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Study Design. Cross-sectional study with repeated
measures design.

Objective. To compare the myosin heavy-chain iso-
form distribution within and between paraspinal muscles
and to test the theory that fiber-type gradients exist as a
function of paraspinal muscle depth.

Summary of Background Data. There is still uncertainty
regarding the fiber-type distributions within different
paraspinal muscles. It has been previously proposed that
deep fibers of the multifidus muscle may contain a higher
ratio of type I to type II fibers, because, unlike superficial
fibers, they primarily stabilize the spine, and may therefore
have relatively higher endurance. Using a minimally inva-
sive surgical approach, using tubular retractors that are
placed within anatomic intermuscular planes, it was feasible
to obtain biopsies from the multifidus, longissimus, iliocos-
talis, and psoas muscles at specific predefined depths.

Methods. Under an institutional review board-approved
protocol, muscle biopsies were obtained from 15 patients
who underwent minimally invasive spinal surgery, using
the posterior paramedian (Wiltse) approach or the minimally
invasive lateral approach. Myosin heavy chain (MyHC) isoform
distribution was analyzed using SDS-PAGE (sodium dodecyl
sulfate polyacrylamide gel electrophoresis) electrophoresis.
Because multiple biopsies were obtained from each patient,
MyHC distribution was compared using both within- and be-
tween-muscle repeated measures analyses.

Results. The fiber-type distribution was similar among
the posterior paraspinal muscles and was composed of rel-
atively high percentage of type I (63%), compared to type IIA
(19%) and type IIX (18%) fibers. In contrast, the psoas mus-
cle was found to contain a lower percentage of type I fibers
(42%) and a higher percentage of type IIA (33%) and IIX
fibers (26%; P � 0.05). No significant difference was found

for fiber-type distribution among 3 different depths of
themultifidus and psoas muscles.

Conclusion. Fiber-type distribution between the pos-
terior paraspinal muscles is consistent and is composed
of relatively high percentage of type I fibers, consistent
with a postural function. The psoas muscle, on the other
hand, is composed of a higher percentage of type II fibers
such as in the appendicular muscles. Our data do not
support the idea of a fiber-type gradient as a function of
depth for any muscle studied.
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Fiber-type distribution within a muscle may provide in-
sights into its functional characteristics. Mammalian
muscle fibers are divided into 2 general types according
to their myosin heavy chain (MyHC) profile and oxida-
tive activity. The type I fibers possess high oxidative ac-
tivity, and express “slow” myosin, resulting in a pro-
longed twitch and low contraction velocity (hence,
sometimes referred to as “slow twitch”).1 Type II fibers
express “fast” myosin, resulting in a rapid twitch and
high contraction velocity (hence, sometimes referred to
as “fast twitch”).1 They are also better equipped with
glycolytic enzymes that regenerate ATP by anaerobic
mechanisms.2 Type II fibers can be further subdivided
into 2 subtypes; the type IIX fiber (previously known as
IIB)3 and the type IIA fiber with type IIX being a faster
isoform than type IIA. In fact, it has been demonstrated
that each fiber type primarily expresses a specific isoform
of the contractile protein myosin, which permits fiber
types to be unambiguously identified on the basis of their
differing MyHC isoforms.4

Previous studies of fiber-type distribution in paraspi-
nal muscles consistently report higher type I to type II
fiber ratios.5,6 This finding was purported to correlate
with their primary role as stabilizers of the spine rather
than movement generators.7 It has also been previously
proposed, based on electromyography, that deep fibers
of the multifidus (DM) muscle contain higher type I to
type II fibers ratio compared to the superficial part of the
muscle.8 This was interpreted to indicate that DM fibers
act as a tonic stabilizer of the spine, whereas superficial
part of the multifidus muscle fibers function as extensors
and rotators of the spine similar to the rest of the erector
spinae muscles. Unfortunately, this study only inferred
fiber type from recruitment records obtained from elec-
trophysiological studies.
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Minimally invasive spine (MIS) surgery uses small di-
ameter tubular retractors to gain access to the spinal
elements, without disturbing the normal anatomy of the
paraspinal muscles. The surgical retractors are placed
and opened within intermuscular planes, enabling excel-
lent visualization and access to the different muscles and
to specific anatomic regions within each muscle. Using
MIS, we were able to obtain muscle- and region-specific
biopsies of different posterior and anterior paraspinal
muscles, during surgery. Specifically, for multifidus and
psoas muscles, additional biopsies were taken from the
deep, intermediate, and superficial sections of the mus-
cles from each patient.

This study has 2 main goals. The first goal was to
compare fiber-type distribution among posterior
paraspinal and the psoas muscles, by measuring the
MyHC isoform distribution. The second goal was to
compare the gradient of MyHC isoforms within different
depths of multifidus and psoas muscles.

Materials and Methods

Patient Population
Under a University of California San Diego Human Subjects
Protection Program-approved protocol, multifidus, iliocos-
talis, longissimus, and psoas muscle specimens were obtained
from patients undergoing spinal surgery.

Biopsy Technique
Muscle samples, from the posterior paraspinal muscles, were
obtained from patients undergoing minimally invasive fusion
with posterior instrumentation. A paramedian (Wiltse) ap-
proach to the posterior spine was used to access the posterior
elements of the spine.9 The skin and dorsolumbar fascia were
incised 4 cm lateral to the midline, and the intermuscular plane
between the multifidus and longissimus muscles was identified
using blunt dissection down to the facet joint. After the place-

ment of an expandable tubular retractor between these muscles
(QUADRANT–Medtronic, Sofamor-Danek Inc, United
States), both multifidus and longissimus muscles could be ap-
proached at different muscle depths (Figure 1A). A small seg-
ment of the multifidus was collected from its superficial lateral
border as well as its intermediate and deep segments, adjacent
to the facet joint. Using the same skin incision, the tubular
retractor was repositioned laterally, between longissimus and
iliocostalis muscles, to obtain a biopsy from the superficial
medial border of the iliocostalis muscle (Figure 1B). The psoas
muscle biopsies were obtained from patients undergoing min-
imally invasive lateral approach, interbody fusion.10 The pa-
tients were positioned in the lateral decubitus position. Using a
posterior retroperitoneal approach, the psoas muscle was iden-
tified and then gently separated with serial dilators using blunt
dissection. Special care was taken to minimize muscle damage
during this procedure. An expandable retractor was then in-
serted over the tubular dilators and placed within the muscle
and on top of the disc anulus (DLIF–Medtronic, Sofamor-
Danek Inc, United States). After the retractor blades were ex-
panded, the psoas muscle was approached and biopsied at su-
perficial, intermediate, and deep levels (Figure 1C).

Fiber-Type Analysis
MyHC isoforms were defined by SDS-PAGE as previously de-
scribed.11 A myofibril-rich fraction of individual biopsies (n �
74 biopsies from 15 patients) was prepared and the final pellet
was resuspended to 0.125 �g �L�1 protein (BCA protein as-
say, Pierce, Rockford, IL) in a sample buffer consisting of di-
thiothreitol (DTT, 100 mmol/L), sodium dodecyl sulfate (SDS,
2%), Tris-base (80 mmol/L) pH 6.8, glycerol (10%), and Bro-
mophenol blue (1.2% w/v). Samples were boiled (2 minutes)
and stored at �80°C for up to 2 weeks before loading onto the
gel. Total acrylamide concentration was 4% and 8% in the
stacking and resolving gels, respectively (bisacrylamide, 1:50).
Gels (16 � 22 cm, 0.75 mm thick) were run at a constant
current of 10 mA until voltage increased to 275 V, and there-
after at constant voltage for 21 hours at 4°C to 6°C. Total

Figure 1. Anatomic illustration of the paraspinal biopsy technique. A, The surgical retractor is positioned between the multifidus and
longissimus muscles. Biopsies were obtained from the superficial (S), middle (M), and deep (D) sections of the multifidus muscle. B, The
surgical retractor is positioned between the longissimus and iliocostalis muscles. C, The surgical retractor is positioned inside the psoas
muscle. Biopsies were obtained from the superficial (S), middle (M), and deep (D) sections of the psoas muscle. Adapted from Guiot et
al. Spine 27:432– 8.
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protein from a sample was loaded into a well and gels were
silver stained (BioRad, Hercules, CA). MyHC bands were iden-
tified and quantified with densitometry (GS-800, BioRad). Be-
cause of the approximately 50-fold greater sensitivity of silver
stain, samples were diluted 5- to 10-fold. MyHC bands were
identified and quantified with densitometry (GS-800, BioRad).

Data Analysis
Between-muscle comparisons of MyHC content were made us-
ing 1-way analyses of variance with repeated measures after
screening data for normality and homogeneity of variances.
For intramuscular comparison of MyHC, repeated measures
1-way analyses of variance was used to evaluate trends in fiber-
type distribution within each patient. When significant differ-
ences were identified for each dependent variable, post hoc LSD
tests were used to identify differences between individual mus-
cles and between muscle regions. All values are reported as
mean � standard error unless otherwise noted. Statistical tests
were performed using SPSS (version 15.0, Chicago, IL) with P
values set to 0.05.

Results

Muscle biopsies were collected from 15 patients, 4 men,
and 11 women, who underwent minimally invasive spi-
nal surgery by a single surgeon. The average age of the
patients was 68 � 12 (mean � SD) years. Nine patients
underwent minimally invasive lateral approach inter-
body fusion with percutaneous pedicle screws instru-
mentation. The 6 remaining patients underwent a poste-
rior only decompression with fusion. A total of 74
biopsies were collected and analyzed, including 31 mul-
tifidus, 24 psoas, 8 longissimus, and 8 Iliocostalis. Three
biopsies were discarded due to technical problems.

Fiber-type distribution among posterior paraspinal
muscles (multifidus, longissimus, and iliocostalis) was
similar (Figure 2). Consistent with previous studies, we
found a predominance of type I fibers (63.3% � 4.7%)
and an even distribution of type II fibers subtypes IIA

(18.5% � 2.4%) and IIX (18.2% � 3.8%). However,
the fiber-type distribution in the psoas muscles consisted
of predominantly type II fibers (58.5% � 1.8%) with a
higher proportion of type IIA (32.9% � 1.8%) than type
IIX (25.5% � 1.8%) fibers.

The fiber-type distribution was also found to be sim-
ilar when comparing the superficial, middle, and deep
sections of the multifidus and psoas muscles (Figures 3, 4).
This demonstrates that there are no fiber-type gradients
within these muscles.

Discussion

Extensive effort has been devoted to the study of fiber-
type characteristics in the paraspinal muscles, both in the
healthy population and in low back pain (LBP) patients.7

Our goal was to determine the normal fiber-type distri-
bution of paraspinal muscles using modern methodology
to better understand their function in the spine and to
evaluate the alterations that might result because of spi-
nal pathologies.

To date, fiber-type analysis from living patients has
been performed during open posterior spine surgery or
using percutaneous needle biopsy.12,13 Both of these bi-
opsy techniques are limited in their anatomic accuracy
since they rely on proximity to the spinous process for
localization. As a result, studies that investigated re-
gional distribution of fiber types among different
paraspinal muscles were forced to use cadaveric speci-
mens, whose spinal history was unknown. The use of a
minimally invasive approach for obtaining biopsies has
enabled us to obtain biopsies from different posterior
paraspinal muscles as well as from the psoas mus-
cle.14,15,10 By using the intermuscular plane between the
multifidus and longissimus muscles, we were also able to
biopsy the multifidus muscle at different depths ranging
from its deepest fibers that attach to the superior articu-
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Figure 2. Fiber-type distribution
in the different paraspinal muscles.
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lar process through the intermediate and the superficial
parts.9,16

The patient sample in this study included only patients
who suffered from severe long-standing spinal degenera-
tion. Nevertheless, when comparing the fiber-type distribu-
tion in the muscle biopsies taken from these patients, we did
not show a higher percentage of type II fibers compared to
published data from the healthy population.5,17

There is consistent evidence to show that paraspinal
muscles exhibit an array of histopathologic features in
patients with spinal degeneration. These changes include
fiber-type specific atrophy, fatty infiltration, core target
fibers, as well as fiber-type grouping.18 However, there is
conflicting evidence with regards to alteration in fiber-
type distribution after spinal degeneration. When com-
paring muscle biopsies from patients with LBP undergo-

ing spinal surgery to matched healthy individuals,
Mannion et al found a higher percentage of type II fibers
in the LBP population.12 They proposed that a genetic
tendency for a higher type II to type I ratio in this popu-
lation might result in easy fatigability of the paraspinal
muscles. However, this statement fails to recognize that
type IIA fibers have high oxidative capacity and thus, are
not easily fatigued. Previous functional and electrophys-
iological studies have reported that chronic LBP patients
exhibit significantly reduced endurance compared with
normal subjects.19,20 It was hypothesized that this easy
fatigability in LBP patients might expose their spinal,
osteoligamentous structures, to increased, recurrent
trauma during normal, daily activities, which results in
accelerated degeneration and back pain.21,22 However,
the results of our study, as well as previous studies, do
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Figure 3. Fiber-type distribution
among different depths of the
psoas muscle.
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not support that a change in fiber type is the source of
this altered fatigability.6,23,24

Previous functional studies also suggested that the
deep multifidus possess mainly a tonic stabilizing func-
tion whereas its superficial fibers have largely a phasic
function acting as extensors and rotators of the spine
similar to the function of erector spinae muscles.8,25,26

Therefore, it was suggested that the deeper section of the
multifidus muscle should be composed of a relatively
higher proportion of type I fibers compared to its super-
ficial parts. However, there is limited and confounding
evidence to support this theory.27 Similarly, there are
sparse and contradicting data regarding differences in
fiber-type distribution between the different paraspinal
muscles. Jorgensen et al reported a higher proportion of
type I fibers in the longissimus than that in the multifidus
or the iliocostalis muscles.13 In contrast, 2 other studies
found no difference in fiber-type distribution between
these muscles.17,28 All of these studies have failed to use
a within-subject comparison of the samples. This is sig-
nificant since it was shown that fiber-type distribution is
subject to relatively high degree variability among sub-
jects. Moreover, histochemical staining techniques for
ATPase, used to measure the fiber-type distribution in
these studies, are indirect and thus less accurate methods
to determine the fiber-type distribution compared with
direct measurements of the MyHC distribution.29,30

Our data demonstrate that there is no difference in
fiber-type distribution among the different posterior
paraspinal muscles. Moreover, no differences were
found comparing different regions of multifidus and
psoas muscles. This was found when comparing both the
entire sampling group and within each subject. A signif-
icant difference was found between fiber-type distribu-
tions in the psoas muscle compared with the posterior
paraspinal muscles. This probably results from the psoas
functioning as a flexor of the hip joint in addition to it
being a paraspinal muscle.

Although no difference in fiber-type distribution was
found between the posterior paraspinal muscles or
within the multifidus muscle, it is important to note that
this similarity in MyHC distribution between these mus-
cles does not necessarily imply that their functional role
is identical. It is certainly possible that the extracellular
rather than the intracellular muscle components are im-
portant in the determination of its function.31 Recent
studies, published by our group, found that the multifidus
muscle has a distinctively different architectural design and
biomechanical properties compared with the other paraspi-
nal muscles.32 It is composed of shorter fibers that are ar-
ranged in tightly packed bundles, creating a muscle with a
relatively high physiologic cross-sectional area. This unique
design enables it to produce large forces over a relatively
short excursion, making it ideally suited to act as a stabilizer
rather than a mover of the spine. In addition, its passive
elastic modulus was found to be greater compared with the
other paraspinal muscles.33 Future studies should continue
to characterize this muscle group by defining normal intra-

cellular and extracellular proteins and alterations to these
proteins with specific spine pathologies.

Conclusion

Using a minimally invasive approach it was possible to
obtain anatomically well-defined muscle biopsies from
specific paraspinal muscles as well as from specific ana-
tomic regions of these muscles, in patients undergoing
spinal surgery. Our results demonstrate that the fiber-
type distribution among the different posterior paraspi-
nal muscles as well as within different depths of the mul-
tifidus muscle are the same and are composed primarily
of type I fibers. The psoas muscle on the other hand is
composed of a higher proportion of type II fibers, similar
to the other appendicular muscles.

Key Points

● Obtaining region specific muscle biopsies from
different paraspinal muscles is feasible using MIS
techniques.

● Fiber-type distribution was consistent among the
posterior paraspinal muscles and at different
depths of the multifidus and psoas muscles.

● The psoas muscle is composed of a higher pro-
portion of type II fibers, similar to the appendic-
ular muscles.
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