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Body Composition in Swiss Elite
Wheelchair Athletes

Joelle Leonie Flueck*

Swiss Paraplegic Centre, Institute of Sports Medicine, Nottwil, Switzerland

The aim of this study was to retrospectively interpret body composition in various
wheelchair athletes. In total, 69 athletes (mean + standard deviation; age 33 & 11 years;
body mass 65.1 + 14.8kg; height 169.9 + 14.9 cm and time since injury 19 + 11 years)
from different national teams in wheelchair sports underwent a dual X-ray absorptiometry
(DXA) measurement during the yearly medical check-up. The data showed a significant
difference between total fat and total fat-free mass between male (fat mass: 15.1 +
7.6 kg; fat-free mass: 51.8 + 9.3kg) and female (fat mass: 19.4 + 7.8 kg; fat-free mass:
36.8 + 7.6kg) athletes (p = 0.032, p < 0.001). In contrast, no significant difference
(o = 0.16, p = 0.07) in fat and fat-free mass between paraplegic, tetraplegic and
non-SCI athletes was found. Comparing different sports, the lowest fat mass was
found in paracycling athletes whereas curling game players showed the highest total fat
mass. Basketball game players showed the highest fat-free mass (fat-free mass: 54.8 +
10.1 kg). In tetraplegic athletes, difference in fat-free mass between left and right arms
correlated with the upper extremity motor score. For the interpretation of the data it seems
to be crucial, that many different parameters (i.e., gender, motor level of the injury) are
taken into consideration in wheelchair athletes.

Keywords: paralympic, anthropometry, spinal cord injury, dual X-ray absorptiometry, sport

INTRODUCTION

It is already very well-known, that a chronic lesion of the spinal cord might lead to a significant loss
of muscle mass in the paralyzed limbs and an increase in fat tissue due to immobility (1, 2). Thus,
this generates a difference in body composition compared to healthy able-bodied individuals (3-5).
On the other hand, it seems obvious, that exercise is effective in reducing total body fat content not
only in able-bodied but also in individuals with a spinal cord injury (6, 7). It has been demonstrated,
that periodization of body composition during a career is needed to optimize training adaptations
and to guarantee the health of the athlete (8). Therefore, it seems worthwhile to track body
composition in elite wheelchair athletes in order to optimize their energy needs regarding to their
training schedule as well as to optimize performance in weight-dependent sports disciplines.

For measuring or estimating body composition, several different methods are already
well-studied in able-bodied individuals (9-12). But, several of those methods show some limitations
for detecting body composition in individuals with a spinal cord injury. One preferred method in
able-bodied athletes is the dual X-ray absorptiometry (DXA) which distinguishes between fat, lean
tissue and bone mineral content and calculates those values for different body compartments (9, 12—
14). Goosey-Tolfrey et al. (15) compared several different methods to measure body composition in
comparison to the DXA measurement in wheelchair games players. Their conclusion was, that air
displacement plethysmography as well as existing skinfold equations and bio-impedance analysis
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should be used with caution in wheelchair athletes especially in
athletes with substantial body asymmetry. Keil et al. (16) assessed
test-retest reliability of a DXA measurement in elite wheelchair
athletes. In this study, athletes were measured twice with a short
break for repositioning in between the measurements. The least
significant detectable change in wheelchair athletes was found to
be 1.0kg of fat mass, 1.1kg of lean body mass and 0.12kg of
bone mineral content. The coefficient of variation (CV) ranged
between 0.1 and 3.7% for the measurement of the compartments
except for the fat mass content in the arms (CV = 7.8%). Thus,
the authors concluded that this method might be valid and
reliable to detect changes in body composition in wheelchair
athletes. Another study showed that the precision of a DXA
measurement in individuals with a chronic spinal cord injury is
very similar to what was found in non-disabled individuals (17).
To summarize, it is highly possible, that the DXA measurement
is, for now, the appropriate method to use when working with
individuals or athletes with a spinal cord injury.

Several different studies investigated body composition in
wheelchair athletes using the DXA method (6, 15, 16, 18-
20). Most of these studies focused on one sports discipline, a
gender or one lesion level (e.g., tetraplegia or paraplegia). To
our knowledge, no other study investigated body composition
between wheelchair athletes from different sports. Therefore,
the aim of this study was to illustrate DXA measurements of
wheelchair athletes from different sports, impairment types and
gender and to reflect what aspects might be of interest by
interpreting those data.

MATERIALS AND METHODS

Participants

In total, 69 wheelchair athletes (49 men and 20 women)
participated in the study (Table 1). They were all member of a
national team in a wheelchair sport, such as curling, paracycling
(only handcycling athletes), wheelchair rugby, wheelchair
basketball, wheelchair racing, table tennis, tennis, badminton,

ski alpine, archery, and shooting. The study was approved by
the local ethical committee [No. 2018-01738, Ethikkommission
Nordwest-und Zentralschweiz (EKNZ), Basel, Switzerland].

Study Design

Data was retrieved retrospectively from the clinical information
system. At the yearly medical check-up, a full-body DXA scan
was performed. The medical check-up was performed 2-4 weeks
before the first competition during the pre-season of each sports
discipline. Body mass was measured in sitting position using
a wheelchair scale (Busch BIT 650, Paul Busch Waagen Fabrik
GmbH & Co., Hagen, Germany) wearing minimal clothing.
The measurement took place before transferring onto the
DXA device. Height was quantified in supine position using a
measuring tape. Medical history data, such as the lesion level, the
completeness as well as the duration of the lesion were recorded
during the medical check-up. From the medical history, data of
the upper extremity motor score (UEMS) and the motor level of
the injury (MLI) were retrieved.

Body Composition

Body composition was determined using a DXA device (Hologic,
RRID:SCR_015529) with analysis performed using the Apex
software (Hologic, RRID:SCR_015529). The scanner was tested
for consistent calibration daily with phantoms used as per
manufacturer guidelines each day for quality control purposes.
All the scans were undertaken using the array mode. Scanning
and analysis was performed by two trained radiographer who
performed DXA measurements on a daily basis. A trained and
experienced radiographer has positioned all participants as best
as possible to obtain a valid measurement. In the case they had
spasms during the scan they were repositioned and the scan
was repeated. Athletes didn’t performed any strenuous exercise
on the day before the measurement. They were advised to have
breakfast or lunch 2h before the measurement and drink a
glass of water with this meal as it was not possible to test
them early in the morning in a fasted state. At the medical

TABLE 1 | Characteristics of the athletes.

Group N Age (years) Body mass (kg) Height (cm) Time since injury (years)
Paracycling 11 34 + 11 60.5 + 10.8 172.3 + 10.1 19.3 + 11.8
Rugby 14 31+6 717 £ 185 1781 +£ 11.0 142 +£ 8.4
Basketball 6 33 + 10 70.2 £10.8 172.5 £ 12.0 2568+ 04
Athletics 13 26+ 8 532 +£12.0 161.8 £ 15.8 21.2 £10.8
Curling 6 51 +2 749 £ 8.9 172.7 + 3.6 23.1 +£10.2
Court sports 8 35+ 15 64.0 + 13.6 166.6 + 11.1 19.8 + 15.8
Others 10 32 +13 67.9 +12.5 164.7 + 14.9 13.0 £ 5.3
Men 49 34 + 11 68.9 + 13.7 175.3 £ 9.7 19.0+ 114
Women 20 32 + 12 56.4 £ 141 166.7 £ 17.4 191 £ 7.3
Paraplegia 36 35+ 13 62.9 +£ 13.0 168.4 £ 12.6 21.2 £10.9
Tetraplegia 19 34 +8 71.5 £ 16.9 178.1 £ 9.1 155 + 94
Non-SClI 14 30+ 12 62.2 +14.7 162.4 £ 21.2 15.7 £ 0.9
Total 69 33 + 11 65.1 +14.8 169.9 + 14.9 19.0 + 10.5

SCI, spinal cord injury; court sports, table tennis, tennis, badminton; others, ski alpine, shooting and archery; N, number of participants; Non-SCI, amputees and cerebral

palsy (wheelchair-dependent).
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check-up, the last meal was self-recorded by the athlete. As they
had to undergo a performance test afterwards, the athletes ate
a carbohydrate-based, easy digestible meal 2h before the DXA
scan. The participants wore minimal clothing and the bladder
was voided.

Statistics

Statistical analysis was performed using the software IBM SPSS
Statistics Version 23.0 (SPSS, RRID:SCR_002865). Statistical
significance was set at the a-level of 0.05. Distribution of the data
was tested by using the Kolmogorov-Smirnov, the Shapiro-Wilk
test and the Q-Q plot. The mean =+ standard deviation (SD) was
used to describe the data.

The results indicated, that data was normally distributed
for the whole group, as well as for gender (e.g., male vs.
female) and injury group (e.g., tetraplegia, paraplegia, non-SCI).
Therefore, the parametric t-test was used to detect significant
differences between male and female participants as well as
between participants with a tetraplegia and paraplegia. The
Cohen’s d as well as the effect size r were calculated.

Data in the different wheelchair sports subgroups were
not normally distributed. Therefore, differences between the
sports groups (i.e., paracycling, athletics, curling) were detected
using non-parametric tests, such as the Kruskal-Wallis test
and the Mann-Whitney-U test in case of significant findings
between groups.

RESULTS

The 69 wheelchair athletes showed a total body fat content
of 252 £ 9.5% and a fat content of 20.8 + 10.7% in the
arms, 22.5 + 9.5% in the trunk and 35.1 £ 15.1% in the
legs. The athletes showed a total fat mass of 16.3 £+ 7.8kg
and a fat-free mass of 47.5 £ 11.2kg. Fat-free and fat mass
of different compartments (e.g., leg, arm, and trunk) for the
different sports are displayed in Table 2. Significant findings were
shown in the fat-free mass of the legs (right: p = 0.010, left: p =
0.001). Wheelchair rugby and basketball game players showed
significantly higher fat-free mass in their legs compared to the
other sports whereas curling game players showed significantly

higher fat mass in the trunk compared to the other sports
(p = 0.043). Comparing total fat-free (p = 0.08) and fat mass (p
= 0.06) of the different sports, no significant differences were
found (Table 3).

Figures 1, 2 show the fat and fat-free mass in male and females
as well as in tetraplegic, paraplegic and non-SCI athletes. Total
fat and fat-free mass were significantly different between male
and female athletes (p < 0.001, FM: d = 0.56, r = 0.27; FFM:
d = 1.77, r = 0.66). Significant differences were detected in all
parameters (p < 0.05) except for difference in fat-free mass in the
arms (p = 0.40), difference in fat-free mass in the legs (p = 0.31)
and in the fat mass of the trunk (p = 0.42). Females (Total: 33.6 +
7.0%, arms: 31.6 & 9.7%, trunk: 28.2 &= 8.4%, legs: 50.1 £ 10.1%)
showed a significantly higher fat percentage in all compartments
(p < 0.05, total: d = 1.55, r = 0.61; arms: d = 1.76, r = 0.66;
trunk: d = 0.93, r = 0.42; legs: d = 1.90, r = 0.69) compared
to males (Total: 21.8 & 8.2%, arms: 16.4 =+ 7.5%, trunk: 20.1 *
9.0%, legs: 28.8 £ 12.3%). Total fat and fat-free mass were not
significantly (p = 0.16, p = 0.07) different between tetraplegic,
paraplegic, and non-SCI athletes. Paraplegic athletes showed a
significantly lower fat-free mass (p < 0.001, d = 0.69, r = 0.32)
and a significantly higher fat percentage (p < 0.001, d = 1.36,
r = 0.56) in the legs compared to tetraplegic athletes. Differences
between left and right arm (p = 0.60) as well as between left
and right leg (p = 0.89) of fat-free mass of the different sports

TABLE 3 | Fat-free and fat mass in different sports.

Group N Fat-free mass (kg) Fat mass (kg)
Paracycling 11 46.1 £ 8.3 125+ 6.5
Rugby 14 525+ 11.5 16.7 £ 9.1
Basketball 6 54.8 + 10.1 142+78
Athletics 13 39.7 £ 11.8 144 + 5.0
Curling 6 499 £ 7.0 253+ 4.9
Court sports 8 445 +£ 9.9 183 +£9.9
Others 10 480+ 114 171+ 6.8

Court sports, table tennis, tennis, badminton; others, ski alpine, shooting and archery; N,
number of participants.

TABLE 2 | Fat-free mass and fat mass in various different sports for three compartments.

Group N Fat-free mass (kg) Fat mass (kg)
Arms Legs Trunk Arms Legs Trunk

Paracycling 1 7.8+ 20 10.1 £ 4.2 226+ 3.4 1.4 +£08 50+28 52+34
Rugby 14 7.0+ 1.6 141 £ 4.1 2567 £ 5.5 19+12 58+29 8.0+£562
Basketball 6 9.0+ 1.0 13.1 £ 5.5* 27.6 £ 4.4 1.7+ 0.9 46 +£19 74 +47
Athletics 13 6.6 + 2.4 6.9 + 3.8 20.5 £ 6.2 1.8+08 54 +24 58+ 24
Curling 6 76+ 15 104 £ 2.8 26.0 £ 3.3 29409 8.7 +24 12.7 £ 3.8*
Court sports 8 6.3+ 1.4 10.4 £ 3.9 224 £50 25409 7.1+38 78+ 48
Others 10 72+20 10.56 £5.3 247 £5.3 22+1.0 6.5+ 28 7.8+ 35
Total 69 72+19 10.7 £ 4.8 239 +53 20+ 11 6.0+ 29 75+ 4.4

Court sports, table tennis, tennis, badminton; others, ski alpine, shooting and archery; N, number of participants; *Significantly different to other sports (p < 0.05).
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FIGURE 1 | Differences in body composition in male and female wheelchair athletes. *Significant difference (p < 0.05) between male and female.
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FIGURE 2 | Differences in body composition in paraplegic, tetraplegic and non-SCl athletes. No significant differences were found.
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are shown in Figure 3. The difference between arms was 230 +
333 and 473 =+ 687 g between legs over all participants. Table 4
shows the differences between left and right side of the upper
extremity in completely and incompletely lesioned tetraplegic
athletes. In most cases, the arm with the higher fat-free mass
showed also a higher UEMS. Paraplegic athletes showed a total
difference between the arms of 195 + 297 g whereas non-SCI
athletes showed a difference of 210 £ 413 g. The difference in
fat-free mass between the right and the left arm was significantly
higher in tetraplegic athletes compared to paraplegic athletes (p
= 0.013, d = 0.37, r = 0.18). A comparison between the body
mass on the scale (65.1 £ 1.5kg) and the body mass determined
through the DXA scan (63.8 £ 1.5kg) revealed a significant
difference (p = 0.001).

DISCUSSION

This data analysis aimed to illustrate the body composition
in various disciplines of wheelchair sports. Female athletes
showed a significantly lower fat-free mass compared to male
athletes, whereas fat mass was significantly higher. Interestingly,
tetraplegic athletes showed often a dominant side dependent on
their injury that was expressed by a higher fat-free mass in the
arms in this specific side (Table 4).

Body Composition in Able-Bodied and
Disabled Athletes

Endurance sports athletes (e.g., paracycling, wheelchair racing)
showed the lowest body mass from all sports. Total fat mass was
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FIGURE 3 | Differences in fat-free mass between left and right arm and leg in different wheelchair sports. Court sports, tennis, badminton, table tennis; others, ski
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Sport

Curling Court sports

the lowest in paracycling athletes although not significantly lower
compared to other sports. Comparing the 12.5 £ 6.5 kg fat mass
of paracycling athletes to the 25.3 & 4.9kg fat mass of curling
players there seem to exist a sport specific influence on total
fat mass (Table 3). Comparing fat-free mass in various sports
disciplines, again no significant difference occurred (p = 0.08).
This might have been influenced by the small sample size in each
sports discipline. With a higher number of athletes per sport,
possibly, significant differences would have occurred. In this
case, a clinically relevant higher fat-free mass was described in
basketball players. Endurance sports athletes showed a lower fat-
free mass compared to other sports which is of course dependent
from the lower total body mass. In general, fat percentage was
not significantly different between the various sports disciplines.
It seemed, that athletes with a higher fat percentage in the legs
showed a lower fat-free mass in the legs. Leg mass contributes to a
big part to total body mass and therefore, body composition from
the legs could influence the total body fat percentage in those
athletes. Therefore, it seems worthwhile to analyze fat mass and
fat-free mass especially in the different compartments (Table 2).
Spasticity might also have an influence on fat and fat-free mass
in the legs by maintaining more muscle mass due to spasticity.
Thus, the sports specific position in the wheelchair as well as the
occurrence of spasticity might be of interest when assessing body
composition in wheelchair athletes in the future.

Another finding concerned the contralateral differences in fat-
free mass between left and right body side (Figure 3, Table 4). No
significant differences between the various sports occurred in fat-
free mass between left and right arms as well as left and right legs.
Comparing the lesion level, athletes with a tetraplegia showed
the highest difference in fat-free mass in the arms. In Table 4 it
was shown that those differences could be explained by either
the MLI as well as by the UEMS. Those data revealed a higher

fat-free mass on the side with the higher UEMS. In personal
discussions with the athletes, they reported very often, that one
side had specifically less motor function and therefore, they use
more the other side for specific tasks. In a group of 16 subjects
with a cervical lesion level, it was shown, that most subjects
reported a stronger side and differences in maximal voluntary
contraction between contralateral sides in upper extremities (21).
Furthermore, a laterality toward one body side was seen in
individuals with tetraplegia during activity (22). Thus, it seems
important to have a look for UEMS and MIL in the medical
history of athletes with a tetraplegia before interpretation of
the results.

Comparing fat-free mass in the arms, basketball players
showed the highest followed by paracycling athletes, even though,
there was no significant difference between the different sports
disciplines (Table 2). Comparing these results to the study of Keil
et al. (16), both studies showed similar results for fat mass and
fat-free mass in the arms, legs and trunk in basketball players.
The same was true for Willems et al. (19) investigating body
composition in 14 wheelchair games player. Additionally, they
showed a significantly lower total lean tissue mass in non-walkers
compared to walkers.

Looking at female athletes alone, these data showed similar
findings in comparison to other female wheelchair athletes
(18). Body composition from female wheelchair athletes were
compared to a reference group of female non-wheelchair athletes.
Sutton et al. (18) found also a significantly higher fat percentage
in the legs of wheelchair athletes, although fat mass in the legs
was similar in both groups. The results again show that total
body fat percentage might be influenced by the fat mass from
the legs using other methods, where separate analysis of different
body compartments is not possible. These authors concluded,
that a DXA measurement might be a good standard method
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TABLE 4 | Difference between left and right side of upper extremity in tetraplegic athletes in comparison to motor level of lesion.

Participant Lesion MLI Sport Fat-free mass (kg) Difference (g) UEMS Dominant side Congruence
Incomplete lesion fovel Right Left Right arm  Left arm Right vs. Left Right Left
1 C2 C5 C3  Athletics 3.06 2.43 636.3 20 14 Right 2
2 C4 C6 C6  Rugby 2.63 2.75 112.0 11 11 No 2
3 C5 C5 C7  Paracycling 3.65 4.10 450.3 14 20 Left
4 C5 C6 C6  Rugby 2.61 2.47 1401 9 16 Left B
5 Ch5 n.a. n.a. Rugby 4.82 4.28 540.2 n.a. n.a. n.a. n.a.
6 C5 c7 C7  Rugby 4.21 3.83 372.5 23 20 Right 2
7 C5 c7 C6  Athletics 3.39 2.79 598.0 19 13 Right
8 C5 C6 C5  Athletics 5.35 5.37 17.6 20 19 No
9 C6 c7 C8  Rugby 2.86 3.01 1411 18 23 Left 2
10 C6 C8 C7  Rugby 4.81 4.18 627.7 24 23 Right 2
11 C6 C8 C7  Rugby 3.33 3.02 307.8 19 15 Right 2
12 C6 n.a. n.a. Rugby 3.73 3.47 256.2 n.a. n.a. n.a. n.a.
13 C6 n.a. n.a. Rugby 4.70 3.85 843.9 n.a. n.a. n.a. n.a.
14 C6 n.a. n.a. Rugby 4.38 415 238.1 n.a. n.a. n.a. n.a.
15 c7 c7 C7  Athletics 2.88 3.70 824.2 19 19 No
16 c8 c8 C8  Rugby 3.75 3.70 53.2 22 19 Right 2
Mean + SD 3.76 +£ 0.87 3.57 £ 0.79 305.4 +361.6 18.1 +4.6 17.7 +3.8
Complete lesion
17 C6 C6 C6  Paracycling 3.87 3.84 28.5 11 14 Left =
18 C6 T C8  Paracycling 3.39 2.97 415.4 24 19 Right 2]
19 C6 C6 C6  Rugby 3.83 3.18 643.9 10 10 n.a. B
20 c7 c7 C5  Rugby 3.84 3.58 262.7 24 16 Right 2
Mean + SD 3.39+0.39 3.73+0.23 337.6 +2589 17.2+6.7 148 +3.8

No statistical significance occurred, UEMS, upper extremity motor score; MLI, motor level of injury; n.a., not applicable; no, no dominant side; congruence, UEMS and fat-free mass

showed the same dominant side. Bold values indicates mean + SD of all participants above.

in wheelchair athletes (18). Cavedon et al. (23) compared male
and female wheelchair basketball players and found significant
differences in body fat percentage when assessed with the skinfold
method. Those results are in line with our results whereas female
athletes showed a higher body fat percentage compared to male
athletes. In comparison to Pelly et al. (20), it seems that their
athletes showed a lower fat-free mass and a lower fat mass. It is
worth mentioning that they have tested only six athletes which
might be not representative for a comparison with 69 athletes in
this study.

Santos et al. (24) published reference values for various
different sports disciplines in able-bodied athletes. They derived
data from almost 500 DXA measurements. Comparing those
values for total fat percentage, able-bodied athletes showed
a significantly lower total fat percentage compared to our
wheelchair athletes in their respective sports discipline. Loss of
muscle function in lower as well as in upper extremities (i.e.,
tetraplegia) and an increase in fat mass due to immobilization
or a positive energy balance might explain those differences
(25). Therefore, it seems worthwhile to consider segmental body
composition (i.e., upper body) through a DXA measurement
when trying to compare body composition of wheelchair athletes
to able-bodied athletes for similar sports disciplines (i.e., sports
with upper body exercise).

Body Composition in Individuals With a
Spinal Cord Injury

It seems interesting, that athletes with a tetraplegia in this study
showed a significantly lower fat mass in the legs as well as
a significantly higher fat-free mass in the legs compared to
paraplegic athletes. This fact results in the end in a significantly
higher fat percentage in para- compared to tetraplegic athletes.
Similar findings were shown by Singh et al. (26) whereas
patients with a para- and tetraplegia in the first year following
the incident of the injury were compared. Additionally, they
showed a higher fat-free mass in the arms of individuals with
paraplegia compared to tetraplegia. This might result from the
motor lesion level (i.e., MLI, UEMS) and the impairment of
the upper extremities in patients with tetraplegia. In general,
the wheelchair athletes showed a higher fat-free mass compared
to the patients in the study of Singh et al. (26) which results
from strength or sports specific training. Additionally, Singh
et al. (26) suggested a decrease in bone mineral content and
lean body mass in the first year following the incident of the
injury which leads to an increase in adiposity. Another study
comparing body composition of participants with a chronic para-
and tetraplegia showed in total a lower body fat percentage (34%)
in paraplegia compared to tetraplegia (38%) (27). Although, total
fat percentage was not significantly different in this study between
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athletes with para- or tetraplegia, a tendency (p = 0.051) of a
higher fat percentage in paraplegia was found. This might result
from the significantly higher fat percentage found in the legs of
athletes with paraplegia (Figure 2). However, it might also be a
result of a difference in training status, energy balance as well as
level of physical activity in general. Similar findings were shown
by McDonald et al. (28), when comparing patients with tetra-
and paraplegia with a traumatic spinal cord injury to controls
without spinal cord injury. They found a significantly higher
body fat percentage in paraplegia (31%) vs. control (26%) as well
as in paraplegia (31%) vs. tetraplegia (23%). A lower total lean
body mass in individuals with a spinal cord injury compared
to able-bodied controls was found (3, 4, 29). Fat mass revealed
a good correlation with the duration of the injury (30, 31).
Furthermore, the total body fat percentage was compared to the
Body-Mass-Index (BMI), whereas McDonald et al. (28) suggested
that BMI underestimated obesity in this population. Jones et al.
(25) suggested, that the DXA scan might be the most appropriate
measurement for body composition in individuals with a spinal
cord injury. They recommend, that DXA scans should be used
more often in order to prevent patients from adiposity and to
track changes in body composition over the years.

Limitations

It is recommended to conduct a DXA scan in a fasted and
standardized hydrated state (12). In this study, it was not
possible to ensure a fasted state as the athletes were tested
during the yearly medical check-up and those data were analyzed
retrospectively. Nevertheless, it was recommended to ingest the
last meal 2 h before the measurement and to stay well-hydrated
(32). No standardization of positioning aids was possible due
to variety of differences in the athletes, but the scans were all
performed with the same device and the same software. Two
trained technicians performed the DXA measurement but as both
of them perform those analyses on a regular daily basis, no quality
problems should have occurred. The data from this study showed
also a significant difference in body mass measured on scale and
the one measured during the DXA scan. Such an error must be
taken into account when interpreting such data. Furthermore,
the time point of the testing was not standardized as the medical
check-up took place according to the athletes” availability, but
most of the testing was conducted during pre-season of the
specific sports discipline. Thus, seasonal variations in body
composition might play a role when trying to define reference
values in the future (33). Additionally, comparing different sports
including different types of injury (i.e., lesion level, completeness,
and time of injury) seems to be a factor with a huge influence
on body composition. It seems important to gain as much
information about the athletes’ injury before the interpretation

REFERENCES

1. Spungen AM, Adkins RH, Stewart CA, Wang J, Pierson RN Jr., Waters
RL, et al. Factors influencing body composition in persons with spinal cord
injury: a cross-sectional study. J Appl Physiol (1985). (2003) 95:2398-407.
doi: 10.1152/japplphysiol.00729.2002

of any data. Moreover, it was reported that the body composition
characteristics of different players in a team sport might differ
according to playing position (34). Due to a low sample size,
it was not possible to compare body composition according to
playing position in wheelchair team sports. In addition, the small
sample size in each different sports might be a limitation for a
proper data analysis. Additionally, the scope of the training, as
well as the energy balance were not assessed in this data analysis,
even though they will have a huge impact on body composition.
Taking into account all of those limitations, it is somewhat
impossible to define reference values for body composition in
different wheelchair sports. Furthermore, it seems important to
collect further data of body composition in wheelchair sports
with more data per sports discipline, more standardization in the
methods as well as for the time point of the measurement as well
as more information on trainings scope and nutrition.

Conclusions

This data showed that some sports specific differences between
the body composition of various wheelchair sports and
impairment types might occur. A DXA measurement seems to
be a useful tool as body compartments can be analyzed separately.
For the interpretation of the data it seems to be crucial, that many
different parameters are taken into consideration in wheelchair
athletes. Factors, such as gender, age or training level might be
important in a first step. But taking into account the lesion level,
the sensory and motor completeness as well as the duration of
the injury, the laterality of muscle function and the differences
in sports activities might be important for interpretation and
optimization of those measurements.

DATA AVAILABILITY STATEMENT

The datasets generated for this study are available on request to
the corresponding author.

ETHICS STATEMENT

The studies involving human participants were reviewed
and approved by EKNZ, Ethikkommission Nordwest-und
Zentralschweiz, Basel, Switzerland. The patients/participants
provided their written informed consent to participate in
this study.

AUTHOR CONTRIBUTIONS

JE designed the study, collected the data, and wrote
the publication.

2. Gorgey AS, Wells KM, Austin TL. Adiposity and spinal cord injury. World |
Orthop. (2015) 6:567-76. doi: 10.5312/wj0.v6.i8.567

3. Modlesky CM, Bickel CS, Slade JM, Meyer RA, Cureton KJ, Dudley GA.
Assessment of skeletal muscle mass in men with spinal cord injury using dual-
energy X-ray absorptiometry and magnetic resonance imaging. ] Appl Physiol.
(2004) 96:561-5. doi: 10.1152/japplphysiol.00207.2003

Frontiers in Nutrition | www.frontiersin.org

January 2020 | Volume 7 | Article 1


https://doi.org/10.1152/japplphysiol.00729.2002
https://doi.org/10.5312/wjo.v6.i8.567
https://doi.org/10.1152/japplphysiol.00207.2003
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

Flueck

Body Composition in SCI

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Maggioni M, Bertoli S, Margonato V, Merati G, Veicsteinas A, Testolin G.

Body composition assessment in spinal cord injury subjects. Acta Diabetol.
(2003) 40:5183-6. doi: 10.1007/500592-003-0061-7

. Gorgey AS, Dolbow DR, Dolbow JD, Khalil RK, Castillo C, Gater DR. Effects

of spinal cord injury on body composition and metabolic profile-part I. J
Spinal Cord Med. (2014) 37:693-702. doi: 10.1179/2045772314Y.0000000245

. Inukai Y, Takahashi K, Wang DH, Kira S. Assessment of total and segmental

body composition in spinal cord-injured athletes in okayama prefecture of
japan. Acta Med Okayama. (2006) 60:99-106. doi: 10.18926/AMO/30736

. Gorla JI, Costa e Silva Ade A, Borges M, Tanhoffer RA, Godoy PS, Calegari

DR, et al. Impact of wheelchair rugby on body composition of subjects
with tetraplegia: a pilot study. Arch Phys Med Rehabil. (2016) 97:92-6.
doi: 10.1016/j.apmr.2015.09.007

. Stellingwerff T. Case study: body composition periodization in an olympic-

level female middle-distance runner over a 9-year career. Int J Sport Nutr Exerc
Metab. (2018) 28:428-33. doi: 10.1123/ijsnem.2017-0312

. Mazess RB, Barden HS, Bisek JP, Hanson J. Dual-energy X-ray absorptiometry

for total-body and regional bone-mineral and soft-tissue composition. Am |
Clin Nutr. (1990) 51:1106-12. doi: 10.1093/ajcn/51.6.1106

Fosbol MO, Zerahn B. Contemporary methods of body composition
measurement.  Clin  Physiol ~ Funct  Imaging.  (2015)  35:81-97.
doi: 10.1111/cpf.12152

Moon JR. Body composition in athletes and sports nutrition: an examination
of the bioimpedance analysis technique. Eur J Clin Nutr. (2013) 67:554-9.
doi: 10.1038/ejcn.2012.165

Nana A, Slater GJ, Stewart AD, Burke LM. Methodology review: using dual-
energy X-ray absorptiometry (dxa) for the assessment of body composition in
athletes and active people. Int J Sport Nutr Exerc Metab. (2015) 25:198-215.
doi: 10.1123/ijsnem.2013-0228

Buehring B, Krueger D, Libber ], Heiderscheit B, Sanfilippo J, Johnson B, et al.
Dual-energy X-ray absorptiometry measured regional body composition least
significant change: effect of region of interest and gender in athletes. J Clin
Densitom. (2014) 17:121-8. doi: 10.1016/j.jocd.2013.02.012

Prior BM, Cureton KJ, Modlesky CM, Evans EM, Sloniger MA, Saunders
M, et al. In vivo validation of whole body composition estimates from
dual-energy X-ray absorptiometry. J Appl Physiol (1985). (1997) 83:623-30.
doi: 10.1152/jappl.1997.83.2.623

Goosey-Tolfrey V, Keil M, Brooke-Wavell K, de Groot S. A comparison
of methods for the estimation of body composition in highly trained
wheelchair games players. Int ] Sports Med. (2016) 37:799-806.
doi: 10.1055/5-0042-104061

Keil M, Totosy de Zepetnek JO, Brooke-Wavell K, Goosey-Tolfrey VL.
Measurement precision of body composition variables in elite wheelchair
athletes, using dual-energy X-ray absorptiometry. Eur ] Sport Sci. (2016)
16:65-71. doi: 10.1080/17461391.2014.966763

Gorgey AS, Cirnigliaro CM, Bauman WA, Adler RA. Estimates of the
precision of regional and whole body composition by dual-energy X-ray
absorptiometry in persons with chronic spinal cord injury. Spinal Cord. (2018)
56:987-95. doi: 10.1038/s41393-018-0079-x

Sutton L, Wallace ], Goosey-Tolfrey V, Scott M, Reilly T. Body composition
of female wheelchair athletes. Int ] Sports Med. (2009) 30:259-65.
doi: 10.1055/5-0028-1105941

Willems A, Paulson TA, Keil M, Brooke-Wavell K, Goosey-Tolfrey VL. Dual-
energy X-ray absorptiometry, skinfold thickness, and waist circumference for
assessing body composition in ambulant and non-ambulant wheelchair games
players. Front Physiol. (2015) 6:356. doi: 10.3389/fphys.2015.00356

Pelly FE, Broad EM, Stuart N, Holmes MA. Resting energy expenditure in
male athletes with a spinal cord injury. J Spinal Cord Med. (2018) 41:208-15.
doi: 10.1080/10790268.2017.1317060

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Calabro FJ, Perez MA. Bilateral reach-to-grasp movement asymmetries
after human spinal cord injury. J Neurophysiol. (2016) 115:157-67.
doi: 10.1152/jn.00692.2015

Brogioli M, Popp WL, Albisser U, Brust AK, Frotzler A, Gassert R,
et al. Novel sensor technology to assess independence and limb-use
laterality in cervical spinal cord injury. J Neurotrauma. (2016) 33:1950-7.
doi: 10.1089/neu.2015.4362

Cavedon V, Zancanaro C, Milanese C. Anthropometry, body composition,
and performance in sport-specific field test in female wheelchair basketball
players. Front Physiol. (2018) 9:568. doi: 10.3389/fphys.2018.00568

Santos DA, Dawson JA, Matias CN, Rocha PM, Minderico CS, Allison DB, et
al. Reference values for body composition and anthropometric measurements
in athletes. PLoS ONE. (2014) 9:¢97846. doi: 10.1371/journal.pone.0097846
Jones LM, Goulding A, Gerrard DF. Dexa: a practical and accurate tool to
demonstrate total and regional bone loss, lean tissue loss and fat mass gain in
paraplegia. Spinal Cord. (1998) 36:637-40. doi: 10.1038/sj.sc.3100664

Singh R, Rohilla RK, Saini G, Kaur K. Longitudinal study of body
composition in spinal cord injury patients. Indian ] Orthop. (2014) 48:168-77.
doi: 10.4103/0019-5413.128760

Gorgey AS, Caudill C, Sistrun S, Khalil RE, Gill R, Castillo T, et al. Frequency
of dietary recalls, nutritional assessment, and body composition assessment
in men with chronic spinal cord injury. Arch Phys Med Rehabil. (2015)
96:1646-53. doi: 10.1016/j.apmr.2015.05.013

McDonald CM, Abresch-Meyer AL, Nelson MD, Widman LM. Body mass
index and body composition measures by dual X-ray absorptiometry in
patients aged 10 to 21 years with spinal cord injury. J Spinal Cord Med. (2007)
30 (Suppl. 1):S97-104. doi: 10.1080/10790268.2007.11754612

Beck LA, Lamb JL, Atkinson EJ, Wuermser LA, Amin S. Body composition of
women and men with complete motor paraplegia. ] Spinal Cord Med. (2014)
37:359-65. doi: 10.1179/2045772313Y.0000000151

Dionyssiotis Y, Petropoulou K, Rapidi CA, Papagelopoulos P, Papaioannou N,
Galanos A, et al. Body composition in paraplegic men. ] Clin Densitom. (2008)
11:437-43. doi: 10.1016/j.jocd.2008.04.006

Han SH, Lee BS, Choi HS, Kang MS, Kim BR, Han ZA, et al. Comparison of
fat mass percentage and body mass index in koreans with spinal cord injury
according to the severity and duration of motor paralysis. Ann Rehabil Med.
(2015) 39:384-92. doi: 10.5535/arm.2015.39.3.384

Hind K, Slater G, Oldroyd B, Lees M, Thurlow S, Barlow M, et
al. Interpretation of dual-energy X-ray absorptiometry-derived body
composition change in athletes: a review and recommendations for best
practice. J Clin Densitom. (2018) 21:429-43. doi: 10.1016/j.jocd.2018.01.002
Polat M, Korkmaz Eryilmaz S, Aydogan S. Seasonal variations in
body composition, maximal oxygen uptake, and gas exchange threshold
in cross-country skiers. Open Access ] Sports Med. (2018) 9:91-7.
doi: 10.2147/OAJSM.S154630

Zemski AJ, Slater GJ, Broad EM. Body composition characteristics of elite
australian rugby union athletes according to playing position and ethnicity.
J Sports Sci. (2015) 33:970-8. doi: 10.1080/02640414.2014.977937

Conflict of Interest: The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2020 Flueck. This is an open-access article distributed under the terms
of the Creative Commons Attribution License (CC BY). The use, distribution or
reproduction in other forums is permitted, provided the original author(s) and the
copyright owner(s) are credited and that the original publication in this journal
is cited, in accordance with accepted academic practice. No use, distribution or
reproduction is permitted which does not comply with these terms.

Frontiers in Nutrition | www.frontiersin.org

January 2020 | Volume 7 | Article 1


https://doi.org/10.1007/s00592-003-0061-7
https://doi.org/10.1179/2045772314Y.0000000245
https://doi.org/10.18926/AMO/30736
https://doi.org/10.1016/j.apmr.2015.09.007
https://doi.org/10.1123/ijsnem.2017-0312
https://doi.org/10.1093/ajcn/51.6.1106
https://doi.org/10.1111/cpf.12152
https://doi.org/10.1038/ejcn.2012.165
https://doi.org/10.1123/ijsnem.2013-0228
https://doi.org/10.1016/j.jocd.2013.02.012
https://doi.org/10.1152/jappl.1997.83.2.623
https://doi.org/10.1055/s-0042-104061
https://doi.org/10.1080/17461391.2014.966763
https://doi.org/10.1038/s41393-018-0079-x
https://doi.org/10.1055/s-0028-1105941
https://doi.org/10.3389/fphys.2015.00356
https://doi.org/10.1080/10790268.2017.1317060
https://doi.org/10.1152/jn.00692.2015
https://doi.org/10.1089/neu.2015.4362
https://doi.org/10.3389/fphys.2018.00568
https://doi.org/10.1371/journal.pone.0097846
https://doi.org/10.1038/sj.sc.3100664
https://doi.org/10.4103/0019-5413.128760
https://doi.org/10.1016/j.apmr.2015.05.013
https://doi.org/10.1080/10790268.2007.11754612
https://doi.org/10.1179/2045772313Y.0000000151
https://doi.org/10.1016/j.jocd.2008.04.006
https://doi.org/10.5535/arm.2015.39.3.384
https://doi.org/10.1016/j.jocd.2018.01.002
https://doi.org/10.2147/OAJSM.S154630
https://doi.org/10.1080/02640414.2014.977937
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org
https://www.frontiersin.org/journals/nutrition#articles

	Body Composition in Swiss Elite Wheelchair Athletes
	Introduction
	Materials and Methods
	Participants
	Study Design
	Body Composition
	Statistics

	Results
	Discussion
	Body Composition in Able-Bodied and Disabled Athletes
	Body Composition in Individuals With a Spinal Cord Injury
	Limitations
	Conclusions

	Data Availability Statement
	Ethics Statement
	Author Contributions
	References


