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Abstract

Abstract

Purpose: The primary objective of this study was to examine and compare lumbar multifidus
(LM) muscle size, asymmetry and function in university football players with and without low
back pain (LBP). A secondary objective was to examine the relationship between LM
characteristics and body composition in football players. Methods: Ultrasound assessments of
the LM muscle were performed in 41 university football players during the preseason. LM
muscle cross-sectional area (CSA), echo-intensity (e.g. indicator of fatty infiltration and
connective tissue), thickness at rest, and thickness during submaximal contraction (e.g.
contralateral arm lift) measurements in prone and standing positions were obtained bilaterally at
the L5-S1 level. Body composition measures were acquired using dual X-ray absorptiometry
(DEXA). A self-administered questionnaire was used to obtain LBP history data. Results: The
LM muscle thickness at rest in prone and in standing was significantly smaller in football players
who reported the presence of LBP in the previous 3-months. The LM CSA in prone was
significantly and positively correlated with weight, height, lean body mass, total fat mass, and
total % body fat. LM echo-intensity was strongly correlated with total % body fat and total fat
mass and negatively correlated with the % thickness change during contraction. Conclusion:
The results of this study provide novel information on LM muscle morphology and activation in
football players in prone and standing and suggest that players with LBP in the previous 3-
months had smaller LM muscle thickness. LM morphology was strongly correlated with body

composition measurements.
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Abstract

Purpose: The primary objective of this study was to examine and compare lumbar multifidus
(LM) muscle size, asymmetry and function in university football players with and without low
back pain (LBP). A secondary objective was to examine the relationship between LM
characteristics and body composition in football players. Methods: Ultrasound assessments of the
LM muscle were performed in 41 university football players during the preseason. LM muscle
cross-sectional area (CSA), echo-intensity (e.g. indicator of fatty infiltration and connective tissue),
thickness at rest, and thickness during submaximal contraction (e.g. contralateral arm lift)
measurements in prone and standing positions were obtained bilaterally at the L5-S1 level. Body
composition measures were acquired using dual X-ray absorptiometry (DEXA). A self-
administered questionnaire was used to obtain LBP history data. Results: The LM muscle
thickness at rest in prone and in standing was significantly smaller in football players who reported
the presence of LBP in the previous 3-months. The LM CSA in prone was significantly and
positively correlated with weight, height, lean body mass, total fat mass, and total % body fat. LM
echo-intensity was strongly correlated with total % body fat and total fat mass and negatively
correlated with the % thickness change during contraction. Conclusion: The results of this study
provide novel information on LM muscle morphology and activation in football players in prone
and standing and suggest that players with LBP in the previous 3-months had smaller LM muscle
thickness. LM morphology was strongly correlated with body composition measurements.
Keywords: low back pain; American Football; ultrasound; lumbar multifidus; dual-energy X-ray

absorptiometry
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INTRODUCTION

American football is a high impact, high physical demand sport, and one of the most popular and
practiced sports in North America. This sport is played at all levels, ranging from youth leagues
to high school, university and professional leagues such as the National Football League (NFL) or
the Canadian Football League (CFL). Football consists of a multitude of positions, each requiring
a specific physical profile, but most involving violent impacts and collisions. Given the high
impact nature of this sport, injury rates are unarguably among the highest across all sports (1,2).
Low back pain (LBP) is a common complaint among American Football players, with 30% of
college players reporting missing playtime due to LBP (3). Additionally, the presence of chronic
LBP continues well into retirement (4). While blocking and tackling, players must absorb and
transfer large amounts of force from the upper body to the lower body. Compressive forces at the
L4-L5 segment can reach values above 8600 Newtons when players block one another (5,6).
Additionally, players who continue to play beyond 2 seasons (beginning at the high school level)
have an increased risk of developing LBP and degenerative disk disease regardless of the position
played (5). While spinal abnormalities such as spondylolysis, degenerative disc disease and disc
space narrowing are significant risk factors for LBP in this group of athletes, spinal instability
(defined as the amount of angular or translational displacement on lateral view radiographs) is also

an important contributing factor (7).

The lumbar multifidus (LM) muscle plays a critical role in providing spinal stability and segmental
control, and is mostly responsible for spinal stiffness in the neutral position (8). This muscle also
plays a key role in lumbopelvic dynamic stability, assisting in the production and transfer of forces

through the kinetic chain (9,10). The presence of LBP has been associated with changes in LM
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muscle morphology (e.g. size, asymmetry, and fatty infiltration) and function (e.g. ability to
contract) in both athletic and non-athletic populations. LM atrophy was reported in ballet (11),
gymnastics (12), Australian Football League (AFL) players (13), soccer (14), and hockey (15),
athletes with LBP, while LM side-to-side asymmetry (e.g. atrophy) at the affected level and
symptomatic side was observed in cyclist, cricket and judo athletes with unilateral symptoms (16).
A decrease in LM function (e.g. % change in LM thickness during contraction) was also observed

in gymnastic athletes with a sway-back posture (12).

While ultrasound allows to conveniently assess muscle size, function and quality (e.g. echo-
intensity, EI), few imaging studies have evaluated LM muscle EI and/or examined LM
characteristics in more functional positions, such as standing. El is measured using the ultrasound
brightness scale (gray scale analysis) and can be used as an indicator of muscle quality by
estimating intramuscular fat and connective tissue (17,18). Previous studies also reported that
muscle El is correlated to muscle strength and power (19-22). As increased paraspinal muscle fatty
infiltration was reported in subjects with chronic LBP, it is intuitive that such change in muscle
quality would negatively impacts overall muscle function (23,24). Despite the high incidence of
LBP in American football players, we are not aware of any studies that have examined LM
characteristics in this group of athletes. Furthermore, the influence of body composition
measurements on LM muscle morphology and function also deserve further attention. While it is
well established that muscle morphology is influenced by anthropometric factors, such as age, sex,
physical activity levels and body composition (25-27), body mass index (BMI) remains the most

frequently used variable to adjust for inter-subject variability in both anthropometric and body
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composition differences. BMI is, however, a poor indicator of body composition, especially in

athletic populations, due to its inability to differentiate between lean and fat mass.

Therefore, the primary objective of this study was to examine and compare LM muscle size,
asymmetry and function in university football players with and without LBP. A secondary
objective was to examine the relationship between LM muscle characteristics and body
composition in football players. We hypothesized that players with LBP will have a smaller LM
muscle, greater side-to-side asymmetry and will have a lower ability to contract the LM muscle.
We also hypothesized that greater lean muscle mass and greater % body fat will be positively

associated with LM muscle size and echo-intensity (El), respectively.

METHODS

Participants

Forty-one football players from the Concordia University varsity team were assessed during the
preseason (end of August 2016) and included in the current study. The exclusion criteria were
previous history of severe trauma or spinal fracture, previous spinal surgery, and
observable/known spinal abnormalities. The Central Ethics Research Committee of the Quebec
Minister of Health and Social Services approved this study. All players provided informed consent

acknowledging that their data would be used for research purposes.

Procedures
During the preseason, each player participated in one testing session lasting approximately 30

minutes. Subjects completed a self-administered questionnaire to collect information regarding
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players’ demographics and history of LBP. LBP was defined as pain localized between T12 and
the gluteal fold. Players were asked to answer “yes” or “no” to the presence of LBP during the past
3-months (off-season) prior to the assessment. Players who answered “yes” to the presence of LBP
completed a numerical Visual Analogue Scale (VAS) (e.g. score 0 to 10) to assess average LBP
intensity, and were also asked about pain location (e.g. centered, right side, left side) and pain

duration (in months).

Ultrasound

Ultrasound B-mode images assessment of the LM muscle were acquired using a LOGIQ e
ultrasound machine (GE Heathcare, Milwaukee,W1) with a 5-MHz curvilinear transducer during
the preseason. The imaging parameters were kept consistent in all acquisitions (frequency: 5SMHz,
gain: 60, depth: 8.0cm). Previous studies have established the reliability and validity of ultrasound
imaging to assess LM muscle size and thickness, with repeatable, reliable and valid imaging
technique when performed by trained assessors (28,29). All ultrasound measurements were
obtained by an experienced rater with over 10 years of experience in spine imaging analysis, and
was also previously trained by a senior musculoskeletal ultrasound radiologist prior to the

beginning of this study.

Prone lying measurements

To assess LM muscle cross-sectional area (CSA), participants were placed in a prone position, on
a therapy table, with a pillow placed under their abdomen to minimize lumbar lordosis and
instructed to relax the paraspinal musculature. The spinous process of L5 was palpated and marked

on the skin with a pen prior to imaging. Three images were captured on the right and left sides.
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This L5 level was selected based on a previous study reporting that decreased LM muscle CSA
and increased side-to-side asymmetry at this level was a predictor of LBP and lower limb injury
in elite AFL players (13). Acoustic coupling gel was applied to the skin and the ultrasound
transducer was placed longitudinally along the midline of the lumbar spine to confirm the location
of the L5 level. Then, bilateral transverse images of LM muscle at L5 were obtained to assess LM
CSA (Figure 1), with the exception of larger muscles, where the left and right sides were imaged

separately.

LM function was then assessed by obtaining thickness measurements at rest and during sub-
maximal contraction (Figure 2). The LM muscle was imaged bilaterally, in the parasagittal section,
allowing for the visualization of the L5/S1 zygapophyseal joints. Participants were instructed to
relax and 3 images were captured bilaterally, at rest. Participants were then instructed to perform
a contralateral arm lift to induce submaximal contraction (28-30). Each participant was given a
handheld weight [based on subject body weight: 1) <68.2kg = 0.68kg weight, 2) 68.2-
90.9kg=0.9kg weight, 3) >90.9kg=1.36kg weight] (30), and instructed to raise the loaded arm 5
cm off the examination table with the shoulder in 120° of abduction and elbow 90° of flexion. The
handed weight was designed to load the LM to approximately 30% of maximal voluntary isometric
contraction (30). Participants were instructed to hold their breath at the end of normal exhalation
(minimize the effect of respiration on thickness measurement) and maintain the contraction for 3

seconds. Each player had a practice trial, followed by 3 contralateral arm lifts on each side.
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Standing measurements

Players were asked to stand barefoot on the floor with their arms relaxed on each side. In order to
achieve a habitual standing posture, they were instructed to march on a spot for a few seconds and
remain on the position where their feet landed. The same procedure as described above was
conducted to obtain LM CSA and thickness measurements at rest. To contract the LM muscle,
each participant was asked to perform a contralateral arm lift, with the shoulder placed in 90° of
flexion, elbow in complete extension and the wrist in neutral position (palm facing down) (31),
while holding the previously determined hand weight and maintain the contraction for 3 seconds.

Each player had a practice trial, followed by 3 contralateral arm lifts on each side.

Imaging assessment

Ultrasound images were stored and analyzed offline. LM CSA and thickness measurements were
acquired using OsiriX imaging software (OsiriXLiteVersion 9.0, Geneva, Switzerland). The CSA
measurements were obtained by tracing the muscle borders on both sides. The relative %
asymmetry in CSA between the right and left sides was calculated using the following formula:
[(larger side — smaller side)/larger side x 100]. LM muscle thickness was assessed using linear
measurements from the tip of the L5/S1 zygapophyseal joint to the inside edge of the superior
muscle border, at rest and during contraction in both positions (e.g. prone and standing). Each
measurement was repeated 3 times (on 3 different images) on each side, and the average value was
used in the analyses. LM muscle function and contractile ability in the prone and standing position
was calculated as a percent change using the following formula: [(thickness contraction — thickness
rest)/thickness rest) x 100]. LM muscle EI was measured using grayscale analysis imaging (ImageJ,

National Institute of health, USA, Version 1.49) using the standard histogram function of pixels
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expressed as value between 0 (black) and 255 (white) (17). Enhanced El is indicative of a greater
amount of intramuscular fat and connective tissue (18). Prior to El measurements, each image was
calibrated by measuring the number of pixels within a known distance of 1 cm. EI was determined
by tracing a region of interest (ROI) representing the LM muscle CSA (in the prone position only),
avoiding the inclusion of bone or surrounding fascia (15). The average value of 3 El measurements
(on 3 different images) on each side was used in the analyses. At the time of imaging assessment,
the rater was blinded to players’ characteristics and history of injury. The intra-rater reliability
(intra-class correlation coefficients ICCs 1) of the rater for all LM ultrasound ranged between 0.96-

0.99 for all prone measurements and 0.96-0.98 for all standing measurements.

DEXA

Each player had a full body DEXA scan (Lunear Prodigy Advance, GE) performed by a certified
medical imaging technologist. Prior to imaging, all participants were asked to remove any metal
and were required to wear loose fitting clothing, to avoid interference with the scan. Age, height,
weight and ethnicity were entered in the computer software prior to imaging. Participants were
asked to lie down supine in the center of the scanner with their arms slightly away from the body,
thumbs pointing upwards, with their legs slightly apart and toes pointing upwards. Total lean mass,

total bone mass, total fat mass and total percent body fat were determined using DEXA.

Statistical Analysis
Means and standard deviations were calculated for players’ characteristics and body composition
measurements. Paired t-tests were used to assess the difference in LM muscle characteristics

including CSA, El, thickness at rest and during contraction (both in prone and standing positions)
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between the right and left sides. Analysis of covariance (ANCOVA) was used to examine the
difference in LM muscle characteristics in muscle size, quality and function (e.g. CSA, asymmetry,
El, thickness, % thickness change) between players with and without LBP 3-months prior to
measurements. The variables “weight” and “height” and “total % body fat” were considered as
covariates in the analyses. Players’ position was not considered as a covariate in our analysis due
to the relatively small sample size, however, an exploratory univariate analysis revealed that it was
not associated with LM characteristics. Pearson correlation and linear regression models were used
to assess the correlation and relationship between LM muscle characteristics (e.g. CSA, El,
thickness, % thickness change) and body composition measurements. All analyses were performed

with STATA (version 12.0, StataCorp, LP, College Station, Texas).

RESULTS

The players’ characteristics are presented in Table 1. The mean+SD age, height and weight was
21.0£1.1 years, 180.0+5.65 cm and 94.2+19.4 Kkg, respectively. The average number of years
playing football was 8.6+3.1 years, and 1.44+1.3 at the university level. A total of 55.5% and
44.4% of players playing on the defense and offensive line reported the presence of LBP 3- months

prior assessment, respectively.

LM muscle characteristics in American Football Players.

LM muscle measurements in prone and standing, for the right and left sides, are presented in Table
2. The thickness at rest and during contraction in the prone position was significantly greater on
the left side (p=0.001 and p=0.005, respectively). Similarly, the thickness during contraction in the

standing position was significantly greater on the left side (p=0.01). LM muscle CSA and thickness

10
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at rest and during contraction on both sides significantly increased from the prone to standing
position (p<0.001). There was a significant decrease in LM muscle CSA asymmetry and %

thickness change from the prone to standing position (p<0.001)

LM characteristics and LBP

LM muscle thickness at rest in the prone (p=0.04, F=4.30) and standing position (p=0.02, F=5.20)
was significantly smaller in football players who reported the presence of LBP in the previous 3-
months (Table 3). There were no other significant differences in LM muscle characteristics

between players with and without LBP.

Associations between LM characteristics and body composition

LM CSA in the prone position was significantly correlated with weight (r=0.51, p<0.001), height
(r=0.36, p<0.05), lean body mass (r=0.51, p<0.001), total fat mass (r=0.43, p<0.01) and total %
body fat (r=0.52, p<0.001) (Table 4). Similar significant correlations were also observed for LM
thickness at rest and during contraction. LM EI was strongly correlated with total % body fat
(r=0.76, p<0.001) and total fat mass (r=0.76, p<0.001). The % thickness change in the prone
position was correlated to total fat mass (r=-0.48, p<0.001) and total % body fat (r=-0.48, p<0.001).
LM EI was also correlated with the % thickness change in the prone position (r=-0.32, p<0.05).
Similar correlations were also observed between LM characteristics in standing and body

composition measurements (data not shown).

DISCUSSION

The purpose of this study was to examine and compare LM muscle characteristics in university

11
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football players with and without LBP, as well as the influence of body composition on LM
characteristics. Overall, our findings provide novel information on LM characteristics and
activation in prone and standing positions in American football players, and suggest that players
with a history of LBP have smaller LM thickness (e.g. atrophy). Body composition measurements
were strongly associated with LM morphology, suggesting that the influence of body composition

on LM muscle size and quality in athletes cannot be ignored.

LM Muscle Characteristics in American Football

LM muscle CSA of our football players was much larger than the general, non-athletic population
(32), but comparable to university level varsity male hockey players as well as elite AFL players
(13,15). This hypertrophy is likely attributable to years of resistance training, as well as the high
physical demands of this sport, which require LM activation for stability and explosiveness during
running, blocking, and tackling. Furthermore, this finding may also be partly explained by the fact
that football players generally have larger stature, and thus accompanying larger musculature.
While there was no difference in LM CSA measurements between the right and left sides, the %
asymmetry in prone (4.80+3.25%) was significantly greater than in standing (2.42+2.50%) when
the LM is contracted. El values were similar between sides, and comparable to those of university

level male hockey players (15).

Our findings revealed significant side-to-side differences in LM thickness at rest and contracted in

both positions (e.g. prone and standing), with the left side being consistently larger. A larger left

12
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LM muscle is consistent with previous literature and was reported in ballet dancers as well as in
the general population (11,33). Such finding may be attributed to leg dominance. As most football
players begin a play with the dominant push-off leg slightly behind (typically right), and thus
require strong LM activation from the contralateral leg (left side) to stabilize the pelvis and create
explosive forces to sprint or block. Other studies in elite athletes, however, reported symmetrical
CSAs (34,35), as well as larger LM CSA on the dominant (right) side (12,36), suggesting that LM
muscle size is likely influenced by specialized movements and sport specific training effects.
While there was no difference in LM percent thickness change (e.g. contraction) between left and
right sides when performing a contralateral arm lift both in prone and standing positions, the
percent thickness in prone was significantly larger. This is due to an already contracted LM muscle
in standing, as demonstrated by the sharp increase in CSA. As such additional gain in muscle
thickness and related % thickness change when performing the contralateral arm lift are much
smaller. While similar % thickness changes in the standing position were reported in university
varsity male hockey players (15), additional studies should investigate LM morphology and
neuromuscular control in such functional and sport-related positions, as deficits may have

important implications for sport performance and susceptibility to injury.

Effect of LBP on LM muscle characteristics

In accordance with previous studies (11,15), LM muscle thickness at rest was significantly smaller
in athletes with LBP in prone and in standing positions. Previous literature found both smaller LM
muscle CSA and thickness in subjects with LBP (8,37). Decreased LM muscle thickness while

measured at rest in a prone position was also reported in hockey players (15), elite ballet dancers

13
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(11), and non-athletic population with LBP (37). To the best of our knowledge, no previous studies
investigated LM characteristics in American football players. Though, AFL players with LBP were
also found to have a smaller LM muscle CSA, as well as a decreased ability to perform an

abdominal draw-in maneuver (13).

Although significant LM asymmetry was reported in AFL players with LBP (13), this was not the
case in our football players as the % asymmetry was comparable between players with and without
LBP. There was also no difference between the % thickness change, both in prone and standing
positions, between players with and without LBP. This is contrary to other studies that have found
greater LM contraction (14) (e.g. % thickness change), as well as lower LM contraction (38) in
athletic and non-athletic populations with LBP. Although not significant, adjusted means for LM
contraction in football players with LBP were slightly larger. Such findings may reflect a
maladaptive neuromuscular control strategy to splint or stiffen the spine, in order to avoid further
pain (39,40). As thickness changes are highly correlated with EMG activity, it is possible that a
higher % thickness change relates to a proprioceptive dysfunction of the LM muscle (30,37). Such
dysfunction entails abnormalities in timing or force of contraction necessary to complete a task.
Indeed, Zhang et al. recently found that average EMG activity was positively correlated with LM
contractive ability, and that patients with pain had a reduced ability to voluntarily recruit the deep

LM muscle while performing functional tasks (37).

Finally, no difference in EI was found between players with and without LBP, a finding congruent
with university level hockey players (15). As El is highly correlated to the level of skeletal muscle

fat tissue infiltration and connective tissue (e.g. higher EI values are indicative of a greater level

14
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of fatty infiltration) (17), our results suggest that players with LBP did not present with more fatty
infiltration when compared to their counterparts. This finding is also consistent with previous
studies that reported no association between LBP and paraspinal muscle fatty infiltration in young
adults (41,42). Furthermore, as the mean age of our football players was 21.0£1.1 years and mean
VAS score was 5.08+1.8, the young age and low level of pain and disability likely explain the lack

of significant fatty infiltration.

LM characteristics and body composition

LM muscle CSA was significantly and positively correlated with weight, height, lean mass, fat
mass, % body fat, and LM muscle thickness at rest and contracted. Our results are very similar and
corroborate with a previous similar study in university level hockey players (15). In accordance
with Fortin et al. (15), LM muscle EI was strongly correlated with weight, total percentage body
fat, total fat mass, and total lean mass, providing additional evidence that the influence of body
composition on LM muscle morphology and quality (composition) should not be ignored,
especially in athletes. Importantly, the correlation coefficient between El and total percent body
fat (r=0.76) was the same as reported by the study of Fortin et al. (15). EI was also negatively
correlated with LM function (e.g. % thickness change), supporting the hypothesis that increased
fatty infiltration/connective tissue has detrimental effects on muscle function. Moreover,
significant negative correlations between LM percent thickness and weight, fat mass, % body fat,
and EI were also identified, with the strongest correlations being fat mass and % fat (r=-0.48). As
such, our findings suggest that athletes with a greater overall percentage body fat had a lower

ability to contract the LM muscle, and provide additional evidence to suggest that body
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composition may influence muscle function. While others found no such association (15,24),
previous research has reported increased intra-muscular fatty infiltration to be associated with
decreased thigh muscle power and performance (19,43,44). Unarguably, additional studies are
needed to further establish the relationship between LM muscle quality and muscle function. A
limitation of this study is the relatively small sample size from only one football team. Though our
study had a comparable number of asymptomatic players, which allowed for a representative
comparison between players with and without LBP. Future research including larger sample size
and more teams at the elite level are needed to establish the generalizability of our results. Only
the LM muscle was examined in this study. Other trunk muscles contributing to segmental control

and stability of the lumbar spine should be examined in this athletic population.

To conclude, this study provided novel data regarding LM muscle morphology, asymmetry and
function in American football players. Players with LBP in the past 3-months showed specific
deficits in LM thickness at rest, both in prone and standing positions. LM morphology and function
were highly correlated with DEXA body composition measurements, providing additional
evidence that body composition should not be ignored when studying this muscle in athletic
populations. Rehabilitation programs aiming to improve LM muscle size and muscle voluntary
control may help prevent LBP and improve performance in this athletic population. Combining
ultrasound and DEXA measurements may be beneficial for team health staff and coaches and may
assist in preseason screening for those at risk for LBP. Future research should evaluate the effect
of LM exercise intervention specifically targeting the LM muscle, coupled with strategies to

improve overall body composition on year-round prevalence of LBP in American football players.
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Figure Legends

Figure 1: Transverse ultrasound image showing the cross-sectional area (CSA) lumbar
multifidus (LM) measurement. Spinous process (SP) in the center of the image, echogenic
laminae (La), longissimus (Lo) and thoracolumbar facia (TLF) were used as landmarks to define

the LM muscle borders.

Figure 2: Parasagittal ultrasound image of the lumbar multifidus (LM) muscle showing
thickness measurement at rest (left image) and during submaximal contraction (right image). The

facet joints (FC) of L5-S1 were used as landmarks for the lower borders of the muscle. Sacrum

(S).
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Table 1

Table 1. Participants’ characteristics

All (n=41)

Age (yr) 21.0+1.1
Height (cm) 180.045.65
Weight (Kg) 94.2+19.4
Total lean mass (kg) 70.74+7.95
Total bone mass (kg) 3.91+3.85
Total fat mass (kg) 20.32+13.1
Total body fat % 20.848.6
BMI 29.0+5.3
Dominant leg (n)

Right 34

Left 5

Either 2
Position (n)*

Defense 22

Offense 18
Football competitive level (yr) 8.6+3.1
Football university level (yr) 1.44+1.3
LBP past 3-month (pre-season) (n) 18
LBP location 3-month (pre-season) (n)

Centered 8

Bilateral 4

Unilateral 6
VAS LBP (0-10) past 3-months 5.08+£1.8

*missing data for one player



Table 2

Table 2. LM muscle measurements of the right and left sides.

Right Left
PRONE
CSA (cm?) 10.74+1.85 10.87+1.64
CSA asymmetry (%) 4.80£3.25
El 54.47+16.56 54.20+15.96
Thickness (cm)
Rest 3.49+0.58 3.62+0.51
Contracted 3.94+0.55 4.10+0.52
% change 14.06+8.90 13.27+8.12
STANDING
CSA (cm?) 11.87+1.47 12.10+1.64
CSA asymmetry (%) 2.42+2.50
Thickness (cm)
Rest 4.05+0.52 4.10+0.51
Contracted 4.14+0.53 4.23+0.53
% change 2.26+3.80 3.61+4.36

Bold= p<0.05



Table 3

Table 3. LM muscle characteristics between players with and without LBP in the past 3 months.

No LBP LBP
(n=23) (n=18)
PRONE
CSA (cm?)? 11.10 (0.33) 10.43 (0.37)
CSA asymmetry (%) 4.49 (0.72) 5.07 (0.72)
EIb 52.38 (2.13) 56.84 (2.43)
Thickness (cm)
Rest? 3.68 (0.09) 3.40 (0.10)
Contracted? 4.06 (0.10) 3.90 (0.14)
% change® 12.67 (1.69) 16.20 (1.88)
STANDING
CSA (cm?)? 12.27 (0.33) 11.59 (0.31)
CSA asymmetry (%) 2.09 (0.39) 2.90 (0.80)
Thickness (cm)
Rest 4.20 (0.09) 3.89 (0.10)
Contracted? 4.25 (0.09) 4.10 (0.14)
% change® 2.71 (0.64) 3.17 (0.73)

a= Adjusted means for height and weight.
b= Adjusted means for total percent body fat

bold=p<0.05



Table 4

Table 4: Correlation matrix - Body composition and LM muscle characteristics (prone position)
in male football players.

Weight | Height | Bone | Lean | Fat % CSA | El TK TK % TK
Mass | Mass | Mass | Fat rest Cont change
Weight | 1 045" | 048 | 0.82¢ | 0.93* | 0.99° | 0512 | 0.67% | 0.632 | 0.47% | -0.46
Height 1 | 060* | 0512 | 0.34° | 0.46° | 0.36° | 039" | 0.27 | 029 | -0.11
Eﬂone 1 | 068" | 027 | 048 | 024 | 036" | 024 | 027 | 0.001
ass
Lean 1 | 057 | 0822 | 0512 | 0.34° | 0.56° | 0.47° | -0.31
Mass
Sf 1 | 0942 | 043 | 0.76° | 0.56% | 0.40b | -0.48?
ass
0,
% Fat 1 | 0522 | 0.76* | 0.56° | 0.40° | -0.482
CSA 1 | 031 | 063 | 066° | -0.20
El 1 | 031 | 020 | -032
TK 1 | 090° | -056°
rest
TK 1 -0.19
cont
% TK
1
change
= p<0.001
b=p<0.01

°= p<0.05
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