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erhaps one of the most frequent
Phealth complaints in modern medi-

cine, low back pain (LBP) remains a
burden to individuals and society. The
prevalence of LBP and its associated dis-
ability, including the related financial
burden, remain ever-increasing in the
US.! and among other industrialized
countries®. Each year in the U.S., for ex-
ample, it is estimated that approximately
15% of adults will experience an episode
of LBP lasting two weeks or longer®. The
World Health Organization estimates the
cost of work-related LBP at 818,000 lost
disability-adjusted life years annually®.

LBP as a condition is induced by a variety
of wide-ranging factors, which may be
categorized into two classes in the devel-
opment of the disorder: internal or en-
dogenous (genotypical and phenotypical
factors) and external or exogenous (phys-
ical and psychosocial)®.

While identification of participants
at risk for injury and subsequent loss of
intrinsic spinal stabilization remains dif-
ficult, and a plethora of risk factors have
been identified as interacting®, there is
recognized evidence for the importance
of the multifidus muscle in stabilizing the
lumbar spine’'®. Previous research has

ABSTRACT: Despite recognized evidence for the importance of the multifidus muscle in
stabilizing the lumbar spine, identifying subjects at risk for injury and subsequent loss of
intrinsic spinal stabilization remains difficult. Previous research has failed to associate mul-
tifidus muscle size and height, weight, or body mass index (BMI). The purpose of this study
was to begin to establish normative data for the multifidus muscle cross-sectional area
(CSA) at the L5 level and to identify factors associated with size. Twenty-five participants
(17 female), with a mean age of 32.5 (SD 11.6) years without history of LBP were considered
for inclusion. Participants’ height and weight were recorded and BMI calculated. Ultra-
sound imaging was used to obtain a CSA in cm? of the subjects’ multifidus muscles at the L5
level bilaterally; testing was done by two trained testers. Prior to testing, intra- and inter-
tester reliability were determined. Percent body fat was determined using a three-site skin-
fold caliper measurement, also using two trained testers. Mean BMI was 24.18 and mean
body fat (%) was 22.88 for all participants. As expected, age and BMI were moderately cor-
related. Left and right multifidus muscle CSA were highly correlated (r = 0.92, p < 0.001).
The mixed model ANOVA indicated a significant main effect for gender as males exhibited
larger CSA than females. Participants without history of low back pain present with sym-
metrical multifidus muscle CSA at the L5 level. Clear gender differences in CSA show that
males tend to have larger multifidus muscles at the L5 level, indicating a need to establish
gender-specific norms for clinicians examining the L5 multifidus muscle.
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established fat-free mass as the best cor-
relate to maximal back strength, regard-
less of gender in a pain-free population
(males: r = 0.67; females: r = 0.64)'". In
addition, the multifidus muscle cross-
sectional area, gender, and pain on exer-
tion are powerful predictors of back mus-
cle strength in participants with chronic
LBP'>", However, prior research has
failed to conclusively associate measures
of nutritional status (e.g., body mass in-
dex (BMI), the relation between body
weight and the square of height) and back
muscle strength'*"® or the incidence of
LBP,

It is well established that patients
with chronic LBP present with a weak-
ness impairment of the lumbar multifi-
dus muscles'”. Gross lower body weak-
ness is also associated with LBP, in
particular, weakness of the hip flexors
and adductors and, the transversus ab-
dominis muscles, but loss of muscle
power in the back extensor muscles, in-
cluding the multifidus, predominates'®*.
This weakness, as evidenced by multifi-
dus muscle atrophy that can be seen
clearly on ultrasound imaging, is injury-
side and level specific®.

The multifidus is a deep back muscle
occupying the groove between the trans-
verse and spinous processes and is best
developed in the lumbar region®'. Here it
is comprised of fascicles of varying
lengths arranged in a spino-transverse
pattern. Innervation of each fascicle of a
given lumbar level (and the facet joint of
that level) is derived from the medial
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branch of the dorsal ramus®. Aspden?®
has suggested that this segmental in-
nervation allows the multifidus the
ability to control or adjust a particular
segment to match applied loads. In re-
gards to size, the cross-sectional area of
the multifidi gradually increase on pro-
gression from L2-S1%.

The purpose of this study was to be-
gin to establish normative data of the
multifidus muscle cross-sectional area
(CSA) measured bilaterally at the L5
level through ultrasound imaging and to
identify factors associated with size.
Strength of muscle is related to CSA of
muscle. In both male and female
groups®? as well as old and young?¥,
there exists a positive correlation be-
tween muscle strength and cross-sec-
tional area. Those factors that correlate
with smaller multifidus muscle CSA
might be implicated as potential risk
factors for lumbar injury. Prior to this
study, a reliability study was conducted
to establish the tester’s ability to accu-
rately detect muscle size.

Methods

Participants

Twenty-five student, faculty, and staff
member volunteers (17 females; mean
age 32.5 +/- 11.6) were recruited from
the Department of Physical Therapy at
Western Carolina University. Consecu-
tive participants (age range 23-62) with-
out history of LBP were considered for
inclusion. Participants had a mean body
weight of 155 Ibs (range 112 to 225 Ibs)
and height of 67 in (range 61 to 75 in).
Patients with scoliosis, previous back
surgery, or arthritis were excluded. The
study was approved by the Institutional
Review Board of Western Carolina Uni-
versity for investigation with human
participants. Informed written consent
was obtained from each participant
prior to investigation.

Materials and Procedures

Participants’ height and weight were re-
corded and BMI calculated. Percent
body fat was determined using a three-
site skinfold measurement with a Jamar
caliper (Preston, Jackson, MI). Measure-
ments were taken on the right side of the

body by two experienced observers. For
male participants, chest, abdominal,
and thigh locations were recorded; and
for female participants the triceps, su-
prailium, and thigh locations were re-
corded.

Using a 5.0-3.5 MHz convex-array
transducer (sono AQUILA, Biosound,
Indianapolis, IN), ultrasound imaging
was used by two trained testers to ob-
tain the CSA, in cm? of the partici-
pants’ multifidus muscles at the L5 level
bilaterally. A standardized protocol was
used as previously established by Hides
et al®* that placed the participants in
prone with 35° of hip flexion and no
lumbar lordosis. The L5 multifidus
muscle has been identified as being the
richest in muscle spindle density** and
having the largest CSA***'. Thus, the L5
spinal segment was chosen instead of
the S1 segment used by previous inves-
tigators® because it appears to be the
best indicator of dynamic lumbar sta-
bility. The L5 spinal segment was iden-
tified according to protocol by palpat-
ing the posterior superior iliac spines
and marking with ink the spinous pro-
cess between the two, regarded as the
S1 spinous process. Testers then pal-
pated superiorly and marked the loca-
tion of the L5 spinous processes for ref-
erence. Copious gel was applied across
the marked location. Hyperechoic mar-
gins marked the lamina and spinous
process margins visually, verifying the
inferior and medial boundaries of the
multifidus muscle, respectively. Each
participant was asked to perform a
contralateral extension straight leg
raise, creating an isolated ipsilateral

FIGURE 1. Rehabilitation
ultrasound imaging of L5
multifidus muscle CSA. This
multifidus CSA image is of

a female. Boundaries for
measurement are the spinous
process (SP), lamina (La),
thoracolumbar fascia (TLF), and
longisimuss (Lo) muscle border.

multifidus contraction in order to con-
firm the muscle location before imag-
ing in the resting position. Care was
taken not to compress the tissue with
the transducer while imaging. When
the tester was satisfied with the multifi-
dus representation, the image was fro-
zen and the elliptical tool was selected.
The CSA of the multifidus was mea-
sured by tracing with electronic cali-
pers around the margin of the muscle
at the time of imaging (direct tracing)
by marking the superior margin (sub-
cutaneous fascial plane), inferior mar-
gin (lamina), medial margin (against
spinous process), and lateral margin
(longissimus fascial plane). A sample
multifidus image is shown in Figure 1.
The process was then repeated on the
opposite side.

Reliability

To establish reliability, measures were
taken on two different days, according to
the previously described method by
Martinson and Stokes® for training
physical therapists in measurement of
muscle CSA. Prior to participant testing
in the multifidus study, intra- and inter-
tester reliability were established on two
trained testers. Originally six testers
were trained extensively on multifidus
CSA. Following training, each tester
performed measurements of six indi-
viduals’ CSA of the tibialis anterior mus-
cle (right leg) as per the Martinson and
Stokes method. Testers also tested these
same individuals one day later. Two out
of the six testers were randomly selected
to perform the multifidus CSA study.
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Statistics

Intraclass correlations (ICC,)) were
used to examine reliability among tes-
ters. Inter-tester reliability was exam-
ined via the second-day data collection;
an ANOVA was used to examine abso-
lute differences among testers as well.
Intra-tester reliability for each tester was
examined during the first- and second-
day data collections. Pearson correla-
tions were conducted to examine rela-
tionships between age and BMI, percent
body fat and BMI, and percent body fat
and multifidus CSA. A 2 (gender) x 2
(left and right multifidus) mixed model
ANOVA with repeated measures on last
factor was conducted to examine gender
differences on CSA scores. A one-way
between-subjects ANCOVA was calcu-
lated to examine the effect of gender on
L5 multifidus size, covarying out the ef-
fect of percent body fat.

Data were screened for assump-
tions of statistical tests where appropri-
ate. Significance for all statistical tests
was set at .05; effect sizes and observed
power were reported when appropriate.
The SPSS software (version 15.0) was
used for data analysis.

Results

For the reliability testing prior to the
study, intra-tester reliability obtained on
days one and two indicated ICC > 0.95
for all testers. Inter-tester reliability ob-
tained on the second test day indicated
ICC = 0.92; absolute reliability among
testers indicated no significant differ-
ences between testers (p > .05). Thus,
these findings indicated high reliability
for testing protocols among these tes-
ters.

Descriptive data for each partici-
pant on L5 multifidus muscle CSA and
anthropometric measurements are pre-
sented in Table 1. Mean descriptive data
for males, females, and total subjects re-
garding age, height, weight, and nutri-
tional status measures (mean BMI and
percent body fat) are reported for all
participants by gender in Table 2. Also
included in Table 2 are left and right
multifidus muscle CSA group values.

As expected, age and BMI were
moderately correlated (r = .59, p =

0.002). Left (mean = 6.54,SD =1.32) and
right (mean = 6.48, SD = 1.39) multi-
fidus muscle CSA were highly correlated
(r=0.92, p <0.001). Interestingly, mod-
erately strong inverse relations were
noted for percent body fat and multi-
fidus CSA (r = -0.44 for right and -0.41
for left, p < 0.05). The mixed model
ANOVA indicated a significant main ef-
fect for gender (F ,,=12.8,p=0.002,n’
=0.36, observed power = 0.929) as males
(mean=7.58,SD = 1.51) exhibited larger
CSAs than females (mean = 6.01, SD =
0.70). Also, this effect was moderate
even though there were fewer male than
female participants. The main effect for
left and right multifidus muscle was not
significant (F1,23 =0.19, p = 067, n*=
0.008, observed power = 0.058) (mean =
6.54, SD = 1.32; mean = 6.48 SD = 1.23,
respectively). Additionally, the interac-
tion was not significant (F ,, =0.19, p =
0.71,1?=0.003) since gender differences
were consistent (parallel) for left and
right multifidus muscles (see Table 2) as
males (mean = 7.57, SD = 1.38 for right;
mean = 7.59, SD = 1.67 for left) had
larger multifidus muscle CSAs than fe-
males (mean = 5.97, SD = 0.73 for right;
mean = 6.05, SD = 0.76 for left). To en-
sure that gender differences in CSA were
a function of maleness or femaleness
and not simply a function of differences
of percentbody fat that may be expressed
in males and females, an ANCOVA was
used. The average L5 multifidus CSA
was significantly related to gender (F ,,
= 6.30, p = 0.02). The main effect for
percent body fat was not significant (F ,,
=0.41, p > 0.05), with males having sig-
nificantly larger multifidus CSAs than
females even after covarying out the ef-
fect of percent body fat.

Discussion

The multifidus muscle is the most me-
dial of the lumbar back muscles and sub-
stantially covers the lumbosacral area®.
Due to the ovoid shape of multifidus
muscle, a convex array transducer pro-
vides more information than a linear
transducer and is easily distinguished
on all sides except the lateral, where it
adjoins with longissimus™. Since mul-
tifidus muscle is deep and quite difficult
to palpate or manually muscle test, ul-

trasound is an ideal assessment tool for
examination of this muscle®.

Given that our findings indicate a
very high degree of L5 multifidus side-
to-side symmetry in healthy subjects,
identification of CSA asymmetry in pa-
tients with LBP should be considered
evidence for involvement at that level, as
has been shown previously by Hides et
al”, who established high concordance
between MRIimaging versus ultrasound
in examining the L2 through S1 multi-
fidus muscle in 10 asymptomatic fe-
males. The average CSA was the largest
at L5 (7.12cm?), then S1 (6.44cm?), fol-
lowed by L4 (4.87cm?). They found that
all their healthy subjects had a side-to-
side percent difference < 5% while the
LBP subjects differed by > 8%. While our
male subjects were < 5% (mean = 4.97),
our females were measured above this
marker (mean = 6.45) but still below the
8% difference seen in LBP subjects. Fur-
ther investigation of multifidus atrophy
in LBP subjects has been shown to de-
crease on the painful side, as well as at
the clinically identified level of symptom
provocation®.

While Pressler et al* found the av-
erage CSA for left S1 multifidus muscle
(4.18, SD 0.55 cm?) to be slightly larger
than the right (4.11, SD 0.57 cm?) in a
group of 30 healthy females, the Pear-
son’s correlation (r = 0.94, p < 0.05) be-
tween right and left CSA was high and a
t-test indicated no difference in side-to-
side CSA symmetry. Our group of 17
females likewise were found to have
side-to-side symmetry with an average
CSA for left L5 multifidus muscle of 6.05
cm? (SD 1.28), which was larger than the
right multifidus muscle CSA average of
5.97 cm? (SD 1.15). Our correlation be-
tween right and left CSA was equally
high (r = 0.91, p < .05), and our ¢-test
also indicated no difference in side-to-
side CSA symmetry (p > .05).

Additionally, our current findings
indicate a need to establish gender-spe-
cific multifidus muscle CSA reference
norms, as males were significantly larger
at L5. The findings of our female mean
that multifidus CSA and coefficient of
variance are consistent with previous
findings in asymptomatic subjects. Our
data pool of female subjects (N = 17) had
an average multifidus CSA of 6.01 cm?
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TABLE 1. Descriptive data from 25 participants without history of LBP.

Subject  Age Height Weight Left Right Body
(n=25) (yr) Gender (in) (Ib) BMI Multif. (cm?)  Multif. (cm?)  Fat (%)
1 24 F 65 125 20.80 5.53 5.28 23.00
2 23 F 67 124 19.40 6.03 5.65 16.30
3 33 M 72 170 23.10 8.01 7.48 14.20
4 25 M 69 170 25.10 8.06 8.67 5.30
5 24 F 61 120 22.70 7.16 6.03 27.80
6 26 M 75 225 29.50 8.80 8.58 22.80
7 41 M 68 170 25.80 10.68 9.61 14.40
8 23 F 65 140 23.30 5.87 6.60 30.40
9 29 F 62 117 21.40 8.17 7.96 20.00
10 25 F 69 152 22.40 6.03 5.65 20.80
11 26 F 69 142 21.00 7.04 7.04 21.90
12 49 F 67 205 32.10 5.87 5.53 35.40
13 41 M 72 185 25.10 5.28 5.53 22.20
14 26 F 62 145 26.50 5.34 5.31 36.70
15 33 M 70 180 25.80 7.48 7.54 23.40
16 27 F 66 130 21.00 5.65 6.60 25.00
17 40 F 65 150 24.60 5.53 5.65 23.20
18 62 F 67 221 34.60 6.03 6.41 41.10
19 57 F 68 180 27.40 6.41 5.53 31.00
20 25 M 67 148 23.20 6.60 6.53 19.00
21 23 F 66 123 19.90 5.87 5.72 18.60
22 23 F 63 150 26.60 5.65 6.03 25.00
23 31 M 71 150 20.90 6.03 6.41 7.20
24 52 F 61 112 20.80 5.18 5.28 24.20
25 24 F 67 138 21.60 5.53 5.28 23.00
Multif. = multifidus muscle at the L5 segment
TABLE 2. Descriptive data, nutritional status, and multifidus muscle CSA by gender.

Age (Yr) Height (in) Weight (Ib) BMI %BF CSA Left CSA Right
Male 31.88 (6.53) 70.50 (2.56) 175.75 (24.06) 24.81 (2.53) 16.06 (7.03) 7.59 (1.67) 7.57 (1.38)
Female 32.76 (13.55) 65.29 (2.64) 145.53 (30.44) 23.88 (4.30) 26.08 (6.79) 6.05 (0.76) 5.97 (0.73)
Total 32.48 (11.62) 66.96 (3.56) 154.88 (31.31) 24.18 (3.80) 22.88 (8.24) 6.54 (1.32) 6.48 (1.39)

Values are means and (SD). The averaged (left and right) L5 multifidus muscle CSA for male subjects (mean = 7.58 cm?, SD = 1.51) was larger (p = 0.002) than
that of female subjects (mean = 6.01 cm?, SD = 0.70). No differences were noted for left and right multifidus muscle CSA (p = 0.67). %BF = percent body fat.
CSA = cross-sectional area of multifidus muscle at the L5 level.

and coeflicient of variation (CV%) value
of 11.7. Hides, Richardson, and Jull®
(N=10) found that asymptomatic female
subjects’ CSA and CV percentages were
6.19 cm® and 4.02 respectively, while
Stokes, Rankin, and Newham?* found
that their female subjects (N=46) had
multifidus CSAs of 6.65 cm? and 15.0.
Previously, Hides, Cooper, and
Stokes® examined height, weight, and
BMI as possible correlates with L4 mul-
tifidus muscle CSA. Males were found to

have significantly larger CSA than fe-
males (6.15 cm? vs 5.60 cm?). They found
no correlation between BMI and multifi-
dus muscle CSA in either males or fe-
males.

Stokes, Rankin, and Newham® also
found that male multifidus muscle CSA
was greater when compared to that of fe-
males, prior to being normalized by body
mass, with no significant differences in
symmetry between genders. Age differ-
ences were only found in shape, not size.

Multifidus muscle was found to be bigger
at the L5 vertebral segment when com-
pared to L4. The authors concluded that
neither height, weight, nor BMI attrib-
uted to significant differences in multi-
fidus muscle CSA. This was thought to
occur because the multifidus muscle is
not a weight-bearing muscle; therefore, a
relationship of its size to weight or height
would not be expected.

Other gender differences noted in-
cluded our finding that while male and
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female subjects had very similar BMI
(24.81 vs. 23.88), there was a significant
difference (p < .01) in percent body fat
(16.06 vs. 26.08). These findings are sim-
ilar to a previous imaging study” that
indicated that females had a higher pro-
portion of body fat even though their
BMI was similar to that of the male sub-
jects.

Hicks et al*® examined trunk mus-
cle area and muscle attenuation (higher
fatty infiltrate) in healthy men (N=739)
and women (N=788) aged 70-79 using
computed tomography. Posterior trunk,
lateral trunk wall, and rectus abdominis
muscle were imaged using axial CT
scans at the L4-L5 disc space, and an av-
erage score was calculated for both mus-
cle area (multifidus and erector spinae
muscles together for the posterior trunk)
and attenuation. Using a standardized
performance measure for estimating
functional capacity, they found no asso-
ciation with muscle area (p > 0.10).
However, high fatty infiltrate was posi-
tively associated with poorer perfor-
mance as well as with a history of LBP.

What is unusual and unexpected in
our findings is the moderately strong in-
verse relationship found between per-
cent total body fat and the L5 multifidus
muscle CSA. This correlation may impli-
cate increasing percent body fat as a po-
tential risk factor for loss of lumbar sta-
bility. Visser etal*” examined therelations
of skeletal muscle mass and percent body
fat with self-reported physical disability
in 753 elderly men and women (ages 72
to 95) using cross-sectional data from
the biennial examination of the Fram-
ingham Heart Study. Body composition
was measured via dual-energy x-ray ab-
sorptiometry (DEXA), and muscle mass
was reported as either total body orlower
extremity. They found that body compo-
sition was strongly associated with phys-
ical disability in old age. As expected,
high percent body fat was associated
with an increased estimated risk of mo-
bility disability. Muscle mass (both total
body and lower extremity) was not asso-
ciated with disability in either men or
women, although the multifidus itself
was not measured. Additionally, it
should be noted that total body skeletal
muscle was estimated from the fat-free
and bone-free mass assessed by DEXA.

This finding is likely valid in the lower
extremity; however, validity is threat-
ened for total body muscle mass as the
total body estimate included the viscera
and organs. Body composition changes
with age are typified by increases in per-
cent body fat and decreases in lean mass
and muscle mass***!. As a progressively
sedentary lifestyle leads to increases in
body fat deposition and infiltration,
there is likely some degree of co-morbid
disuse atrophy of the lumbar multifidus
muscle at the L5 level. As the deep lami-
nar fibers of the multifidus are essential
for segmental joint protection and sta-
bility, their atrophy would facilitate loss
of the dynamic stabilizing capacity of the
lumbar spine. While this sedentary ef-
fect has not been demonstrated directly
among non-LBP subjects, several stud-
ies have demonstrated multifidus mor-
phological changes after onset of LBP.
Therefore, while the findings of a mod-
erately inverse relationship between the
L5 multifidus muscle CSA and percent
total body fat is mere conjecture based
upon our 25 subjects, it bears future con-
sideration in larger data pools that seek
to establish reference norms.

Limitations

Certainly, multifidus muscle size may
vary day to day due to hydration or other
factors. Performing a within-day as well
as between-day reliability study prior to
the collection of data would have helped
rule out error from these factors in the
study design.

We chose to focus our study on the
L5 multifidus because it has been dem-
onstrated to be the largest among the
L2-S1 muscles, and it has the greatest
potential for providing dynamic stabil-
ity to its segment. It has been reported
that the borders of the L2 to L5 multifi-
dus are more irregular and difficult to
visualize. For this reason, Pressler et al*
focused on the S1 multifidus due to its
ease of visualization for using the sono-
graphic ellipse tool for CSA measure-
ment. Thisirregularity may have affected
measurement accuracy.

Additionally, no conclusions may
be drawn from the noted inverse rela-
tion of percent body fat and multifidus
size. As we were attempting to establish

normative data on healthy subjects, no
information regarding physical activity
level was recorded.

Finally, while our subject sample
does have diversity of anthropometrics
and age, future studies should seek a
larger sample size that is similarly di-
verse and one that includes a greater
proportion of males.

Conclusions

The findings of our present study cor-
roborate previous investigations of the
lumbar multifidus, namely in partici-
pants without history of LBP, where
there is a high degree of side-to-side
symmetry at the L5 level, and where
males have larger CSAs than females at
that level. These findings support the
need to establish gender-specific norms
for clinicians to reference when examin-
ing a patient’s L5 multifidus.
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