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Introduction: Body composition is well known to affect sport performance and
previous studies suggested that structural and functional lumbar multifidus (LM)
impairments in athletes were associated with low back pain and lower leg
injuries. However few studies have examined the relationship between LM
characteristics and body composition in athletic populations.

Methods: This cross-sectional study included a total of 134 university varsity
athletes (hockey, soccer, rugby, and football players). Ultrasound imaging was
used to examined LM characteristics at the L5 bilaterally [e.g., size, thickness at
rest, thickness during contraction, echo-intensity (El) and % thickness change
from rest to contraction] and body composition parameters (dual-energy x-ray
absorptiometry). Pearson correlations were used to assess the relationship
between LM characteristics and body composition parameters. One-way ANOVA
assessed differences in LM characteristics and body composition between
sports. All analyses were performed separately by sex.

Results: LM size and thickness were positively correlated with weight, height, lean
body mass and total bone mass (male: r=0.23-0.55, p<0.01-0.05; female:
r=0.30-0.39, p<0.01-0.05). LM EI was strongly correlated with % body fat (male:
r=0.62, female: r=071, p<0.01). LM thickness at rest (r=0.42, p<0.01) and
contracted (r=0.27, p<0.05) were positively correlated and % thickness change
was negatively correlated with % body fat in male athletes (r=-0.43, p <0.01).
Discussion: The significant differences in body composition and LM characteristics
between sports may be attributed to sport specific demands. Understanding
connections between body composition and LM may aid in preseason screening
for athletes at risk of low back pain or lower leg injuries during the season.
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1. Introduction

Body composition provides insights into an individual’s fat tissue, lean tissue, and bone
density, and can be used to determine an individual’s health status or establish a baseline,
which is common in collegiate level athletes (1-5). Body composition parameters are
associated with both performance and incidence of injury in collegiate athletes (6-8), with
differences in body composition between sports (1-6, 9), between positions of the same
sport (1, 8, 10, 11), and between competition levels of the same sport (12). While there are
several ways to measure body composition, dual energy x-ray absorptiometry (DEXA) is
the gold standard. DEXA is suitable for most athletes, is fast, non-invasive, and provides
regional body composition (i.e., separation into arms, legs, trunk, etc.) for several measures
including, but not limited to, bone mass, lean mass, and fat mass (13). As body
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composition is an important part of the overall health of an athlete,
it can be monitored and provide useful information for coaches,
trainers, and other health professionals involved in tailoring
training programs to an athlete’s specific needs.

Ultrasound (US) is a valid and reliable way to assess muscle
characteristics (14, 15). Previously, it has been used to investigate
muscle cross-sectional area (CSA), thickness, % thickness change,
and echo intensity (EI) in athletes (16-19). CSA is a measure of
muscle size, thickness is how thick the muscle is at rest or
during contraction, % thickness change is the difference observed
between a resting and contracted state of the muscle, and EI is
the mean pixel intensity of a region of interest on an US image,
which can be used as an indicator of muscle quality (e.g., degree
of intramuscular fatty infiltration and connective tissue) (20, 21).
In general, muscles that are larger, thicker, and have less
intramuscular fat demonstrate greater strength and power (7, 22).
Higher EI can decrease muscle quality as muscle fibres are
replaced by fat (23). Thus, improvement in muscle EI and size
may be important for performance and injury prevention. US
imaging and body composition assessments may be a feasible
way to monitor the effect of training adaptations in athletes.

The lumbar multifidus (LM) muscle provides stabilization and
proprioceptive feedback of the lumbar spine and force transferal of
). Changes in the
morphology and function of LM have been investigated in both
athletic (17, 19, 26,
with and without low back pain (LBP) and lower limb injury
(LLI). While athletes with LBP and LLI tend to have decreased
LM CSA and thickness and increased LM CSA asymmetry, EI,
and % thickness change (17, , R
inconsistent (32,

the extremities through the kinetic chain (24,

) and non-athletic (28, 29) populations

), results remain
). LM morphology is also influenced by age,
gender, height, and weight, and comprehensive studies evaluating
body and LM
characteristics in athletes are limited (16, 17, 19, 26).

the relationship between composition
Therefore, the purpose of this study was to evaluate the

relationship between body composition and LM muscle
characteristics in a large sample of male and female university
level varsity athletes. A secondary objective was to examine
differences in body composition and LM characteristics between
sports according to sex. We hypothesized that LM CSA and
thickness will have a negative correlation with fat mass and %
body fat and a positive correlation with lean tissue mass. We also
hypothesized that increased LM EI and % thickness change will
have a positive correlation with fat mass and % body fat and a
negative correlation with lean mass. Finally, we hypothesized that
LM CSA would be larger in football and hockey players and that
soccer athletes would have the lowest fat mass and % body fat

compared to the other sports investigated.

2.1. Participants

This
analysis) included pre-season measurements from 134 participants

retrospective  cross-sectional study (e.g, secondary
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(50 female, 84 male) from four varsity teams at Concordia
University, Montreal, Quebec (ice hockey players (32; 18 female,
14 male), football players (41; all male), soccer players (27;
12 female, 15 male), and rugby players (34; 20 female, 14 male).
Specific training load for each sport was not asked, however on
average, the varsity teams practice 5-6 times per week with
additional lifting sessions approximately 2-3 times per week.
All available players from each team were invited to participate to
maximize the sample size. The exclusion criteria included
previous severe trauma or spinal fracture, previous spinal surgery,
observable spinal abnormalities, and pregnancy. The study was
approved by the Central Ethics Committee of the Quebec
Minister of Health and Social Services. All players provided
written informed consent.

2.2. Design and procedures

2.2.1. DEXA

All participants had a full body DEXA scan (Lunar Prodigy
Advance, GE, USA) performed by a certified medical imaging
technologist. Participants wore loose fitting clothing and removed
any metal to avoid interference with the scan. Age, height,
weight, and ethnicity were entered into the computer program
prior to imaging. Participants were supine with their arms held
slightly away from the body with thumbs pointed upwards and
legs slightly apart with toes pointed upwards. Total lean mass,
arm lean mass, leg lean mass, total bone mass, total fat mass,
and total % body fat were obtained.

2.2.2. Ultrasound

US B-mode images of LM were acquired using a LOGIQ e
ultrasound machine (GE Healthcare, Milwaukee, WI) with a
5MHz curvilinear transducer. The imaging parameters were
consistent for all acquisitions (frequency: 5 MHz, gain: 60, depth:
8.0 cm).

2.2.3. LM CSA & thickness measurements

Bilateral transverse images of the right and left LM CSA at L5
were obtained in prone position. In athletes with larger muscles,
the right and left sides were imaged separately ( ).
Parasagittal images of the right and left were used to assess L5
LM thickness at rest and during a submaximal contraction via
). The
handheld weight used for the CAL was based on the participant’s
body weight (<68.2 kg =0.68 kg, 68.2-90.9 kg = 0.9 kg, > 90.0 kg =
1.36 kg). The region of interest (ROI) for LM CSA was traced
using the following borders: spinous process, lamina, longissimus

contralateral arm lift (CAL) in prone position (

muscle, and thoracolumbar fascia. EI was also acquired from this
ROIL LM thickness was measured from the tip of the spinous
The
techniques used are described in detail elsewhere (16).

process to the thoracolumbar fascia. measurement

2.2.4. Imaging assessment
US images were stored and analyzed offline using OsiriX
imaging software (OsiriXLiteVersion 9.0, Geneva, Switzerland).
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FIGURE 1
LM CSA measurement in a male soccer player at the L5 vertebral level in
prone. Permission has been acquired for use of this photo (17)

LM CSA was obtained by tracing the muscle borders on both sides
(LM borders: paraspinals, laminae, and thoracolumbar fascia). The
relative % asymmetry in CSA between right and left sides was
calculated using the following formula: [(larger side—smaller
side)/larger side]x100%. LM thickness at rest and contracted
in both in prone and standing positions were obtained using
linear measurements from the tip of the L5/S1 zygoapophyseal
joint to the inside edge of the superior muscle border.
The following formula was used to assess LM contraction:
[(thickness oniraction—thickness,.s)/thickness, ., ]x100. LM EI was
measured using grayscale analysis imaging (ImageJ, National
Institute of Health, USA, Version 1.49) by tracing a region of
interest representing LM CSA in prone. A standard histogram
used (0=Dblack, 255=white). All

function of pixels was

10.3389/fmscd.2023.1235114

measurements were performed 3 times on 3 different images and
the average was used in subsequent analyses.

The (ICC) LM
characteristics was investigated in a related study and ranged

intra-class correlation coefficients for
from 0.96-0.99 with a standard error of measurement (SEM) of
0.04-0.14 cm® and LM EI measurements had a reliability of 0.99

with SEM of 1.97 (16).

2.3. Statistical analysis

All statistical analyses were performed with SPSS (IBM SPSS
Statistics, New York, USA, v.29.0.0.0). Means and standard
deviations were calculated for athletes’ body composition
measurements and LM characteristics. Pearson’s correlation
coefficients were used to examine the correlation between body
composition and LM measurements in female and male athletes,
separately. A one-way ANOVA was performed to examine the
differences of body composition and LM characteristics between
sports in male and female athletes separately. Post-hoc tests were
only completed for variables with a p<0.05. All significant
female variables were run through a Tukey post-hoc test. In
males, a Games-Howell post-hoc test was used for significant
variables without equal variance and a Hochberg post-hoc test
was used for significant variables with equal variance, as the

sample size differed between groups.

3. Results
3.1. Demographics

The average age of female and male athletes were 21.2 +1.8
years and 20.9+14 years, respectively. The average BMI of

FIGURE 2

for use of this photo (17).

LM thickness measurement in a male soccer player at L5-S1 at rest (left) and during contraction (right) via a CAL in prone. Permission has been acquired
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female and male athletes were 24.6+2.7 and 26.8+4.6, @
respectively. Female athletes played at the competitive level for g
an average of 7.3+3.7 years and at the university level for an S
average of 2.2+ 1.5 years. Male athletes played at the competitive ﬁ E E § E é ﬁ § § § § E -
level for an average of 8.6+ 3.9 years and at the university level % Y AR
for an average of 1.5+ 1.6 years. £
R
o
3.2. Correlation analyses g
S SIS FI N S I P B
The correlation matrix between body composition values and > BlEl= i Slz|g E 2 § -
LM characteristics in females is presented in Table 1. The §
correlation matrix between body composition values and LM 5
characteristics in males is presented in Table 2. =
g
« . .
3.3. Body composition differences between 4 3155]5(8|2|3 E 2~
sports S
=
The results of the ANOVA for body composition and LM o E SIIN é § i\s ?.s o
measurements in female players by sport are presented in relelTTiele
Table 3. Female soccer players had significantly less total lean “’g % 5 é SRS
mass (F,4,=3.918, p=0.027) compared to rugby and hockey O c|= | ® s e || T
players with an average of 4.94 kg less lean mass (95% CI: —9.56, B
—0.32; p=0.034) and 4.73 kg less lean mass (95% CL. —9.45, §gl NENEAPIE N
—0.02; p=0.049), respectively. Hockey players had significantly 2 MEIEIN L
greater LM CSA (F, 46=6.665, p=0.003) compared to rugby and EX
soccer with an average increase of 1.36 cm? (95% CI: 0.42, 2.30; a
p=0003) and 1.12cm®> (95% CI: 005, 218 p=0.038), £ e
respectively. Hockey players also had significantly thicker LM at & gl % :E E § -
rest (F,47,=3.778, p=0.03) compared to rugby with an average .g
increase of 0.33 cm (95% CI: 0.03, 0.63; p =0.025). There was no =
significant difference in weight, height, total fat mass, % body fat, 2
% thickness change or EI between sports. = L X
The results of the ANOVA for body composition and LM é :g *E 5 ?;\ -
characteristics in males by sport are presented in Table 4. =
Overall, football players had significantly larger values in all body g E
composition measurements compared to soccer players, except o @
for height. There was a statistically significant different in weight ﬁ g
between groups (Fsgo=9.120, p <0.001). Football players were g 2 ERERP
significantly heavier than rugby and soccer players, with an 2 S B
average increase of 13.94 kg (95% CI: 3.19, 24.69; p=0.006) and ‘g ©
22.13kg (95% CI: 1249, 31.77; p <0.001), respectively. Hockey S P
players were also significantly heavier than soccer players, with g = E **;[: B
an average increase of 14.62 kg (95% CIL: 7.24, 22.00; p <0.001). 2 S
Total fat mass also had a significant difference between ; e x
groups (F;go=4.460, p=0.006). Soccer players had significantly g § E —-
less fat mass than rugby, hockey, and football players, with an E
average of 5.50 kg less (95% CI: —9.96,—1.05; p=0.013), 4.69 kg E % _
less (95% CI: —8.15, —1.23; p=0.006), and 10.28 kg less g % ‘
(95% CI: —16.00, —4.56; p < 0.001), respectively. There was also a 5 - %
significant difference in % body fat between groups (F;go=3.518, § 2| . g g‘f =
p=0.019). Soccer players also had significantly less % body fat 5 RN 2 g B '§
compared to rugby and football players, with an average of 2 e _:8: g g “E 2|8 g ig i
5.38% less (95% CI: —9.86, —0.90; p =0.015) and 6.36% less (95% = 2 9o3 33 5%, g2 550
CL: —10.44, —2.27; p < 0.001), respectively There was a significant s TE|EEEEg[C[EEE®] Zfa
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difference in LM thickness at rest between groups (F;;o=4.582,
p=0.005). Football players had significantly thicker LM at rest
compared to hockey players with an average increase of 0.50 cm
_ (95% CL 0.09, 0.92; p=0.009). Furthermore, there was a
statistically significant difference in LM thickness contracted
between groups (F;;3=3.293, p=0.025). Football players also
had significantly thicker LM during a contracted state compared

0.03
—0.36**
—0.40%*

—0.05
—0.20
—0.41**
—0.43**
—0.19
—0.13
—0.49**
—0.07

to hockey players, with an average increase of 0.45 cm (95% CI:
0.03, 0.87; p=0.29). There was no significant difference in
height, LM CSA, EI, or % thickness change between sports.

0.23*
0.43%*
0.39**
0.31%*
0.43**
0.34%*

0.27*
0.67**

0.07
0.90**

4. Discussion

4.1. Correlation analysis

Our results showed a significant positive correlation between
weight and LM CSA and thickness at rest in female athletes. LM
CSA was also significantly positively correlated with total lean

0.19
0.55**
0.30**
0.48**
0.49**
0.42**
0.65**

Thickness rest® | Thickness contracted® % Thickness change®
0.53%

mass, total bone mass, and height in females. Compared to

El
0.19
0.51%*
0.19
0.18
0.67°*
0.17
1

previously published normative data in an older group of general

0.48**
0.71**

population participants, our LM CSA was larger in both males
- and females, which is expected when comparing general

0.31**
0.49**
0.41**
0.31**
0.47**
0.39**
0.30**

population to an athletic population with greater physical activity
levels (23, 34, 35). Our LM CSA results are comparable to both
male and female elite weightlifters of similar age (36). In male

11

0.
0.75%*
0.78**

0.16
0.31%*
0.95%*

athletes, weight was significantly positively correlated with all LM

measurements, except % thickness change. A significant positive
correlation in males was observed between LM CSA and
- thickness at rest and contracted with all body composition

0.23*
0.89**
0.89**
0.32%*
0.53**

measurements, except for thickness at rest and height, which
were not significant. Previous single sport investigations also

found similar positive correlations between LM CSA and
thickness, height and weight (16-19), however it was not
- indicated if male and female analyses were completed separately.

0.55%*
0.85**
0.73**
0.77**

Heavier and taller individuals may require larger and thicker
muscles to support the additional weight carried and to traverse

84).

the distance from segment to segment. Males are naturally taller,

heavier, and have higher lean body mass and less body fat than
females, which correspond to larger and leaner muscles and may

0.62**
0.61**
0.43**

help explain the stronger correlations observed in males
compared to females. Total bone mass was also significantly
correlated with thickness at rest and contracted in both females

<<
(%}
|9}
=
L
>
el
o
o
=S
(%)
(%)
©
€
-
e
©
)
=
(%)
%)
©
1S
=
©
&
©
=
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=
(%)
%)
©
1S
()
o
o
Ke]
©
()
=

and males, which was previously observed in rugby and soccer

0.09
0.94%*

players (17, 18). Increased force production may be required for

stabilization of heavier bones during movement, thus a thicker

0.43**
1

LM may be necessary to produce a stronger contraction during
stabilization. However, the increased total bone mass observed
with a thicker LM may be the result of Wolff's Law, whereby
bone is laid down to adapt to the forces being placed on it (37).

1

Height | Weight = BMI

El is used as an indicator of intramuscular fat, using a grayscale
distribution of pixel range within a selected ROI (e.g., lean muscle
tissue appears darker (or hypoechoic) and adipose tissue appears
whiter (or hyperechoic)). Recent work revealed moderate to
strong correlations between LM intramuscular fat measured via
ultrasound EI and MRI (e.g., % fat signal fraction) (38). While

Total lean mass

Total fat mass

% body fat

Thickness rest®
Thickness contracted®
% thickness change”

CSA

Total bone mass
EI

Height
Weight

BMI

TABLE 2 Correlation matrix for male university varsity athletes (n

PMissing two data points.

*p <0.05.

?Missing one data point.
*5p <0.01.
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TABLE 3 Mean (+SD) for body composition and LM measurements in females by sport.

Sport

Rugby
(RUG, n=20)

Hockey
(HOC, n=18)

Soccer

Effect Size (n?)

(SOC, n=12)

Weight (kg) 71.28 (8.73) 67.69 (7.82) 64.64 (8.21) 0.10
Height (cm) 167.63 (5.44) 167.72 (5.58) 163.40 (8.50) 0.08
Total lean mass (kg) 48.55 (5.57)* 48.35 (5.45)* 43.61 (4.14)* 0.14
Total arm lean mass (kg) 5.46 (0.90)** 5.51 (0.81)** 4.56 (0.50)** 0.21
Total leg lean mass (kg) 16.89 (2.05)* 16.70 (1.97) 15.05 (1.79)* 0.14
Total fat mass (kg) 20.19 (6.67) 17.13 (4.53) 18.59 (5.70) 0.05
% body fat 28.94 (7.07) 25.93 (4.80) 29.38 (6.32) 0.06
Total bone mass (kg) 2.87 (0.32)* 2.83 (0.29) 2.57 (0.34)* 0.14
LM CSA (sz) 7.63 (1.08)*** 8.98 (1.19)*** 7.87 (1.31)* 0.23
EI 70.93 (17.01)* 72.74 (15.96) 70.98 (17.05) 0.00
LM thickness at rest (cm) 2.67 (0.37)* 3.00 (0.37)* 2.76 (0.40) 0.14
LM thickness contracted (cm) 3.12 (0.52) 3.39 (0.36) 3.16 (0.38) 0.08
% thickness change 16.62 (7.27) 13.48 (5.75) 15.00 (6.29) 0.05

?Missing one data point.

*Significant difference (p < 0.05); total lean mass = SOC < RUG, HOC; total leg lean mass = SOC < RUG; total bone mass = SOC < RUG; LM CSA = SOC < HOC; LM thickness

at rest=RUG <HOC.

**Significant difference (p < 0.01); total arm lean mass = SOC < RUG, HOC; LM CSA = RUG <HOC.

TABLE 4 Mean (+SD) for body composition and LM measurements in males by sport.

Rugby Hockey

(HOC, n=14)

Effect Size (n?)

Soccer Football

(RUG, n=14)

(SOC, n=15) (FB, n=41)

Weight (kg) 80.26 (9.91)** 86.69 (6.78)*** 72.07 (7.74)+ 94.20 (19.44)++++ 0.26
Height (cm) 176.30 (7.04) 181.75 (6.19) 179.50 (7.35) 179.97 (5.65) 0.07
Total lean mass (kg) 61.90 (7.52) 68.82 (4.90)** 59.06 (6.49)***** 70.74 (7.95)7% 0.32
Total arm lean mass (kg) 8.45 (1.32)*** 9.47 (0.79)*** 7.03 (1.17)*** 10.12 (1.40)** 0.47
Total leg lean mass (kg) 21.45 (2.83)** 23.90 (2.17)* 20.84 (2.39)*** 24.95 (3.45)0%** 0.26
Total fat mass (kg) 15.54 (5.43)* 14.74 (4.05)** 10.04 (2.34)%0%x* 20.32 (13.18)*** 0.14
% body fat 19.88 (5.30)* 17.50 (4.11) 14.50 (2.88)*** 20.85 (8.65)*** 0.12
Total bone mass (kg) 3.41 (0.37)** 3.73 (0.50) 3.38 (0.44)*** 3.91 (0.38)+*** 0.25
LM CSA (sz) 10.33 (1.19) 9.84 (1.39) 9.93 (1.23) 10.81 (1.71) 0.07
EI 53.27 (12.07) 51.09 (13.96) 44.89 (15.39) 54. 34 (16.07) 0.05
LM thickness at rest (cm) 3.18 (0.31) 3.05 (0.49)** 3.37 (0.52)* 3.56 (0.54)** 0.15
LM thickness contracted (cm) 3.72 (0.40) 3.56 (0.57)* 3.80 (0.46)* 4,01 (0.52)* 0.11
% thickness change 17.36 (7.55) 17.06 (8.98) 13.72 (9.33)* 13.61 (7.71)* 0.04

?Missing one data point.

*Significant difference (p < 0.05); total arm lean mass = SOC < RUG; total leg lean mass = SOC < HOC; total fat mass = SOC < RUG; % body fat = SOC < RUG; LM thickness

contracted = HOC < FB.

**Significant difference (p < 0.01); weight = RUG < FB; total lean mass = SOC < HOC; total leg lean mass = RUG < FB; total fat mass = SOC < HOC; total bone mass = RUB <

FB; LM thickness at rest = HOC < FB.

***Significant difference (p < 0.001); weight = SOC < HOC, FB; total lean mass = RUG, SOC < FB; total arm lean mass = SOC < RUG < FB and SOC < HOC; total leg lean mass
=SOC < FB; total fat mass = SOC < FB; % body fat = SOC < FB; total bone mass = SOC <F.

MRI remains the gold-standard to assess skeletal muscle
intramuscular fat, US provides is a non-invasive, inexpensive,
and easily accessible alternative to estimate muscle composition.
Previously, EI was also strongly positively correlated with total %
body fat (16, 17, 18, 19) and total fat mass (16, 19). In this
study, total fat mass and % body fat were significantly positively
correlated with EI in both female and male athletes. A larger
amount of fat present in the body may lead to increased
intramuscular fat, resulting in a greater EI. The significant
negative correlation between % thickness change and total fat

Frontiers in Musculoskeletal Disorders 06

mass, % body fat, and weight may suggest that less fat resulted in
a greater contraction, indicating the function of LM may be
affected by the presence of fat in the body. EI and % thickness
change were also negatively correlated, however it was not
significant. In single sport research, a significant negative
correlation between LM EI and % thickness change was also
observed in football (19), while hockey had no association (16).
Previous research in rugby athletes found a weak positive
correlation between LM % thickness change and % body fat (18)
and a study investigating elite athletes at the international level
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found a negative correlation between % body fat and fat mass and
torso muscle strength (7). These results may also explain why
football athletes, who had decreased LM % thickness change, had
the greatest % body fat, total fat mass, and EI Interestingly,
previous studies with football and cross-country collegiate
athletes found a significant negative correlation between vastus
lateralis (VL) muscle CSA and EI, yet no correlation between EI
and % body fat and fat mass (10,
association between EI and % body fat and fat mass may be

). This may indicate the

muscle specific. Previously, paraspinal muscles have been found
to be more susceptible to age-related increases in fat fraction
In addition, fat typically
deposits around the mid-section which may explain why LM EI

compared to thigh muscles (40).

and % body fat are more closely related compared to VL EIL
Furthermore, LM is a small muscle compared to VL, thus the
presence of intramuscular fat may have a greater impact on
muscle function than would be observed in VL.

4.2. Body composition differences between
sports

Overall, body composition values observed in our study for
male rugby and soccer athletes were comparable to references
values from a previous study that investigated body composition
in collegiate athletes (4). That same study did not include
football athletes and had a sample of two male hockey athletes,
which may explain why values observed in the present study
differed for hockey athletes (4). Recently, a study compared body
composition in male football, hockey, and rugby athletes (1).
Football and male rugby athletes had similar total fat mass and
% body fat values to those observed in our study, however our
football and male rugby athletes had less total lean mass (1).
Hockey was the opposite with similar total lean mass values in
males and our male hockey athletes having greater total fat mass
and % body fat compared to Currier and colleagues (2019).

Our results showed that female soccer players had the smallest
values for all lean mass measurements when compared to
other varsity sports, which is in accordance with previous
investigations (2). In males, soccer players had significantly lower
fat mass compared to the other sports investigated and
significantly less % body fat than rugby and football players, in
addition to having the smallest body composition values overall.
Soccer is an endurance sport that requires longer and more
frequent bouts of running compared to power-focused sports like
football, rugby and hockey, which tends to result in leaner and
lighter musculature. Our results are comparable to other
endurance sports that require large amounts of running with
minimal stoppage, such as cross country (
in track and field (2, 9,
athletes (2, 4).

While reference values for a variety of sports have been

) and sprinters
), and other studies with soccer

obtained, there has been a lack of comparison between female
hockey and rugby athletes to other sports in the literature when
it comes to lean mass, fat mass, and % body fat (4, 9). In our

study, female hockey players had a larger and thicker LM than
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both rugby and soccer players. The increased muscle size and
thickness may be explained by the explosive nature of the sport.
Increased forces through the kinetic chain during powerful, short
shifts on the ice will require increased stability through the core
and trunk, potentially resulting in a larger and thicker LM.
Furthermore, hockey requires the athlete to maintain a stooped
position for both skating and defensive stances, as compared to
rugby and soccer where athletes spend more time in upright
running positions. One study showed LM CSA increased as the
trunk stoops forward in labourers, indicating the LM may be
(42).
Interestingly, while female hockey players had the largest and

more activated in this position for stabilization
thickest LM of the sports investigated, male hockey players had
the smallest and thinnest, and thickness at rest and contracted
was significantly different from football players. The differences
observed in sex may be the result of sport specific biomechanics
due to pelvic differences, however there is currently a lack of
research investigating biomechanical sex differences in hockey
players.

Our results in male athletes revealed that football players had
significantly greater values in almost all body composition
measurements compared to rugby and soccer players and had
significantly thicker LM compared to hockey players. The greater
size and stature may allow football athletes to handle the forces
they experience during tackling from other large opponents as
well as to have greater strength and power for the explosive
movements required for quick bursts, change of direction, and
blocking. The varying demands of each sport requires the body
to adapt and is also reflected in position specific changes, which
are most evident in football. Offensive and defensive linemen
had higher fat mass, lean mass, and % body fat than other
positions (10,
that mirror each other having similar body compositions (43).

), with other offensive and defensive positions

However, offensive and defensive lineman only accounted for
12% of our total male sample and likely did not play a major
role in our results.

4.3. Limitations

While this is the first study investigating the connection
between body composition values and LM characteristics
across a general sample of male and female university varsity
athletes, only four sports were included (rugby, hockey, soccer,
and football). Sampling from a single university limited the
availability of other varsity sports not found at that university.
Furthermore, no reference group was included in this study for
sport comparison, preventing inferring differences between the
general population and athletes. Although DEXA is the gold
standard for body composition measurements, it is not
commonly used in practice and a secondary body composition
measurement (i.e., bioimpedance, skinfold, etc.) may have been
beneficial for practical application comparisons. Lastly, we did
not include MRI evaluation for fatty infiltration, which is
the gold-standard for evaluating intramuscular fat in skeletal
muscle.
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5. Conclusions

Our study provides novel insights into connections between
LM characteristics and body composition, emphasizing the
importance of assessing body composition in athletic populations
and presents normative data of LM characteristics for direct
comparison between sports. Overall, our findings revealed
differences in body composition and LM characteristics between
sports in males and females, which are likely due to sport
specific requirements. The results of the current study further
support that body composition measures likely play a role in LM
morphology and function and should be considered when
investigating paraspinal musculature and exploring links with the
presence of spinal pathologies. Through body composition and
LM preseason screening, coaches and clinicians may be able to
identify athletes with higher risk of injury, as a growing body of
evidence revealed that LM characteristics are associated with low
back pain and lower limb injury (16-19, 26, 27, 30, 33). Future
studies should investigate if targeting athletes at risk through
specific exercise intervention or dietary programs can assist in
the prevention of injury during the season.
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