
1 RESEARCH ARTICLE Open Access

2 The effect of low back pain and lower limb
3 injury on lumbar multifidus muscle
4 morphology and function in university
5 soccer players
6Q1 Neil Nandlall1, Hassan Rivaz2,3, Amanda Rizk3, Stephane Frenette3, Mathieu Boily4 and Maryse Fortin1,3,5*7891011

12 Abstract

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

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

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

31 Conclusions: The greater LMM contraction in players with LBP may be a maladaptive strategy to splint and project
32 the spine. LMM morphology measurements were correlated to body composition. The results provide new insights
33 with regards to LMM morphology and activation in soccer players and their associations with injury and body
34 composition measurements.
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36 BackgroundQ3

37 Soccer is one of the most popular sports in the world. Soc-
38 cer athletes are exposed to high loads to the spinal region,
39 pelvic region and lower limbs. As such, they require above
40 average motor skills and stability of the lumbopelvic region
41 in order to maintain a proper level of dynamic control. Low
42 back pain (LBP) and lower limb injury are among the most
43 common injuries in elite soccer players, with a yearly LBP
44 prevalence of 64% and lower limb injury rate during compe-
45 tition varying between ~ 18 to 80% [1, 2]. Stability of the
46 lumbar spine plays a critical role in preventing and reducing
47 the risk of LBP-related injury, and the importance of para-
48 spinal muscle recruitment and coordination was highlighted
49 in several biomechanical studies [3, 4]. Smaller lumbar mul-
50 tifidus muscle (LMM) size and greater side-to-side asym-
51 metry were indeed linked to LBP and lower limb injury in
52 elite athletes [5–9].
53 A proper function of the LMM is critical to maintain
54 the integrity of the kinetic chain and distribute forces to
55 the lower limbs and upper limbs [10]. Although MRI
56 and ultrasound imaging studies have reported morpho-
57 logical changes (e.g. atrophy, asymmetry) and altered
58 function of the LMM in athletes with LBP, literature
59 findings remain controversial and suggest that such
60 changes may be related to specific sports or level of
61 competition. Specifically, smaller LMM cross-sectional
62 area (CSA) was reported in elite soccer players with LBP
63 [9], but no such difference was found in adolescent
64 soccer players [11]. While smaller LMM CSA was also
65 reported to be a strong predictor of lower limb injury in
66 professional Australian Football League (AFL) players [5],
67 this has not been investigated in soccer players. Further-
68 more, the association between LMM muscle characteristics
69 and LBP (or lower limb injury) has not been examined in
70 female soccer players. Lastly, seasonal variations in LMM
71 morphology and function in soccer players also warrants
72 further investigation, as they may have important clinical
73 implications for the susceptibility of injury.
74 While it is well established that muscle morphology is
75 influenced by anthropometric factors, such as age, sex,
76 physical activity levels, and body composition, [12–15]
77 body mass index (BMI) remains the most frequently
78 used variable to adjust for inter-subject variability in
79 both anthropometric and body composition differences.
80 BMI is, however, a poor indicator of body composition,
81 especially in athletic populations, due to its inability to
82 differentiate between lean and fat mass. Very few studies
83 have used dual-energy X-ray Absorptiometry (DEXA) to
84 investigate the association between muscle morphology
85 and body composition. Additional studies are needed to
86 clarify the relationship between accurate measures of
87 body composition and LMM morphology.
88 Given that LMM plays a key role in lumbopelvic con-
89 trol, a better understanding of LMM characteristics and

90their association with body composition, both in male
91and female athletes, as well as their implications in dif-
92ferent sports and susceptibility to injury may provide
93valuable insight for preseason-screening assessment and
94more effective and targeted rehabilitation. Therefore, the
95purpose of this this study was to: 1) investigate LMM
96characteristics in male and female collegiate soccer
97players, and their potential association with LBP and
98lower limb injury; 2) examine the relationship between
99LMM characteristics and body composition measure-
100ments; and 3) to examine seasonal changes in LMM
101characteristics in soccer players. We have hypothesized
102that smaller LMM CSA will be associated with LBP and
103lower limb injury in male and female soccer collegiate
104athletes. We have also hypothesized that lean muscle
105mass and % body fat will be associated positively associ-
106ated with LMM CSA and LMM echo-intensity (EI – indi-
107cator of muscle quality using the ultrasound brightness
108scale), respectively.

109Methods
110Participants
111Twenty-seven soccer players (12 females, 15 males) from
112the Concordia University varsity teams volunteered to
113participate in this study and were assessed during the pre-
114season (end of August and the beginning of September
1152016). From these, a total of 18 players (11 females, 7
116males) were available and reassessed at the end of the
117competitive playing season (mid-November 2016). All
118available players were invited to participate to maximize
119the sample size, and thus no a priori sample size calcula-
120tion was made. The exclusion criteria included previous
121history of severe trauma or spinal fracture, previous spinal
122surgery, observable spinal abnormalities, as all of these
123can affect paraspinal muscle morphology and/or function.
124Pregnancy was also an exclusion criterion as undergoing a
125DEXA scan was a requirement of this study. The study
126was approved by the Research Ethical Committee of the
127Institution and by the Central Ethics Committee of the
128Quebec Minister of Health and Social Services. All players
129that participated in this study provided informed consent.

130Procedures
131A self-administrated questionnaire was used to collect
132information on players’ demographics and history of
133LBP during at the preseason. LBP was defined as pain
134localized between T12 and the gluteal fold with or with-
135out leg pain [16]; players were asked to answer “yes” or
136“no” to the presence of LBP during the past 3-months
137prior to the assessment. A visual Numerical Pain Scale
138(NRS) was used to assess the average LBP intensity (e.g.
13910 point scale; 0 = no pain, 10 = worst pain possible).
140Players were also asked to indicate the LPB location (e.g.
141centered, right side, left side) and duration (in months)
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142 at both time points. Finally, players were questioned
143 about their history of lower limb injury within the past
144 12-months and to provide the injured body part, if ap-
145 plicable. Similarly, at the end of the competitive season,
146 players completed a related questionnaire asking about
147 whether they experienced or suffered a lower limb injury
148 during the season.

149 Ultrasound
150 LMM assessments were performed using a LOGIQ e
151 ultrasound machine (GE Healthcare, Milwaukee, WI)
152 with a 5-MHz curvilinear probe. The imaging parame-
153 ters were kept consistent for all acquisitions (frequency:
154 5MHz, gain: 60, depth: 8.0 cm). The reliability of ultra-
155 sound imaging to assess LMM size and thickness has
156 been previously established (intra- and inter-rater reli-
157 ability ICCs = 0.94–0.99 [17]. LMM thickness change
158 measurement is also highly correlated to EMG activity
159 (r = 0.79, p < 0.001) [18].

160 LMM measurements
161 Players were placed in a prone position, on a therapy
162 table, with a pillow under their abdomen to minimize
163 lumbar lordosis [17]. They were instructed to relax the
164 paraspinal musculature, and the spinous process of L5
165 was palpated and marked on the skin with a pen prior to
166 imaging. For the assessment of LMM CSA, acoustic
167 coupling gel was applied to the skin and the ultrasound
168 probe was placed longitudinally along the midline of the
169 lumbar spine to confirm the location of the L5 level [18].
170 Then, the probe was rotated and placed transversally over
171 the L5 spinous process for imaging. Transverse images at
172 L5 level were obtained bilaterally to assess LMM CSA, ex-
173 cept for athletes with larger muscles, where the left and
174 right sides were imaged separately. A total of 3 images
175 were captured and saved for each side. The L5 level was
176 selected as the level of assessment based on a previous
177 study in elite AFL players reporting that decreased LMM
178 CSA and increased side-to-side asymmetry, at this level,
179 was a predictor of lower limb injury [5].
180 LMM function (e.g. contraction) was then evaluated
181 by obtaining thickness measurements at rest and during
182 contraction via a contralateral arm lift. For the thickness
183 measurement, the LMM was imaged in the parasagittal
184 view, which allows for the visualization of the L5/S1
185 zygapophyseal joints. Players were instructed to relax,
186 while 3 images of LMM thickness were captured bilat-
187 erally, at rest. Players were then instructed to perform a
188 contralateral arm lift holding a handheld weight [based
189 on players’ body weight 1) < 68.2 kg = 0.68 kg weight, 2)
190 68.2–90.9 kg = 0.9 kg weight, 3) > 90.9 kg = 1.36 kg weight]
191 while raising the loaded arm 5 cm off the therapy table
192 (shoulder was placed in 120° of abduction and elbow 90°
193 of flexion), in order to induce a submaximal (~ 30%)

194LMM isometric contraction [17–19]. While performing
195this task, players were instructed to maintain the position
196for 3 s and hold their breath at the end of normal exhal-
197ation, in order to minimize the effect of respiration on the
198thickness measures. Each player first had a practice trial,
199followed by 3 repeated contralateral arm lifts on each side.
200Similarly, LMM measurements were then obtained in
201the standing position. Players were asked to stand bare-
202foot on the floor with their arms relaxed on each side
203[20]. To achieve a habitual standing posture, they were
204instructed to first march on a spot for few seconds and
205remain in the position where their feet landed [20].
206LMM CSA and thickness measurements at rest were ob-
207tained using the same procedure as describe above. To
208contract the LMM in this position, players performed a
209contralateral arm lift with the shoulder placed in 90° of
210flexion, with complete elbow extension and wrist in a
211neutral position (palm facing down) [20]. The same
212handled weight as previously determined for the prone
213measurements was also used to perform this task.
214Players maintained the position for 3 s and first had a
215practice trial, followed by 3 repeated contralateral arm
216lifts on each side.

217Images assessment
218Ultrasound images were stored and analyzed offline
219using the OsiriX imaging software (OsiriXLiteVersion
2209.0, Geneva, Switzerland). LMM CSA measurements
221were obtained by manually tracing the muscle borders
222on both sides, as showed in Fig. F11. The relative % asym-
223metry in LMM CSA between sides was assessed and
224calculated as follows: % relative asymmetry = [(larger side
225– smaller side)/larger side × 100]. The LMM thickness
226measurements (at rest and contracted) were obtained
227using linear measurements from the tip of the L5/S1
228zygapophyseal joint to the inside edge of the superior
229muscle border (Fig. F22), in both the prone and standing
230positions. Each LMM measurement was obtained 3
231times for each side, on 3 different images, and the aver-
232age value was used for analysis. The following formula
233was used to assess the LMM contraction: thickness %
234change = [(thickness contraction – thickness rest)/thick-
235ness rest) × 100]. LMM EI was assessed using grayscale
236and standard histogram function (e.g. pixels expressed as
237a value between 0 (black) and 255 (white)) from the Ima-
238geJ software (National Institute of Health, USA, Version
2391.49) [21]. Previous evidence confirmed that enhanced EI is
240indicative of a greater amount of intramuscular fat and con-
241nective tissue [22]. This measure was acquired by manually
242training the LMM region of interest (ROI), representing the
243CSA using the transverse ultrasound images obtained in
244the prone position, while avoiding the inclusion of sur-
245rounding bone or fascia. All LMM measurements were
246acquired by an experienced blinded researcher, with over 9
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247 years of experience in spine imaging analysis. The
248 rater also received prior training by a senior musculo-
249 skeletal ultrasound radiologist prior to the beginning
250 of this study. The intra-rater reliability of the same
251 rater for all LMM measurements (ICC3,1) was tested
252 in a previous related study [23] and ranged between
253 0.96–0.99, 0.96–0.98 and 0.99 for the prone, standing
254 and EI LMM measurements, respectively.

255DEXA
256A full body DEXA scan (Lunear Prodigy Advance, GE)
257was obtained for each player and performed by a certi-
258fied medical imaging technologist. All players removed
259any metal and were required to wear loose-fitting cloth-
260ing, to avoid interference with the scan. The following
261information was entered into the system computer soft-
262ware prior to imaging: Age, height, weight, and ethnicity.

f2:1 Fig. 2 Lumbar multifidus muscle thickness measurement in at L5-S1, at rest (left image) and during contraction (right image) via a contralateral
f2:2 arm lift in a prone position
f2:3

f1:1 Fig. 1Q7 Lumbar multifidus muscle cross-sectional area (CSA) measurement in a male soccer player at the L5 vertebral level (prone position). The
f1:2 CSA measurement was also used to obtain echo-intensity measure in the prone position using the ImageJ histogram function
f1:3
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263 Players were instructed to lie down supine in the center
264 of the scanner, with their arms slightly away from the
265 body, thumbs pointing upwards, and legs slightly apart
266 with their toes pointing upwards. Total lean mass, total
267 bone mass, total fat mass, and total percent body fat
268 were acquired and used in the analysis.

269 Statistical analysis
270 Means and standard deviations were calculated for
271 players’ characteristics and body composition measure-
272 ments. Paired t-tests were used to assess the difference
273 in LMM characteristics between the right and left sides
274 within male and female players, and analysis of variance
275 (ANOVA) was used to assess the difference in LMM
276 characteristics between male and female players. The
277 associations between LMM characteristics, LBP and
278 lower limb injury were initially examined using univari-
279 ate linear regression. Height, weight, sex and total %
280 body fat were then tested as possible covariates in multi-
281 variate analyses. These covariates were retained in the
282 multivariable models only if they remained statistically
283 significant (p < 0.05) or had a confounding effect (led to
284 a ± 15% change in the beta coefficients of significant var-
285 iables included in the multivariable model). Diagnostic
286 plots (e.g. qq-plots and pp-plots) were used to evaluate
287 the normality assumption. Finally, Pearson correlation
288 and linear regression models were used to assess the
289 relationship between LMM measurements of interest
290 and body composition measurements. All analyses were
291 performed with STATA (version 12.0, StataCorp, LP,
292 College Station, Texas).

293 Results
294 The players’ characteristics are presented in TableT1 1.
295 The mean ± SD age, height, and weight was 20.4 ± 1.7
296 years, 172.3 ± 11.2 cm and 68.8 ± 8.7 Kg, respectively.
297 The average number of years playing soccer at a com-
298 petitive level was 8.5 years, and 1.4 years at the university
299 level. A total of 30% (n = 8) reported LBP during the pre-
300 season (past 3 months) and 48% (n = 13) reported having
301 a lower-limb injury in the past 12-months.

302 LMM characteristics
303 LMM prone and standing measurements of the right
304 and left sides, in female and male players are presented
305 in TableT2 2. LMM CSA, thickness at rest and during con-
306 traction, both positions (prone and standing) were sig-
307 nificantly greater in male as compared to female players.
308 Side-to-side CSA asymmetry in the prone position was
309 also significantly greater in males (p = 0.02). LMM EI
310 was significantly greater in female (p < 0.001). There was
311 no significant difference in the LMM % thickness change
312 during contraction between male and female in prone or
313 standing positions. LMM thickness contracted in the

t1:1Table 1 Participants’ characteristics
t1:2All

(n = 27)
Female
(n = 12)

Male
(n = 15)

t1:3Age (yr) 20.4 ± 1.7 20.5 ± 1.6 20.3 ± 1.9

t1:4Height (cm) 172.3 ± 11.2 163.4 ± 8.5 179.5 ± 7.4

t1:5Weight (Kg) 68.8 ± 8.7 64.6 ± 8.2 72.1 ± 7.7

t1:6Total lean mass (kg) 52.2 ± 9.5 53.61 ± 4.1 59.1 ± 6.5

t1:7Total bone mass (kg) 3.1 ± 0.6 2.6 ± 0.3 3.4 ± 0.4

t1:8Total Fat mass (kg) 13.8 ± 5.9 18.6 ± 5.7 10.0 ± 2.3

t1:9Total body fat % 21.1 ± 8.8 29.4 ± 6.3 14.5 ± 2.9

t1:10BMI 23.2 ± 2.8 24.3 ± 3.4 22.4 ± 1.8

t1:11Dominant leg (n)

t1:12Right 22 11 11

t1:13Left 4 1 3

t1:14Either 1 0 1

t1:15Soccer competitive
t1:16level (yr)

8.5 ± 3.1 8.8 ± 2.6 8.3 ± 3.5

t1:17Soccer university
t1:18level (yr)

1.4 ± 1.3 1.6 ± 1.2 1.3 ± 1.4

t1:19LBP preseason (n) 8 4 4

t1:20LBP location
t1:21pre-season (n)

t1:22Centered 1 0 1

t1:23Bilateral 2 1 1

t1:24Unilateral 5 3 2

t1:25LBP intensity
t1:26(0–10 scale) preseason

4.3 ± 1.8 3.6 ± 1.9 5.0 ± 1.6

t1:27Lower body injury past
t1:2812-month

13 9 4

t1:29Lower body injury past
t1:3012-month body part

t1:31Ankle 5 4 1

t1:32Thigh 4 4 0

t1:33Hip 3 1 2

t1:34Foot 1 0 1

t1:35LBP playing a season (n)* 5 2 3

t1:36LBP playing season location

t1:37Centered 1 1 0

t1:38Bilateral 1 0 1

t1:39Unilateral 3 1 2

t1:40LBP intensity (0–10 scale)
t1:41season

4.8 ± 2.2 3.5 ± 2.1 5.7 ± 2.1

t1:42Lower-body injury
t1:43season (n Q4)*

6 5 1

t1:44Lower-body injury season
t1:45body part

t1:46Ankle 4 3 1

t1:47Knee 2 2 0
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314 prone position and LMM CSA in the standing position
315 was also significantly greater on the left side in male
316 players (p = 0.04 and p = 0.02, respectively).

317 LBP and lower limb injury comparisons
318 The % thickness change during contraction in the prone
319 position was significantly greater in players who reported
320 having LBP in the previous 3-months (p < 0.001, TableT3 3).
321 While greater LMM thickness contracted was associated

322with having had a lower limb injury during the past 12-
323months (p = 0.03).

324Associations between LMM characteristics and body
325composition
326LMM muscle CSA was significantly correlated with height
327(prone: r = 0.52, p = 0.005; standing: r = 0.52, p = 0.01),
328weight (prone: r = 0.54, p = 0.003; standing: r = 0.55, p =
3290.006), total bone mass (prone: r = 0.56, p = 0.003; stand-
330ing: r = 0.51, p = 0.01), total lean mass (r = 0.65, p < 0.001;

t2:1 Table 2 LMM characteristics in female and male soccer players
t2:2 PRONE Female (n = 12) Male (n = 15)

t2:3 Right Left Right Left

t2:4 CSA (cm2) 7.83 ± 1.29 7.91 ± 1.24 9.84 ± 1.17 10.03 ± 1.35

t2:5 CSA asymmetry (%) 2.61 ± 1.54 5.00 ± 3.03

t2:6 CSA EI 71.23 ± 17.79 70.71 ± 16.79 44.87 ± 14.87 44.91 ± 16.41

t2:7 Thickness (cm)

t2:8 Rest 2.73 ± 0.42 2.79 ± 0.40 3.35 ± 0.47 3.38 ± 0.57

t2:9 Contracted 3.13 ± 0.43 3.19 ± 0.35 3.75 ± 0.48* 3.85 ± 0.47

t2:10 % change 15.14 ± 7.06 14.88 ± 6.55 12.48 ± 9.03 15.02 ± 10.39

t2:11 STANDING

t2:12 CSA (cm2) 9.46 ± 1.81 9.63 ± 1.68 11.33 ± 1.50* 11.68 ± 1.66

t2:13 CSA asymmetry (%) 3.24 ± 3.25 3.93 ± 2.17

t2:14 Thickness (cm)

t2:15 Rest 3.19 ± 0.37 3.24 ± 0.36 3.69 ± 0.60 3.74 ± 0.52

t2:16 Contracted 3.25 ± 0.42 3.25 ± 0.37 3.88 ± 0.61 3.87 ± 0.58

t2:17 % change 2.98 ± 3.91 1.65 ± 5.26 5.21 ± 4.85 3.51 ± 4.71

t2:18 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

t3:1 Table 3 Associations between LMM characteristics, low back pain, and lower limb injury
t3:2 LBP previous 3-months Lower limb injury past 12-months

t3:3 Coefficient P-value 95% CI Coefficient P-value 95% CI

t3:4 PRONE

t3:5 CSA (cm2) −0.57 0.42 [−1.98, 0.85] − 0.79 0.21 [−2.06, 0.48]

t3:6 CSA asy (%) − 0.28 0.82 [−2.68, 2.13] − 0.22 0.84 [− 2.42, 1.98]

t3:7 Thickness (cm)

t3:8 Rest − 0.25 0.30 [− 0.73, 0.23] − 0.05 0.81 [− 0.51, 0.40]

t3:9 Contracted a 0.07 0.75 [−0.40, 0.54] 0.34 0.03 [0.04, 0.64]

t3:10 % change b 12.05 < 0.001 [7.63, 16.46] 1.66 0.60 [−4.85, 8.19]

t3:11 STANDING

t3:12 CSA (cm2) −0.92 0.30 [−2.71, 0.87] − 0.18 0.84 [−2.01, 1.65]

t3:13 CSA asy (%) −1.05 0.41 [−3.66, 1.56] −0.88 0.46 [−3.3, 1.55]

t3:14 Thickness (cm)

t3:15 Rest −0.01 0.97 [−0.47, 0.45] 0.19 0.21 [−0.12, 0.51]

t3:16 Contracted 0.01 0.97 [−0.52, 0.54] 0.13 0.13 [−0.08, 0.63]

t3:17 % change 0.33 0.84 [−3.05, 3.70] 2.07 0.21 [−1.27, 5.43]

t3:18 a = Adjusted for weight and gender
t3:19 b = Adjusted for weight
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331 r = 061, p = 0.001). Similar significant correlations were
332 also observed for LMM thickness at rest and LMM thick-
333 ness during contraction in both positions. BMI was not
334 correlated with LMM CSA in prone or standing (prone:
335 r = 0.02, p = 0.91; standing: r = 0.01, p = 0.97) or LMM EI
336 (r = 0.27, p = 0.16). LMM EI was correlated to total % body
337 fat (r = 0.69, p < 0.001). Total % body fat was also corre-
338 lated to LMM CSA in prone (r = − 0.41, p = 0.03).

339 LMM seasonal changes
340 Variations in LMM characteristics over the course of the
341 season were assessed in 18 available players. There were
342 no significant changes in LMM CSA, side-to-side asym-
343 metry, thickness during contraction or the % thickness
344 change during contraction in the prone and standing po-
345 sitions between the pre-season and end-season measure-
346 ments (TableT4 4). However, significant decrease in the
347 thickness at rest in the prone position occurred during
348 the season (p = 0.03). The changes between preseason
349 and end-season LMM measurements were not associ-
350 ated with LBP during the season, but a greater decrease
351 (atrophy) in LMM thickness at rest (prone position) over
352 the course of the season was associated with having had
353 a lower limb injury during the season (p = 0.01).

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

360adaptation related to the high-intensity, repetitive move-
361ments and specific functional demands of the sport. The
362LMM thickness when contracted and CSA while stand-
363ing were also significantly greater on the left side as
364compared to the right in male athletes. As kicking is an
365asymmetrical and ballistic task [25] that involves hip
366flexion, trunk rotation and stabilization on the non-
367dominant leg [26, 27], this may have contributed to the
368greater LMM size on the left side. While this finding
369was also reported in collegiate ballroom dancers [28],
370other studies in elite athletes reported symmetrical CSAs
371[29, 30], as well as larger LMM CSA on the dominant
372(right) side [31, 32], suggesting that specialized move-
373ments and sport specific training effects likely influence
374LMM morphology [28].
375In accordance with Fortin et al., a significant increase
376in LMM CSA was observed when measurements were
377obtained in the standing position [23]. This finding was
378also reported in non-athletic populations [33]. The sharp
379increase in LMM CSA in this position characterizes the
380role and increase of force exerted by the LMM to provide
381control and dynamic stability to the lumbar segments
382while standing upright [33]. As the LMM is largely re-
383sponsible for compression load and dynamic stability at
384the lower levels of the spine when upright, future ultra-
385sound studies should investigate LMM morphology and
386neuromuscular control in such functional and sport-
387related positions, as the ability to modulate LMM may
388have important implications for sport performance and
389susceptibility to injury.
390We found no significant difference in LMM CSA be-
391tween soccer players with and without LBP. This finding
392is in accordance with a previous study from Noormo-
393hammadpour et al. reporting no difference in LMM
394CSA at the L4 level, between asymptomatic adolescent
395soccer players and players who reported LBP during
396their sport life, during the last year, during the last
397month or those with LBP that increase during sport
398activity [11]. Conversely, Hides et al. showed that elite
399soccer players with LBP had significantly smaller LMM
400CSA at the L4 and L5 level, as compared to players with-
401out LBP [9]. The different results may relate to the level
402of competition, as well as features of the training regi-
403men. While university level hockey players [23] and pro-
404fessional ballet dancers [34] with LBP also showed
405deficits in resting LMM CSA compared to their asymp-
406tomatic counterparts, other studies in athletes reported
407no such association [28–30]. The discrepancy in findings
408suggests that some athletic populations may behave dif-
409ferently with regards to LMM size, training effects and
410LBP [28].
411Soccer players with LBP, however, had a greater con-
412traction of the LMM in the prone position as compared
413to players without LBP. Hides et al. also reported greater

t4:1 Table 4 Changes in LMM characteristicsQ5 throughout the season
t4:2 (n = 18)
t4:3 Pre-Season End-Season %Change

or Change

t4:4 PRONE

t4:5 CSA (cm2) 8.52 ± 1.52 8.65 ± 1.48 1.54 ± 5.04%

t4:6 CSA asymmetry (%) 2.87 ± 1.74 3.36 ± 3.56 0.49 ± 2.94

t4:7 Thickness (cm)

t4:8 Rest 2.89 ± 0.41 2.83 ± 0.40 −2.14 ± 6.33

t4:9 Contracted 3.32 ± 0.42 3.26 ± 0.45 −2.23 ± 5.71

t4:10 % change 15.24 ± 6.04 15.50 ± 6.37 −0.12 ± 5.56

t4:11 STANDING

t4:12 CSA (cm2) 10.12 ± 1.88 9.91 ± 1.57 −1.99 ± 8.18

t4:13 CSA asymmetry (%) 3.43 ± 3.07 2.76 ± 2.42 −0.68 ± 1.77

t4:14 Thickness (cm)

t4:15 Rest 3.34 ± 0.35 3.26 ± 0.36 −2.36 ± 4.45

t4:16 Contracted 3.44 ± 0.42 3.41 ± 0.43 −0.88 ± 2.71

t4:17 % change 3.49 ± 3.82 4.61 ± 3.87 1.49 ± 3.33

t4:18 bold = Significant difference (p < 0.05) between pre-season and
t4:19 end-season measurements
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414 LMM contraction (prone position) at the L2 level in
415 professional soccer players with LBP [9], as well as
416 greater contraction of the transverse abdominis (TrA)
417 muscle. Similar findings were also reported in profes-
418 sional cricketers and non-athletic populations with LBP
419 [35, 36]. Such increases in LMM and TrA activation is
420 thought to represent a maladaptive strategy, resulting
421 from movement and motor control impairments. Indi-
422 viduals with motor control impairments display deficits
423 in lumbopelvic stability, which is manifested as a loss of
424 control in the neutral zone and spinal motion segment,
425 resulting in pain and disability [37]. Increased trunk
426 muscular activation was also reported in subgroups of
427 patients with non-specific chronic LBP (e.g. active exten-
428 sion motor control impairment and flexion pattern
429 motor control impairment) when performing functional
430 tasks as compared to healthy subjects, further suggesting
431 that increased muscle co-contraction may be a factor for
432 individuals with pain [38]. Persistent muscle activation
433 may restrict interverbal motion as a protective mechan-
434 ism of the neuromuscular system and thus allow a strat-
435 egy to splint or stiffen the spine in order to protect
436 dysfunctional passive spinal structure in provocative
437 movements [38, 39].
438 Our findings suggest that LMM thickness when
439 contracted in the prone position was slightly greater in
440 players who reported having a lower limb injury in the
441 past 12-months. To the best of our knowledge, we are
442 not aware of any studies that have investigated the rela-
443 tionship between lower limb injury and LMM morph-
444 ology and function in soccer players. However, smaller
445 LMM CSA was found to be a strong predictor for lower
446 limb injury in AFL players [5]. While Hides et al. re-
447 ported asymmetry in hip adductor and abductor muscle
448 strength in elite soccer players with LBP (e.g. stronger
449 adductor muscles), the relationship with lower limb in-
450 jury was not investigated [9]. Mueller at al. reported that
451 individuals with LBP usually adopt a trunk flexed pos-
452 ture and walk with more extended knees, which could
453 potentially increase the risk of lower limb injury [40]. In-
454 deed, AFL players with LBP in the preseason were found
455 to have a 98% increase in the odds of suffering a lower
456 limb injury [5]. Interestingly, no difference in leg length
457 discrepancy, hamstring flexibility, active lumbar forward
458 flexion was reported between adolescent soccer players
459 with and without LBP, but the relationship with lower
460 limb injury was not investigated [11].
461 LMM CSA and thickness were significantly correlated
462 with players’ height, weight, total bone mass and total
463 lean mass in prone and standing. While the total % body
464 fat was strongly correlated to LMM EI and LMM CSA,
465 BMI was not. These findings are in accordance with a
466 previous study in collegiate hockey players [23] and pro-
467 vide additional evidence to support that body composition

468cannot be ignored when assessing LMM morphology,
469especially in athletes. Additional related studies should
470consider using DEXA to assess body composition in ath-
471letes and how such measurements may influence muscle
472morphology, function, injury and performance in athletes.
473With the exception of a slight decrease in the contracted
474LMM thickness while standing which is likely not clinic-
475ally significant, our results revealed no significant changes
476in LMM morphology or function over the course of one
477season in collegiate soccer players. Hides et al., however,
478reported an increase in LMM CSA at the L4 and L5 levels
479in elite soccer players across the preseason, with the
480largest increased observed in players that reported LBP at
481the start of the preseason [9]. Importantly, the soccer
482players included in the latter study, however, also com-
483pleted a preseason injury prevention training program tar-
484geting the LMM, which likely explains the observed
485positive changes in LMM size.
486Few studies investigated the seasonal changes of trunk
487muscle involved in lumbopelvic control in athletes.
488Hides and Stanton reported a significant decrease in
489LMM CSA and increase in the erector spinae CSA and
490internal oblique thickness over the course of a competi-
491tive season in professional AFL players [41]. Such pat-
492terns of imbalance between the local and global muscles
493during the playing season can be problematic, as it may
494generate large unfavorable forces to the spine [41]. As
495our findings also revealed that a greater decrease in
496LMM thickness at rest (prone position) was associated
497with having suffered a lower limb injury during the play-
498ing season, additional studies should investigate seasonal
499variations in trunk muscles involved in lumbopelvic sta-
500bility among elite athletes, as muscle atrophy, imbalance
501and neuromuscular deficits may contribute to the sus-
502ceptibility of injury.
503A limitation of this study is the relatively small sample
504size. Although comparable to other studies in elite ath-
505letes, [6, 9, 11, 23, 28–32] this study may be underpow-
506ered. Second, only 18 players were available for the end-
507season assessment. While this was mostly due to aca-
508demic commitments as the end of the season was also in
509the exams period, this may have introduced selection
510bias. Lastly, we had no control group. However, meth-
511odological strengths of the current study consist of the
512inclusion of both, male and female soccer athletes, as
513well as the acquisition of DEXA body compositions mea-
514surements and LMM measurements in a standing position.

515Conclusions
516Difference in LMM characteristics between male and fe-
517male soccer players were observed. Soccer players with
518LBP in the previous 3-months had a greater contraction
519of the LMM in a prone position. While we observed
520minimal seasonal changes in LMM morphology and
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521 function, a greater decrease in LMM thickness was asso-
522 ciated with having suffered a lower limb injury during
523 the playing season. LMM characteristics were also corre-
524 lated to body composition measurements. Preseason
525 screening assessment of the LMM characteristics may be
526 useful in an injury prevention program.

527 Abbreviations
528 AFL: Australian Football League; BMI: Body Mass Index; CSA: Cross-Sectional
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