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The effect of low back pain and lower limb
injury on lumbar multifidus muscle
morphology and function in university
soccer players
Neil Nandlall1, Hassan Rivaz2,3, Amanda Rizk3, Stephane Frenette3, Mathieu Boily4 and Maryse Fortin1,3,5*

Abstract

Background: The lumbar multifidus muscle (LMM) plays a critical role to stabilize the spine. While low back pain
(LBP) is a common complaint in soccer players, few studies have examined LMM characteristics in this athletic
population and their possible associations with LBP and lower limb injury. Therefore, the purpose of this study was
to 1) investigate LMM characteristics in university soccer players and their potential association with LBP and lower
limb injury; 2) examine the relationship between LMM characteristics and body composition measurements; and 3)
examine seasonal changes in LMM characteristics.

Methods: LMM ultrasound assessments were acquired in 27 soccer players (12 females, 15 males) from Concordia
University during the preseason and assessments were repeated in 18 players at the end of the season. LMM cross-
sectional area (CSA), echo-intensity and thickness at rest and during contraction (e.g. function) were assessed
bilaterally in prone and standing positions, at the L5-S1 spinal level. A self-reported questionnaire was used to
assess the history of LBP and lower limb injury. Dual-energy x-ray absorptiometry (DEXA) was used to acquire body
composition measurements.

Results: Side-to-side asymmetry of the LMM was significantly greater in males (p = 0.02). LMM thickness when
contracted in the prone position (p = 0.04) and LMM CSA in standing (p = 0.02) were also significantly greater on
the left side in male players. The LMM % thickness change during contraction in the prone position was
significantly greater in players who reported having LBP in the previous 3-months (p < 0.001). LMM CSA (r = − 0.41,
p = 0.01) and echo-intensity (r = 0.69, p < 0.001) were positively correlated to total % body fat. There was a small
decrease in LMM thickness at rest in the prone position over the course of the season (p = 0.03).

Conclusions: The greater LMM contraction in players with LBP may be a maladaptive strategy to splint and project
the spine. LMM morphology measurements were correlated to body composition. The results provide new insights
with regards to LMM morphology and activation in soccer players and their associations with injury and body
composition measurements.
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Background
Soccer is one of the most popular sports in the world. Soc-
cer athletes are exposed to high loads to the spinal region,
pelvic region and lower limbs. As such, they require above
average motor skills and stability of the lumbopelvic region
in order to maintain a proper level of dynamic control. Low
back pain (LBP) and lower limb injury are among the most
common injuries in elite soccer players, with a yearly LBP
prevalence of 64% and lower limb injury rate during compe-
tition varying between ~ 18 to 80% [1, 2]. Stability of the
lumbar spine plays a critical role in preventing and reducing
the risk of LBP-related injury, and the importance of para-
spinal muscle recruitment and coordination was highlighted
in several biomechanical studies [3, 4]. Smaller lumbar mul-
tifidus muscle (LMM) size and greater side-to-side asym-
metry were indeed linked to LBP and lower limb injury in
elite athletes [5–9].
A proper function of the LMM is critical to maintain

the integrity of the kinetic chain and distribute forces to
the lower limbs and upper limbs [10]. Although MRI
and ultrasound imaging studies have reported morpho-
logical changes (e.g. atrophy, asymmetry) and altered
function of the LMM in athletes with LBP, literature
findings remain controversial and suggest that such
changes may be related to specific sports or level of
competition. Specifically, smaller LMM cross-sectional
area (CSA) was reported in elite soccer players with LBP
[9], but no such difference was found in adolescent
soccer players [11]. While smaller LMM CSA was also
reported to be a strong predictor of lower limb injury in
professional Australian Football League (AFL) players [5],
this has not been investigated in soccer players. Further-
more, the association between LMM muscle characteristics
and LBP (or lower limb injury) has not been examined in
female soccer players. Lastly, seasonal variations in LMM
morphology and function in soccer players also warrants
further investigation, as they may have important clinical
implications for the susceptibility of injury.
While it is well established that muscle morphology is

influenced by anthropometric factors, such as age, sex,
physical activity levels, and body composition, [12–15]
body mass index (BMI) remains the most frequently
used variable to adjust for inter-subject variability in
both anthropometric and body 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. Very few studies
have used dual-energy X-ray Absorptiometry (DEXA) to
investigate the association between muscle morphology
and body composition. Additional studies are needed to
clarify the relationship between accurate measures of
body composition and LMM morphology.
Given that LMM plays a key role in lumbopelvic con-

trol, a better understanding of LMM characteristics and

their association with body composition, both in male
and female athletes, as well as their implications in dif-
ferent sports and susceptibility to injury may provide
valuable insight for preseason-screening assessment and
more effective and targeted rehabilitation. Therefore, the
purpose of this this study was to: 1) investigate LMM
characteristics in male and female collegiate soccer
players, and their potential association with LBP and
lower limb injury; 2) examine the relationship between
LMM characteristics and body composition measure-
ments; and 3) to examine seasonal changes in LMM
characteristics in soccer players. We have hypothesized
that smaller LMM CSA will be associated with LBP and
lower limb injury in male and female soccer collegiate
athletes. We have also hypothesized that lean muscle
mass and % body fat will be associated positively associ-
ated with LMM CSA and LMM echo-intensity (EI – indi-
cator of muscle quality using the ultrasound brightness
scale), respectively.

Methods
Participants
Twenty-seven soccer players (12 females, 15 males) from
the Concordia University varsity teams volunteered to
participate in this study and were assessed during the pre-
season (end of August and the beginning of September
2016). From these, a total of 18 players (11 females, 7
males) were available and reassessed at the end of the
competitive playing season (mid-November 2016). All
available players were invited to participate to maximize
the sample size, and thus no a priori sample size calcula-
tion was made. The exclusion criteria included previous
history of severe trauma or spinal fracture, previous spinal
surgery, observable spinal abnormalities, as all of these
can affect paraspinal muscle morphology and/or function.
Pregnancy was also an exclusion criterion as undergoing a
DEXA scan was a requirement of this study. The study
was approved by the Research Ethical Committee of the
Institution and by the Central Ethics Committee of the
Quebec Minister of Health and Social Services. All players
that participated in this study provided informed consent.

Procedures
A self-administrated questionnaire was used to collect
information on players’ demographics and history of
LBP during at the preseason. LBP was defined as pain
localized between T12 and the gluteal fold with or with-
out leg pain [16]; players were asked to answer “yes” or
“no” to the presence of LBP during the past 3-months
prior to the assessment. A visual Numerical Pain Scale
(NRS) was used to assess the average LBP intensity (e.g.
10 point scale; 0 = no pain, 10 = worst pain possible).
Players were also asked to indicate the LPB location (e.g.
centered, right side, left side) and duration (in months)
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at both time points. Finally, players were questioned
about their history of lower limb injury within the past
12-months and to provide the injured body part, if ap-
plicable. Similarly, at the end of the competitive season,
players completed a related questionnaire asking about
whether they experienced or suffered a lower limb injury
during the season.

Ultrasound
LMM assessments were performed using a LOGIQ e
ultrasound machine (GE Healthcare, Milwaukee, WI)
with a 5-MHz curvilinear probe. The imaging parame-
ters were kept consistent for all acquisitions (frequency:
5MHz, gain: 60, depth: 8.0 cm). The reliability of ultra-
sound imaging to assess LMM size and thickness has
been previously established (intra- and inter-rater reli-
ability ICCs = 0.94–0.99 [17]. LMM thickness change
measurement is also highly correlated to EMG activity
(r = 0.79, p < 0.001) [18].

LMM measurements
Players were placed in a prone position, on a therapy
table, with a pillow under their abdomen to minimize
lumbar lordosis [17]. They were instructed to relax the
paraspinal musculature, and the spinous process of L5
was palpated and marked on the skin with a pen prior to
imaging. For the assessment of LMM CSA, acoustic
coupling gel was applied to the skin and the ultrasound
probe was placed longitudinally along the midline of the
lumbar spine to confirm the location of the L5 level [18].
Then, the probe was rotated and placed transversally over
the L5 spinous process for imaging. Transverse images at
L5 level were obtained bilaterally to assess LMM CSA, ex-
cept for athletes with larger muscles, where the left and
right sides were imaged separately. A total of 3 images
were captured and saved for each side. The L5 level was
selected as the level of assessment based on a previous
study in elite AFL players reporting that decreased LMM
CSA and increased side-to-side asymmetry, at this level,
was a predictor of lower limb injury [5].
LMM function (e.g. contraction) was then evaluated

by obtaining thickness measurements at rest and during
contraction via a contralateral arm lift. For the thickness
measurement, the LMM was imaged in the parasagittal
view, which allows for the visualization of the L5/S1
zygapophyseal joints. Players were instructed to relax,
while 3 images of LMM thickness were captured bilat-
erally, at rest. Players were then instructed to perform a
contralateral arm lift holding a handheld weight [based
on players’ body weight 1) < 68.2 kg = 0.68 kg weight, 2)
68.2–90.9 kg = 0.9 kg weight, 3) > 90.9 kg = 1.36 kg weight]
while raising the loaded arm 5 cm off the therapy table
(shoulder was placed in 120° of abduction and elbow 90°
of flexion), in order to induce a submaximal (~ 30%)

LMM isometric contraction [17–19]. While performing
this task, players were instructed to maintain the position
for 3 s and hold their breath at the end of normal exhal-
ation, in order to minimize the effect of respiration on the
thickness measures. Each player first had a practice trial,
followed by 3 repeated contralateral arm lifts on each side.
Similarly, LMM measurements were then obtained in

the standing position. Players were asked to stand bare-
foot on the floor with their arms relaxed on each side
[20]. To achieve a habitual standing posture, they were
instructed to first march on a spot for few seconds and
remain in the position where their feet landed [20].
LMM CSA and thickness measurements at rest were ob-
tained using the same procedure as describe above. To
contract the LMM in this position, players performed a
contralateral arm lift with the shoulder placed in 90° of
flexion, with complete elbow extension and wrist in a
neutral position (palm facing down) [20]. The same
handled weight as previously determined for the prone
measurements was also used to perform this task.
Players maintained the position for 3 s and first had a
practice trial, followed by 3 repeated contralateral arm
lifts on each side.

Images assessment
Ultrasound images were stored and analyzed offline
using the OsiriX imaging software (OsiriXLiteVersion
9.0, Geneva, Switzerland). LMM CSA measurements
were obtained by manually tracing the muscle borders
on both sides, as showed in Fig. 1. The relative % asym-
metry in LMM CSA between sides was assessed and
calculated as follows: % relative asymmetry = [(larger side
– smaller side)/larger side × 100]. The LMM thickness
measurements (at rest and contracted) were obtained
using linear measurements from the tip of the L5/S1
zygapophyseal joint to the inside edge of the superior
muscle border (Fig. 2), in both the prone and standing
positions. Each LMM measurement was obtained 3
times for each side, on 3 different images, and the aver-
age value was used for analysis. The following formula
was used to assess the LMM contraction: thickness %
change = [(thickness contraction – thickness rest)/thick-
ness rest) × 100]. LMM EI was assessed using grayscale
and standard histogram function (e.g. pixels expressed as
a value between 0 (black) and 255 (white)) from the Ima-
geJ software (National Institute of Health, USA, Version
1.49) [21]. Previous evidence confirmed that enhanced EI is
indicative of a greater amount of intramuscular fat and con-
nective tissue [22]. This measure was acquired by manually
training the LMM region of interest (ROI), representing the
CSA using the transverse ultrasound images obtained in
the prone position, while avoiding the inclusion of sur-
rounding bone or fascia. All LMM measurements were
acquired by an experienced blinded researcher, with over 9
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years of experience in spine imaging analysis. The
rater also received prior training by a senior musculo-
skeletal ultrasound radiologist prior to the beginning
of this study. The intra-rater reliability of the same
rater for all LMM measurements (ICC3,1) was tested
in a previous related study [23] and ranged between
0.96–0.99, 0.96–0.98 and 0.99 for the prone, standing
and EI LMM measurements, respectively.

DEXA
A full body DEXA scan (Lunear Prodigy Advance, GE)
was obtained for each player and performed by a certi-
fied medical imaging technologist. All players removed
any metal and were required to wear loose-fitting cloth-
ing, to avoid interference with the scan. The following
information was entered into the system computer soft-
ware prior to imaging: Age, height, weight, and ethnicity.

Fig. 2 Lumbar multifidus muscle thickness measurement in at L5-S1, at rest (left image) and during contraction (right image) via a contralateral
arm lift in a prone position

Fig. 1 Lumbar multifidus muscle cross-sectional area (CSA) measurement in a male soccer player at the L5 vertebral level (prone position). The
CSA measurement was also used to obtain echo-intensity measure in the prone position using the ImageJ histogram function
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Players were instructed to lie down supine in the center
of the scanner, with their arms slightly away from the
body, thumbs pointing upwards, and legs slightly apart
with their toes pointing upwards. Total lean mass, total
bone mass, total fat mass, and total percent body fat
were acquired and used in the analysis.

Statistical analysis
Means and standard deviations were calculated for
players’ characteristics and body composition measure-
ments. Paired t-tests were used to assess the difference
in LMM characteristics between the right and left sides
within male and female players, and analysis of variance
(ANOVA) was used to assess the difference in LMM
characteristics between male and female players. The
associations between LMM characteristics, LBP and
lower limb injury were initially examined using univari-
ate linear regression. Height, weight, sex and total %
body fat were then tested as possible covariates in multi-
variate analyses. These covariates were retained in the
multivariable models only if they remained statistically
significant (p < 0.05) or had a confounding effect (led to
a ± 15% change in the beta coefficients of significant var-
iables included in the multivariable model). Diagnostic
plots (e.g. qq-plots and pp-plots) were used to evaluate
the normality assumption. Finally, Pearson correlation
and linear regression models were used to assess the
relationship between LMM measurements of interest
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 20.4 ± 1.7
years, 172.3 ± 11.2 cm and 68.8 ± 8.7 Kg, respectively.
The average number of years playing soccer at a com-
petitive level was 8.5 years, and 1.4 years at the university
level. A total of 30% (n = 8) reported LBP during the pre-
season (past 3 months) and 48% (n = 13) reported having
a lower-limb injury in the past 12-months.

LMM characteristics
LMM prone and standing measurements of the right
and left sides, in female and male players are presented
in Table 2. LMM CSA, thickness at rest and during con-
traction, both positions (prone and standing) were sig-
nificantly greater in male as compared to female players.
Side-to-side CSA asymmetry in the prone position was
also significantly greater in males (p = 0.02). LMM EI
was significantly greater in female (p < 0.001). There was
no significant difference in the LMM % thickness change
during contraction between male and female in prone or
standing positions. LMM thickness contracted in the

Table 1 Participants’ characteristics

All
(n = 27)

Female
(n = 12)

Male
(n = 15)

Age (yr) 20.4 ± 1.7 20.5 ± 1.6 20.3 ± 1.9

Height (cm) 172.3 ± 11.2 163.4 ± 8.5 179.5 ± 7.4

Weight (Kg) 68.8 ± 8.7 64.6 ± 8.2 72.1 ± 7.7

Total lean mass (kg) 52.2 ± 9.5 53.61 ± 4.1 59.1 ± 6.5

Total bone mass (kg) 3.1 ± 0.6 2.6 ± 0.3 3.4 ± 0.4

Total Fat mass (kg) 13.8 ± 5.9 18.6 ± 5.7 10.0 ± 2.3

Total body fat % 21.1 ± 8.8 29.4 ± 6.3 14.5 ± 2.9

BMI 23.2 ± 2.8 24.3 ± 3.4 22.4 ± 1.8

Dominant leg (n)

Right 22 11 11

Left 4 1 3

Either 1 0 1

Soccer competitive
level (yr)

8.5 ± 3.1 8.8 ± 2.6 8.3 ± 3.5

Soccer university
level (yr)

1.4 ± 1.3 1.6 ± 1.2 1.3 ± 1.4

LBP preseason (n) 8 4 4

LBP location
pre-season (n)

Centered 1 0 1

Bilateral 2 1 1

Unilateral 5 3 2

LBP intensity
(0–10 scale) preseason

4.3 ± 1.8 3.6 ± 1.9 5.0 ± 1.6

Lower body injury past
12-month

13 9 4

Lower body injury past
12-month body part

Ankle 5 4 1

Thigh 4 4 0

Hip 3 1 2

Foot 1 0 1

LBP playing a season (n)* 5 2 3

LBP playing season location

Centered 1 1 0

Bilateral 1 0 1

Unilateral 3 1 2

LBP intensity (0–10 scale)
season

4.8 ± 2.2 3.5 ± 2.1 5.7 ± 2.1

Lower-body injury
season (n)*

6 5 1

Lower-body injury season
body part

Ankle 4 3 1

Knee 2 2 0

*Data presented only for the 18 players that were reassessed at the end of
the season
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prone position and LMM CSA in the standing position
was also significantly greater on the left side in male
players (p = 0.04 and p = 0.02, respectively).

LBP and lower limb injury comparisons
The % thickness change during contraction in the prone
position was significantly greater in players who reported
having LBP in the previous 3-months (p < 0.001, Table 3).
While greater LMM thickness contracted was associated

with having had a lower limb injury during the past 12-
months (p = 0.03).

Associations between LMM characteristics and body
composition
LMM muscle CSA was significantly correlated with height
(prone: r = 0.52, p = 0.005; standing: r = 0.52, p = 0.01),
weight (prone: r = 0.54, p = 0.003; standing: r = 0.55, p =
0.006), total bone mass (prone: r = 0.56, p = 0.003; stand-
ing: r = 0.51, p = 0.01), total lean mass (r = 0.65, p < 0.001;

Table 2 LMM characteristics in female and male soccer players

PRONE Female (n = 12) Male (n = 15)

Right Left Right Left

CSA (cm2) 7.83 ± 1.29 7.91 ± 1.24 9.84 ± 1.17 10.03 ± 1.35

CSA asymmetry (%) 2.61 ± 1.54 5.00 ± 3.03

EI 71.23 ± 17.79 70.71 ± 16.79 44.87 ± 14.87 44.91 ± 16.41

Thickness (cm)

Rest 2.73 ± 0.42 2.79 ± 0.40 3.35 ± 0.47 3.38 ± 0.57

Contracted 3.13 ± 0.43 3.19 ± 0.35 3.75 ± 0.48* 3.85 ± 0.47

% change 15.14 ± 7.06 14.88 ± 6.55 12.48 ± 9.03 15.02 ± 10.39

STANDING

CSA (cm2) 9.46 ± 1.81 9.63 ± 1.68 11.33 ± 1.50* 11.68 ± 1.66

CSA asymmetry (%) 3.24 ± 3.25 3.93 ± 2.17

Thickness (cm)

Rest 3.19 ± 0.37 3.24 ± 0.36 3.69 ± 0.60 3.74 ± 0.52

Contracted 3.25 ± 0.42 3.25 ± 0.37 3.88 ± 0.61 3.87 ± 0.58

% change 2.98 ± 3.91 1.65 ± 5.26 5.21 ± 4.85 3.51 ± 4.71

bold = Significant difference (p < 0.05) between female and male players. * = Significant difference (p < 0.05) between right and left sides of female or male players

Table 3 Associations between LMM characteristics, low back pain, and lower limb injury

LBP previous 3-months Lower limb injury past 12-months

Coefficient P-value 95% CI Coefficient P-value 95% CI

PRONE

CSA (cm2) −0.57 0.42 [−1.98, 0.85] − 0.79 0.21 [−2.06, 0.48]

CSA asy (%) − 0.28 0.82 [−2.68, 2.13] − 0.22 0.84 [− 2.42, 1.98]

Thickness (cm)

Rest − 0.25 0.30 [− 0.73, 0.23] − 0.05 0.81 [− 0.51, 0.40]

Contracted a 0.07 0.75 [−0.40, 0.54] 0.34 0.03 [0.04, 0.64]

% change b 12.05 < 0.001 [7.63, 16.46] 1.66 0.60 [−4.85, 8.19]

STANDING

CSA (cm2) −0.92 0.30 [−2.71, 0.87] − 0.18 0.84 [−2.01, 1.65]

CSA asy (%) −1.05 0.41 [−3.66, 1.56] −0.88 0.46 [−3.3, 1.55]

Thickness (cm)

Rest −0.01 0.97 [−0.47, 0.45] 0.19 0.21 [−0.12, 0.51]

Contracted 0.01 0.97 [−0.52, 0.54] 0.13 0.13 [−0.08, 0.63]

% change 0.33 0.84 [−3.05, 3.70] 2.07 0.21 [−1.27, 5.43]
a = Adjusted for weight and gender
b = Adjusted for weight
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r = 061, p = 0.001). Similar significant correlations were
also observed for LMM thickness at rest and LMM thick-
ness during contraction in both positions. BMI was not
correlated with LMM CSA in prone or standing (prone:
r = 0.02, p = 0.91; standing: r = 0.01, p = 0.97) or LMM EI
(r = 0.27, p = 0.16). LMM EI was correlated to total % body
fat (r = 0.69, p < 0.001). Total % body fat was also corre-
lated to LMM CSA in prone (r = − 0.41, p = 0.03).

LMM seasonal changes
Variations in LMM characteristics over the course of the
season were assessed in 18 available players. There were
no significant changes in LMM CSA, side-to-side asym-
metry, thickness during contraction or the % thickness
change during contraction in the prone and standing po-
sitions between the pre-season and end-season measure-
ments (Table 4). However, significant decrease in the
thickness at rest in the prone position occurred during
the season (p = 0.03). The changes between preseason
and end-season LMM measurements were not associ-
ated with LBP during the season, but a greater decrease
(atrophy) in LMM thickness at rest (prone position) over
the course of the season was associated with having had
a lower limb injury during the season (p = 0.01).

Discussion
As expected, male had greater LMM CSA compared to
female soccer players. Our findings also suggest that
male and female soccer players appeared to have larger
LMM CSA at the L5 level than healthy non-athlete sub-
jects of similar age [24]. Such hypertrophy is likely an

adaptation related to the high-intensity, repetitive move-
ments and specific functional demands of the sport. The
LMM thickness when contracted and CSA while stand-
ing were also significantly greater on the left side as
compared to the right in male athletes. As kicking is an
asymmetrical and ballistic task [25] that involves hip
flexion, trunk rotation and stabilization on the non-
dominant leg [26, 27], this may have contributed to the
greater LMM size on the left side. While this finding
was also reported in collegiate ballroom dancers [28],
other studies in elite athletes reported symmetrical CSAs
[29, 30], as well as larger LMM CSA on the dominant
(right) side [31, 32], suggesting that specialized move-
ments and sport specific training effects likely influence
LMM morphology [28].
In accordance with Fortin et al., a significant increase

in LMM CSA was observed when measurements were
obtained in the standing position [23]. This finding was
also reported in non-athletic populations [33]. The sharp
increase in LMM CSA in this position characterizes the
role and increase of force exerted by the LMM to provide
control and dynamic stability to the lumbar segments
while standing upright [33]. As the LMM is largely re-
sponsible for compression load and dynamic stability at
the lower levels of the spine when upright, future ultra-
sound studies should investigate LMM morphology and
neuromuscular control in such functional and sport-
related positions, as the ability to modulate LMM may
have important implications for sport performance and
susceptibility to injury.
We found no significant difference in LMM CSA be-

tween soccer players with and without LBP. This finding
is in accordance with a previous study from Noormo-
hammadpour et al. reporting no difference in LMM
CSA at the L4 level, between asymptomatic adolescent
soccer players and players who reported LBP during
their sport life, during the last year, during the last
month or those with LBP that increase during sport
activity [11]. Conversely, Hides et al. showed that elite
soccer players with LBP had significantly smaller LMM
CSA at the L4 and L5 level, as compared to players with-
out LBP [9]. The different results may relate to the level
of competition, as well as features of the training regi-
men. While university level hockey players [23] and pro-
fessional ballet dancers [34] with LBP also showed
deficits in resting LMM CSA compared to their asymp-
tomatic counterparts, other studies in athletes reported
no such association [28–30]. The discrepancy in findings
suggests that some athletic populations may behave dif-
ferently with regards to LMM size, training effects and
LBP [28].
Soccer players with LBP, however, had a greater con-

traction of the LMM in the prone position as compared
to players without LBP. Hides et al. also reported greater

Table 4 Changes in LMM characteristics throughout the season
(n = 18)

Pre-Season End-Season %Change
or Change

PRONE

CSA (cm2) 8.52 ± 1.52 8.65 ± 1.48 1.54 ± 5.04%

CSA asymmetry (%) 2.87 ± 1.74 3.36 ± 3.56 0.49 ± 2.94

Thickness (cm)

Rest 2.89 ± 0.41 2.83 ± 0.40 −2.14 ± 6.33

Contracted 3.32 ± 0.42 3.26 ± 0.45 −2.23 ± 5.71

% change 15.24 ± 6.04 15.50 ± 6.37 −0.12 ± 5.56

STANDING

CSA (cm2) 10.12 ± 1.88 9.91 ± 1.57 −1.99 ± 8.18

CSA asymmetry (%) 3.43 ± 3.07 2.76 ± 2.42 −0.68 ± 1.77

Thickness (cm)

Rest 3.34 ± 0.35 3.26 ± 0.36 −2.36 ± 4.45

Contracted 3.44 ± 0.42 3.41 ± 0.43 −0.88 ± 2.71

% change 3.49 ± 3.82 4.61 ± 3.87 1.49 ± 3.33

bold = Significant difference (p < 0.05) between pre-season and
end-season measurements
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LMM contraction (prone position) at the L2 level in
professional soccer players with LBP [9], as well as
greater contraction of the transverse abdominis (TrA)
muscle. Similar findings were also reported in profes-
sional cricketers and non-athletic populations with LBP
[35, 36]. Such increases in LMM and TrA activation is
thought to represent a maladaptive strategy, resulting
from movement and motor control impairments. Indi-
viduals with motor control impairments display deficits
in lumbopelvic stability, which is manifested as a loss of
control in the neutral zone and spinal motion segment,
resulting in pain and disability [37]. Increased trunk
muscular activation was also reported in subgroups of
patients with non-specific chronic LBP (e.g. active exten-
sion motor control impairment and flexion pattern
motor control impairment) when performing functional
tasks as compared to healthy subjects, further suggesting
that increased muscle co-contraction may be a factor for
individuals with pain [38]. Persistent muscle activation
may restrict interverbal motion as a protective mechan-
ism of the neuromuscular system and thus allow a strat-
egy to splint or stiffen the spine in order to protect
dysfunctional passive spinal structure in provocative
movements [38, 39].
Our findings suggest that LMM thickness when

contracted in the prone position was slightly greater in
players who reported having a lower limb injury in the
past 12-months. To the best of our knowledge, we are
not aware of any studies that have investigated the rela-
tionship between lower limb injury and LMM morph-
ology and function in soccer players. However, smaller
LMM CSA was found to be a strong predictor for lower
limb injury in AFL players [5]. While Hides et al. re-
ported asymmetry in hip adductor and abductor muscle
strength in elite soccer players with LBP (e.g. stronger
adductor muscles), the relationship with lower limb in-
jury was not investigated [9]. Mueller at al. reported that
individuals with LBP usually adopt a trunk flexed pos-
ture and walk with more extended knees, which could
potentially increase the risk of lower limb injury [40]. In-
deed, AFL players with LBP in the preseason were found
to have a 98% increase in the odds of suffering a lower
limb injury [5]. Interestingly, no difference in leg length
discrepancy, hamstring flexibility, active lumbar forward
flexion was reported between adolescent soccer players
with and without LBP, but the relationship with lower
limb injury was not investigated [11].
LMM CSA and thickness were significantly correlated

with players’ height, weight, total bone mass and total
lean mass in prone and standing. While the total % body
fat was strongly correlated to LMM EI and LMM CSA,
BMI was not. These findings are in accordance with a
previous study in collegiate hockey players [23] and pro-
vide additional evidence to support that body composition

cannot be ignored when assessing LMM morphology,
especially in athletes. Additional related studies should
consider using DEXA to assess body composition in ath-
letes and how such measurements may influence muscle
morphology, function, injury and performance in athletes.
With the exception of a slight decrease in the contracted

LMM thickness while standing which is likely not clinic-
ally significant, our results revealed no significant changes
in LMM morphology or function over the course of one
season in collegiate soccer players. Hides et al., however,
reported an increase in LMM CSA at the L4 and L5 levels
in elite soccer players across the preseason, with the
largest increased observed in players that reported LBP at
the start of the preseason [9]. Importantly, the soccer
players included in the latter study, however, also com-
pleted a preseason injury prevention training program tar-
geting the LMM, which likely explains the observed
positive changes in LMM size.
Few studies investigated the seasonal changes of trunk

muscle involved in lumbopelvic control in athletes.
Hides and Stanton reported a significant decrease in
LMM CSA and increase in the erector spinae CSA and
internal oblique thickness over the course of a competi-
tive season in professional AFL players [41]. Such pat-
terns of imbalance between the local and global muscles
during the playing season can be problematic, as it may
generate large unfavorable forces to the spine [41]. As
our findings also revealed that a greater decrease in
LMM thickness at rest (prone position) was associated
with having suffered a lower limb injury during the play-
ing season, additional studies should investigate seasonal
variations in trunk muscles involved in lumbopelvic sta-
bility among elite athletes, as muscle atrophy, imbalance
and neuromuscular deficits may contribute to the sus-
ceptibility of injury.
A limitation of this study is the relatively small sample

size. Although comparable to other studies in elite ath-
letes, [6, 9, 11, 23, 28–32] this study may be underpow-
ered. Second, only 18 players were available for the end-
season assessment. While this was mostly due to aca-
demic commitments as the end of the season was also in
the exams period, this may have introduced selection
bias. Lastly, we had no control group. However, meth-
odological strengths of the current study consist of the
inclusion of both, male and female soccer athletes, as
well as the acquisition of DEXA body compositions mea-
surements and LMM measurements in a standing position.

Conclusions
Difference in LMM characteristics between male and fe-
male soccer players were observed. Soccer players with
LBP in the previous 3-months had a greater contraction
of the LMM in a prone position. While we observed
minimal seasonal changes in LMM morphology and

Nandlall et al. BMC Musculoskeletal Disorders           (2020) 21:96 Page 8 of 10



function, a greater decrease in LMM thickness was asso-
ciated with having suffered a lower limb injury during
the playing season. LMM characteristics were also corre-
lated to body composition measurements. Preseason
screening assessment of the LMM characteristics may be
useful in an injury prevention program.

Abbreviations
AFL: Australian Football League; BMI: Body Mass Index; CSA: Cross-Sectional
Area; DEXA: Dual-energy X-ray absorptiometry; EI: Echo Intensity; LBP: Low
Back Pain; LMM: Lumbar Multifidus Muscle; TrA: Transverse Abdominis
muscle

Acknowledgements
The authors are sincerely grateful to the players and coaches who took part
in this study. A special thanks to Karolyne Goulet, Lisa-Marie Breton-Lebreux
and Sean Christensen who provided assistance with the scheduling,
recruitment and conduction of this study.

Authors’ contributions
NN: made substantial contribution to data interpretation and manuscript
writing. HR: made substantial contribution in design and conception of the
study and revised the manuscript critically AR: made substantial contribution
in design and conception of the study and revised the manuscript. SF: made
substantial contribution in design and conception of the study and data
acquisition. MB: made substantial contribution in design and conception of
the study. MF: made substantial contribution in design and conception of
the study, data acquisition and interpretation, and manuscript writing. All
authors approved the final version of the manuscript.

Funding
Study design, data collection, interpretation and writing of the manuscript
were supported by the PERFORM Centre (Concordia University), and the R.
Howard Webster Foundation. The publication charges for this article will also
be funded by the R. Howard Wesbter Foundation.

Availability of data and materials
The datasets used and/or analyzed during the current study are available
from the corresponding author on reasonable request.

Ethics approval and consent to participate
The study was approved by the Central Ethics Committee of the Quebec
Minister of Health and Social Services (#CCER-16-17-06). Written informed
consent to participate in the study was obtained from each participant.

Consent for publication
Not applicable

Competing interests
The authors declare that they have no competing interests.

Author details
1Department of Health, Kinesiology & Applied Physiology, Concordia
University, Montreal, Quebec, Canada. 2Department of Electrical & Computer
Engineering, Concordia University, Montreal, Quebec, Canada. 3PERFORM
Centre, Concordia University, Montreal, Quebec, Canada. 4Department of
Diagnostic Radiology, McGill University Health Center, Montreal, Quebec,
Canada. 5Centre de recherche interdisciplinaire en réadaptation (CRIR),
Constance Lethbridge Rehabilitation Centre, Montreal, Quebec, Canada.

Received: 21 August 2019 Accepted: 5 February 2020

References
1. Van Hilst J, Hilgersom NFJ, Kuilman MC, Kuijer PPFM, Frings-Dresen MHW.

Low back pain in young elite field hockey players, football players and
speed skaters: prevalence and risk factors. J Back Musculoskelet Rehabil.
2015;28(1):67–73.

2. Wong P, Hong Y. Soccer injury in the lower extremities. Br J Sports Med.
2005;39(8):473–82.

3. Freeman MD, Woodham MA, Woodham AW. The role of the lumbar
multifidus in chronic low back pain: a review. PM R. 2010;2(2):142–6.

4. Wilke H, Wolf S, Claes LE, Arand M, Wiesend A, Bendix T. Stability increase of
the lumbar spine with different muscle groups: a biomechanical in vitro
study. Spine. 1995;20(2):192–8.

5. Hides JA, Stanton WR, Dilani Mendis M, Franettovich Smith MM, Sexton MJ.
Small multifidus muscle size predicts football injuries. Orthop J Sports Med.
2014;2(6):2325967114537588.

6. Hides JA, Stanton WR. Can motor control training lower the risk of injury for
professional football players? Med Sci Sports Exerc. 2014;46(4):762–8.

7. Hides JA, Stanton WR, Mendis MD, Gildea J, Sexton MJ. Effect of motor
control training on muscle size and football games missed from injury. Med
Sci Sports Exerc. 2012;44(6):1141–9.

8. Hides J, Stanton W, McMahon S, Sims K, Richardson C. Effect of stabilization
training on multifidus muscle cross-sectional area among young elite
cricketers with low back pain. J Orthop Sports Phys Ther. 2008;38(3):101–8.

9. Hides JA, Oostenbroek T, Franettovich Smith MM, Mendis MD. The effect of
low back pain on trunk muscle size/function and hip strength in elite
football (soccer) players. J Sports Sci. 2016;34(24):2303–11.

10. Kibler WB, Press J, Sciascia A. The role of core stability in athletic function.
Sports Med. 2006;36(3):189–98.

11. Noormohammadpour P, Khezri AH, Mansournia MA, et al. Comparison of
lateral abdominal muscle thickness and cross-sectional area of multifidus in
adolescent soccer players with and without low back pain: a case-control
study. Asian J Sports Med. 2016;7(4):e38318.

12. Crawford RJ, Volken T, Valentin S, Melloh M, Elliott JM. Rate of lumbar
paravertebral muscle fat infiltration versus spinal degeneration in
asymptomatic populations: an age-aggregated cross-sectional simulation
study. Scoliosis Spinal Disord. 2016;11:21.

13. Fortin M, Gibbons LE, Videman T, Battié MC. Do variations in paraspinal
muscle morphology and composition predict low back pain in men? Scand
J Med Sci Sports. 2015;25(6):880–7.

14. Fortin M, Videman T, Gibbons LE, Battié MC. Paraspinal muscle morphology
and composition: A 15-yr longitudinal magnetic resonance imaging study.
Med Sci Sports Exerc. 2014;46(5);893–901.

15. Sasaki T, Yoshimura N, Hashizume H, et al. MRI-defined paraspinal muscle
morphology in japanese population: the Wakayama spine study. PLoS One.
2007;12(11):e0187765.

16. Dionne CE, Dunn KM, Croft PR, et al. A consensus approach toward the
standardization of back pain definition for use in prevalence studies. Spine.
2008;33:95–103.

17. Skeie EJ, Borge JA, Leboeuf-Yde C, Bolton J, Wedderkopp N. Reliability of
diagnostic ultrasound in measuring the multifidus muscle. Chiropr Man
Thera. 2015;23(15).

18. Kiesel KB, Uhl TL, Underwood FB, Rodd DW, Nitz AJ. Measurement of
lumbar multifidus muscle contraction with rehabilitative ultrasound
imaging. Man Ther. 2007;12(2):161–6.

19. Larivière C, Gagnon D, De Oliveira E, Henry SM, Mecheri H, Dumas J.
Ultrasound measures of the lumbar multifidus: effect of task and transducer
position on reliability. PM R. 2013;5(8):678–87.

20. Sweeney N, O'Sullivan C, Kelly G. Multifidus muscle size and percentage
thickness changes among patients with unilateral chronic low back pain
(CLBP) and healthy controls in prone and standing. Man Ther. 2014;19(5):
433–9.

21. Arts IMP, Pillen S, Schelhaas HJ, Overeem S, Zwarts MJ. Normal values for
quantitative muscle ultrasonography in adults. Muscle Nerve. 2010;41(1):32–41.

22. Pillen S, Tak RO, Zwarts MJ, et al. Skeletal muscle ultrasound: correlation
between fibrous tissue and echo intensity. Ultrasound Med Biol. 2009;35(3):
443–6.

23. Fortin M, Rizk A, Frenette S, Boily M, Rivaz H. Ultrasonography of the
multifidus muscle morphology and function in ice hockey players with and
without low back pain. Phys Ther Sport. 2019;37:77–85.

24. Watson T, McPherson S, Starr K. The association of nutritional status and
gender with cross-sectional area of the multifidus muscle in establishing
normative data. J Man Manip Ther. 2008;16(4):E93–8.

25. Peacock J, Ball K. Kick impact characteristics of accurate australian football
drop punt kicking. Hum Mov Sci. 2018;61:99–108.

26. Anderson K, Strickland S, Warren R. Hip and groin injuries in athletes. Am J
Sports Med. 2001;29(4):521–33.

27. Mozes M, Papa M, Horoszowski H, Adar R. Iliopsoas injury in soccer players.
Br J Sports Med. 1985;19(3):168–70.

Nandlall et al. BMC Musculoskeletal Disorders           (2020) 21:96 Page 9 of 10



28. Smyers EA, Myrer J, Eggett M, Mitchell U, Jonhson A. Multifidus muscle size
and symmetry in balroom dancers with and without low back pain. Int J
Sports Med. 2018;39(8):630–5.

29. Sitilertpisan P, Hides J, Stanton W, Paungmali A, Pirunsan U. Multifidus
muscle size and symmetry among elite weightlifters. Phys Ther Sport. 2012;
13(1):11–5.

30. McGregor AH, Anderton L, Gedroyc WMW. The trunk muscles of elite
oarsmen. Br J Sports Med. 2002;36(3):214–7.

31. Mahdavie E, Rezasoltani A, Simorgh L. The comparison of lumbar multifidus
muscles function between gynastic athletes with sway-back posture and
normal posture. Int J Sports Phys Ther. 2017;12(4):607.

32. Hides J, Stanton W, Freke M, Wilson S, McMahon S, Richardson C. MRI study
of the size, symmetry and function of the trunk muscles among elite
cricketers with and without low back pain. Br J Sports Med. 2008;42(10):
509–13.

33. Lee S, Chan CK, Lam T, et al. Relationship between low back pain and
lumbar multifidus size at different postures. Spine. 2006;31(19):2258–62.

34. Gildea JE, Hides JA, Hodges PW. Size and symmetry of trunk muscles in
ballet dancers with and without low back pain. J Orthop Sports Phys Ther.
2013;43(8):525–33.

35. Hides JA, Stanton WR, Wilson SJ, Freke M, McMahon S, Sims K. Retraining
motor control of abdominal muscles among elite cricketers with low back
pain. Scand J Med Sci Sports. 2010;20(6):834–42.

36. Larivière C, Gagnon D, Loisel P. The comparison of trunk muscles EMG
activation between subjects with and without chronic low back pain during
flexion-extension and lateral bending tasks. J Electromyogr Kinesiol. 2000;
10(2):79–91.

37. O'Sullivan P. Diagnosis and classification of chronic low back pain disorders:
maladaptive movement and motor control impairments as underlying
mechanism. Man Ther. 2005;10(4):242–55.

38. Hemming R, Sheeran L, van Deursen R, Sparkes V. Investigating differences
in trunk muscle activity in non-specific chronic low back pain subgroups
and no-low back pain controls during functional tasks: a case-control study.
BMC Musculoskelet Disord. 2019;20(1):459.

39. Silfies SP, Squillante D, Maurer P, Westcott S, Karduna AR. Trunk muscle
recruitment patterns in specific chronic low back pain populations. Clin
Biomech. 2005;20(5):465–73.

40. Muller R, Ertelt T, Blickhan R. Low back pain affects trunk as well as
lower limb movements during walking and running. J Biomech. 2015;
48(6):1009–114.

41. Hides J, Stanton W. Muscle imbalance among elite australian rules football
players: a longitudinal study of changes in trunk muscle size. J Athl Train.
2012;47(3):314–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Nandlall et al. BMC Musculoskeletal Disorders           (2020) 21:96 Page 10 of 10


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Participants
	Procedures
	Ultrasound
	LMM measurements
	Images assessment

	DEXA
	Statistical analysis

	Results
	LMM characteristics
	LBP and lower limb injury comparisons
	Associations between LMM characteristics and body composition
	LMM seasonal changes

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

