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Abstract
Aim  Low back pain (LBP) resulting from degenerative lumbar spine disease is a leading contributor to global disability. 
Changes in the morphology of the lumbar multifidus muscle on magnetic-resonance imaging (MRI) are associated with 
worse LBP and disability, but the association between multifidus morphology and post-operative outcomes is not known. 
The purpose of this systematic review is to examine the relationship between pre-operative multifidus morphology and post-
operative changes in pain and disability.
Methods  We performed a systematic search using the Cochrane Library, EMBASE, MEDLINE, CINAHL and Scopus 
databases covering the period from January 1946 to January 2018. The literature was searched and assessed by independent 
reviewers according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) statement. All 
relevant papers were assessed for risk of bias according to the Quality in Prognosis Studies tool.
Results  The initial search yielded 436 studies, of which 6 studies were included in the analysis. Four studies were at a low 
risk of bias. These studies included a total of 873 patients undergoing spinal surgery. An association between low fat infil-
tration and greater improvement in LBP and disability following surgery was identified. There was insufficient evidence to 
identify a relationship between cross-sectional area (CSA) and LBP or disability.
Conclusions  This systematic review found evidence for an association between low multifidus fat infiltration on MRI at 
baseline and greater reductions in measures of LBP and disability following surgical treatment. There is also limited evidence 
for an association between larger pre-operative multifidus CSA and improvements in disability, but not pain. The findings of 
this review should be interpreted with caution due to the small quantity of the available literature.

Keywords  Low back pain · Degenerative lumbar spine disease · Multifidus morphology · Spinal surgery · Magnetic 
resonance imaging

Introduction

Low back pain (LBP) is a common and debilitating health 
problem. It is the leading contributor to global disability, 
and up to 80% of the population will experience at least one 
episode in their lifetime [1, 2].

Despite its prevalence, the aetiology of most LBP is 
uncertain. Trauma, malignancy, infection and other systemic 
diseases account for approximately 15% of instances, with 
the majority of remaining cases having no specific cause 
[3]. A meta-analysis by Endean et al. [4] found that disc 
degeneration and protrusion, nerve root compression and 
high-intensity zones on magnetic-resonance imaging (MRI) 
are reliably associated with non-specific LBP. Additionally, 
recent evidence suggests that multifidus muscle morphology 
on MRI is associated with LBP. The multifidus acts to both 
rotate and stabilise the lumbar spine. Altered morphology, 
specifically a smaller functional cross-sectional area, in the 
form of increased fat infiltration or smaller total cross-sec-
tional area, may contribute to LBP and poor function [5–7]. 
In this text, ‘degenerative lumbar spine disease’ is used to 

 *	 Andreas K. Demetriades 
	 andreas.demetriades@gmail.com

1	 Edinburgh Spinal Surgery Outcomes Study Group, 
Department of Neurosurgery, Western General Hospital, 
Edinburgh, United Kingdom

2	 University of Edinburgh School of Medicine, Western 
General Hospital, Edinburgh, United Kingdom

http://crossmark.crossref.org/dialog/?doi=10.1007/s00586-020-06423-6&domain=pdf


	 European Spine Journal

1 3

refer to this varied group of pathologies that may ultimately 
lead to segmental instability, radiculopathy, LBP and dimin-
ished function.

Current guidelines suggest that LBP without a specific 
cause should be managed conservatively through multidisci-
plinary rehabilitation and pharmacologic therapy where pos-
sible [8, 9]. Alternatively, in cases where conservative treat-
ment has failed or in those with concurrent spinal stenosis or 
radiculopathy, surgical management may be considered [8]. 
At present, there is some evidence to suggest that changes in 
the morphology of multifidus following a surgical procedure 
are associated with worse clinical outcomes, although the 
magnitude of this effect is unclear [10–14]. Furthermore, the 
association between the pre-operative morphological condi-
tion of multifidus and post-operative clinical outcomes is not 
well described [15–19].

MRI is the preferred imaging modality to assess spinal 
pathology and guide suitability for surgical management. 
Additionally, MRI is a valid method of investigating mul-
tifidus musculature, with grading methods using either fat 
infiltration [20–23] or total cross-sectional area [24] to 
assess muscle quality. Therefore, pre-operative multifidus 
morphology on MRI may be a factor influencing clinical 
outcomes for those with degenerative lumbar spine disease.

Objectives

The objective of this review is to investigate the association 
between pre-operative multifidus morphology on MRI and 
post-operative clinical outcome measures of LBP or disabil-
ity after surgery, in adults with degenerative lumbar spine 
disease.

Methods

Protocol and registration

The protocol for this review was registered with the PROS-
PERO systematic review protocol registry (https​://www.crd.
york.ac.uk/PROSP​ERO/displ​ay_recor​d.php?ID=CRD42​
01809​0577).

Eligibility criteria

The review included any published cohort studies and ran-
domised control trials. Studies were included if they exam-
ined adults with acute or chronic lumbar spinal pain or radic-
ular leg pain that were managed surgically for treatment of 
low back pain or radiculopathy. Studies were excluded if 
they examined asymptomatic adults or those with non-spinal 
lumbar back or leg pain, such as cancer-related back pain, 

pregnancy-related back pain, infection, inflammatory arthri-
tis, stroke, cerebral palsy, or systemic neurological disease. 
Reviews, commentaries, conference abstracts were excluded.

Clinical and outcome variables

The aim of this review was to identify the longitudinal 
association between pre-operative multifidus morphology 
and change in clinical outcome measures of low back pain 
or disability pre-operatively and at follow-up after surgi-
cal treatment. Clinical outcome measures included were 
pain (measured using a visual analogue scale, McGill pain 
questionnaire, or a self-efficacy questionnaire), disability 
(measured using the Oswestry disability index, the Roland-
Morris disability questionnaire, a patient-specific functional 
scale, or equivalent index), work status (defined as return 
to work or school at follow-up) and health-related qual-
ity of life (measured using the euroQOL-5D or equivalent 
questionnaire).

Information sources

We searched the Cochrane Library, EMBASE (1980 to Janu-
ary 2018), MEDLINE (1946 to January 2018), CINAHL 
(1937 to January 2018), Web of Science Core Collection 
(1900 to January 2018), and Scopus (1970 to January 2018) 
databases. There were no publication year restrictions.

Search

The search was carried out on 24 January 2018, and included 
keywords such as “back pain”, “magnetic resonance imag-
ing”, “paraspinal muscle”, “multifidus” and “therapeutics”. 
The search strategies for each database are detailed in our 
supplemental materials.

Study selection

We screened titles and abstracts for relevant articles retrieved 
from the electronic search according to the eligibility crite-
ria detailed above. Full-text articles that were considered 
relevant were obtained where possible and then assessed in 
the same manner. The study selection process is illustrated 
in Fig. 1.

Data collection process

Data were collected using a data extraction form adapted 
from the Cochrane Public Health Group Data Extraction 
Template [25]. These data were then entered into a word 
processing software package. For each paper, two authors 
completed the data extraction form independently. Disagree-
ments were adjudicated by a third author.

https://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018090577
https://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018090577
https://www.crd.york.ac.uk/PROSPERO/display_record.php?ID=CRD42018090577
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Data items

The data extracted were: study design, method of recruit-
ment, sampling technique, participant demographics, disease 
examined, intervention performed, method of multifidus 
morphology measure (cross-sectional area or fat infiltra-
tion on MRI) and pre- and post-operative clinical outcome 
measures.

Risk of bias in individual studies

Risk of bias was assessed using a modified version of the 
Quality In Prognosis Studies (QUIPS) tool [26], studies 
were rated as at high, moderate, or low risk of bias across 
six domains: (1) study participation, (2) study attrition, (3) 

Fig. 1   PRISMA diagram show-
ing the flow of studies through 
phases of the review

Table 1   Method of assessing overall risk of bias using the QUIPS 
tool [26]

Overall risk of bias Number of domains out of the total 6 
domains in each category

Low Moderate/
unknown

High

Low risk 6 0 0
4 or 5 1 or 2 0

Moderate risk 3 3 0
Any 1 1

High risk Any  ≥ 2 1
Any Any ≥ 2
Any  ≥ 4 Any
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measurement of multifidus morphology, (4) outcome meas-
ures, (5) study confounding and (6) statistical analysis and 
reporting. Overall risk of bias was determined based on the 
number of domains at moderate or high risk (Table 1). Two 
authors completed the risk of bias assessment independently, 
and any disagreements were adjudicated by a third author.

Summary measures

Level of fat infiltration was grouped as “low” (participants 
with no fat infiltration and mild fat infiltration) or “high” 
(participants with moderate and severe fat infiltration). An 
effect size (ES) was estimated using the standardised mean 
difference (SMD) for graphical illustration. For each study 
where a standardised mean difference could not be calcu-
lated, the effect size detailed in the individual study was 
reported.

Synthesis of results

A forest plot using a random effects model was generated for 
comparison between studies. A meta-analysis could not be 
performed due to significant heterogeneity between studies. 
Instead, a narrative synthesis was conducted.

Results

Study selection

Details of study selection are shown in Fig. 1. There were 
500 titles retrieved from database searches, and 6 studies 
were included after screening and eligibility assessment. 
In total, six studies were included for data extraction and 
analysis.

Study characteristics

Study characteristics are reported in Table 2. Of the six 
included studies, three were retrospective cohort studies 
[16–18], two were prospective cohort studies [15, 19], and 
one was a secondary analysis of a previous randomised con-
trol trial [13]. Two studies examined the effect of pre-opera-
tive fat infiltration on improvement in LBP (Visual Analogue 
Scale [VAS]) only [17, 18], two studies examined the effect 
of pre-operative fat infiltration on improvement in both LBP 
(VAS) and disability (Oswestry Disability Index [ODI]) [13, 
15], one study examined the effect of both pre-operative fat 
infiltration and cross-sectional area on improvement in dis-
ability (ODI) only [19], and one study examined the effect 
of pre-operative cross-sectional area on improvement in 

disability (ODI) only [16]. No studies examined the effect 
of multifidus cross-sectional area on LBP rating scales. All 
included studies examined multifidus morphology using 
validated methods of imaging and grading; however, only 
two studies used identical methods of grading [17, 18]. For 
quantification of fat infiltration, two studies used pixel inten-
sity to estimate grade of fat infiltration [17, 18] and three 
studies used a semi-quantitative visual method [13, 15, 19]. 
For measurement of cross-sectional area, both studies used 
manual tracing of muscle cross-sectional area from a digital 
image [16, 19].

Risk of bias within studies

The results of the risk of bias assessment are reported in 
Table 3. Overall, two of the included studies were at high 
risk of bias [15, 16] and four were considered to be at low 
risk of bias [13, 17–19]. Generally, the QUIPS tool domains 
at greatest risk of bias were study confounding with three 
studies being at moderate-to-high risk of selection bias [15, 
16, 18] and study attrition with three studies being at mod-
erate-to-high risk of attrition bias [16–18].

Results of individual studies

The six studies included in this review reported the results 
for 873 participants in total. Overall, all included studies 
reported a significant relationship between a measure of pre-
operative high-quality multifidus muscle (i.e. low fat infiltra-
tion and/or greater total CSA) and greater improvement in at 
least one clinical outcome at follow-up. One study identified 
a significant relationship between pre-operative multifidus 
CSA, but not fat infiltration, and greater improvement in 
clinical outcomes [19]. The studies included all investigated 
the association between pre-operative multifidus morphol-
ogy and post-operative clinical outcomes in different ways, 
and three different surgical interventions were performed 
across the six studies. As a result, it was not possible to 
aggregate the results in the form of a meta-analysis; thus, 
the data are presented as a narrative review.

Fat infiltration and improvement in low back pain

An association between pre-operative multifidus morphol-
ogy and change in pain at follow-up was apparent in all four 
studies investigating this relation, such that low fat infil-
tration was associated with a greater improvement in pain 
score when compared with moderate-to-high fat infiltration 
(Table 4) [13, 15, 17, 18]. Three of these studies were at a 
low risk of bias [13, 17, 18], and one was at a high risk of 
bias [15].
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Table 3   Results of risk of bias assessment across the 6 domains of the QUIPS tool [26]

Author Participation Attrition Prognostic factor 
measure

Outcome measure Study confounding Statistical 
analysis and 
reporting

Gu et al. [17] Low Moderate Low Moderate Low Low
Guan et al. [18] Low Moderate Low Low Moderate Low
Le Huec et al. [15] Moderate Low High Moderate High High
Shin et al. [16] High High Moderate Moderate High Moderate
Storheim et al. [13] Low Low Low Low Low Low
Zotti et al. [19] Low Low Low Low Low Low

Table 4   Studies examining pre-operative multifidus fat infiltration and pain

Study Follow-
up 
(months)

Results Risk of bias

Gu et al. [17] 48 A significant difference in mean low back pain VAS score (0–10) change was observed between 
the 3 groups (p < 0.044)

Low

Low fat infiltration = 4.06 ± 1.33
Moderate fat infiltration = 2.05 ± 1.77
High fat infiltration = 2.99 ± 1.97

Guan et al. [18] 46 A significant difference in mean low back pain VAS score (0–10) change was observed between 
the 3 groups (p < 0.001)

Low

Low fat infiltration = 1.91 ± 1.84
Moderate fat infiltration = 1.11 ± 1.25
High fat infiltration = 1.00 ± 1.56

Le Huec et al. [15] 24 Pre-operative fat infiltration at [Kader] grades 1 and 2 leads to a better outcome than grades 3 and 
4 (p = 0.006)

High

Storheim et al. [13] 24 Adjusted multivariate regression analysis revealed a significant increase in pain scores (VAS 
0–100) in grade 1, 2 pre-treatment multifidus versus grade 0 pre-treatment multifidus (p < 0.04)

Low

Unstandardised beta = 15.36 (0.92–29.79)

Table 5   Studies examining pre-operative multifidus fat infiltration and disability

Study Follow-
up 
(months)

Results Risk of bias

Le Huec et al. [15] 24 Pre-operative fat infiltration at [Kader] grades 1 and 2 leads to a better outcome than grades 3 and 
4 (p = 0.006)

High

Storheim et al. [13] 24 Adjusted multivariate regression analysis revealed a significant increase in ODI scores in grade 1, 
2 pre-treatment multifidus versus grade 0 pre-treatment multifidus (p < 0.01)

Low

Unstandardised beta = 10.39 (2.50–18.28)
Zotti et al. [19] 24 Subjects with lower Kader grade (n = 19) demonstrated a trend toward greater improvement in the 

ODI scores compared to those with higher Kader grades (n = 47); however, this did not reach 
statistical significance

Low
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Fat infiltration and improvement in disability

Evidence for an association between multifidus fat infiltra-
tion and improvement in disability is conflicting (Table 5). 
Of the three studies investigating this relationship, one 
study at high risk of bias [15] and one study at low risk 
of bias [13] reported greater reductions in disability at 
follow-up in those with low fat infiltration compared to 
moderate-to-high fat infiltration pre-operatively.

Cross‑sectional area and improvement in disability

There is limited evidence to suggest a greater multifidus 
cross-sectional area is associated with an improvement 
in disability at follow-up (Table 6). One high-risk study 
identified a moderate correlation between increasing CSA 
and lower post-operative ODI at follow-up [16], and one 
low-risk study identified those with a CSA > 8.5cm2 were 
more likely to report an improvement in ODI > 40% com-
pared to those with a CSA < 8.5cm2 [19].

Cross‑sectional area and improvement in low back pain

No studies investigated the association between pre-
operative multifidus CSA and improvement in LBP at 
follow-up.

Synthesis of results

Three of the four studies examining the association 
between pre-operative multifidus fat infiltration and 
change in pain (VAS) reported sufficient data for com-
parison; however, a meta-analysis could not be performed 
due to significant heterogeneity between studies [13, 17, 
18]. A forest plot without the pooled estimate is reported 
in Fig. 2.

Discussion

The findings of this review suggest a trend for better out-
comes following surgery if pre-operative multifidus quality 
is higher. Although all studies reported improvements in 
pain and disability after surgery regardless of muscle qual-
ity, greater improvement was demonstrated with either low 
fat infiltration [13, 15, 17, 18] or large.

cross-sectional area [16, 19]. The strongest evidence 
was for patients with low multifidus fat infiltration having 
a greater reduction in LBP at follow-up when compared to 
patients with moderate-to-high fat infiltration [13, 15, 17, 
18].

The evidence for low fat infiltration and post-operative 
reduction in disability is weaker, with only two out of three 
studies demonstrating a greater reduction compared to 
moderate-to-high fat infiltration [13, 15, 19]. Patients with 
larger multifidus CSA demonstrated greater improvement 

Table 6   Studies investigating pre-operative multifidus cross-sectional area and disability

Study Follow-
up 
(months)

Results Risk of bias

Shin et al. [16] 14 The CSA of the paravertebral muscle at the L3–4 and L4–5 levels showed a negative correlation with 
the post-operative ODI

High

L3–4: r = − 0.582 (p < 0.01)
L4–5: r = − 0.568 (p < 0.01)

Zotti et al. [19] 24 Comparing low (< 8.5 cm2) and high (≥ 8.5 cm2) LMM CSA cohorts revealed that only 32% of the 
low CSA cohort reported an improvement in ODI > 40%, whereas 68% of those with a high CSA 
had ODI improvement > 40% (p < 0.006)

Low

Fig. 2   Forest plot showing association between fat infiltration (FI) and post-operative decrease in pain (VAS/10)
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in disability; however, only two studies investigated this 
relationship [16, 19] and no evidence investigating multi-
fidus CSA and post-operative reduction in LBP could be 
identified. As a result, the evidence for multifidus CSA as a 
prognostic factor is limited.

Outwith surgical treatment, both smaller CSA and greater 
level of fat infiltration in the multifidus muscle are associ-
ated with LBP, and reduced CSA is predictive of LBP up 
to 12-months [6, 7]. The ability of the multifidus muscle to 
stabilise and control movement of the lumbar spine may be a 
key factor in development of LBP, with evidence suggesting 
those with LBP have lower activity in multifidus [29]. Addi-
tionally, a rehabilitation approach focused on training multi-
fidus can reduce LBP following injury [30]. As patients with 
poor quality multifidus muscle at diagnosis often experi-
ence more severe LBP and disability, it may be that superior 
multifidus morphology indicates a better starting point for 
surgery [5–7]. Indeed, three of the included studies reported 
patients with poor quality multifidus muscle had worse LBP 
and/or disability at baseline [13, 17, 18], with only one study 
explicitly adjusting for this during analysis [13].

Low physical activity is associated with poorer multifidus 
morphology [31], and it may be that LBP in degenerative 
lumbar spine disease associated with low-quality multifidus 
muscle is less easily correctable by surgery. It may also be 
that multifidus morphology is a marker of the likelihood that 
a patient will engage with post-operative physiotherapy and 
rehabilitation. Therefore, optimising pre-operatively mul-
tifidus morphology through targeted training may improve 
surgical outcomes. Furthermore, use of ultrasonography is 
a validated method of evaluating multifidus morphology 
and may be used as a faster, more cost-effective method of 
assessing multifidus morphology prior to surgical referral 
[32, 33].

The potential for muscular atrophy to be a predictor of 
surgical outcomes is not limited to spinal surgery. Fat infil-
tration and muscular atrophy of the shoulder rotator cuff 
on pre-operative MRI has also been found to correlate with 
worse post-operative outcomes following surgical repair 
compared to patients with higher quality rotator cuff mus-
culature [27, 28].

Limitations

Research on the predictive value of multifidus morphology 
is relatively new, and the volume of published literature is 
small. Thus, the possibility of publication bias could not be 
eliminated. Attempts to minimise this were made by making 
the literature search as complete as possible and including 
research in abstract-only format; however, accounting for 
results from the unpublished literature was not possible.

Additionally, the included studies were dissimilar in 
terms of fat infiltration grading technique, surgical interven-
tion and reporting of outcomes for individual patients; thus, 
a summary statistic of effect size including all the available 
literature could not be calculated.

Ideally, future studies should report the timing of pre-
operative pain score and pre-operative MRI, as well as the 
period of conservative management prior to surgery. In 
addition, controlling for greater LBP at baseline will help 
clarify the effect of poor multifidus morphology on surgical 
outcomes.

Conclusions

This systematic review found evidence for an association 
between low multifidus fat infiltration on MRI at baseline 
and greater reductions in measures of LBP and disability 
following surgical treatment. There is also limited evi-
dence for an association between larger pre-operative mul-
tifidus CSA and improvements in disability, but not pain. 
The findings of this review should be interpreted with cau-
tion due to the small quantity of available literature.

This review highlights the theoretical potential of mul-
tifidus morphology as assessed by MRI to be an addi-
tional predictor of LBP and disability following surgery. 
As pre-operative MRI scanning is performed routinely 
on patients undergoing spinal surgery, it would require 
minimal change in clinical practice to implement, beyond 
use of a standardised method to quantify muscle quality. 
However, there is a need for more high-quality research 
elucidating this association before recommendations for 
clinical practice can be made.

Future research should address the methodological 
limitations of the currently published literature by more 
completely reporting the source of the sample popula-
tion and reasons for participant drop-out, incorporating 
a prospective design, and controlling for potential con-
founding factors. Additionally, studies further examining 
the relationship between pre-operative multifidus CSA 
and improvements in LBP and disability at follow-up are 
required.
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