the
movement of the weight both vertically and horizontally; however, fat
mass is an extra load acting as a dead weight that must be moved (Niko-
laidis et al., 2015). A negative correlation was reported by Apostolidis et al.
(2004) between body fat percentage and performance time in running
speed and high-intensity shuttle runs among basketball players.

Anthropometric studies have largely suggested that the choice of
large athletes in terms of height, weight, and BMI appears as a criterion of
success that can in some ways promote access to the sports' practice
among disabled athletes (Temple et al., 2010). For this reason, most
coaches today gave considerable importance to the evaluation of
disabled athletes' morphological potential to ensure a proportional
orientation to the selected physical activity and achieve success (Wu
et al., 2010). Nevertheless, our results showed that the SS performed as
well as amputees and significantly better than both CP and ID, although
they had significantly lower longitudinal measurements, with high
fat-free mass and low fat-mass values. We also noticed that amputees
performed better than CP or ID, although they present almost the same
anthropometric characteristics, indicating that the nature of an athlete's
disability affects their level of physical performance. In fact, athletes are
classified or categorized by their degree of impairment to ensure equi-
table competition. For example, athletes with physical disabilities such as
amputation are evaluated and placed in a sports competition with a
specific classification. During competitions, many sports such as
basketball and table tennis use functional or integrated systems, which
allow athletes with a variety of disabilities to compete with one another.
Some sports such as track and field events rely on disability-specific
classification systems that evaluate both the athlete's function and eti-
ology of their disability.

One measurement that has been identified as being of greater concern
is the relationship between the arm span, ape index, and physical and
physiological performance levels. The most performant athletes are those
with the smallest arm span-to-height ratio. Values recorded in amputees
and SS are below the average ratio of 1:1, which is the ratio perceived in
the general human population (Kirk, 2016). Our findings disagree with
those of Cavedon et al. (2018), who noted that an arm span larger than
the height could offer some advantage in some sports and, therefore,
could be a selective criterion; this is especially the case within wheelchair
basketball and water polo, where the most performant players are found
to have greater arm span length than height (Lozovina et al., 2009). In
contrast, this parameter was found to have no effect in certain other
sports, like climbing (Mermier et al., 2000) and cricket bowling (b).
However, Kirk (2016) reported that several elite mixed martial arts
competitors were ranked higher or had competed for/won world titles
while having smaller arm span values. This can be explained by the
relatively large amounts of time spent in grappling movements or in a
clinch, making any differences in arm span and/or ape index largely
meaningless. In addition, it was demonstrated that competitors of a
shorter stature with smaller arm span values are characterized with a
higher potential for speed and quicker reaction times, giving them a
natural advantage (Kirk, 2016).

Physical activity is widely accepted as a necessary component for
individual health. In recent years, an increasing emphasis on the role of
sports and physical activity in enhancing health and quality of life among
individuals with disabilities and chronic illness has emerged (Golubovic
et al., 2012; Khammassi et al., 2020). Athletes with disabilities can
generally receive the same health benefits from exercise and sports
training as their able-bodied counterparts. Giacobbi et al. (2008)
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Table 4. Sequential multiple regression models for associations between morphological characteristics and physical and physiological performance of elite athletes with
different disabilities.

Model Beta-coefficient Std. Error t Sig. R?
Drop Jump Right (cm) 1 Constant 15.879 0.512 30.99 0.001 0.109
REGR factor score 2 —1.35 0.516 —2.615 0.011
2 Constant 18.316 1.573 11.645 0.001 0.146
REGR factor score 2 —1.296 0.511 —2.538 0.014
Disability —0.874 0.534 —1.637 NS
Drop Jump Left (cm) 1 Constant 14.57 0.451 32.296 0.001 0.174
REGR factor score 1 —0.961 0.455 —2.114 0.039
REGR factor score 2 —1.306 0.455 —2.873 0.006
2 Constant 16.773 1.383 12.126 0.001 0.211
REGR factor score 1 —1.202 0.47 —2.556 0.013
REGR factor score 2 —1.257 0.449 —2.799 0.007
Disability —0.79 0.47 —1.682 NS
Squat Jump (cm) 1 Constant 19.27 0.595 32.411 0.001 0.095
REGR factor score 2 —1.475 0.599 —2.461 0.017
2 Constant 23.194 1.788 12.974 0.001 0.168
REGR factor score 2 —1.387 0.58 —2.39 0.02
Disability —1.408 0.607 —2.318 0.024
Counter Movement Jump (cm) 1 Constant 20.833 0.643 32.41 0.001 0.10
REGR factor score 2 —1.686 0.648 —2.603 0.012
2 Constant 24.502 1.954 12.538 0.001 0.164
REGR factor score 2 —1.604 0.634 —2.529 0.014
Disability -1.316 0.664 —1.983 NS
Vertical Jump (cm) 1 Constant 23.379 0.654 35.734 0.001 0.108
REGR factor score 2 —1.808 0.659 —2.742 0.008
2 Constant 27.697 1.967 14.08 0.001 0.180
REGR factor score 2 —1.712 0.639 —2.681 0.009
Disability —1.549 0.668 —2.318 0.024
Repeated Sprint Ability (seconds) 1 Constant 10.891 0.115 95.112 0.001 0.221
REGR factor score 2 0.482 0.115 4.174 0.001
2 Constant 10.776 0.359 30.032 0.001 0.222
REGR factor score 2 0.479 0.116 4.113 0.001
Disability 0.041 0.122 0.338 NS
Maximal Aerobic Speed (km/h) 1 Constant 12.481 0.053 234.666 0.001 0.194
REGR factor score 1 0.159 0.054 2.961 0.004
REGR factor score 2 —0.129 0.054 —2.403 0.019
2 Constant 12.352 0.166 74.452 0.001 0.202
REGR factor score 1 0.173 0.056 3.062 0.003
REGR factor score 2 —0.132 0.054 —2.445 0.017
Disability 0.046 0.056 0.82 NS
VO, max. (ml/kg/min) 1 Constant 43.685 0.143 305.215 0.001 0.176
REGR factor score 1 0.398 0.144 2.757 0.008
REGR factor score 2 —0.337 0.144 —2.334 0.023
2 Constant 43.377 0.447 97.042 0.001 0.183
REGR factor score 1 0.431 0.152 2.838 0.006
REGR factor score 2 —0.344 0.145 —2.368 0.021
Disability 0.111 0.152 0.729 NS
Maximal Heart Rate (bpm) 1 Constant 181.348 0.785 230.882 0.001 0.231
REGR factor score 1 —3.198 0.791 —4.041 0.001
2 Constant 180.968 2.463 73.472 0.001 0.231
REGR factor score 1 —3.157 0.838 —3.769 0.001
Disability 0.137 0.837 0.163 NS
Recuperation (%) 1 Constant 51.817 0.79 65.551 0.001 0.094
REGR factor score 2 -1.912 0.797 —2.4 0.019
2 Constant 52.072 2.479 21.004 0.001 0.094
REGR factor score 2 —1.906 0.805 —2.369 0.021
Disability —0.091 0.842 —0.108 NS

Note: Model 1: tests the amount of variance that could be explained by the components derived from the partial component analysis; Model 2: tests the effect of the type
of disability on physical and physiological performance. NS: not significant.
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examined links between physical activity and the quality of life experi-
enced by individuals with physical disabilities recruited from a wheel-
chair user's basketball tournament, reporting that individuals who use
wheelchairs perceived several psychological, social, and health benefits
associated with physical activity involvement. These findings support the
idea that physical activity is important to support self-efficacy beliefs,
feelings of empowerment, and motivation for continued involvement
among individuals with physical disabilities.

Evidence suggests also that certain factors, including body fat, muscle
mass, and physical variables, significantly influence physiological per-
formance (Elmahgoub et al., 2009). In fact, disabled athletes still appear
very active, even conducting the practice of ordinary physical activities
like nondisabled athletes at high levels. As such, the comparison of
physiological responses in concert with VOymax, HRmax, and % recovery
values revealed no significant difference between the study groups.
Participation in intensive training has also been shown similarly to
benefit individuals with neuromuscular impairments of cerebral origin
(Richter et al., 1996).

During the last decade, sports for athletes with disabilities have
moved away from incorporating a medical rehabilitation model and to-
ward a competitive sports model. The relationship between sports and
rehabilitation, however, continues to have relevance. The merit of this
study includes anthropometric measurements of elite sportsmen with
different disability sports codes that have not previously been investi-
gated to this scale. The design of the study allowed us to evaluate the
effects of anthropometric characteristics in physical performance; in fact,
using Pearson's correlation, no significant relationship was observed
between morphological characteristics and anaerobic performance in
athletes with short stature. Sports participation enhances mental health
in a variety of ways (Fernhall, 1993). There are several barriers to elite
athletes accessing help for mental health concerns. Competitive athletes
may have fewer positive attitudes toward seeking help for mental health
problems than nonathletes, perhaps partially due to such being perceived
as a weakness (Bauman et al., 2016). Regular participation in sports and
physical activity enhances mental health and well-being, improves
physical health, reduces symptoms of anxiety and depression, increases
self-esteem and confidence, and lessens the risk of developing serious
physical health conditions (Wu et al., 2010).

4.1. Strengths and limitations

To our knowledge, this is the first study that has sought to examine
the morphological characteristics of elite track and field athletes with
different disabilities (CP, Amputees, SS, and ID), together their possible
effects on physical and physiological performance. We were able to assess
a wide variety of anthropometric, physical, and physiological charac-
teristics specific to each group of elite athletes. Moreover, we were able
to analyze the different relationships that may exist between all the
variables, and thus to provide useful information to athletes and their
coaches to better equip them to test their personal limits, improve
training methods, and pursue their dreams and sporting goals (Van de
Vliet et al., 2006). However, the current results should be interpreted
with caution due to the presence of some limitations. First, due to a lack
of standard assessment methods for athletes with disabilities, specific
predictive equations for able-bodied peers were used, which could bias
the results (Rodrigues et al., 2018). Second, the group sizes were rela-
tively small due to the limited number of participants in these sports.
Therefore, descriptive data for each group of athletes may not be
generalizable to all elite athletes with the same disability. Third, the
present study did not assess the relationship between the strength of
athletes' upper limbs and their anthropometric characteristics. Since
three sports specialties of 24 athletes mainly used upper extremities
(discus throw, shot put, javelin), it is possible that the performance
achieved in such physical quality correlated with the anthropometric
characteristics of these athletes. Future studies should investigate the
relationship between anthropometric characteristics and measures of
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general strength as well as upper limb strength, primarily in throwers, to
identify the best predictors of performance in Paralympic track and field
athletes. Finally, no female athletes were evaluated in this study, so the
findings can only be generalized to male athletes. Further studies in this
field of more athletes of both sexes are needed to build a strong database
for elite Paralympic sports (Bernardi et al., 2010).

5. Conclusions

The current study demonstrates that certain morphological character-
istics can enhance physical performances in track and field athletes with
different disabilities, as has already been demonstrated by other authors
(Zwierzchowska et al., 2015; Temple et al., 2010). Data noted that the best
motor performance was observed in the amputee athlete group and, to a
lesser degree, in the SS group, with similar physiological performances
between the four groups. However, significant differences were noticed
between SS and the other three groups concerning height, weight, sitting
height, arm span, fat mass, and fat-free mass, and between SS and CP and
ID athletes concerning ape index. Significant differences were also
observed between CP and SS in body fat percentage and between SS and ID
athletes in BMI and fat mass index. No significant differences in anthro-
pometric characteristics were noted in amputees compared to CP and ID. In
the top performing athletes, physical performance was significantly
correlated with BMI and fat mass index for amputees, and with arm span,
ape index, body fat percentage and fat mass index for SS. Regression
analysis revealed that, regardless of the type of disability, physical and
physiological performance (except HRmax) was significantly influenced
primarily by adipose tissue-specific variables. The type of disability affects
performance at squat jump and vertical jump tests, and to a lesser extent at
the countermovement jump test.

Referring to previous data, we observed that the results recorded,
especially during the jump tests, are not far from those of so-called “valid
sportsmen” (Bauman et al., 2016), and this may lead to a positive inte-
gration of similar training programs for athletes in similar disciplines.
Our results also demonstrated that with adequate training and sufficient
practice time, most athletes with different disabilities can compete suc-
cessfully with or against many of their able-bodied peers. Finally, the
results of this study can also be used to re-evaluate initiatives such as the
Special Olympics.

Declarations
Author contribution statement

Moncef Cherif, Karim Bannour and Mounira Ben Chaifa: Conceived
and designed the experiments; Performed the experiments; Contributed
reagents, materials, analysis tools or data.

Abdallah Aouidet: Conceived and designed the experiments;
Analyzed and interpreted the data; Contributed reagents, materials,
analysis tools or data; Wrote the paper.

Majed M. Alhumaid: Conceived and designed the experiments;
Contributed reagents, materials, analysis tools or data; Wrote the paper.

Mohamed Ahmed Said: Analyzed and interpreted the data; Contrib-
uted reagents, materials, analysis tools or data; Wrote the paper.

Marwa Khammassi: Performed the experiments; Analyzed and inter-
preted the data; Contributed reagents, materials, analysis tools or data;
Wrote the paper.

Funding statement

This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Data availability statement

Data will be made available on request.



M. Cherif et al.

Declaration of interests statement

The authors declare no conflict of interest.

Additional information

No additional information is available for this paper.

Acknowledgements

We are grateful to all subjects who gave of their time and effort to
participate in this study.

References

Apostolidis, N., Nassis, G.P., Bolatoglou, T., Geladas, N.D., 2004. Physiological and
technical characteristics of elite young basketball players. J. Sports Med. Phys. Fit. 44
(2), 157-163.

Bangsbo, J., Iaia, F.M., Krustrup, P., 2008. The Yo-Yo intermittent recovery test: a useful tool
for evaluation of physical performance in intermittent sports. Sports Med. 38 (1), 37-51.

Bauman, A., Merom, D., Bull, F.C., Buchner, D.M., Fiatarone Singh, M.A., 2016. Updating
the evidence for physical activity: summative reviews of the epidemiological
evidence, prevalence, and interventions to promote "active aging. Gerontol. 56 (Suppl
2), S268-5280.

Beltz, N.M., Gibson, A.L., Janot, J.M., Kravitz, L., Mermier, C.M., Dalleck, L.C., 2016.
Graded exercise testing protocols for the determination of VO2max: historical
perspectives, progress, and future considerations. J. Sports Med. 3968393 (Hindawi
Publishing Corporation), 2016.

Bernardi, M., Carucci, S., Faiola, F., Egidi, F., Marini, C., Castellano, V., Faina, M., 2012.
Physical fitness evaluation of paralympic winter sports sitting athletes. Clin. J. Sport
Med.: Off. J. Canad. Acad. Sport Med. 22 (1), 26-30.

Bernardi, M., Guerra, E., Di Giacinto, B., Di Cesare, A., Castellano, V., Bhambhani, Y.,
2010. Field evaluation of Paralympic athletes in selected sports: implications for
training. Med. Sci. Sports Exerc. 42 (6), 1200-1208.

Carter, L., 1996. Somatotyping. In: Norton, K., Olds, T. (Eds.), Anthropometrica, 6.
University of New South Wales Press, Sydney, pp. 147-170. Chapt.

Cavedon, V., Zancanaro, C., Milanese, C., 2018. Anthropometry, body composition, and
performance in sport-specific field test in female wheelchair basketball players. Front.
Physiol. 9, 568.

de Lucia, E., Lemma, F., Tesfaye, F., Demisse, T., Ismail, S., 2002. The use of arm span
measurement to assess the nutritional status of adults in four Ethiopian ethnic groups.
Eur. J. Clin. Nutr. 56 (2), 91-95.

Durnin, J.V., Womersley, J., 1974. Body fat assessed from total body density and its
estimation from skinfold thickness: measurements on 481 men and women aged from
16 to 72 years. Br. J. Nutr. 32 (1), 77-97.

Elmahgoub, S.M., Lambers, S., Stegen, S., Van Laethem, C., Cambier, D., Calders, P., 2009.
The influence of combined exercise training on indices of obesity, physical fitness and
lipid profile in overweight and obese adolescents with mental retardation. Eur. J.
Pediatr. 168 (11), 1327-1333.

Fernhall, B., 1993. Physical fitness and exercise training of individuals with mental
retardation. Med. Sci. Sports Exerc. 25 (4), 442-450.

Fox, M.H., Witten, M.H., Lullo, C., 2014. Reducing obesity among people with disabilities.
J. Disabil. Pol. Stud. 25 (3), 175-185.

Franciosi, E., Guidetti, L., Gallotta, M.C., Emerenziani, G.P., Baldari, C., 2010.
Contributions of selected fundamental factors to basketball performance in adult
players with mental retardation. J. Strength Condit Res. 24 (8), 2166-2171.

Frontera, W.R., 2006. Research and the survival of physical medicine and rehabilitation.
Am. J. Phys. Med. Rehab. 85 (12), 939-944.

Giacobbi Jr., P.R., Stancil, M., Hardin, B., Bryant, L., 2008. Physical activity and quality of
life experienced by highly active individuals with physical disabilities. Adapt. Phys.
Act. Q. (APAQ): Adapt. Phys. Act. Q. (APAQ) 25 (3), 189-207.

Golubovié, S., Maksimovi¢, J., Golubovié, B., Glumbi¢, N., 2012. Effects of exercise on
physical fitness in children with intellectual disability. Res. Dev. Disabil. 33 (2),
608-614.

Jaarsma, E.A., Dijkstra, P.U., Geertzen, J.H., Dekker, R., 2014. Barriers to and facilitators
of sports participation for people with physical disabilities: a systematic review.
Scand. J. Med. Sci. Sports 24 (6), 871-881.

10

Heliyon 8 (2022) e09023

Khammassi, M., Miguet, M., Julian, V., Cardenoux, C., Boirie, Y., Duclos, M., Pereira, B.,
Thivel, D., 2020. Psycho-physiological responses to a 4-month high-intensity interval
training-centered multidisciplinary weight-loss intervention in adolescents with
obesity. J. Obes. Metab. Syndrome 29 (4), 292-302.

Kirk, C., 2016. Does stature or wingspan length have a positive effect on competitor
rankings or attainment of world title bouts in international and elite mixed martial
arts? Sport Sci. Rev. 25, 334-349.

Krustrup, P., Mohr, M., Amstrup, T., Rysgaard, T., Johansen, J., Steensberg, A.,
Pedersen, P.K., Bangsbo, J., 2003. The yo-yo intermittent recovery test: physiological
response, reliability, and validity. Med. Sci. Sports Exerc. 35 (4), 697-705.

Lakens, D., 2013. Calculating and reporting effect sizes to facilitate cumulative science: a
practical primer for t-tests and ANOVAs. Front. Psychol. 4, 863.

Lemos, V., Alves, E., Schwingel, P.A., Rosa, J.P., Silva, A.D., Winckler, C., Vital, R., De
Almeida, A.A., Tufik, S., De Mello, M.T., 2016. Analysis of the body composition of
Paralympic athletes: comparison of two methods. Eur. J. Sport Sci. 16 (8), 955-964.

Lozovina, M., Durovi¢, N., Kati¢, R., 2009. Position specific morphological characteristics
of elite water polo players. Coll. Antropol. 33 (3), 781-789.

Maciejczyk, M., Wigcek, M., Szymura, J., Szyguta, Z., Wiecha, S., Cempla, J., 2014. The
influence of increased body fat or lean body mass on aerobic performance. PLoS One
9 (4), e95797.

Marfell-Jones, M.J., Stewart, A.D., de Ridder, J.H., 2012. International Standards for
Anthropometric Assessment. International Society for the Advancement of
Kinanthropometry, Wellington, New Zealand. http://hdl.handle.net/11072/1510.

Mermier, C.M., Janot, J.M., Parker, D.L., Swan, J.G., 2000. Physiological and
anthropometric determinants of sport climbing performance. Br. J. Sports Med. 34
(5), 359-366.

Monson, T.A., Brasil, M.F., Hlusko, L.J., 2018. Allometric variation in modern humans
and the relationship between body proportions and elite athletic success.

J. Anthropol. Sport Phys. Educ. 2 (3), 3-8.

Nikolaidis, P.T., Afonso, J., Busko, K., 2015. Differences in anthropometry, somatotype,
body composition and physiological characteristics of female volleyball players by
competition level. Sport Sci. Health 11, 29-35.

Norton, K., Olds, T., 2001. Morphological evolution of athletes over the 20th century
causes and consequences. Sports Med. 31 (11), 763-783.

Nuzzo, J.L., Anning, J.H., Scharfenberg, J.M., 2011. The reliability of three devices used
for measuring vertical jump height. J. Strength Condit Res. 25 (9), 2580-2590.
Peltz, G., Aguirre, M.T., Sanderson, M., Fadden, M.K., 2010. The role of fat mass index in

determining obesity. Am. J. Hum. Biol.: Off. J. Human Biol. Council 22 (5), 639-647.

Richter, K.J., Gaebler-Spira, D., Mushett, C.A., 1996. Sport and the person with spasticity
of cerebral origin. Dev. Med. Child Neurol. 38 (9), 867-870.

Rodrigues, D.F., Silva, A., Juzwiak, C.R., Joaquim, D.P., Pereira Rosa, J.P.,

Simim, M.A.M., Verissimo, A.W., Winckler, C., Tufik, S., Mello, M.T., 2018.
Individual study of anthropometric variation, energy and macronutrients intakes in
Paralympic Track and Field athletes in different phases of the season. Motriz, Rio
Claro 24 (3), e002618.

Siri, W.E., 1961. Body composition from fluid space and density. In: Brozek, J.,
Hanschel, A. (Eds.), Techniques for Measuring Body Composition. National Academy
of Science, Washington, DC, pp. 223-244.

Stratton, G., Oliver, J., 2019. The Impact of Growth and Maturation on Physical
Performance. Strength and Conditioning for Young Athletes, second ed. Routledge.

Temple, V.A., Walkley, J.W., Greenway, K., 2010. Body mass index as an indicator of
adiposity among adults with intellectual disability. J. Intellect. Dev. Disabil. 35 (2),
116-120.

Tsukahara, Y., Torii, S., Yamasawa, F., Iwamoto, J., Otsuka, T., Goto, H., Kusakabe, T.,
Matsumoto, H., Akama, T., 2020. Changes in body composition and its relationship to
performance in elite female track and field athletes transitioning to the senior
division. Sports 8 (9), 115.

Turner, A., Stewart, P.F., 2014. Strength and conditioning for soccer players. Strength
Condit. J. 36, 1-13.

van de Vliet, P., Rintala, P., Frojd, K., Verellen, J., van Houtte, S., Daly, D.J.,
Vanlandewijck, Y.C., 2006. Physical fitness profile of elite athletes with intellectual
disability. Scand. J. Med. Sci. Sports 16 (6), 417-425.

World Medical Association, 2013. World Medical Association Declaration of Helsinki:
ethical principles for medical research involving human subjects. JAMA 310 (20),
2191-2194.

Wu, C.L., Lin, J.D., Hu, J., Yen, C.F., Yen, C.T., Chou, Y.L., Wu, P.H., 2010. The
effectiveness of healthy physical fitness programs on people with intellectual
disabilities living in a disability institution: six-month short-term effect. Res. Dev.
Disabil. 31 (3), 713-717.

Zwierzchowska, A., Sadowska-Krg¢pa, E., Glowacz, M., Mostowik, A., Maszczyk, A., 2015.
Comparison of designated coefficients and their predictors in functional evaluation of
wheselchair rugby athletes. J. Hum. Kinet. 48 (1).


http://refhub.elsevier.com/S2405-8440(22)00311-5/sref1
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref1
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref1
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref1
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref2
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref2
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref2
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref3
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref3
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref3
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref3
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref3
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref4
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref4
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref4
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref4
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref5
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref5
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref5
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref5
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref6
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref6
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref6
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref6
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref7
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref7
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref7
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref8
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref8
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref8
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref9
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref9
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref9
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref9
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref10
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref10
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref10
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref10
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref11
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref11
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref11
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref11
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref11
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref12
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref12
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref12
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref13
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref13
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref13
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref14
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref14
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref14
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref14
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref15
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref15
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref15
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref16
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref16
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref16
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref16
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref17
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref18
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref18
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref18
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref18
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref19
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref19
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref19
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref19
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref19
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref20
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref20
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref20
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref20
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref21
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref21
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref21
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref21
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref22
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref22
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref23
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref23
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref23
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref23
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref24
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref24
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref24
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref24
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref24
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref25
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref25
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref25
http://hdl.handle.net/11072/1510
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref27
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref27
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref27
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref27
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref28
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref28
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref28
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref28
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref29
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref29
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref29
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref29
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref30
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref30
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref30
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref31
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref31
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref31
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref32
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref32
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref32
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref33
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref33
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref33
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref34
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref34
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref34
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref34
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref34
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref35
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref35
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref35
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref35
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref36
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref36
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref37
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref37
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref37
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref37
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref38
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref38
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref38
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref38
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref39
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref39
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref39
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref40
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref40
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref40
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref40
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref40
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref41
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref41
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref41
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref41
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref42
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref42
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref42
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref42
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref42
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref43
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref43
http://refhub.elsevier.com/S2405-8440(22)00311-5/sref43

	Anthropometry, body composition, and athletic performance in specific field tests in Paralympic athletes with different dis ...
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Outcomes and assessments
	2.2.1. Weight and body composition
	2.2.2. Physical and physiological performance
	2.2.2.1. Vertical jumping tests
	2.2.2.2. Repeated sprint ability test
	2.2.2.3. Yo-Yo Intermittent Recovery Level 1 (YYIR1) test


	2.3. Statistical analysis

	3. Results
	3.1. Sample characteristics
	3.2. Outcome data
	3.2.1. Anthropometric characteristics
	3.2.2. Physical and physiological characteristics
	3.2.3. Correlation between physical and physiological performance, and anthropometric variables
	3.2.3.1. Athletes with cerebral palsy
	3.2.3.2. Amputee athletes
	3.2.3.3. Athletes with short stature
	3.2.3.4. Athletes with intellectual disability

	3.2.4. Associations between morphological characteristics and physical and physiological performance


	4. Discussion
	4.1. Strengths and limitations

	5. Conclusions
	Declarations
	Author contribution statement
	Funding statement
	Data availability statement
	Declaration of interests statement
	Additional information

	Acknowledgements
	References


