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Abstract BACKGROUND CONTEXT: Chronic spinal pain is one the most common musculoskeletal dis-
orders. Previous studies have observed microscopic structural changes in the spinal extensor
muscles in people with chronic spinal pain. This systematic review synthesizes and analyzes all the
existing evidence of muscle microscopic changes in people with chronic spinal pain.

PURPOSE: To assess the microscopy of spinal extensor muscles including the fiber type composi-
tion, the area occupied by fiber types, fiber size/cross sectional area (CSA), and narrow diameter
(ND) in people with and without chronic spinal pain. Further, to compare these outcome measures
across different regions of the spine in people with chronic neck, thoracic and low back pain.
STUDY DESIGN: Systematic review with meta-analysis.

METHODS: MEDLINE (Ovid Interface), Embase, PubMed, CINAHL Plus, and Web of Science
were searched from inception to October 2020. Key journals, conference proceedings, grey litera-
ture and hand searching of reference lists from eligible studies were also searched. Two indepen-
dent reviewers were involved in the selection process. Only studies examining the muscle
microscopy of the spinal extensor muscles (erector spinae [ES] and/or multifidus [MF]) between
people with and without chronic spinal pain were selected. The risk of bias from the studies was
assessed using modified Newcastle Ottawa Scale and the level of evidence was established using
the GRADE approach. Data were synthesized based on homogeneity on the methodology and
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outcome measures of the studies for ES and MF muscles and only four studies were eligible for
analysis.

RESULTS: All the five studies included were related to chronic low back pain (CLBP). Meta-anal-
ysis (inverse variance method for random effect to calculate mean difference and 95% CI) was per-
formed for the ES fiber type composition by numbers for both type I and type II fibers (I’=43% and
0% respectively indicating homogeneity of studies) and showed no difference between the people
with and without CLBP with an overall effect estimate Z= 1.49 (p=.14) and Z=1.06 (p=.29) respec-
tively. Meta-analysis was performed for ES fiber CSA for both type I and type 11 fibers (I’=0 for
both) and showed no difference between people with and without CLBP with an overall effect esti-
mate Z=0.08 (p=.43) and Z=0.75 (p=.45) respectively. Analysis was not performed for ES area
occupied by fiber types and ND due to heterogeneity of studies and lack of evidence respectively.
Similarly, meta-analysis was not performed for MF fiber type composition by numbers due to het-
erogeneity of studies. MF analysis for area occupied by fiber type, fiber CSA and ND did not yield
sufficient evidence.

CONCLUSIONS: For the ES muscle, there was no difference in fiber type composition and fiber
CSA between people with and without CLBP and no conclusions could be drawn for ND for the
ES. For the MF, no conclusions could be drawn for any of the muscle microscopy outcome meas-
ures. Overall, the quality of evidence is very low and there is very low evidence that there are no
differences in microscopic muscle features between people with and without CLBP.  © 2022 The

Authors. Published by Elsevier Inc. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/)
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Introduction

As per the 2016 Global Burden of Diseases, low back
pain (LBP) is the most common musculoskeletal disorder
and is a leading cause of disability [1]. The lifetime preva-
lence of LBP is up to 84% [2] and the proportion of people
who experience persistence of pain for at least 1 year or
more after the first episode is estimated to be 25% to 60%,
resulting in significant health, economic and societal impacts
[3,4]. Approximately 11 to 12% of those affected by chronic
low back pain (CLBP) experience severe disability [3,5].
Some of the more specific causes of LBP include trauma,
spondylolisthesis, structural deformities, inflammation disor-
ders and malignancy [6,7]. However, in most cases, no spe-
cific nociceptive or pathological source can be identified,
hence the term nonspecific LBP [5,8]. Neck pain is the sec-
ond most common spinal-related pain with up to 70% of
people experiencing at least one episode in their lifetime
[3,9]. Thoracic pain is also common and can be as disabling
as LBP and neck pain, although the epidemiology of tho-
racic pain is not as well documented [10].

Structural changes have been observed in the spinal
extensor musculature of people experiencing spinal pain
compared to asymptomatic people [11—15], these changes
are thought to underlie many of the functional deficits that
chronic pain patients present with (eg, less strength and
endurance, faster fatigability) [16—21]. Some of the well-
noted macroscopic changes (as seen in MRI and CT scans)
in both cervical and lumbar muscles of people with spinal
pain which have been evaluated in high quality systematic
reviews include fatty infiltration, and changes in muscle
cross-sectional area [22—26]. Microscopic variations of

spinal muscles have also been examined, including changes
in muscle fiber type composition, fiber diameter and fiber
cross-sectional area. A number of primary studies have
been conducted in this area and there are two systematic
reviews which both examined microscopic changes of the
lumbar muscles [24,27]. However, there are some important
limitations of these reviews; Cagnie et al [27] did not evalu-
ate the quality of studies, and the population of interest was
not limited to a living population (ie, cadaveric studies
were included) which questions the histological reliability
of tissues along with unknown medical history. The review
by Goubert et al [24] did not include studies clearly defining
the LBP population and the searches in both reviews were
restricted to only two databases. Moreover, no previous sys-
tematic review has been conducted to consider microscopic
changes of the spinal muscles in people with either chronic
neck or thoracic pain.

The current systematic review was conducted to over-
come these limitations in order to gain a thorough under-
standing on the microscopic changes that occur in the
spinal extensor muscles in people with chronic spinal-
related pain in comparison with asymptomatic individuals.
This knowledge is critical to the development of targeted
therapies for management of people with chronic spinal
pain. Therefore, the specific objectives were as follows:

1. To assess the muscle fiber type composition, area/pro-
portion of muscle fiber types (including fiber size and
diameter) of the spinal extensor muscles of people
experiencing chronic spinal pain, compared with
asymptomatic individuals.
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2. To compare the muscle fiber type composition and area/
proportion of muscle fiber types (including fiber size
and diameter) of the spinal extensor muscles across dif-
ferent regions of the spine in people with chronic neck,
thoracic or low back pain.

Methodology

The protocol for the systematic review was designed
using PRISMA-P guidelines (Preferred Reporting Items for
Systematic Reviews and Meta-Analysis Protocols) [28] and
the Cochrane handbook for systematic reviews [29—31].
The protocol was registered under PROSPERO
(CRD42020198087) and published [32]. This systematic
review is reported in line with the PRISMA statement [28]
as presented in Appendix 1.

A minor amendment to the eligibility criteria was made
from the published protocol. Initially, the criteria as
described in the protocol was nonspecific chronic spinal
pain in a living population. As the screening results did not
yield adequate studies with a focus on nonspecific chronic
spinal pain, the inclusion criteria were broadened to include
chronic spinal pain associated with spinal pathology.

Eligibility criteria

The PICO(S) framework was adopted to develop the eli-
gibility criteria for inclusion and exclusion of the primary
studies [33]. PICO(S) was chosen as it has a good balance
between sensitivity and specificity [34]. Since no interven-
tional methods were required for this systematic review,

Intervention (I) was not included in the eligibility criteria.
Inclusion criteria

® Population (P): Studies including adults >18 years of
age experiencing chronic spinal pain. Spinal pain was
considered chronic if persisting >3 months as per NICE
guidelines [35]. Spinal regions considered for this
review include cervical, thoracic and lumbar regions.

® Comparator (C): Studies comparing the microscopic
changes in the spinal extensor musculature (cervical,
thoracic or lumbar region) between people with chronic
spinal pain and healthy pain-free controls; or studies on
people with chronic spinal pain comparing between dif-
ferent extensor muscles of the spine, or the same muscle
in different regions of the spine.

® QOutcome (O): Muscle fiber type composition, area occu-
pied by different fiber types, fiber diameter or narrow
diameter, and fiber size or cross-sectional area (CSA) of
the intrinsic muscles of the spine, including, but not lim-
ited to, the erector spinae (ES) and multifidus (MF).

® Study design (S): Observational studies constituted the
highest level of evidence for this review, as ascertained
by scoping searches. For example, case-control studies
and cohort studies.

Exclusion criteria

® Studies including chronic spinal pain attributed to
trauma, fractures, surgery, deformity such as scoliosis,
inflammatory disorders, infection, or malignancy.

e Studies examining the effect of exercises, or other inter-
ventions, on microscopic changes in the spinal muscles.

e Studies not in English.

e Studies where the full text is not available and authors
were uncontactable.

Information sources

Electronic databases MEDLINE (Ovid Interface),
Embase, PubMed, CINAHL Plus, and Web of Science were
searched for relevant studies. Searches were conducted
from database inception until October 16, 2020. Moreover,
hand searching was conducted for relevant journals includ-
ing Journal of Anatomy, The Spine Journal, European
Spine Journal, and the Clinical Journal of Pain. Anticipation
of publication bias was assessed by searching thoroughly
for unpublished literature from conference proceedings
from 2018 to 2020, including the annual meeting of the
Society for Back Pain Research and the World Institute of
Pain. Grey literature was searched from Open Grey and
British National bibliography databases. Hand searching of
reference lists from eligible studies was also completed to
ensure that no relevant studies were missed.

Search strategy

The search strategies were developed using free-text or
MESH terms applying PICOS criteria for specific data-
bases. The keywords for the search strategy were developed
initially for MEDLINE (Ovid) database which included
MESH terms for a comprehensive search. This search strat-
egy was adapted in different databases to meet the varia-
tions in keywords, MESH headings and syntax where
necessary whilst retaining the consistency of search and
search terms [36]. The search strategies are presented in
Appendix 2.

Study selection

The lead author (SP) conducted the searches from all the
information sources. The full results of all the searches
including the abstracts and citations of these potentially rel-
evant studies obtained from the comprehensive literature
search were imported into EndNote X9 (Clarivate Analyt-
ics) data management software.

Following the removal of duplicates [37], two reviewers
(S.P./D.A.) independently screened all the potential eligible
studies to assess eligibility for inclusion in this review. The
selection process followed the best practice guidelines as
suggested in the Cochrane Back Review Group [30]. In the
first stage, the title and abstract of all nonduplicate studies
obtained from search results were screened and clearly inel-
igible studies were excluded. All potentially eligible
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studies, and any studies where eligibility was unclear fol-
lowing title and abstract screening were further screened
for eligibility by reading the full text. A screening form was
used for full text screening to objectively assess all the eli-
gible studies based on the inclusion and exclusion criteria.
Following screening, all studies were classified into three
groups: yes (eligible), no (ineligible), maybe (unclear). The
studies that were identified as unclear by the independent
reviewers, were then discussed for clarification. The two
reviewers had agreement of 97.7% on the screening, when
the interrater reliability was measured using Cohen’s kappa
tool (0.57- moderate agreement) [38,39]. Any disagreement
between reviewers at each stage or if the reviewers were
unable to reach consensus, then the third reviewer (DF) was
consulted to reach a decision.

Data extraction

Following the full-text screening process, all relevant
information was extracted from each included study by the
lead author (SP) using a standardized data extraction form
which was developed based on the Cochrane data extraction
template and guided by the objectives and inclusion criteria
of the review [31,40]. This form was verified by the third
reviewer and piloted on a small number of studies to con-
firm the completeness of data extraction before applying to
all the included studies. The data extracted was subse-
quently checked by a second reviewer (AS) for thorough-
ness and accuracy. Any discrepancies between the
reviewers were discussed and resolved. The third reviewer
(DF) was consulted for any further queries and to determine
the relevant data for analysis.

Data extraction items are summarized in Appendix 3.
Data from some studies were presented only in graphs,
and therefore the corresponding authors for these
included studies were contacted via email to obtain the
raw data for accuracy. A reminder email was sent after 2
weeks, allowing an additional 2 weeks for their response.
If no response was received, the graphical information
from the publications was converted to numerical values
using ‘WebPlotDigitizer 4.4’ software (https://automeris.
io/WebPlotDigitizer/) [41].

Risk of bias assessment

The methodological quality of the included studies
was assessed by two reviewers (SP and AS) indepen-
dently using the Newcastle-Ottawa Scale (NOS) [42]. As
there is no consensus on the optimal study quality or risk
of bias (RoB) tools for observational studies [43], the
NOS was chosen because it is validated, adaptable, and
quick to complete [44,45]. Since all of the included stud-
ies were case-control studies, the NOS scale was modi-
fied to match the design of the evidence (Appendix 4).
During the RoB assessment, stars were awarded by each
reviewer across three main domains: selection (maximum

4%), comparability (maximum 2%*), and outcome (maxi-
mum 3%) [42].

Data analysis

The data synthesized in this review were influenced by
the methodology and the outcome measures. The homoge-
neity of studies was assessed based on certain factors such
as muscle biopsy site and the muscle tissue sampled, popu-
lation considered for the patient and control group, age
group, pain duration, and the outcome measures.

Meta-analysis was performed when two or more studies
measured the same outcome for a given muscle as per the
Cochrane guidelines for systematic reviews [46]. Two stud-
ies reported their findings in graphical presentation [13,47].
The raw data was unavailable for these two studies despite
contacting the authors and hence data were extracted from
the graphs. One study presented results separately for males
and females and in subgroups within the LBP group or con-
trol group, and these results were combined for meta-analy-
sis [13]. Similarly, as there was variation in how each study
examined the type II fibers, it was decided to pool all the
different subtypes under one umbrella as type II fibers for
the meta-analysis on discussion with the third reviewer
(DF). Subtypes of type II fibers were combined within each
study and presented collectively as type II fibers for all the
outcome measures in the meta-analysis.

Meta-analysis was performed using Review Manager
5.4 software (v.5.3 Cochrane Collaboration) [48] for con-
tinuous data outcomes (data type), inverse variance sta-
tistical method (statistical details used: mean difference,
total and subtotals, 95% CI) using random effect analysis
measure. Mean difference, CI, 12, and p value were calcu-
lated. The p<.05 was considered significant. Statistical
heterogeneity was analyzed using the I* statistic with
25%, 50%, or 75% indicating low, moderate and high
heterogeneity between the studies respectively as indi-
cated in the protocol [32].

Confidence in cumulative evidence

The Grading of Recommendations Assessment, Devel-
opment, and Evaluation (GRADE) approach was used to
assess the quality of evidence obtained from our review as
per the Cochrane recommendations for systematic reviews
[49,50]. The GRADE tool was applied across each outcome
measure for both ES and MF for five determinants: RoB,
inconsistency, imprecision, indirectness and publication
bias [51—55]. Since all the studies in our review are obser-
vational studies, the GRADE score starts with a low rating
[49,51]. RoB was assessed for individual studies using the
NOS scale; whereas, inconsistency and imprecision was
assessed across the studies for heterogeneity, and CI and
sample size, respectively [31]. Indirectness was assessed
for individual studies by checking how directly the outcome
measure was assessed and if they met the PICO criteria of
this review [31]. Publication bias was scored moderate
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Fig. 1. PRISMA flow chart of study selection. PRISMA 2020 flow diagram for new systematic reviews which included searches of databases, registers, and

other sources (adapted from ([28]a)).

throughout as the search were limited to English language
accounting for inclusion bias [31].

Results

Study selection

Following all searches (as shown in Fig. 1) including
databases (n=2,120), key journals (n=109), conference pro-
ceedings (n=6), grey literature (n=9), and hand searches
(n=1), a total of 2,245 potential studies and reports were
exported to EndNote X9. After removing duplicates, the
remaining 2,039 studies (2,023 from databases and registers
and 16 from other methods) were screened for title and
abstract and 1,993 records were excluded (1,977 from data-
bases and registers and 15 from other methods). Full text
screening was completed for the 47 remaining studies (46
from databases and registers and one from other methods)
and following discussion between the two reviewers, 15
studies were potentially included clearly excluding the
remaining (reasons stated in Fig. 1). Ten studies were fur-
ther excluded for various reasons including: studies on a
healthy population only, studies not limited to a chronic
pain population i.e. participants with acute pain included,
studies with no healthy comparators and interventional
studies. Five studies [12,13,47,56,57] matched the inclusion
criteria and objectives and were included in the systematic
review.

No included studies examined people with chronic neck
pain or thoracic pain, and therefore, the results of this sys-
tematic review solely relate to CLBP. Additionally, no
study compared microscopic changes in muscles in differ-
ent regions of the spine and therefore it was not possible to
assess the secondary objective.

Study characteristics

The individual study characteristics of the included stud-
ies are summarized in Table 1.

Population

The study population sample size varied from 20 to 64
whereas the control group sample size varied from 6 to 32
across studies. The overall age of the participants ranged
from 18 to 61 years in the CLBP pain group and 17 to
60 years in the control group. One study [47] considered a
control group population with acute fracture of lower lum-
bar spine (at L3, L4, L5) from whom intraoperative biopsy
samples were taken within 48 hours of trauma. Further, the
lower age limit of one of the participants from control group
of this study was 17 years but as this was the only limita-
tion, the study was considered for inclusion on discussion
with the third reviewer (DF). Two studies [13,57] consid-
ered the outcomes for male and females separately whereas
one study [12] included only males in their study and two



Table 1
Summary of characteristics of individual studies included in the systematic review
Study/ Participant no. & characteristics Methodology Results
Author
Study group Control group Muscle (s) Vertebral level ~ Biopsy Fiber type composition  Area occupied by each  Fiber size or Narrow diameter Any otherrelevant
Technique by numbers in % fiber type in % (RCSA) CSA (/Lmz) (pem)
[56] 20 18 ES L4 Ultrasound ES in NSCLBP- no ES in NSCLBP —no dif- ES and MF- no differ- - -
NSCLBP Asymptomatic MF guided biopsy  difference in % ference in RCSA of ence b/n groups
(M:F 10:10) (M:F 9:9) (right side) type I fibers (p=.0978) type I fiber (p=.0596)
but a significant but significant lower
decrease in % type IIx RSCA of type IIx
fibers (p=.0019). fibers (p=.0441).
MEF- no difference MEF- no difference b/n
b/n groups the groups
[12] 35 32 ES (left side) L3 Percutaneous No difference b/n No difference b/n groups No b/n group No b/n group Type I significantly
NSCLBP Asymptomatic (L3 and T10 biopsy using groups for % type 1 for % area occupied by  differences in differences in larger size than
(Males only) (males only) described in conchtome fibers type I fibers. type I or type II type I or type IT type I (p<.01) in
reference technique fiber size narrow diameter those with CLBP.
study) No significant
atrophy of any
fiber type in those
with CLBP com-
pared to controls
[57] 21 21 MEF b/l (superfi- L3 orL4level  Punch biopsy Significantly greater %  Type 1A area signifi- No difference in mean - Patients <1 year
LBP for spinal Asymptomatic cial) from for CLBP using Tilley- type I in controls cantly higher in men size of each fiber types LBP had double
surgery (failed CLBP group. group Henckel for- (p=.0001). (p=.047) across both b/n CLBP and control the quantity of
conservative) ES (left side) L3 level for ceps (semi- No gender difference groups. groups for a given gen- type IIC than those
79% first surgery from control control group open for % type I fibers No differences in % der. with LBP> 1 year.
21 pairs (M12, F9 group technique) across both the groups area of type I Men had significantly Pathological fibers
pairs matched (p=.944). (p=0.065) and type IIB  larger fibers than incidence- no dif-
with controls) Type IIB % signifi- (p=-885) b/n the gen- women (p<.006) in ference b/n CLBP
cantly higher com- ders. both groups (in relation and controls.
pared to type I fibers in  Significantly less % to body size). Based on presence
CLBP only (p=.0001).  area of type Iin CLBP  Size ratio I:II higher in or absence of neu-
No difference in % group (p=.0004) and women in both groups. rological symp-
type IIA b/n CLBP and  significantly greater % (p=.018). toms- no
controls groups area of type IIB in No difference in L:1T difference.
(p=.134). CLBP group (p=.0001)  size ratio b/n CLBP Based on first and
Type IIC (>1%) signif-  compared to controls and control (p=.167) second surgery- no
icantly higher in CLBP difference.
group (p=.049).
[47] 26 6 ES L4-L5 Intraoperative  ES- Significant increase - - - -
CLBP (spine Fracture L4-L5 MF L5-S1 samples of type I in CLBP
instability for (<48 hours for (left side) group (p<.05).
surgery) surgery) Significant decrease in
(M10, F16) type IIA fibers in study
group (p<.01).
No difference b/n
groups for type IIX and
IIC fibers.

MF- Significant
decrease in the % of
type IIA fibers in

01¢I1
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Table 1 (Continued)

Study/ Participant no. & characteristics Methodology Results
Author
Study group Control group Muscle (s) Vertebral level ~ Biopsy Fiber type composition ~ Area occupied by each  Fiber size or Narrow diameter Any otherrelevant
Technique by numbers in % fiber type in % (RCSA) CSA (p.mz) (pum)

CLBP group (p<.05).
Significant increase in
the % of type IIX fibers
in CLBP group
(p<.05).
No difference b/n
groups for the % of
type I and IIC fibers.

[13] 64 17 MF L4-L5 Intraoperative % type II greater than No change in the % area - Significantly Pathological fibers
CLBP (IVD Asymptomatic (MRI, CT to samples for type I in whole CLBP of type I fibers in increased -significantly less
disorders (M9, F8) confirm level)  study group group. females compared to diameter in both in control group
for surgery) No difference b/n males. type I and II (p<.05)

(M33, F31) LPA, MPA and HPA No difference b/n fibers in control No difference b/n
Divided based for the % of type II males and females for group for both males and females
on physical fibers. type I and type II % genders compared in both CLBP and
activity: LPA, Significantly increased ~ area in CLBP groups to CLBP (p<.05). control groups.
MPA, HPA % of type I in control (p>.05) No difference b/n No differences b/n
group compared to LPA, MPA and LPA, MPA and
CLBP group (p<.05) HPA (p>.05). HPA (p>.05).
Significantly
larger type I and 11
fibers in men in
both CLBP and
control group
(p<.05).

RCSA, relative cross-sectional area; CSA, cross-sectional area; NSCLBP, nonspecific chronic low back pain; CLBP, chronic low back pain; LBP, low back pain; ES, erector spinae; MF, multifidus, M,
males; F, females; IVD, intervertebral disc; LPA, low physical activity; MPA, medium physical activity; HPA, high physical activity.
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studies [47,56] presented their results combined for both
males and females.

Two studies [12,56] compared nonspecific CLBP to
healthy controls and three studies [13,47,57] compared
CLBP attributed to a pathology with healthy controls. The
causes of specific CLBP included ischemic and degenera-
tive spondylolisthesis, intervertebral disc degeneration
including disc herniation and stenosis, facet joint degenera-
tion, or degenerative scoliosis.

Biopsy site and muscle samples

Two studies [47,56] compared muscle microscopy of
both ES and MF muscles separately, whereas Mazis et al
[13] examined only MF, and Crossman et al [12] examined
only the ES. Mannion et al examined different muscles for
comparison, MF in the CLBP group and ES in the control
group [57]. Muscle samples were either stained by H and E
stains [12,13], staining for mATPase after alkaline and acid
preincubations [47,57] or by immunofluorescent antibodies
[56]. Stained sections were viewed under the microscope
[13,47] or from photographs taken from microscopic cam-
eras [12,56,57] and analyzed using various imaging soft-
ware program.

For all studies, biopsies were taken between L3 and L5
but one study [47] also included samples taken at the L5
—S1 vertebral level. Crossman et al [12] did not explicitly
state the biopsy details but referred to a previous paper
from the same research team [58] which indicated that biop-
sies were taken from T10 and L3 levels.

Risk of bias

All the five studies were found to be of poor quality
presenting with a high RoB following the NOS assess-
ment [42]. The RoB scores were affected in all three
domains but mainly in selection and outcome domains
as seen in Table 2. In the selection domain, overall stud-
ies scored low for selection of controls as the recruit-
ment of participants were poorly explained or selected
from a particular section of population. This was fol-
lowed by lack of independent validation and clear

Table 2

representativeness of cases. In the outcome domain,
there was lack of clarity on whether the same method of
ascertainment was applied for cases and controls. Two
studies showed total lack of comparability of the study
groups based on age, gender, and BML.

Data analysis

The homogeneity of the studies for data analysis was
based on:

® Muscle biopsy site (L3—L5/S1) and the muscle tissue
(ES or MF) sampled for the study.

® Population considered: Study group with CLBP (spe-
cific or nonspecific) and a control group as the healthy
population.

e Age group: Included adults with age ranging from 17 to
61 years.

® Outcome measures: Fiber type composition by numbers
and by area in percentage, fiber size/ CSA and fiber
diameter or narrow diameter.

Pain related factors could not be considered as a
measure of homogeneity as all the studies did not
consistently measure pain features. However, meta-analysis
was carried out where there was sufficient homogeneity in
the outcome measures for a chosen muscle.

Meta-analysis

Four studies [12,13,47,56] were considered for meta-
analysis as these studies measured at least one of the desired
outcomes on either the ES or MF. The study by Mannion
et al [57] compared different muscles MF and ES in CLBP
population and asymptomatic controls respectively and
hence could not be considered for meta-analysis or narra-
tive interpretation of results as it would be inappropriate to
compare two different muscles to report differences in
CLBP and a control group. This study [57] was not consid-
ered in the analysis of any of the outcome measures, how-
ever, it was considered for reporting on gender differences
in the discussion.

Summary of risk of bias assessment by two reviewers (R1 and R2) independently and overall risk of bias for each study on agreement between the reviewers

Studies Selection domain Comparability domain Outcome domain Independent NOS assessment Agreed combined
NOS asses: t
RI R2 RI R2 RI R2 RI R2 assessmen
[56] *k * - - Fak Hak Poor Poor Poor
[12] * * * * - - Poor Poor Poor
[57] *k * * *k * * Poor Poor Poor
[47] ** Hakk - - *% *% Poor Poor Poor
[13] * * Hk *k * * Poor Poor Poor
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Table 3
Studies examining ES fiber type composition by numbers in percentage
and the results of the individual studies comparing people with CLBP to
controls

Fiber type Study Muscle CLBP compared to Controls
Male Female Combined
Type 1 [56] ES =
[12] ES =
[47] ES 1
Type ITA [56] ES =
[47] ES N
Type IAX [56] ES =
Type IX (IIB)  [56] ES 1
[47] ES =
Type IIC [47] ES =

1 significantly greater in CLBP compared to controls, | significantly
less in CLBP compared to controls, = Comparable between groups, grey
cells- not examined.

Analysis of outcome measures: Erector Spinae muscle (ES):
Fiber type composition by numbers in percentage

For the ES, type I and type II fiber composition by num-
bers (in %) were examined in three studies [12,47,56] and
the individual study results are presented in Table 3. Two
studies [12,56] show comparable results for type I fibers
between the CLBP and control group, whereas Matejka
et al [47] reported a significant increase in type I fibers in
the CLBP population. Only two studies [47,56] examined
type 1II fibers and reported comparable results across the
fiber subtypes except for a significant decrease in type 1A
and type IIX fibers reported in Matejka et al [47] and Agten
et al [56], respectively.

For the percentage of type I fibers, three studies includ-
ing a total of 81 participants with CLBP and 56 controls
were analyzed. The data from individual studies were

Table 4
Studies examining area occupied by each fiber type in the ES in percentage
and their results comparing people with CLBP to controls

Fiber type Study Muscle CLBP compared to Controls
Male Female = Combined
Type 1 [56] ES =
[12]  ES =
Type ITA [56] ES =
Type IIAX [56] ES =
Type IX (IIB)  [56] ES I

1 significantly greater in CLBP compared to controls, | significantly
less in CLBP compared to controls, = Comparable between groups, gray
cells- not examined.

pooled for meta-analysis as shown in the forest plot
(Fig. 2). An 1°=43% indicates sufficient homogeneity of
these studies. The 95% CI of the pooled result crosses the
line of no effect and the effect estimate showed no statisti-
cally significant difference (p=.14) between the CLBP and
control groups. Similarly, a meta-analysis was conducted
on the percentage of type II fibers. Two studies with a total
of 46 and 24 participants for the CLBP and control group
respectively were analyzed and the results are presented in
Fig. 3. An I’=0% indicates homogeneity of these studies.
The 95% CI of the pooled result crosses the line of no effect
and the effect estimate shows no statistically significant dif-
ference between the two groups (p=.29).

The GRADE assessment (Table 7) revealed that there
was high RoB indicating poor quality of studies but there
was consistency, precision and directness among the studies
and publication bias scored moderate. Overall, the quality
of evidence was low, which indicates that there were no sig-
nificant differences in ES fiber type composition between
people with and without CLBP.

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl Year

CLBP group Control group
Study or Subgroup Mean [%] SD[%] Total Mean [%] SD[%] Total Weight
Crossman et al 2004 64 11 38 64 ] 32 431%
Matejka et al 2006 71 1012 26 66 5.89 6 33.9%
Agten et al 2020 661 1014 20 57.74 1517 18 23.0%
Total (95% CI) 81 56 100.0%

Heterogeneity: Tau®=7.66;, Chi*=3.52, df=2{P=017), F=43%
Testfor overall effect Z=1.49(F=0.14)

0.00 [4.50, 4.50] 2004
500F1.11,11.11] 2006
5.36 [0.06, 16.66] 2020

3.62 [-1.14, 8.37]

100 -50 0 50 100
Increase in controls Increase in CLBP

Fig. 2. Forest plot demonstrating the meta-analysis of the percentage of type I fibers in the ES in people with CLBP vs. controls. CLBP, Chronic low back

pain; SD, standard deviation; IV, inverse variance; CI, confidence interval.

CLBP group
Mean [%] SD[%] Total Mean [%]

Control group
Study or Subgroup

SD [%] Total Weight

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl Year

Matejka et al 2006

Agten etal 2020 12.56 8.8694 20

Total (95% CI) 46 24 100.0%

Heterogeneity: Tau®= 0.00; Chi*=0.05,df=1{P=0.82); F=0%
Testfor overall effect: Z=1.06 (P = 0.29)

9.6667 7.8167 26 11.6667 9.869 6 371%
158 11.2354 18 62.9%

-2.00 [10.45, 6.45] 2006
-3.24 [9.72,3.24] 2020

-2.78[-7.92, 2.36]

100 -50 0 50 100
Increase in controls Increase in CLBP

Fig. 3. Forest plot demonstrating the meta-analysis of the percentage of type II fiber in the ES in people with CLBP vs. controls. CLBP, Chronic low back

pain; SD, standard deviation; IV, inverse variance; CI, confidence interval.
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Table 5
Studies examining the ES fiber size or CSA (um?2) and their results com-
paring people with CLBP to controls
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Table 6
Studies examining the narrow diameter (ND) (in um) and their results
comparing people with CLBP to controls.

Fiber type Study Muscle CLBP compared to Controls
Male Female Combined
Typel [56] ES =
[12] ES =
Type II [12] ES =
Type IIA [56] ES =
Type ITAX [56] ES =
Type IIX (IIB) [56] ES =
Ratio I/I1 [12] ES =

Mean Fiber area (MFA) [12] ES

= Comparable between groups, grey cells- not examined.

Area occupied by each fiber type in percentage

The area occupied by each fiber type was examined in
two studies [12,56] and the individual study results are
shown in Table 4. For percentage area occupied by type I,
the individual study results showed no significant difference
between the CLBP and control group. The area occupied by
type I fibers was reported only by Agten et al [56] and the
results are comparable between the groups for type IIA and
type IIAX, whereas, there was a significant decrease in the
percentage area occupied by type IIX fibers in those with
CLBP.

Meta-analysis was considered for the area occupied by type
I fibers where two studies with a total of 55 and 50 participants
for the CLBP and control group respectively were analyzed.
Homogeneity was examined between the studies by Agten
et al [56] and Crossman et al [12], however, the studies were
found to be highly heterogeneous (I°=86%), so no further
meta-analysis were conducted. With regard to type II fibers,
there were not sufficient studies to perform meta-analysis or
analyze the results based on direction of effect.

Overall, the GRADE assessment (Table 7) indicated
poor quality of studies with high RoB, inconsistency and

CLBP group Control group

Study or Subgroup

Mean [um®] SD[um?*] Total Mean [pm®] SD[pm®] Total Weight

Fiber type Study Muscle CLBP compared to Controls
Male Female Combined

Type I [12] ES =

Type I [12] ES =

ND ratio I/IT [12] ES =

Mean Fiber ND [12] ES =

= Comparable between groups, grey cells- not examined.

moderate publication bias, though there was directness and
precision of studies to some extent. To summarize, analyz-
ing by the direction of effect, there was very low quality
evidence for no significant difference between people with
and without CLBP for the area occupied by different fiber
types in the ES.

Fiber size or CSA

Fiber CSA was measured in two studies [12,56] and the
individual study results are presented in Table 5. The CSA
of both type I and type II fibers were examined by both
studies and there was no significant difference between the
CLBP and control population. In addition, the size ratio of
LII fibers was reported by Crossman et al [12] which
showed the size of type I fibers were significantly greater
than type II fibers in people with CLBP. Meta-analysis was
conducted for both type I and type II fibers independently.

For both type I and type II fibers, two studies were ana-
lyzed with a total of 55 and 50 participants with and without
CLBP, respectively. The study results for type I fiber were
pooled for meta-analysis and are presented in Fig. 4. The
95% CI of the pooled result crossed the line of no effect
and the effect estimate was not statistically significant
(p=.43) between the CLBP and control groups. I’=0% indi-

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% Cl Year

Crossman et al 2004 282063 10337 35 3,071.8 1,011.95 32
Agten etal 2020 63747 148472 20 6,279.48 144528 18
Total (95% Cl) 55 50 1

Heterogeneity: Tau®= 0.00; Chi*=041,df=1 (P=052); F=0%
Testfor overall effect Z=0.80 (P =0.43)

Fig. 4. Forest plot demonstrating the meta-analysis of type I fiber size or C

78.5%
21.5%

-251.17 [-741.28,238.94] 2004
95.22 [-840.15,1030.59] 2020

 a

00.0% -176.55 [-610.68, 257.57]

-500 0 500
Increase in controls Increase in CLBP

1000 1000

SA in ES (in um?) in people with and without CLBP. CLBP, Chronic low back

pain; CSA, cross-sectional area; SD, standard deviation; IV, inverse variance; CI, confidence interval.

CLBP group Control group Mean Difference Mean Difference
Study or Subgroup Mean [pm?] SD [um®] Total Mean [um?] SD [pm*] Total Weight IV, Random, 95% Cl Year IV, Random, 95% CI
Crossman etal 2004 2,461.94 972.32 35 2,310.39 758.09 32 886% 151.55 [264.09, 567.19] 2004
Aoten etal 2020 48321 1,947.5081 20 4689.75 1,687.7353 18 11.4% 142.35[1013.67,1285.37] 2020 + *
Total (95% CI) 55 50 100.0%  150.50 [-240.63, 541.62] —-P——

Heterogeneity: Tau®= 0.00; Chi*=0.00, df=1 {P = 0.99), F= 0%
Testfor overall effect Z=0.75 (P = 0.45)

-500 0 50 1000

Increase in controls Increase in CLBP

1000

Fig. 5. Forest plot demonstrating the meta-analysis of type II fiber size or CSA in ES (in um?) in people with and without CLBP. CLBP, Chronic low back
pain; CSA, cross-sectional area; SD, standard deviation; IV, inverse variance; CI, confidence interval.
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Table 7

Shows the summary of the studies included and the overall results for each outcome measure in the ES in people with CLBP compared to a control group. The
table also presents the GRADE assessment scores and the overall quality of evidence for each outcome

Outcome measures Erector spinae muscle GRADE GRADE
Studies/ No. of participants  Overall outcomesAnalysis assessment level§ of
authors (CLBP compared to seores cenz%lnty/

controls) qu.ahty of
evidence
CLBP Control N —
group group
Fiber type Type I [56] 81 56 v ROB- high (-) Low
composition [12] Inconsistency- no (+)
by numbers in % [47] Imprecision- no (+)
Type I1 [56] 46 24 v Indirectness- no (+)
[47] Publication bias- moderate (-)
Area occupied by each  Type I [56] 55 50 v ROB- high (-) Very
fiber type in % [12] Inconsistency- yes (-) low
Type I1 [56] 20 18 X v Imprecision —no (+)
only Indirectness- no (+)
Publication bias- moderate (-)
Fiber size or CSA Type I [56] 55 50 v ROB- high (-) Very low
(;Lmz) [12] Inconsistency- no (+)
TypeIll  [56] 55 50 v Imprecision- yes (-)
[12] Indirectness- no (+)
Publication bias- moderate (-)
Narrow diameter Type I [12] 35 32 v ROB- high (-) Very low
(um) Inconsistency # (-)
TypeIl [12] 35 32 v Imprecision # (-)

Indirectness- yes (-)
Publication bias- moderate (-)

# - not enough evidence to address the particular domain.

cated homogeneity of studies. Similarly, meta-analysis was
performed on type II fiber size/CSA and the results are pre-
sented in Fig. 5. The 95% CI of the pooled result crossed
the line of no effect and the effect estimate was not statisti-
cally significant (p=.45) between the people with CLBP
and controls. 1°=0% indicates sufficient homogeneity of
studies.

The GRADE assessment (Table 7) demonstrated poor
quality of studies (high RoB), lack of precision and moder-
ate level of publication bias. There was however good con-
sistency in the studies and a fair overall level of directness.
To summarize, there is very low level quality of evidence
which indicates that was there are no significant differences
between people with and without CLBP for fiber size/CSA
of the ES.

Narrow diameter

Fiber diameter/ narrow diameter was measured in only
one study for type I and type II fibers [12]. The results of
this study are comparable and show no significant differ-
ence between the CLBP and control groups (Table 6). How-
ever, it has to be noted that the study by Crossman et al [12]
only included males. Meta-analysis could not be done for
narrow diameter as there was an insufficient number of
studies examining this outcome measure.

The GRADE assessment (Table 7) was incomplete from
precision and consistency perspective. Besides, there was
high RoB, moderate publication bias and lacked directness
of the study. Hence, there is very low quality of evidence
and no conclusion can be drawn for the comparison of nar-
row diameter between people with or without CLBP for the
ES.

Table 8

Studies examining the MF fiber type composition by numbers in percent-
age and the results of the individual studies comparing people with CLBP
to controls.

Fiber type Study Muscle CLBP compared to Controls
Male Female Combined
Type I [56] MF =
[47] MF =
[13] MF 1
Type I [13] MF 4
Type IIA [56] MF =
[47] MF 1
Type IAX [56] MF =
Type IX (IIB)  [56] MF =
[47] MF 0
Type 1IC [47] MF =

1 significantly greater in CLBP compared to controls, | significantly
less in CLBP compared to controls, = Comparable between groups, gray
cells- not examined.
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Table 9
Study examining area occupied by each fiber type in the MF muscle in per-
centage and their results comparing people with CLBP to controls

Table 10
Showing the study examining the MF muscle fiber size or CSA (4m?) and
the results comparing the CLBP with healthy controls

Fiber type Study Muscles CLBP compared to Controls
Male Female Combined

Typel [56] MF =

Type IIA [56]  MF =

Type ITAX [56] MF =

Type IX (IB) [56]  MF =

Fiber type Study Muscles CLBP compared to Controls
Male Female Combined

Type I [56] MF =

Type IIA [56] MF =

Type ITAX [56] MF =

Type IX (IB) [56] MF =

= Comparable between groups, gray cells- not examined.
Multifidus

Fiber type composition by numbers in percentage

Type I and type II fiber composition were examined in
three studies [13,47,56] and the individual study results are
presented in Table 8. For type I fibers, two studies [47,56]
showed no significant difference between groups whereas
one study [13] reported a significant decrease in the propor-
tion of type I fibers in the MF in people with CLBP com-
pared to controls. For type II fibers, Mazis et al (2009) [13]
demonstrated a significantly higher proportion of type II
fibers in people with CLBP. In contrast, two studies exam-
ined type IIA fibers which showed either comparable results
[56] or a significantly lower proportion [47] in people with
CLBP compared to controls. Likewise, for type IIX fibers,
Agten et al [56] reported comparable results between
groups whereas, Matejka et al [47] reported a significantly
higher proportion in people with CLBP compared to con-
trols. For type IIAX and type IIC fibers which were
assessed by Agten et al [56] and Matejka et al [47] respec-
tively, no significant difference was observed between
groups.

For both type I and type II fibers, three studies including
a total of 110 participants with CLBP and 41 controls were
analyzed. Meta-analysis was considered for each fiber type
separately (type I and type II fibers) but very high heteroge-
neity was present between the studies (I’=86% and 84%,
respectively). Since the results did not meet the threshold of
homogeneity stated in the protocol for meta-analysis
(I’<50%) [32], no further analysis was conducted.

The GRADE assessment (Table 12) showed poor quality
of results with high RoB, and inconsistency among the

Table 11
Showing studies examining the narrow diameter (ND) (um) in MF muscle
and their results comparing the CLBP with healthy controls

Fiber type  Study = Muscles CLBP compared to Controls
Male Female Combined

Type 1 [13] MF ! {

Type II [13] MF { y

4 significantly greater in CLBP compared to controls, |, significantly
less in CLBP compared to controls, = Comparable between groups, gray
cells- not examined.

= Comparable between groups, gray cells- not examined.

studies with moderate publication bias though the studies
score well on precision and directness. To summarize, there
is very low quality of evidence and due to conflicting evi-
dence, no conclusions can be drawn for the comparison of
fiber type composition by numbers in people with and with-
out CLBP for the MF muscle.

Area occupied by each fiber type in percentage

The area occupied by each fiber type in the MF was
examined by only one study [56] and the results showed no
significant difference between the people with and without
CLBP (Table 9).

The GRADE assessment (Table 12) revealed poor qual-
ity in terms of RoB, moderate publication bias and no suffi-
cient evidence to comment on consistency and precision
domain. This outcome measure only scores for directness
of the study. Hence, there is very low quality of evidence
and no conclusions can be drawn between people with and
without CLBP for comparison of the area occupied by fiber
types in the MF muscle.

Fiber size or CSA

MF fiber CSA for all fiber types was measured by only
one study [56] and the results from this study presented no
significant difference between the people with or without
CLBP (Table 10).

The GRADE assessment (Table 12) was very similar to
the previous outcome and revealed high RoB and moderate
publication bias. This outcome measure scores only on
directness of the study and there was not enough evidence
to comment on the consistency and precision domains.
Hence, there is very low quality of evidence and no conclu-
sions can be drawn for the comparison of fiber size/CSA
between people with and without CLBP for the MF muscle.

Narrow diameter

Fiber diameter/ narrow diameter was measured in only
one study [13]. The results of this study demonstrated that
narrow diameter is significantly less for both type I and
type II fibers in both males and females in people with
CLBP compared to controls (Table 11). In addition, this
study [13] and the study conducted by Mannion et al [57]
(which examined different muscles; MF in people with



S. Purushotham et al. / The Spine Journal 22 (2022) 1205—1221 1217

Table 12

Studies included and the overall results for each outcome measure in the MF muscle in people with CLBP group compared to a healthy control group. The
table also presents the GRADE assessment scores and the overall quality of evidence for each outcome

Outcome measures Multifidus muscle GRADE assessment scores GRADE
Studies/ No. of participants Overall outcome analysis L::;isn(; /
authors (CLBP compared to Controls) .
quality of
CLBP Control ! P evidence
group group
Fiber type com- Type I [56] 110 41 v ROB- high (-) Very low
position by [47] Inconsistency - yes (-)
numbers in % [13] Imprecision- no (+)
Type IT [56] 110 41 v Indirectness- no (+)
[47] Publication bias- moderate
[13] )
Area occupied by Type I [56] 20 18 v ROB- high (-) Very low
each fiber type Type Il [56] 20 18 v Inconsistency # (-)
in % Imprecision # (-)
Indirectness- no (+)
Publication bias- moderate
)
Fiber size or Type I [56] 20 18 v ROB- high (-) Very low
CSA (umz) Type 11 [56] 20 18 v Inconsistency # (-)
Imprecision # (-)
Indirectness - no (+)
Publication bias- moderate
)
Narrow diameter Type I [13] 64 17 v ROB- high (-) Very low
(pm) Type I1 [13] 64 17 v Inconsistency # (-)

Imprecision # (-)
Indirectness- yes (-)
Publication bias- moderate

)

# - not enough evidence to address the particular domain.

CLBP and ES in controls) reported that narrow diameter in
females was significantly less compared to males in both
the CLBP group and control group.

The GRADE assessment (Table 12) for this outcome
showed poor quality with high RoB and moderate publica-
tion bias. This study lacked directness and there is insuffi-
cient evidence to comment on consistency and precision
domains. Hence, there is very low quality of evidence and
no conclusions can be drawn for narrow diameter when
comparing between people with and without CLBP for the
MF muscle.

Discussion

This systematic review assessed whether there were any
differences in the microscopic features of the ES and MF
muscles in people experiencing chronic spinal pain com-
pared to controls. Only primary studies in the lumbar region
were included as there was no previous research conducted
in the cervical or thoracic region that met our eligibility cri-
teria. Thus, this compromised the secondary objective to
compare the same muscle across different regions of the
spine and so the focus of the review moved from chronic
spinal pain to only CLBP.

The meta-analysis results for ES demonstrated no signif-
icant difference between people with and without CLBP in
terms of fiber type composition by numbers and fiber size/
CSA. However, there was a slight tendency for an increase
in the number of type I fibers and an increase in size/CSA
of type II fibers in people with CLBP compared to controls,
although this was not statistically significant. The results
for the area occupied by each fiber type showed no differ-
ence between people with and without CLBP, and the
results for fiber diameter/narrow diameter were inconclu-
sive due to inadequate evidence. The overall confidence in
the quality of evidence was very low for the ES.

The results for the MF muscle were inconclusive due to
heterogeneity of studies measuring fiber type composition,
and there was inadequate evidence for other outcome meas-
ures including percentage area occupied by fiber types, fiber
size/CSA, and fiber diameter/ narrow diameter. The overall
confidence in the quality of evidence was also very low for
the MF muscle across all outcomes.

The fiber type composition in the ES matched with the
independent results from the two included studies of the
review [12,56]. Whereas, some previous studies have
shown a significant increase in type I and significant
decrease in particularly type IIA fibers in people with
CLBP [47,59], but Shahidi et al [59] only investigated
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chronic degenerative spine pathology and did not have a
pain-free comparator group. Another study by Mannion and
colleagues [57] contradicts these findings, but this study
attempted to compare two separate groups using two differ-
ent muscles (ES and MF). The systematic review conducted
by Cagnie et al [27] presented conflicting evidence for the
same outcome measure but this review included only two
studies, one of which was a cadaveric study on the MF [60]
and the other assessed and compared the ES between people
with LBP patients and healthy controls [12]. Similarly, the
systematic review by Goubert et al [24] reported no differ-
ences in the fiber type of paraspinal muscles between the
groups, but this result was based on just one study [12].

For fiber type composition of the MF, the study by Agten
et al [56] showed comparable results between groups, but a
cadaveric study by Bajek et al [61] and the study by Mazis
et al [13] contradicted each other as the former concluded
that there is a significant increase in type I fibers and the lat-
ter a significantly lower proportion of type I fibers in people
with CLBP. Rantanen et al [62] compared MF biopsies pre-
and postsurgery for lumbar disc herniation and noted selec-
tive atrophy of type II fibers. These results are also supported
by a cadaveric study in the neck region which report a signif-
icant increase in type I fibers in MF when compared with a
flexor muscle of the neck [63]. Most previous research that
compared different extensor muscles in people with LBP due
to acute disorders noted no significant differences in the fiber
type distribution among the spinal extensor muscles [64
—066]. This implies that although we could not draw conclu-
sions for fiber distribution in the MF muscle, the direction of
effect may be similar for both ES and MF muscle.

Previous research which examined the spinal extensor
muscles in either a healthy population or cadavers demon-
strated significantly more type I fibers compared to disc her-
niation patients, likely due to the fact that these extensor
muscles primarily provide postural stability [61,67,68].
Research shows reduced use of skeletal muscles (due to
pain and immobility/severe deconditioning) eventually
leads to conversion of type I to type II fibers [69,70]. A lon-
ger duration of pain is associated with significantly reduced
number of type I fibers and higher proportion type II fibers
[71]. On the other hand, with aging, there can be a conver-
sion of fibers to type I fibers or there is higher proportion of
type I fibers due to preferential atrophy of functional type II
fibers [71—73]. By considering these points when interpret-
ing the findings of the current review, the lack of significant
findings between groups may have been influenced by vari-
ability in pain intensity/duration and age, especially given
the small sample sizes. To note, not all of the studies
reported pain intensity or duration for the CLBP group. As
there was insufficient data available on confounding factors
to further analyze their effects, it is evident that it is impor-
tant to consider the implications of these factors in future
research. An additional consideration is that the subtypes
(intermediate fibres) of type II fibers could not be examined
due to insufficient published evidence. Knowledge of the

number of intermediate fibers (type I/IIA, type IIA/IIX, and
type IIC) in people with CLBP could support the existence
of ongoing fiber type conversion.

ES fiber size showed a tendency to be smaller for type I
and larger for type II fibers in people with CLBP although
this was not statistically significant. The data from the two
studies that did examine fiber size had a wide variation in
the numerical values for each fiber type CSA [12,56], This
is most likely attributed to the different methodology used
in these studies to calculate CSA that is, Agten et al [56]
measured the CSA on the photographs taken from fluores-
cent microscopy, whereas, mean fiber size was quantified
by the narrow diameter measurement in the study by Cross-
man et al [12]. Similarly, for the MF muscle, no conclu-
sions could be drawn for fiber size and narrow diameter,
however the only study measuring fiber size [56] showed
comparable results between people with and without
CLBP, and the only study measuring narrow diameter [13]
showed a decrease in people with CLBP.

With regard to male and female differences in muscle
microscopic features, some studies have shown that females
have significantly smaller fiber diameter in their spinal
extensor muscles compared to males for both type I and
type II fibers [13,57]. On the other hand, the proportional
area occupied by type I fibers has been shown to be greater
in females compared to males [27] irrespective of pain
duration/ intensity [57,71,74,75]. In addition to these out-
comes, some studies have observed the presence of patho-
logical changes such as moth-eaten fibers, core fibers,
target fibers and angulated fibers in patients with chronic
back pain [13,62,76].

Although the individual studies have suggested micro-
scopic changes in the muscle fibers and possible fiber type
conversions when people have chronic pain, this review
gives comparable results for limited outcome measures (for
fiber type composition and size for the ES) and is inconclu-
sive for most of the outcome measures. Nonetheless, to
date, it still remains unclear whether or not any of the
microscopic structural changes in spinal musculature are a
cause or consequence of pain [24,27] and this can only be
addressed in future longitudinal studies.

Study limitations

This review failed to address the second objective of the
study, that is, to compare the muscle microscopic features in
different regions of the spine despite a comprehensive
search. This is due to the strict eligibility criteria that elimi-
nated all the cadaveric studies. However, this decision was
justified as cadaveric muscle samples may not be pain-free
samples without a clearly documented medical history. Fur-
ther, this review considers studies that examined people
with either specific or nonspecific pain introducing heteroge-
neity in the study group. This however was a necessity as
there was insufficient evidence on nonspecific pain alone.
This review also revealed the need for future research
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investigating people with neck or thoracic pain and as a
result, our review included only studies on people with
CLBP and even in this population, there were very few stud-
ies.

This review is limited to microscopic findings since there
are several systematic reviews on macroscopic changes of
the spinal muscles [22—24,26]. Despite these limitations,
this systematic review is comprehensive and gives a clear
picture of the existing evidence as well as its inadequacies.

Future research

There is a lot of scope for additional research examining
microscopic changes within the spinal extensor muscles. To
date, there is no study comparing microscopic changes in
the thoracic or cervical region in people with and without
chronic pain. Additionally, no study has examined micro-
scopic changes within the ES or MF across different regions
of the spine (ie, painful versus non-painful regions) in peo-
ple with chronic pain. There are also very few studies which
have analyzed the muscle composition and fiber character-
istics of the MF muscle in people with CLBP. Future
research is also required to examine the spinal extensor
musculature in people with specific conditions for example,
intravertebral disc herniation, and to compare muscle
microscopic changes at the affected segment compared to
unaffected segments and the asymptomatic side. Further,
extending the research to examine correlations with age,
pain intensity and duration should be considered in future
studies. Eventually, studies examining the correlation
between macroscopic and microscopic changes in the spinal
extensor muscles could be conducted to explore the patho-
genesis of chronic pain.

Conclusion

This review found no significant difference between the
people with and without CLBP for fiber type composition
(both by numbers and proportional area occupied by fibers)
and fiber CSA/size in the ES. No conclusion could be drawn
for fiber diameter/narrow diameter in the ES due to insuffi-
cient evidence. For the MF muscle, no conclusion could be
drawn for all of the outcome measures including muscle
fiber composition, fiber size and narrow diameter due to
heterogeneity of studies and inadequate evidence. The con-
fidence in the overall quality of evidence is very low and
supports no difference in the muscle microscopic features
of ES and MF between people with and without CLBP. Fur-
ther research is needed to clarify whether or not there are
differences in microscopic morphology in spinal extensor
muscles across different regions of spine in people with and
without chronic spinal pain.
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