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Abstract

This study evaluated lumbar spine muscle volume and Muscle Fatty Infiltrate (MFI) across two
age groups of healthy adults. Twenty-four participants (young group - YG: age 18-25, n = 12;
mature group - MG: age 45-60, n = 12) without low back pain underwent T1-weighted axial MRI.
Muscle volume and MFI were obtained from the left and right lumbar erector spinae (ES),
multifidus (M), rectus abdominis (RA) and psoas (PS) muscles. For MFI, mean pixel intensity
(MPI) of muscles was reported as a percentage of subcutaneous fat MPI. Within-group comparison
of left and right side muscle volume was not significantly different in the YG. In the MG, right RA
and ES were significantly smaller than left (RA p = 0.049; ES p = 0.03). In both groups, left PS, M
and ES MFI was significantly smaller compared to the right side and left RA MFI was
significantly greater compared to right side (all p <= 0.001). For M volume, 81.7-84.6% of
variance was explained by age, height and Body Mass Index (BMI). For ES volume, 81.6-82.8%
of variance was explained by height and BMI. Age explained 18.1%-36.0% of variance in M and
ES right MFI. Therefore, age and BMI are relevant factors for extensor muscle volume, but not for
flexor muscle volume. Also, age significantly influences MFI for right-sided extensors only. The
age effect is apparently independent of full subjective back functionality. For future spinal muscle
research, the side and muscle-specific effect of age on muscle morphology should be considered.
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Introduction

As muscle atrophy is known to occur with ageing due to a reduction in the number and size
of muscle fibres [1,2], the effect of age on lumbar muscle CSA has been investigated in

healthy individuals and in patients with LBP [3-8]. The majority of these studies reported a
significant effect of age on CSA [4-8], although one LBP study did not [4]. In patients with
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LBP, extensor muscle CSA has received a lot of attention as atrophy and side to side
asymmetry have been identified [6,8-11].

Increased MFI of the spinal muscles has also been associated with ageing and with LBP
[9,12,13]. However, measures of MFI in the lumbar muscles have produced inconsistent
results [11]. Some studies have demonstrated an association with LBP [6,13], whilst others
showed no association [14]. Such discrepancies could be related to disparate measures of
MFI quantification with MRI or even varying levels of pain-related disability among the
population of subjects. Only two studies were found where the effect of age on lumbar MFI
was investigated, with one study showing modest and inconsistent effects of age on muscle
composition [6], while in the other study age was associated with multifidus MFI at L3-L4
level [8]. Therefore, the effect of age on lumbar spinal morphometry warrants further
investigation.

The relationship between cervical muscle morphometry, age and symptoms of neck pain has
been investigated. Following whiplash, an increase in CSA in the anterior and posterior neck
muscles was demonstrated [15,16] while no such association was found in other studies
[17,18]. In the subjects with increased CSA [15,16], age was inversely related to MFI [16]
while in asymptomatic females, age was not found to influence MFI in the upper cervical
extensor muscles [19].

Long-term prospective studies across the age spectrum detailing lumbar spine muscle
changes over time are limited in number, as are cross sectional studies which investigate the
effect of age. Although Fortin and colleagues [6,8] investigated a comprehensive set of
factors which may affect lumbar spine muscle asymmetry including age, they only included
male participants and muscle assessment was limited to the lumbar spine extensors. Other
studies which investigated the effects of age on lumbar spine muscle morphometry only
reported CSA and not MFI [3,5,7]. Furthermore, only a small number of studies reported the
effects of age on lumbar flexor muscle morphology [3,5]. Going forward, muscle
morphology of a comprehensive set of lumbar muscles across different age groups in a
healthy male and female adult population is required. As lumbar muscle asymmetry occurs
naturally in healthy adults [20], outcomes for the left and right sides should be reported
separately. While most of the studies on muscle morphometry use CSA as a measure, the use
of several adjacent CSAs as volumetric information is preferable as it is more closely related
to muscle function [21]. Therefore the purpose of this study was to evaluate lumbar spine
muscle volume and MFI across two age groups of healthy adults, using a standard and
widely available T1-weighted MRI sequence. Furthermore, a between-side comparison of
bilateral measurements was conducted.

Materials and Methods

Participants

Axial MRI scans of 24 healthy (12 male and 12 female) participants who were recruited as
part of a larger study were included. Participants were conveniently recruited from a
University population and by word of mouth, and were included if they were either 18-25
(young group) or 45-60 (mature group) years of age, had a Body Mass Index (BMI) of 25 or
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less (thus not classified as being overweight), and did not have current low back pain or a
history of back pain in the last 12 months, previous spinal surgery or spinal fracture,
neurological or orthopaedic disease, or open abdominal surgery. Participants were excluded
if they were determined, by institutional standards, to be unsuitable for undergoing an MRI
exam, for example due to implants which are non-compatible with MRI. All participants
received a participant information sheet and gave their written informed consent. Ethical
approval for this study was given by the Medical University of Vienna Ethics Committee
(1609/2012).

Data collection

Participant age, height, weight, BMI, upper and lower limb dominance and general
information regarding weekly exercise were collected for each participant. Lumbar spine
axial T1-weighted magnetic resonance images were obtained (1.5T Philips Achieva, Best,
The Netherlands), using a slice thickness of 10mm, gap 1mm, repetition time (TR) of 9.3ms,
echo time (TE) of 4.6ms, flip angle 15 degrees, field of view (FOV) 345mm, and rectangular
FOV of 78%. Participants were positioned supine in the magnetic bore. Images were stored
as DICOM format for processing.

Data analysis

Analyze software (Mayo Clinic, Rochester MN, Version 11.0) was used for data analysis.
Axial slices from the most caudal aspect of the fifth lumbar vertebral body (L5) to the most
cranial aspect of the first lumbar vertebral body (L1) were included for each participant.
These respective slices were identified based on published CT and MRI axial images [22].
The left and right sides of the erector spinae (ES), multifidus (M), rectus abdominis (RA),
and psoas (PS) muscles of the lumbar spine were manually traced and the Region of Interest
(ROI) quantified, thus providing a CSA for each axial image (Fig 1). As CSA is really a
volumetric measure due to it containing partial volumes [23,24] and because volumetric
measures are more meaningful functionally [21], all axial images CSAs were interpolated to
obtain 3-dimensional volume across L1-L5 for each muscle. For MFI, mean pixel intensity
(MPI) from the left and right sides of each muscle across all included slices was reported as
a percentage of MPI of an area of abdominal or back fat from the left or right side of the
body, taken from an axial slice located between L4 and L5. RA fat was determined relative
to abdominal fat and ES, M and PS were determined relative to back fat (Fig 1). All data
analysis was conducted by one assessor and muscle volume and fat measures calculated
twice from the same scans to allow intra-rater reliability to be reported. For the second
assessment after an interval of one month, the assessor was blinded to the outcomes of the
first assessment. Due to the variation in height of the participants, the number of axial slices
included in the data set varied from 14 to 18.

Statistical Analysis

Statistical analysis was performed using SPSS (IBM, version 19). Normal distribution of
muscle volume and MFI data were verified using the Shapiro-Wilk test. An independent t-
test was used to identify statistical differences between groups for the participant
characteristics of height, weight, BMI and hours of weekly exercise. Intra-rater reliability
was evaluated using an intra-class correlation coefficient (3,1). A paired t-test was used to
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determine differences between left and right muscle outcomes within each group. On the
combined groups data set, multiple linear regression was performed to investigate the effects
of age, height, weight and BMI on muscle volume and MFI for each muscle using the enter
method. After inspection of the variance inflation factors (VIF), the variable weight was
removed in each model as the VIFs had exceeded acceptable levels and the variable weight
had the highest VIF. Upon removal of this variable, VIFs were within an acceptable range.
Non-significant variables were subsequently removed and the regression model re-calculated
with the remaining significant variables.

Participant characteristics for the young and mature group are shown in table 1. In both
groups, 11 out of 12 participants were right handed and right footed, and one participant in
each group was left handed and left footed. Intra-class correlations of muscle volume and fat
percentage were high (range 0.882- 0.996) for all muscles, indicating excellent intra-rater
reliability (table 2). No significant side-differences were found in the young group however
in the mature group, RA and ES were significantly reduced on the right side compared to the
left side (RA p=0.049; ES p=0.03). In both groups, PS, M, and ES MFI was significantly
higher on the left side, however MFI was significantly smaller on the left side in RA (all
p<0.001) (Table 3). The results of the final multiple regression models are shown in table 4.
This shows that for muscle volume, height was a significant factor in all muscles
investigated (all p<0.001). Age was a significant factor for M muscle volume and M and ES
right MFI (all p<0.05). The factor BMI was significant for M and ES (all p<0.05).

Discussion

In the mature group, but not in the young group, significant differences were observed
between the left and right sides of RA and ES muscle volume in the present study. As the
vast majority of the participants in the present study were right hand and right foot
dominant, left and right sides were compared rather than dominant and non-dominant sides.
The RA findings from the young group are in agreement with other studies [25,26]. ldoate et
al [26] compared dominant and non-dominant side RA volume using MRI in non-active
healthy controls and in Spanish first division soccer players of similar ages (control group
27.5 £ 8.1 years, soccer group 26.2 + 5.2 years). Their results showed that, although CSA
asymmetries occurred at certain muscle levels between the groups, overall dominant and
non-dominant sides of RA muscle volume was not significantly different in either group.
Kubo et al [25] did not find a dominance asymmetry in RA or ES CSA in young amateur
(age 16.8 £ 0.6 years) and young professional Japanese soccer players (age 23.7 £ 3.1
years). No studies were identified which reported RA symmetry values within a group of
mature participants, as only averaged left and right side RA CSA has been reported in
studies including mature adults [5,27]. In contrast to the present study, Fortin et al [6] did
not find age to significantly affect CSA of ES at the levels of L3-L4 and L5-S1 in a cross-
sectional study. However, in a longitudinal study by those same authors, age was found to be
significant for ES asymmetry but at L5-S1 only, although there was no side-indication [8].
Therefore, the present study reports for the first time differences in RA in mature healthy
adults. This may reflect an age-related adaptation in muscle function and structure, and this
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may have implications for investigating the efficacy of targeted exercise programs in older
patients with LBP.

In patients with LBP, M atrophy as identified using MRI has been shown to be side-and level
specific to pain source or pathology, with a CSA decrease at the symptomatic side ranging
from 2 to 62%, which was positively associated with duration of symptoms [3]. Further,
78% of patients in a LBP subgroup with lumbosacral radiculopathy showed multifidus
asymmetry on MRI, compared to only 10% in an asymptomatic control group [28]. An
asymmetry greater than 10% between left and right sides in lumbar multifidus has been
suggested as a possible indicator of dysfunction or pathology, based on ultrasound images
[10]. However, one study identified a multifidus asymmetry on MRI greater than the
suggested 10% in more than 40% of their study population of 126 healthy males with a
mean age of 49.8 £ 7.7 years [20]. None of the participants in that study reported
experiencing low back pain in the 12 months prior to study participation. In addition, no
muscle asymmetry was found between those reporting never having back pain greater than 1
day in duration, compared to those reporting back pain in the 12 months prior to study
participation. Therefore, in the present study, muscle volume and MFI were reported
separately for left and right sides, in order to further explore the potential of muscle
asymmetry in healthy participants.

In the present study, there was a lack of significant differences between left and right side M
muscle volume in the young or the mature group. This is in contrast to the results of other
studies. Niemenl&inen et al [20] showed a significantly larger M muscle volume on the right
side with MRI in up to 68% of participants without LBP. Further, ES CSA asymmetry
ranged from of 8.2% to 18.8% from L3 to L5 respectively, which was considerably greater
than the significant difference in ES volume in the present study as it was reduced by 3% in
the left side compared to the right side. For the PS muscle, left and right asymmetries have
been identified in healthy individuals without LBP, with left side PS CSA being significantly
greater than the right side by 5% [29]. The present study also demonstrated a larger muscle
size on the left side of PS compared to the right side, although this increase was not
statistically significant and the clinical meaningfulness of such asymmetry is unknown at
this time.

In the present study, left and right M volume were significantly influenced by age, whereas
ES was not. This is in contrast to other studies, which showed ES volume to be moderately
negatively correlated with age (r=0.53) in females (mean age 44 + 11 years, range 23-59)
without back pain on MRI [7]. The volumes of each of the two flexor muscles investigated
in the present study were also not significantly affected by age. This is in agreement with
Rankin et al [30], who also did not find a correlation between RA thickness and age using
ultrasound imaging in their investigation of thickness of various abdominal muscles in 123
healthy male and female participants. In contrast, several other studies have shown
significant reductions in muscle volume associated with ageing. Takahashi et al [4] showed a
significant reduction in PS CSA with MRI in ageing in females. In their study, participants
were grouped according to age by decade (age range of 20 to 79) and their results
demonstrated that participants in their 20s had the greatest psoas major CSA, which
significantly reduced in people in their 50s and was lowest in people in their 70s. In the
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present study, the mature group included an equal number of males and females with mean
age of 50.2 years (x 4.95). This may be as the mature group in the present study were too
young for significant age-related changes, or because the present study sample included an
equal number of males and females, whereas Takahashi et al [4] and Meakin et al [7]
included female participants only.

In the present study, MFI was significantly greater in the left side when compared to the
right side of PS, M and ES for both the young and mature group, and significantly greater in
the right side compared to the left side of RA. Fortin and colleagues [6] also reported
asymmetries in muscle composition in the lumbar extensors in a large group of subjects with
and without LBP. These asymmetries were more often observed at L5-S1 and were
significantly affected by handedness, by lower sport participation and by an increase in LBP
severity for ES and by handedness and disc narrowing for M. At the level of L3-L4,
handedness was the only significant factor for both these muscles. Interestingly, this study
did not show a significant effect for age or BMI on muscle composition (i.e. MFI) for any
muscle at any level. In the present study, age was found to significantly affect M and ES
although this was applicable only to the right side. As the study by Fortin et al [6] did not
identify MFI per side but calculated the difference in muscle composition asymmetry, it is
not clear whether side-specific differences would have been present. Furthermore,
differences in MRI sequencing (T1 vs T2) and differences in the method of MFI
determination (MFI vs ratio of lean muscle CSA to total CSA) between the present study
and the studies by Fortin and colleagues [6,8] may also explain the disparity in study
outcomes.

As BMI can influence muscle composition [2], the BMI of study participants has been
reported in some studies investigating lumbar spine muscle morphology, with the majority
reporting a mean or range of BMI indicating a mix of normal weight and overweight
participants [6,8,12,13,31,32]. However, Kjaer et al [13] did not find an effect of BMI on M
MFI, and similarly, Fortin et al [6] also did not find BMI to influence asymmetries in muscle
composition or size. In a longitudinal study however, a significant effect of BMI on ES
change in CSA over time, but not for changes in muscle composition exists [8]. The findings
from the present study also support that BMI does not influence MFI in the lumbar spinal
muscles, although it was a significant factor for muscle volume in the extensor muscle
group, but not the flexor muscles. However, our study sample only included participants of
normal weight, which may not be representative of the average population, in particular in
the mature group and differs from study samples in other investigations.

With regard to the actual fat percentage values obtained in the present study, our MFI values
were higher than those found in other studies. In illustration, studies involving participants
with LBP have reported MFI in healthy control participants [12,31], where the mean M
MFI, measured with MR spectroscopy, was 14.5% in control subjects [12] and ranged from
2.1 -11.5% in healthy controls without swayback postures using conventional T2-weighted
MRI [31]. These differences in reported values are likely due to methodological differences,
warranting future work comparing muscle volume/MFI on MRI to the gold-standard muscle
biopsy with histological quantification of muscle fat.
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In this study, the results should be interpreted considering some methodological constraints
and limitations. This study includes self-reported healthy individuals without any LBP at the
time or within the last 12 months prior to study inclusion. Due to the high incidence of
lifetime reported LBP with point prevalence as high as 58% [33], the identification of study
participants who have never experienced LBP, particularly in mature individuals, may be
limited. Regarding LBP history, criteria for the inclusion of asymptomatic participants vary
between studies, ranging from no history of LBP [34], no LBP of more than one day in
duration [10], to no reports of activity-limiting LBP [29]. Therefore, although the healthy
participants included in the present study did not report any LBP at the time of measurement
or 12 months prior, they should still nevertheless be considered as ‘functional and
asymptomatic controls’.

Another methodological constraint of the present study may be the inclusion of only one
assessor for the evaluation of the muscle parameters. A measure of inter-rater reliability has
been performed on a subset of the data presented in this study (manuscript currently under
review), which showed good to excellent reliability between assessor. Similarly, in the
cervical spine, Elliott et al [35] also showed excellent inter-rater reliability of multifidus
diffusion properties at C5 using diffusion weighted MRI, and Kilgour et al [36] showed a
high inter-reliability for the quantification of cervical spine muscles CSA on T1 weighted
MRI. In the lumbar spine, a good inter-rater reliability for the quantification of multifidus
thickness has been shown even in ultrasound measurements [37]. Therefore, we established
an intra-rater reliability metric for the quantification of muscle volume and MFI in this
study, which showed excellent reliability outcomes for volume and fat percentage of all
muscles investigated.

A number of imaging assessment methods are available to gain an appreciation of skeletal
muscle size/shape at the micro- and macro-scopic levels, including chemical shift MRI [34],
opposed phase MRI (multi-echo fat/water separation) [14, 38], and proton-density fat
fraction MRI [39], therefore the method of MFI evaluation used in the present study may not
be considered a gold-standard method. However, T1 weighted MRIs are frequently and
routinely obtained in the clinical assessment of patients with LBP, therefore the approach
used in this study may be a clinically and economically viable method for muscle volume
and MFI quantification.

Future studies should consider the inclusion of additional age groups with larger participant
numbers, for a more detailed definition of expected age-related changes in lumbar spine
muscle size, shape and structure. Additionally, participants with different activity types and
intensities should also be further investigated. This information could then build a ‘muscle
profile’ of representative data for certain age groups and activity levels, which could serve as
comparative data for LBP with respect to gender, age and activity. The use of longitudinal
study designs would provide even more definitive information regarding any temporal
changes in muscle volume and MFI in healthy and symptomatic individuals.
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Conclusion

This study showed an age effect on the differences between the left and right sides of muscle
volume. Age was found to significantly affect multifidus muscle volume only and right-
sided extensor MFI only. This would imply that the effect of age cannot be generalized
across all muscles. The results of this study should be used to inform future studies
evaluating changes in muscle morphology.
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Highlights
. Side-differences in muscle volume were found only in the mature group.
. Height significantly increases volume of all muscles investigated.
. Muscle volume significantly increased with BMI in the extensors only.
. Multifidus muscle volume decreased with age.
. With age, but not with BMI, fat increased in the right extensor muscles.
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Figure 1.
Example of Region of Interest (ROI) trace in one axial slice showing (a) rectus abdominis

(b) psoas (c) multifidus (d) erector spinae (e) abdominal fat and (f) back fat
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Participant characteristics for age, height, weight, Body Mass Index (BMI) and weekly exercise of the young
and mature group, shown as mean and standard deviation (). Significant differences are indicated by * and
non-significance by ns.

Young group (n=12) | Mature group (n=12) | Significance
Age (years) 22.4 (£ 1.24)* 50.2 (+ 4.95) * p=0.001
Height (m) 1.75 (£ 0.14) 1.73 (£ 0.11) ns
Weight (kg) 67.5 (+ 16.6) 70.2 (+ 10.9) ns
BMI (kg/m?) 21.7 (£ 2.2)* 23.4 (+ 1.3)* p=0.026
Hours of exercise per week | 3.13 (£1.71) 5.00 (+3.69) ns
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Intra-class correlation (ICC) of one assessor with two data analysis time points for muscle volume and Muscle
Fatty Infiltrate (MFI). RA = rectus abdominis, PS = poas major, M= Multifidus, ES = erector spinae. 95%
Confidence Intervals (Cl) are shown.

muscle volume MFI1
ICC 95% ClI ICC 95% ClI
lower | upper lower | upper
RA | left 0.986 | 0.969 | 0.994 | 0.946 | 0.875 | 0.977
right | 0.989 | 0.976 | 0.995 | 0.967 | 0.925 | 0.986
PS left 0.993 | 0.984 | 0.997 0.944 | 0.870 | 0.976
right | 0.996 | 0.991 | 0.998 0.948 | 0.871 | 0.978
M left 0.882 | 0.232 | 0.965 0.918 | 0.813 | 0.964
right | 0.866 | 0.467 | 0.953 0.962 | 0.912 | 0.983
ES | left 0.991 | 0.977 | 0.996 0.927 | 0.830 | 0.968
right | 0.991 | 0.980 | 0.996 0.952 | 0.787 | 0.984
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Mean and standard deviation of muscle volume and Muscle Fatty Infiltrate (MFI) values for left and right side
rectus abdominis (RA), psoas (PS), multifidus (M) and erector spinae (ES) in the young and mature group.

Pairs of matching superscripts indicate within-group left and right significant differences (& p<0.05, ¢

p<0.001).
Volume (cm?3) MFI (%)
Muscle young mature young mature
mean | stdev | mean | stdev | mean | stdev | mean | stdev
RA | left 13.78 3.85 | 12432 2.87 | 37.88¢ 3.59 | 39.35¢9 221
right | 13.39 4.05 | 11.702 2.25 | 42.99¢ 4.51 | 43.649 3.11
PS left 16.67 6.35 14.47 5.38 | 39.624 3.71 | 41.25" 3.89
right | 15.82 5.33 1411 5.10 | 31.87¢ 2.90 | 32.91h 1.84
M left 10.89 3.53 9.97 1.68 | 44.63¢ 3.41 | 47.300 4.00
right | 11.00 3.32 | 1025 157 | 36.79¢ | 3.83 | 40.41i 3.73
ES | left 29.00 | 10.03 | 29.17b | 6.76 | 44.65F | 3.33 | 45521 | 359
right | 28.24 9.41 | 28.19° 6.51 | 34.52f 2.80 | 37.99 1.92
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Significant factors, their coefficients and confidence intervals for volume and muscle fatty infiltrate (MFI) of

the muscles rectus abdominis (RA), psoas (PS), multifidus (M) and erector spinae (ES). The variance

explained by the factors in each model is reflected in R2 and the standardised beta (R) indicates the relative
weighting of each factor.

Muscle Model Significant factors
Signf (p-value) R2 Name Coefficient Signf (p-value) | Standardised 3
(Confidence Interval)
Muscle volume
RA left <0.001 0.663 | height 219523.70 <0.001 0.815
(150399.36 to 288648.05)
RA right <0.001 0.581 | height 200880.28 <0.001 0.763
(125525.96 to 276234.61)
PS left <0.001 0.712 | height 393023.15 <0.001 0.844
(282606.60 to 503439.70)
PS right <0.001 0.689 | height 341160.46 <0.001 0.830
(239777.85 to 442543.07)
M left <0.001 0.846 age -540.78 0.014 -0.288
(-962.08 to -119.48)
height 142598.06 <0.001 0.654
(91117.28 to 194078.84)
BMI 5433.52 0.007 0.386
(1695.15 to 9171.88)
M right <0.001 0.817 age -450.34 0.041 -0.256
(-880.39 to -20.29)
height 134014.02 <0.001 0.657
(81464.20 to 186563.83)
BMI 4795.34 0.016 0.364
(979.34 t0 8611.33)
ES left <0.001 0.828 | height 480298.29 <0.001 0.723
(331899.05 to 628697.53)
BMI 12327.61 0.014 0.287
(2748.83 to 21906.39)
ES right <0.001 0.816 | height 465168.68 <0.001 0.741
(320286.89 to 610050.48)
BMI 10328.94 0.032 0.255
(977.20 to 19680.68)
MFI
RA left 0.467
RA right 0.260
PS left 0.140
PS right 0.573
M left 0.090
M right 0.038 0181 | age [ 012(00110023) 0.038 0.425
ES left 0.066
ES right 0.002 0.360 age 0.12 (0.05 to 0.19) 0.002 0.600
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