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Abstract

Low back pain is a major health issue affecting the lumbopelvic muscles. Morphological changes in hip muscles,
such as alterations in the muscle cross-sectional area and muscle volume, may occur in patients with low back
pain. This systematic review was conducted to investigate whether patients with low back pain have
macroscopic changes in their hip muscle morphology compared with asymptomatic, healthy individuals, based
on current evidence. The electronic databases of PubMed/Medline, Ovid, Scopus, Embase®, and Google Scholar
were searched from the inception to August 31, 2018. We only included full texts of original studies regarding
macroscopic morphological alterations, including atrophy and fat infiltration, in hip muscles of patients with
low back pain compared with asymptomatic controls. The quality of the included studies was determined using
an assessment tool based on the Newcastle-Ottawa Scale. The scale was modified for the purposes of this
study. Sixteen comparative observational studies were found eligible to be included in this review. Eleven were
classified as high quality and four as moderate quality. The morphological changes in the psoas major, gluteus
maximus, gluteus medius, gluteus minimus, and piriformis muscles were assessed in the primary studies. All
selected studies were considered B level of evidence studies. The strength of conclusions for the psoas major,
gluteal, and piriformis muscles was moderate. The results revealed that there is substantial controversy about
the morphological changes in hip muscles in patients with low back pain; however, the majority of high-quality
studies concluded that atrophy of hip muscles is evident in patients with low back pain. The psoas major
muscle was the most commonly investigated hip muscle for morphological changes. Major methodological
limitations of the included studies were identified and discussed. The present systematic review does not
include a formal meta-analysis because of very significant differences in the primary studies in terms of study
populations and methodologies. Finally, in clinical practice, it is recommended that physical therapists develop
exercise programs to improve hip muscle function in patients with low back pain.
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general population are affected by LBP (Hoy et al. 2012).
Moreover, there is strong evidence that LBP may result in
significant health and socioeconomic problems, such as
work absenteeism and high costs, for both patients and

Introduction

Low back pain (LBP) is the main musculoskeletal disorder
responsible for disability worldwide (Hoy et al. 2014; Maher

et al. 2017; Hartvigsen et al. 2018; Oliveira et al. 2018), with
84% of people in all age groups expected to experience
LBP during their lifetime (Balagué et al. 2012; Ostelo, 2018).
A systematic review showed that approximately 12% of the
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society (Saragiotto et al. 2016). Trunk muscle degeneration
is a common feature in patients with LBP (Parkkola et al.
1993; Danneels et al. 2000). Macroscopic trunk muscle
degeneration is characterized by a decrease in the cross-sec-
tional area (CSA; Fortin & Macedo, 2013), smaller functional
CSA (FCSA), also referred to as lean muscle mass (Pourah-
madi et al. 2016), an altered FCSA/CSA ratio (Pourahmadi
et al. 2016), and an increase in the amount of fat content
of the lumbar erector spinae muscles (Mengiardi et al.
2006; Yanik et al. 2013). Fortin & Macedo (2013) reported
that the erector spinae muscles are significantly smaller in
patients with chronic LBP than in control patients. Goubert
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et al. (2016) identified multifidus and erector spinae muscle
atrophy in patients with chronic LBP.

On the other hand, deficits in hip muscle endurance,
strength, and motor control have been identified in individ-
uals with LBP, yet it is unknown whether these deficits are a
cause or an effect of LBP (Amabile et al. 2017). The hip mus-
cles can balance the forces applied directly to the pelvis by
the trunk muscles. The postural function of some deep hip
muscles (e.g. psoas major) has been shown to maintain the
lumbar lordosis and stabilize the lumbar spine, sacroiliac,
and hip joints during sitting as well as standing, walking
and running (Arbanas et al. 2012). Mayoux-Benhamou
et al. (1994) mentioned that the CSA of the psoas major
muscle is correlated with lumbar lordosis; when the psoas
major muscle is atrophied, the lumbar curvature is accentu-
ated. Moreover, abnormal changes in lumbar lordosis alter
muscle activity and stress patterns, leading to the develop-
ment of LBP (Kendall et al. 2005). Insufficiency of other hip
muscles has also been shown to be associated with the
development of LBP (Lee & Kim, 2015). Neumann (2017)
alleged that hypofunction of the gluteal muscles would
cause instability in the lumbopelvic region. Decreased glu-
teus medius muscle activity has been shown to be a predic-
tor of the presence of LBP (Cooper et al. 2016).

Muscle inhibition and atrophy are catastrophic conse-
quences frequently observed in the context of pain (Ranta-
nen et al. 1993; Goubert et al. 2016). Muscle inhibition is
also evident in muscle groups distant from the site of pain
(Suter & McMorland, 2002). Previous studies provided evi-
dence that pain-related nerve inhibition reduces muscle
activity to prevent the motion of the painful area and tissue
damage (Rantanen etal. 1993). Falla & Farina (2008)
reported that pain can influence muscle structures by com-
promising muscle contraction, strength, force production,
and motor unit activity. Comprised muscle function caused
by pain can ultimately result in altered muscle structure
(Falla & Farina, 2008). Insights into whether structural mus-
cle alterations happen and how hip muscles specifically
change in patients with LBP are important for the preven-
tion and management of LBP. Hence, this study was carried
out to review the published literature critically and to evalu-
ate the macroscopic morphological changes in hip muscles
in the presence of LBP. To date, no relevant reviews have
been published on this topic. In addition, systematic reviews
can be very useful decision-making tools because they
objectively summarize large volumes of research evidence
and identify critical research gaps.

Materials and methods

Search strategy

This systematic review was performed in accordance with the Pre-
ferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA; Moher et al. 2009) and the Cochrane group guideline

recommendations (Higgins & Green, 2011). A review protocol was
registered on PROSPERO (International Prospective Register of Sys-
tematic Reviews; http://www.crd.york.ac.uk/PROSPERO/; identifica-
tion no. CRD42018108800). Ethical approval and patient consent
were not required for this systematic review. Wide electronic search
strategies were constructed with the combined keywords including
muscle morphology, hip, back pain, and comparative study to
search English-language human studies in the peer-reviewed litera-
ture investigating hip muscle morphology in adult patients
(> 18 years) with LBP. No restrictions were imposed on assessment
instruments for hip muscle morphology, techniques or position of
participants during testing.

PubMed/Medline (NLM), Ovid, Scopus, Embase®, and Google
Scholar databases were searched from inception to 31 August 2018.
Medical Subject Heading (MeSH) terms were recognized and all
trees of these MeSH terms were searched in the biomedical litera-
ture engines. Therefore, the syntax of this review was a combina-
tion of MeSH terms and free-text words. The Boolean operator ‘OR’
was used to include synonyms and the Boolean operator ‘AND’ was
used to combine and narrow down the searches. To retrieve all the
possible variations of a specific root word, wildcards and trunca-
tions were used as well. The strategy was slightly modified for
searches of other databases. Details of search syntax for PubMed/
Medline (NLM) databases are provided in Supporting Information
Appendix S1. To retrieve only comparative observational studies, a
modified version of the syntax developed by Furlan et al. (2006)
was used. Citation tracking and reference lists scanning of the
included studies and relevant reviews were searched for eligible
studies. Manual search of keywords via the internet was also per-
formed. We did not review content from file sources that were
from mainstream publishers (e.g. Wiley, ScienceDirect, Sage, BMJ,
and BioMed Central), as we expected these to be captured in our
broader search strategy.

Eligibility criteria

At the completion of the search, all references were imported into
the EnoNorte referencing software (version X8 Thomson Reuters,
New York, NY, USA) and duplicates were removed. Titles and
abstracts of all primary articles that met the search strategy were
scrutinized by two reviewers (M.P. and M.A.) to determine studies
eligible for inclusion. In the absence of sufficient information in the
title and abstract of an article, a full-text evaluation was under-
taken. The same two reviewers then evaluated the full text of
potentially relevant non-duplicated papers. All disagreements were
resolved by discussion between the reviewers. Where there was no
consensus, a third reviewer (A.Y.) acted as arbitrator. Studies were
screened for selection according to the review objectives and Partic-
ipants, Diagnosis, Comparison, Outcomes, and Study design criteria
(Pourahmadi et al. 2019):

e Participants and Diagnosis: Studies in which participants were
adult patients (> 18 years) of both genders with LBP. LBP was
defined as pain or discomfort on the posterior aspect of the
trunk from the lower margin of the 12th ribs to the lower
gluteal folds with or without pain referred into one or both
lower limbs that lasts for at least 1 day (Hoy et al. 2014;
Pourahmadi et al. 2018b).

Comparison: Studies were included in which the participants
were adult individuals without symptoms of LBP, who had
never undergone lumbar spine surgery. Studies were not
included in this review when the unaffected side was only
considered as a control.
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e Outcomes: Macroscopic morphological changes in hip muscles
included the assessment of CSA, FCSA, fat infiltration, fat
deposit, muscle density, and muscle volume. No restriction
was placed on the instruments and techniques used to mea-
sure the macroscopic morphological changes, position of par-
ticipants, test sites, and target muscles. Microscopic changes
such as changes in fiber distribution were not assessed in this
review.

e Study design: Comparative observational studies published in
peer-reviewed journals with full text available in English.
Results obtained from theses/dissertations, conference pro-
ceedings, abstracts, policy documents, commercial documents,
and websites were excluded.

Quality assessment of eligible studies

The quality of each primary study was assessed with the Newcastle—
Ottawa Scale (NOS) for comparative observational studies (Stang,
2010). The NOS is recommended by the Cochrane Non-Randomized
Studies Methods Working Group to assess the quality of observa-
tional studies. The original scale, which is very comprehensive, is
based on the following three subscales: Selection (4 items), Compa-
rability (1 item), and Outcome or Exposure (3 items; Griffin et al.
2012). Considering the purposes of this review, the modified version
of the NOS was used (Griffin et al. 2012) for the reliability and valid-
ity assessment of the degree of muscle morphology utilized in the
study. The psychometric properties of the measurement of muscle
morphology were deemed essential in determining the overall
external validity of the study. Additionally, aspects of the statistical
analysis in the original reports were also evaluated, including sam-
ple size justifications and appropriateness and clarity of the statisti-
cal analysis method presentations (Griffin et al. 2012). Differences
in age, gender, and physical activity were considered to investigate
the comparability subscale of the NOS (Griffin et al. 2012). Finally, a
total score of 3 or less was considered poor, scores of 4-6 were con-
sidered moderate, and scores of 7-10 high quality (Yong et al.
2018). Unacceptable bias was defined as a zero score in any of the
NOS subscales.

The quality assessment was conducted independently by two
reviewers (M.P. and M.A.). The level of inter-rater agreement was
measured with Cohen’s kappa coefficient using a method devel-
oped for comparing the level of agreement with categorical data
along with their respective 95% confidence intervals (x 0O-
0.20 = poor agreement; 0.21-0.40 = fair agreement; 0.41-
0.60 = moderate agreement; 0.61-0.80 = good agreement; and
0.81-1 = very good agreement; Pourahmadi et al. 2018b). Any dis-
crepancies were resolved through discussion. When no consensus
was reached, a third reviewer (A.Y.) acted as arbitrator. The quality
assessment score was not decisive for inclusion in this study but was
taken into account while presenting the results.

Level of evidence and strength of conclusion

The level of evidence applied to each study was based on the 2005
classification system of the Dutch Institute for Healthcare Improve-
ment [CBO; Meeus & Gebruers, 2016; Table 1]. In addition, the
strength of conclusion was determined for each hip muscle by con-
sidering the level of evidence of the included studies and the consis-
tency of the reported results (Meeus & Gebruers, 2016). The
strength of conclusion was classified according to De Meulemeester
et al. (2017) as: (i) high, (i) moderate, (iii) low, and (iv) very low
(Table 2).
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Data extraction

Data extraction was carried out by two reviewers (M.P. and M.A.).
A customized data extraction form was developed for the outcomes
of interest, including morphometric changes in hip muscles. The
data extraction form was a Microsoft ExceL spreadsheet (Microsoft,
Redmond, Washington, DC, USA) designed according to the
Cochrane meta-analysis guidelines and adjusted to the needs of this
review. The following information was documented for each paper
which met the inclusion criteria: first author's name, year of publi-
cation, location, participant characteristics, definition of patient
group, specific measurement techniques employed, type and name
of outcome measure(s), test site and participant position, study
results, and any other relevant details.

A meta-analysis was not conducted, because the original studies
were highly heterogeneous in terms of LBP sub-classification and
methodologically different in relation to measurement of the mor-
phological changes in muscles. Hence, this review focused only on a
descriptive and qualitative synthesis of the searched studies.

Results

Identification of studies

A total of 674 publications were detected in the initial liter-
ature search: 671 in the electronic databases (D'Hooge et al.
2012; Arbanas et al. 2013; Singh et al. 2016) and three
through other sources (i.e. reference lists of relevant papers,
reviews, and manual search of keywords). After screening
the abstracts and analyzing the eligibility of the full-text
papers, 16 studies remained and were included in our quali-
tative analysis (Parkkola et al. 1993; Dangaria & Naesh,
1998; Danneels et al. 2000; Kamaz et al. 2007; Hides et al.
2008; Stewart et al. 2010; D'Hooge et al. 2012, 2013; Arba-
nas et al. 2013; Gildea et al. 2013; Abbas et al. 2016; Hyun
et al. 2016; Singh et al. 2016; Skorupska et al. 2016; Ama-
bile et al. 2017; Sions et al. 2017). Fifteen full-text studies
were excluded as they did not recruit healthy controls or
patients with LBP or had an ineligible design (Barker et al.
2004; Ranson et al. 2006; Kang et al. 2007; Kalichman et al.
2010; Bouche et al. 2011; Kim et al. 2011; Sanchis-Moysi

Table 1 Levels of evidence (adopted from Meeus & Gebruers, 2016)

Level Intervention

A1l Systematic review and meta-analyses based on a
minimum of 2 independent conducted studies of
evidence level A2

A2 Randomized controlled trials: double blinded, with sound
methodology and sufficient sample size

B Comparative studies, but lacking the quality criteria
of A2 (including cohort studies, case-control studies, and
randomized controlled trials of moderate quality or
insufficient sample size)

C Non-comparative studies

D Expert opinion
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Table 2 Strength of conclusion (adopted from Meeus & Gebruers,
2016)

Level Conclusion based on

1 One study of evidence level A1 or at least 2
independently conducted studies of evidence level A2

2 One study of evidence level A2 or at least 2
independently conducted studies of evidence level B

3 One study of evidence level B or C or conflicting evidence
(inconsistent results)

4 Expert opinion

et al. 2011; Akgul et al. 2013; Joseph et al. 2015; Bhadresha
et al. 2016; Jeon et al. 2016; Salah El-din Mahmoud et al.
2016; Verla et al. 2016; Lee et al. 2017; Sasaki et al. 2017)
The procedure is displayed in a flow chart (Fig. 1).

Quality assessment

The result of the quality assessment is presented in
Table 3. The level of inter-rater agreement of quality
assessment was good (k = 0.61 £ 0.25). In terms of qual-
ity assessment, a median NOS score of 7 [interquartile
range (IQR) = 6-8] indicated a high methodological qual-
ity of the included studies. More specifically, among 16
studies, 11 studies were of high quality according to the
NOS scale (Parkkola et al. 1993; Dangaria & Naesh, 1998;
Danneels et al. 2000; Kamaz et al. 2007; Stewart et al.
2010; D'Hooge et al. 2012, 2013; Arbanas et al. 2013; Gil-
dea et al. 2013; Abbas et al. 2016; Amabile et al. 2017)
and five studies were rated as moderate quality (Hides

et al. 2008; Hyun et al. 2016; Singh et al. 2016; Skorup-
ska et al. 2016; Sions et al. 2017). Sample size justifica-
tion, case-control matching for physical activity, and
selection of control group were the criteria that most
frequently, were not met. The percentage of studies that
met each modified NOS item is shown in Table 3.

Level of evidence and strength of conclusion

Relevant studies were located and categorized as presented
in Table 4. Following the analysis of the level of evidence,
all selected studies were classified as level of evidence ‘B'. In
addition, the strength of conclusion was moderate for the
psoas major, gluteus maximus, gluteus medius, gluteus min-
imus, and piriformis muscles (Table 4).

Description of participant characteristics

Table 5 provides a summary of the number of participants
recruited, along with their health status, gender, and age.
A total of 1218 participants were originally recruited in the
16 studies. Among these 1218 participants, 627 (51%) had
LBP and 591 (49%) were asymptomatic. Dangaria & Naesh
(1998) did not specify the gender of their participants. Nev-
ertheless, male and female participants made up approxi-
mately 41 and 59%, respectively, of the total sample. Two
studies enrolled only female participants (Kamaz et al.
2007; Amabile et al. 2017) and two studies included only
male participants (Hides et al. 2008; Stewart et al. 2010);
other studies assessed the morphological changes in hip
muscles in both males and females (Parkkola et al. 1993;
Danneels et al. 2000; D'Hooge et al. 2012, 2013; Arbanas

Records identified through

database searching (» = 671)

Additional records identified

through other sources (n = 3)

y

Records after duplicates removed (» = 591)

Records screened (» = 85) —

Records excluded (» = 54)

!

Full-text articles excluded,

Full-text articles assessed
for eligibility (» = 31)

with reasons (n = 15)

« Lack of healthy controls or LBP

[included ][ Eligibility ][ Screening ][ Identification

patients: 11

» Ineligible design: 2

« Not met our inclusion criteria
for low back pain patients: 2

Fig. 1 PRISMA diagram showing the flow of studies through phases of the review.
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Table 4 Level of evidence of each included study and strength of
conclusion for each hip muscle

Level of  Strength of
Muscle Study evidence conclusion
Psoas Major Sions et al. (2017) B 2 (moderate)
Hyun et al. (2016) B
Abbas et al. (2016) B
Singh et al. (2016) B
Gildea et al. (2013) B
D'Hooge et al. (2013) B
Arbanas et al. (2013) B
D’Hooge et al. (2012) B
Stewart et al. (2010) B
Hides et al. (2008) B
Kamaz et al. (2007) B
Danneels et al. (2000) B
Dangaria & Naesh (1998) B
Parkkola et al. (1993) B
Gluteus Amabile et al. (2017) B 2 (moderate)
maximus Kamaz et al. (2007) B
Gluteus Skorupska et al. (2016) B 2 (moderate)
medius
Gluteus Skorupska et al. (2016) B 2 (moderate)
minimus
Piriformis Skorupska et al. (2016) B 2 (moderate)

et al. 2013; Abbas et al. 2016; Hyun et al. 2016; Singh et al.
2016; Skorupska et al. 2016).

The mean and standard deviation (SD) of age of the par-
ticipants was equal to 46.78 + 11.68 years old at baseline.
Sions et al. (2017) did not provide the SD of age for their
sample size. The majority of the included studies (seven
studies; 44%) enrolled patients with chronic LBP (Parkkola
et al. 1993; Danneels et al. 2000; Kamaz et al. 2007; Arbanas
et al. 2013; Singh et al. 2016; Amabile et al. 2017; Sions
et al. 2017). Two studies recruited patients with unilateral
recurrent non-specific LBP (D'Hooge et al. 2012, 2013),
whereas one study included patients with low back and leg
pain (Skorupska et al. 2016). One study included patients
with degenerative lumbar kyphosis (Hyun et al. 2016). One
study enrolled patients with degenerative lumbar spinal
stenosis (Abbas et al. 2016), and one study included patients
with unilateral sciatica caused by disc herniation (Dangaria
& Naesh, 1998). Three studies did not provide detailed infor-
mation on the LBP subclassification (Hides et al. 2008; Ste-
wart et al. 2010; Gildea et al. 2013). Participants in one
study by D'Hooge et al. (2012) seem to be the same as those
in another study also by D'Hooge et al. (2013), as similar
demographic characteristics were reported in both studies.
Finally, a calculation of sample size was performed in two
studies (Arbanas et al. 2013; Abbas et al. 2016).

Methodology considerations and outcome measures

Three studies (~ 19%) were conducted in Belgium (Danneels
et al. 2000; D'Hooge et al. 2012, 2013). Another three

studies originated from Australia (Hides et al. 2008; Stewart
et al. 2010; Gildea et al. 2013), and the remaining studies
were from the USA (Amabile et al. 2017; Sions et al. 2017),
Poland (Skorupska et al. 2016), Croatia (Arbanas et al.
2013), Finland (Parkkola et al. 1993), Israel (Abbas et al.
2016), Brunei (Dangaria & Naesh, 1998), India (Singh et al.
2016), Turkey (Kamaz et al. 2007), and Korea (Hyun et al.
2016). Eleven studies used magnetic resonance imaging
(MRI) to assess the morphological changes in the hip mus-
cles (Parkkola et al. 1993; Dangaria & Naesh, 1998; Hides
et al. 2008; Stewart et al. 2010; D'Hooge et al. 2012, 2013;
Arbanas et al. 2013; Gildea et al. 2013; Singh et al. 2016;
Skorupska et al. 2016; Sions et al. 2017). Four studies uti-
lized computed tomography (CT) scans (Danneels et al.
2000; Kamaz et al. 2007; Abbas et al. 2016; Amabile et al.
2017). One study used both MRI and CT scan techniques
(Hyun et al. 2016; Table 5).

Fourteen comparative observational studies assessed mus-
cle CSA (Parkkola et al. 1993; Dangaria & Naesh, 1998; Dan-
neels et al. 2000; Kamaz et al. 2007; Hides et al. 2008;
Stewart et al. 2010; D'Hooge et al. 2012, 2013; Arbanas
et al. 2013; Gildea et al. 2013; Abbas et al. 2016; Singh
et al. 2016; Amabile et al. 2017; Sions et al. 2017) and four
studies (Danneels et al. 2000; D'Hooge et al. 2012; Arbanas
et al. 2013; Hyun et al. 2016; Sions et al. 2017) also investi-
gated the fatty degenerative changes in hip muscles. Three-
dimensional muscle volume calculation was performed in
the study by Skorupska et al. (2016). Two studies evaluated
the CSA of the psoas major at five lumbar spine levels (L;—
Ls; Gildea et al. 2013; Hyun et al. 2016), and other studies
examined the CSA of the psoas major muscle at different
lumbar spine levels (Parkkola et al. 1993; Dangaria & Naesh,
1998; Danneels et al. 2000; Kamaz et al. 2007; Hides et al.
2008; Stewart et al. 2010; D'Hooge et al. 2012, 2013; Arba-
nas et al. 2013; Abbas et al. 2016; Singh et al. 2016; Sions
et al. 2017). The L3 vertebra and Ls-L, intervertebral disc
level were the most common sites for psoas major muscle
measurements.

The reliability of measurements techniques used in the
included studies was moderate to excellent [intra-class cor-
relation coefficients (ICCs) 0.58-0.99], according to the scale
developed by Bland & Altman (1999) (ICCs < 0.20 poor,
0.21-0.40 fair, 0.41-0.60 moderate, 0.61-0.80 good, and
0.81-1.00 excellent; Table 5). The included studies reported
contrasting results in terms of differences in the psoas major
muscle CSA between patients with LBP and asymptomatic
participants (Parkkola et al. 1993; Dangaria & Naesh, 1998;
Danneels et al. 2000; Kamaz et al. 2007; Hides et al. 2008;
Stewart et al. 2010; D'Hooge et al. 2012, 2013; Arbanas
et al. 2013; Abbas et al. 2016; Hyun et al. 2016; Singh et al.
2016). Hyun et al. (2016), D'Hooge et al. (2013, 2012), Hides
et al. (2008), and Danneels et al. (2000) stated that no sig-
nificant differences were found for the psoas major muscle
CSA between the two groups at any lumbar spine level.
D'Hooge et al. (2012) reported that the there were no
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statistically significant differences between psoas major
muscle FCSA and fat CSA in patients with LBP and asymp-
tomatic participants. Hides et al. (2008) also found no sig-
nificant difference for the psoas major muscle CSA between
the sides contralateral and ipsilateral to the hand domi-
nance in elite cricketers with and without LBP. Moreover,
Hyun et al. (2016) mentioned that lumbar muscularity index
was not significantly different (Table 5) in the psoas major
muscle between patients with LBP and asymptomatic partic-
ipants. Gildea et al. (2013) reported that the size of the
psoas major muscle was the same in ballet dancers with and
without LBP and in those with LBP and hip-region pain.
They also indicated that the size of the psoas major muscle
was related to the number of years of professional dancing
(Gildea et al. 2013; Table 5).

In contrast, several studies reported significant reductions
in the psoas major muscle CSA of patients with LBP com-
pared with asymptomatic participants (Parkkola et al. 1993;
Dangaria & Naesh, 1998; Kamaz et al. 2007; Singh et al.
2016; Sions et al. 2017). Singh et al. (2016) indicated that
the mean psoas major muscle CSA was significantly smaller
in the LBP group than in the control group at the L3-Lg4
intervertebral disc level; however, no significant difference
was found in the psoas major muscle CSA between two
groups at the LsLs and Ls-S; intervertebral disc levels
(Singh et al. 2016; Table 5). Furthermore, Sions et al. (2017)
stated that the psoas major muscle-to-fat index decreased
in older patients with LBP compared with LBP-free peers.

Finally, a few studies indicated that patients with LBP had
a greater psoas major muscle CSA than controls (Stewart
et al. 2010; Arbanas et al. 2013; Abbas et al. 2016). Stewart
et al. (2010) showed that elite male footballers with LBP
had a greater psoas major muscle CSA on the side of the
dominant kicking leg at the L,-L3 to Ls-S4 intervertebral disc
levels. Furthermore, one study reported an increased mus-
cle-fat-index of the psoas major muscle in patients with LBP
(D'Hooge et al. 2012). Abbas et al. (2016) assessed the psoas
major muscle density in patients with degenerative lumbar
spinal stenosis and noted that the mean psoas major muscle
density was significantly higher in patients compared to
controls.

The CSA of the gluteus maximus muscle was investigated
in two studies (Kamaz et al. 2007; Amabile et al. 2017), but
the results were not consistent. Amabile et al. (2017)
reported that the mean normalized gluteus maximus mus-
cle CSA was significantly smaller in female patients with
CLBP than in asymptomatic female participants, whereas
Kamaz et al. (2007) found no significant difference. One
study assessed the volume of the gluteus maximus muscle
and found a significantly smaller gluteus maximus muscle
volume in the experimental group than in healthy controls
(Skorupska et al. 2016).

The volume of the gluteus medius, gluteus minimus, and
piriformis muscles were evaluated in a study by Skorupska
et al. (2016). Gluteus minimus and piriformis muscles
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atrophy were confirmed in patients with low back and leg
pain, but no significant difference was observed for the glu-
teus medius muscle between patients with low back and
leg pain and asymptomatic participants (Skorupska et al.
2016). Skorupska et al. (2016) also showed that the volume
of the gluteus maximus, gluteus minimus, and piriformis
muscles was significantly smaller in the symptomatic side vs.
the non-symptomatic side of the low back and leg pain
group.

During our search across the selected databases, no com-
parative observational study was detected in which mor-
phological changes in other hip muscles were assessed in
patients with LBP besides the psoas major, gluteal, and piri-
formis muscles. Table 5 summarizes the characteristics and
main findings of the included studies.

Discussion

Our systematic review is the first qualitative study that
assessed the macroscopic morphological changes in hip
muscles in patients with LBP. The level of evidence of each
included study was determined as level B. The results of this
study revealed that there is substantial controversy about
the morphological changes in the psoas major and gluteus
maximus muscles in patients with LBP. A formal meta-analy-
sis was not performed due to very significant differences in
the included studies in terms of study populations and
methodology.

It is generally accepted that the density and CSA of mus-
cles reflect the muscles’ physical function and performance
of people with LBP (Keller et al. 1999; Kaser et al. 2001).
Muscle CSA is related to the force in various muscles, and
therefore provides an indication of the muscle’s force gen-
eration capacity (Maughan et al. 1983). Conditions of mus-
cle such as density, CSA size, and fatty infiltration can be
attained via medical imaging modalities providing non-in-
vasive, direct, reliable, and quantitative information (Abbas
et al. 2016). CT scan and MRI have been employed for mea-
suring CSA and the degeneration rate of muscles in patients
with muscular dystrophy (Abbas et al. 2016). The findings
obtained from direct and objective examination of muscles
will contribute to the explanation of the pathogenesis of
LBP, as well as its diagnosis and treatment (Akima et al.
2000, 2001; Danneels et al. 2000; Kader et al. 2000).

Fourteen of 16 included studies (87.5%) assessed the mor-
phological changes in the psoas major muscle in patients
with LBP. The psoas major muscle is a powerful flexor of
the hip joint and, because of its line of action, it is also a
weak medial rotator and adductor of the femur (Ward,
1999). However, some anatomists claim that, in the anatom-
ical position the psoas major muscle flexes the hip joint with
no rotational component (Skyrme et al. 1999). With the hip
joint in the abducted position, the psoas major muscle pro-
duces flexion, adduction, and lateral rotation of the femur
at the hip joint (Skyrme et al. 1999). This muscle is the
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largest muscle in cross section at the lower levels of the lum-
bar spine (McGill et al. 1988). Nachemson (1966, 1968) indi-
cated that the psoas major muscle is active during upright
standing, lifting, and forward bending. These findings
prompted the inference that the psoas major muscle may
function as a lumbar spine stabilizer (Sajko & Stuber, 2009).
Other studies proposed various roles for the psoas major
muscle with respect to lumbar spine stability and move-
ment, including being a flexor and lateral flexor of the lum-
bar spine on the pelvis, a stabilizer of the lumbar spine and
the hip joint, power source for bipedal walking and run-
ning, and controller of the lumbar lordosis while supporting
difficult lumbar loads (Andersson et al. 1997; Sajko & Stu-
ber, 2009).

Patients with LBP have been found to have a smaller
psoas major muscle CSA and more fatty infiltrations local-
ized to the suspected pathological spinal level and symp-
tomatic side, although these findings were not consistent in
all studies. This discrepancy may be explained by the differ-
ences in the chronicity of LBP and study population. Dan-
garia & Naesh (1998) demonstrated that there is a
significant relationship between a reduction in the CSA of
the psoas major muscle and the duration of continuous sci-
atica of the affected leg (Spearman’s p = 0.8; P = 0.05). In
addition, 46% of the included studies did not control the
physical activity level as a potential confounding variable
(Goldman et al. 2016) between the patients with LBP and
asymptomatic participants. Therefore, the results of some
included studies (Dangaria & Naesh, 1998; Arbanas et al.
2013; Abbas et al. 2016; Hyun et al. 2016; Singh et al. 2016)
could be confounded by this potentially important factor.
Stewart et al. (2010) and Hides et al. (2008) did not mini-
mize the effect of age as another potential confounding
variable in their studies, and the results were not presented
after adjustment for age. Goldman et al. (2016) stipulated
that age may confound the estimates of muscle CSA.

Pourahmadi et al. (2018a) showed that patients with
chronic non-specific LBP had limited lumbar spine and hip
joints sagittal plane angles, and smaller angular velocity
compared with asymptomatic individuals during a func-
tional task. Patients with LBP usually limit their movements
at the lumbar spine and adjacent joints as a protective strat-
egy to avoid pain progression in their affected area
(Pourahmadi et al. 2018a). Decreased range of motion of
the lumbar spine may be due to pain and resulting muscle
inhibition. Muscle inhibition might cause disuse muscle
atrophy and a decrease in muscle performance capabilities
(Ross et al. 2002). When muscles are degenerated because
of immobilization or decreased movement, they undergo a
variety of histologic changes (Boonyarom & Inui, 2006).
Decreased muscle size and an increased infiltration of mus-
cle by fat and connective tissue are two characteristic fea-
tures of muscle atrophy (Boonyarom & Inui, 2006). Parkkola
et al. (1993) reported that the amount of fat infiltration in
the muscles is related to the degree of muscle atrophy.

Kamaz et al. (2007) also found atrophic psoas major mus-
cles, but the atrophy was not related to the side of symp-
toms. They mentioned that the side of clinical symptoms
may change over time in patients with chronic LBP. Both
sides are often affected in the majority of patients (Kamaz
et al. 2007). There is evidence suggesting that fat infiltra-
tion, fibrosis, slow-to-fast muscle fiber transition, and mus-
cle fiber atrophy are prominent features of sub-acute and
chronic LBP (Hodges & Danneels, 2019).

Stewart et al. (2010) demonstrated that the psoas major
muscle was larger on the side of the dominant kicking leg
at the lumbar levels in elite footballers. They argued that
the difference in psoas major muscle CSA observed between
the sides is likely related to the increased muscular demands
and relatively large forces generated by the psoas major
muscle during repetitive kicking (Stewart et al. 2010). More-
over, some studies showed an increased CSA of the psoas
major muscle in patients with LBP than in asymptomatic
individuals (Arbanas et al. 2013; Abbas et al. 2016). Consid-
ering the stabilizing function of the psoas major muscle
together with the back extensor muscles, hypertrophy of
the psoas major muscle might be due to its increased activ-
ity, with increased levels of instability associated with
degenerative disorders of the lumbar spine (Zhao et al.
2005; Arbanas et al. 2013). Hides et al. (2007) assessed the
effects of prolonged bed rest on the psoas major muscle in
healthy male participants and reported an increase in the
CSA of the psoas major muscle. They attributed this change
to the increase in the muscle tone and the possibility of
maintaining a flexed trunk position during bed rest by the
participants, resulting in shortening the psoas major muscle
and increasing its CSA (Hides et al. 2007).

In this review, three of 16 included studies (~ 19%) inves-
tigated the morphological changes in the gluteus maximus
muscle in patients with LBP. The gluteus maximus muscle is
the largest, thickest, and most powerful muscle in the glu-
teal region of the body (Taylor et al. 2015). It is the most
superficial of the three gluteal muscles and is considered to
be important for both functional and sport activities such as
jogging, running, and lifting (Contreras et al. 2015). The
gluteus maximus muscle is quadrilateral, with its fasciculi
directed downward and outward obliquely at a 45° angle
from the pelvis to the buttocks (Taylor et al. 2015). This
muscle is aligned and leveraged to extend, laterally rotate,
and assist in abduction of the hip joint (Hollman et al.
2013). The gluteus maximus muscle is also functionally cou-
pled with the back extensor muscles to perform lifting from
full flexion (Clark et al. 2003). While arising from full trunk
flexion into extension, most movement occurs at the hip
joint and is accomplished by the gluteus maximus and ham-
string muscles during the first 50% of the movement cycle
(Amabile et al. 2017).

Two studies showed morphological changes in gluteus
maximus muscle in patients with LBP (Skorupska et al. 2016;
Amabile et al. 2017). A comparative study revealed that the
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gluteus maximus muscle showed fatigue faster in women
with chronic LBP than in a group of healthy controls during
a sustained back extension endurance test (Kankaanpaa
et al. 1998). Nadler et al. (2000) assessed the side-to-side
symmetry of the gluteus maximus muscle strength in colle-
giate athletes and reported a significant difference in side-
to-side symmetry of the gluteus maximus muscle function
in female participants who had LBP or lower extremity pain.
Amabile et al. (2017) showed a correlation between the
decreased CSA of the gluteus maximus muscle with the
development of LBP and suggested investigating the role
of the gluteus maximus muscle in LBP and the nature of its
atrophy in future studies. Skorupska et al. (2016) offered
two possible explanations for the presence of atrophy of
the symptomatic hip muscles observed in patients with low
back and leg pain. First, a neurogenic type atrophy caused
by nerve compression may induce metabolic changes in the
sympathetic nervous system, promoting increased metabolic
activity of the musculoskeletal system and vasoconstriction,
and eventually resulting in muscle atrophy (Macintyre et al.
1995; Skorupska et al. 2016). Secondly, atrophy of the pelvis
muscles can be observed because of a patient’s unwilling-
ness to use the symptomatic leg or because of improper
functioning of the trunk and pelvis stabilizers, which is one
of the main contributors to the development of chronic LBP
(Hodges & Richardson, 1996; Nelson-Wong et al. 2008).
However, Kamaz et al. (2007) did not find any significant
difference in the gluteus maximus muscle CSA between
patients with chronic LBP and asymptomatic controls. The
insignificant results were attributed to individual differ-
ences (Kamaz et al. 2007).

In the current systematic review, the majority of the
included studies (12 studies) did not include any power
analysis to calculate the number of participants needed to
prevent type Il statistical errors (false-negative results).
Therefore, the generalizability of the results of these studies
is limited due to low external validity. In two comparative
observational studies (Hides et al. 2008; Stewart et al. 2010)
the patients with LBP were not subclassified Because LBP is
a heterogeneous disorder, it is necessary to provide a homo-
geneous sample by recruiting specific and well-defined
groups of patients with LBP in order to assess better and
more precisely the muscles’ morphological changes. Addi-
tionally, most of the included studies had some method-
ological weaknesses, such as a lack of a proper sample size
calculation, or no case-control matching for common
potential confounding variables. Future research studies
should consider the limitations of the previous studies in
order to improve the quality of the results in this field.

Like other studies, there were some limitations in the cur-
rent systematic review. First, only studies published in peer-
review journals were included, and therefore a publication
bias may have occurred. Secondly, there is a possibility of
language bias, as only those full-text studies published in
English were included in this review. Finally, a meta-analysis
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was not performed due to the high methodological hetero-
geneity of the selected studies.

Conclusion

In this study, we attempted to provide a comprehensive
qualitative synthesis of previously published literature
regarding the macroscopic morphological changes in hip
muscles in subjects with LBP. Among 16 comparative obser-
vational studies included in this review, 11 were considered
to be of high quality. The current systematic review indi-
cated that morphological changes in hip muscles could hap-
pen in patients with LBP, but the results were not
consistent across the reported studies. The majority of high-
quality studies demonstrated, however, that the CSA and
volume of hip muscles, such as the gluteus maximus, glu-
teus minimus, piriformis, and psoas major muscles, generally
decrease in patients with LBP. A meta-analysis was not con-
ducted as part of this systematic review because there were
very significant differences in the selected studies in terms
of study populations and methodology. Further high-qual-
ity research could assess the effects of general and specific
physical therapy exercises in normalizing the morphological
changes in hip muscles in patients with LBP. Finally, it is sug-
gested that physical therapists plan their treatment strate-
gies accordingly to improve and normalize hip muscle
function in patients with LBP.
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