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Abstract

Purpose: Increased fatty infiltration in paraspinal muscles has been recognized as a feature of
muscle quality loss in people with Low Back Pain (LBP) and is highly associated with the severity
of LBP and dysfunction. Reducing fatty infiltration has been recognized as a rehabilitation aim.
An earlier systematic review published in 2014 revealed conflicting evidence for the reversibility
of paraspinal muscle quality by means of exercise and no updates have been published since. A
new systematic literature search is warranted.

Method: Pubmed, CINAHL and Embase were searched from inception to July 2022.
Randomized, non-randomized controlled trials (RCT and non-RCT) and single-arm trials were
included if they reported the effect of exercise on paraspinal fatty infiltration in people with LBP.
Effect sizes and statistical power were calculated for (1) exercise versus control, and (2) pre-post
exercise changes. Available data from the RCTs were pooled via meta-analysis when appropriate.
Otherwise, data were synthesized qualitatively.
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Results: Two RCTs, one non-RCT and three single-arm trials met the selection criteria. Data
were not pooled due to substantial clinical heterogeneity. Effect sizes from the RCTs revealed

no significant difference for exercise versus control. One single-arm trial with high risk of bias
demonstrated a significant pre-post difference with moderate effect size, but only at one (T12-L1)
of the investigated levels.

Conclusion: Moderate quality evidence is available that paraspinal fatty infiltration is not
reversible with exercise in people with LBP. More larger RCT’s are needed to draw firmer
conclusions.

Keywords
Adipose tissue; Morphology; Physical Therapy; Rehabilitation

INTRODUCTION

Low back pain (LBP) is a prevalent condition worldwide [1]. Recurrent and chronic
symptoms are common, leading to a high socioeconomic burden and healthcare utilization
[2-4]. Complex multidirectional interrelationships between biological, psychological and
social systems are plausible contributing factors to chronic LBP [5]. From a biological
perspective, the quality of the paraspinal muscles has been suggested to being important in
people with, or at risk of developing, chronic LBP [6].

Various parameters of paraspinal muscle health (e.g., size and composition) have been
acknowledged as potentially important biological markers in people with LBP [6]. The
burden of proof for muscle size and shape as a surrogate for degenerative muscle
composition is inconclusive and contradictory [7,8]. The increase of fatty infiltration appears
to be a good representation of degenerative muscle composition and is a feature of decreased
muscle contractility and quality [7]. The accumulation of non-contractile fatty infiltration
appears to occupy the space of atrophic muscle fibres and is particularly present between

the epimysial, perimysial and lumbosacral borders of the lumbar multifidus and erector
spinae [9]. The replacement of muscle tissue by non-contractile fat tissue is expected to lead
to decreased muscle functional capacity [10], with lowered fatigue resistance to metabolic
demands as a possible consequence [11]. Paraspinal fatty infiltration tends to be expressed to
a greater magnitude in people with LBP compared to healthy age-matched controls [12], and
is highly associated with the presence and severity of LBP [12,13], levels of disability [14,
15] and muscle dysfunction [16].

Exercise therapy is a well-recognized therapeutic intervention to improve pain, disability
and muscle function in patients with LBP, however the exact mechanisms underpinning the
effect of exercise remains elusive [17]. Reducing paraspinal fatty infiltration, accompanied
by the increase of muscle contractility and functional capacity, has been considered a
plausible mechanism of exercise [18].

An earlier systematic review on the effectiveness of exercise on lower trunk muscle
morphology revealed conflicting evidence [19]. This review included papers up to April
2012 and no updates or other reviews have been published since. The outcomes of interest
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of the earlier review were muscle size and fatty infiltration. Moreover, studies with solely
healthy participants were included as well to reach a conclusion about the reversibility of
fatty infiltration. As such, the reversibility of paraspinal fatty infiltration with exercise in
people with LBP remains unclear. Our study aimed to determine whether fatty infiltration
in paraspinal muscles is reversible with exercise in people with LBP by summarizing all
available primary research on this topic.

The study protocol was pre-registered in PROSPERO (ID=CRD42020166890). The review
is reported in accordance with the Preferred Reporting Items for Systematic Reviews and
meta-analyses (PRISMA) guidelines [20].

Data sources and searches

The literature was searched comprehensively for relevant articles from inception to July
2022 via three electronic databases: Pubmed (Legacy interface), Embase and CINAHL. The
P1CO-approach was used to formulate two research questions: (1): “ Is exercise(l) — more
effective than control — in reversing fatty infiltration in the paraspinal muscles(O) — in people
with low back pain(P)” — and (2) “Is fatty infiltration in paraspinal muscles reversible(O) -
by exercise(l) — in people with low back pain(P).

The search string for each database was developed in collaboration with a medical
information specialist (JM) (see Appendix 1). A sensitive search strategy was preferred

to minimise the omission of relevant trials. Exercise was excluded as a search term because
it reduced the sensitivity of our search. In addition to the database searches, the references of
the included articles and review articles were screened for additional publications.

Study selection

Two reviewers (EW and JP) independently selected the studies based on title and abstract.
If selection criteria were met, full texts were evaluated. In case of disagreement, a third
reviewer (AP) was consulted. Randomized controlled trials (RCT) and non-randomized
controlled trials (non-RCT) if they met the following criteria: (1) the study only included
people with LBP in the intervention groups, (2) patients were 18 years and older, (3)
quantification of fatty infiltration of the paraspinal muscles was based on Magnetic
Resonance Imaging (MRI) or Computed Tomography (CT), and (4) exercise was included
as an intervention to reverse paraspinal fatty infiltration. In addition, single-arm trials with
equivalent criteria were also included to investigate the magnitude and direction of pre-post
exercise changes for the purpose of research question two.

The paraspinal muscles were defined as the lumbar multifidus and/or erector spinae muscles
(longissimus, iliocostalis and spinalis). Studies were excluded if they used ultrasonography
as imaging acquisition method due to low soft-tissue contrast to distinguish fatty infiltration
from muscle tissue. For MRI studies, either quantitative or qualitative MRI measurement
approaches were considered to measure fatty infiltration [13, 21]. In quantitative imaging
analysis, fatty infiltration is separated from muscle tissue based on a pixel grayscale
threshold [21]. In qualitative imaging analysis, fatty infiltration is visually graded using
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standard criteria: ‘normal’ for estimates of 0-10%, ‘slight’ for 10-50% and ‘severe’ for
>50% of fat [13]. In studies using CT scans, the increase of fatty infiltration is quantified as
a decline of muscle density, calculated by Hounsfield Units (HU). Muscle density correlates
inversely with the amount of fatty infiltration [22].

Quality assessment and data extraction

Quality assessments for the RCTs were conducted according to the Cochrane
Collaboration’s checklist for assessment of risk of bias [23], and the non-RCT and
single-arm trials were assessed by the ROBINS-I tool [24]. The selected articles were
independently rated for quality by two investigators (EW and JP). In case of disagreement,
a third investigator (AP) was consulted to help resolve the disagreement. The risk of

bias score was considered when interpreting the results, but was not considered for study
selection. Risk of bias within and across the RCTs was defined as high, unclear or low [23].
Risk of bias within and across the non-RCTs was considered low, moderate, serious and
critical [24]. The quality of the description of exercise was assessed using the Template for
Intervention Description and Replication (TIDier) [25].

Data extraction was independently conducted by two reviewers (EW and JP) using a

data extraction form that included: 1) study design; 2) description of patient group(s); 3)
characteristics of the participants; 4) sample size; 5) imaging technique (i.e., MRI or CT); 6)
type of exercise and control (frequency, intensity and duration for both exercise and control
intervention) and 6) outcome measures.

Data synthesis

RESULTS

The reversibility of fatty infiltration by means of exercise was calculated using standardized
mean differences (SMD) with 95% confidence intervals (95%Cl). Effect sizes were
considered small (Cohen’s d=0.2), moderate (Cohen’s d=0.5) and large (Cohen’s d=0.8)
[26]. Statistical power was calculated to test the probability that effect sizes detect
statistically significant results and was considered high if above 0.80 [26]. SMD and 95%ClI
were summarized per spinal level in separate forest plots for both exercise versus control,
and pre-post exercise effects. Available exercise versus control data from the RCTs were
pooled by meta-analysis if the assumptions for statistical and clinical heterogeneity were
met [27]. Statistical heterogeneity was calculated using the 12 test [27]. Values higher

than 50% were considered indicative for substantial statistical heterogeneity [27]. Clinical
heterogeneity was assessed for study population (patient characteristics, type of LBP),
exercise details (type, dose, frequency, intensity), control intervention details (type, dose,
frequency, intensity) and trial setting [28]. The authors summarized the levels of evidence
qualitatively if the data were considered statistically or clinical heterogenous (TABLE 1)
[29].

Study selection

The literature search identified 1090 manuscripts. After removal of duplicates, 618 studies
remained and were screened on title and abstract. Sixteen full text articles were assessed for
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eligibility. Six studies met the selection criteria and were included in this review (FIGURE
1).

Study characteristics

Supplementary table 1 shows the characteristics of the six included studies. Two RCTs [30,
31], one non-RCT [32] and three single-arm trials [33—35] were included. A total of 161
patients were included in this review (41% (n=66) female; 59% (n=95) male). Of these
patients, 118 underwent an exercise program. The sample size (with pre-post intervention
imaging) per study varied from 14 [34] to 61 [30] participants. One RCT [30] included 124
participants in total, but performed pre-post imaging on 61 participants and only captured
the T12-L1 vertebral level in 41 participants. As such, the total sample size for this study
[30] was set to 61.

Image acquisition and fatty infiltration quantification

Different image acquisition techniques were used in the included studies. Four studies used
MRI [32-35] and two studies used CT-imaging [30, 31]. Two studies quantified the erector
spinae [30, 31], one study quantified the multifidus [33], and three studies combined the
multifidus and erector spinae in the analysis [32, 34, 35]. Two RCTs [30, 31] using CT-
imaging calculated the muscle density within a homogeneous part of the erector spinae. One
MRI study [35] used T2-weighted sequences, two MRI studies [32, 34] used T1-weighted
sequences and one MRI study [33] used a balanced fast-field echo sequence. Three of the
four MRI-studies [32, 33, 35] used a multi-slice approach spanning the L3 to S1 vertebral
levels, and one study [34] used a single-slice approach at the level L4 vertebral level.

Three of the four MRI studies [33-35] used a quantitative semi-automated threshold method
to define the “true’ area of fatty infiltration based on pixel or voxel grayscale intensity [33-
35]. One study determined the degree of fatty infiltration based on a qualitative grading scale
based on visual inspection, with definitions ranging from normal to severe fatty infiltration.

Interventions

The exercise interventions varied in treatment period (8—16 weeks) and number of sessions
(10-48 sessions). Three studies [32—34] performed machine-based lumbar extension training
with different training intensities and session durations. One single-arm trial [35] used
free-weight resistance training. One RCT [31] used a comprehensive group training, and

one RCT [30] combined an exercise protocol combined with cognitive interventions, such as
pain education and exposure to activities.

The control group of one RCT [30] underwent lumbar fusion and post-operative exercise
was restricted to the first three months after surgery. The control group of another RCT [31]
was managed by their general practitioner with no treatment or referral restrictions. The
control group in one non-RCT [32] consisted of eight age-matched healthy male participants
who received the same exercise program as the experimental group.
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All studies reported the type of exercise, modes, location and training weeks adequately.
Two of the six studies reported modification and adherence to exercise [31, 35]. None of the
studies described all the items on the TIDieR checklist (see Supplementary TABLE 3).

The two reviewers agreed 100% on the overall score using the Cochrane Risk of Bias Tool
for Clinical Trials and ROBINS-I tool. Results of the risk of bias assessments are presented
in Supplementary Table 2A and 2B. One RCT [31] scored low risk of bias and one RCT
[30] high risk of bias. One RCT [30] scored unclear risk of bias on selective reporting and
incomplete outcome data. The non-RCT [32] and single-arm trials [33-35] scored moderate
risk of bias in the key domain bias due to confounding. One single-arm trial [35] scored
critical risk of bias in bias due to missing data and selection of the reported results. One
non-RCT [32] scored critical risk of bias for selection of participants into the study.

Data extraction

Exercise versus control—One RCT [31] with low risk of bias showed no significant
difference in changes between the exercise and control group at L3-L4 and L4-L5. The
other RCT [30] with high risk of bias showed significant differences in changes between the
exercise versus control group at L3-L4 (p<0.05), but not T12-L1 (p>0.1). The reported main
difference at L3-L4 for significant differences between exercise versus control group in this
study was found to be due to a significant decrease in muscle density in the control group
(lumbar fusion) .

Single-arm pre-post exercise changes—One RCT [31] with low risk of bias revealed
no significant pre-post exercise changes in muscle density at L3-L4 and L4-L5. The other
RCT [30] with high risk of bias demonstrated a significant increase in muscle density
between baseline and after exercise at the T12-L1 vertebral level, but not at L3-L4. One
non-RCT [32] with critical risk of bias identified a reduction of fatty infiltration in 50%

of the participants with severe fatty infiltration levels, but not in participants with moderate
levels of fatty infiltration at the study onset. However, this study reported no statistical
evaluation for treatment effect estimates. One single-arm trial [35] with critical risk of bias
demonstrated significant reductions of paraspinal fatty infiltration at the vertebral level of
L3-L4 and L4-L5, but not L5-S1. Two other single-arm trials [33, 34] with moderate risk of
bias found no significant reductions of fatty infiltration with exercise.

Data synthesis

Forest plots summarizing the effect sizes are presented in FIGURE 2. Available data

from the two RCTs [30, 31] were not pooled by meta-analysis because of substantial

clinical heterogeneity (i.e., participants, intervention and control characteristics). The single-
arm trials were not used to generate general conclusions about the reversibility of fatty
infiltration, but only to investigate the direction and magnitude of pre-post exercise changes.

Exercise versus control—Although one RCT [30] reported significant differences for
changes following exercise versus control at L3-L4, we found no significant effect sizes with
low statistical power for exercise versus control groups for both RCTs at T12-L1 (effect
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size= —0.17; statistical power = 0.08) [30], L3-L4 (effect size = —0.41; statistical power
=0.37, effect size = —0.38; statistical power =0.16) [30, 31] and L4-5 (effect size =—0.28;
statistical power = 0.20) (see FIGURE 2A) [31].

Single-arm pre-post exercise changes—Due to lack of reporting with regard to mean
differences between pre-post intervention, it was not possible to calculate effect sizes for
one non-RCT [32] and one single-arm trial [34]. One RCT [31] with low risk of bias
demonstrated no significant pre-post effect sizes with low statistical power at L3-L4 (effect
size = —0.27; statistical power = 0.10) and L4-L5 (effect size= —0.38; statistical power

= 0.17). Another RCT [30] with high risk of bias demonstrated a significant pre-post
intervention effect with moderate effects size and low statistical power (effect size = —0.68;
statistical power = 0.61) at the T12-L1 vertebral level. However, no significant effects sizes
with low statistical power were found at L3-L4 (effect size = 0.06; statistical power = 0.04)
in this study.

No significant effect sizes for pre-post exercise effects were found for the single-arm trials.
Although one single-arm trial [35] with critical risk of bias reported a significant pre-post
intervention effect in their study, the calculated effects sizes in this review demonstrated
no significant differences (see FIGURE 2B) with low statistical power (L3-L4 left = 0.21;
L3-L4 right = 0.25; L4-L5 left = 0.18; L4-L5 right = 0.15).

DISCUSSION

This systematic review provides moderate quality evidence that paraspinal fatty infiltration
is not reversible by means of exercise in people with LBP. However, more age-matched
normative data is needed before clinically meaningful conclusions can be drawn. Our
conclusion is based on the following observations: a) the calculated effect sizes from the
RCTs [30, 31] for exercise versus control interventions were not significant with low
statistical power, b) only one [30] out of six studies demonstrated a significant pre-post
exercise change at the T12-L1 vertebral level, but had a moderate effects size and low
statistical power. Moreover, this study [30] was of low methodological quality and the other
five studies [31-35] showed no significant pre-post exercise changes.

This systematic review reached different conclusions compared to an earlier systematic
review published in 2014 [19]. They provided conflicting evidence on the reversibility of
muscle morphology following exercise, since approximately half of the included studies
reported an improvement. Such differences are likely the results of differences in the
selection criteria. Shahtahmassebi et al. (2014) included all studies reporting changes

in either muscle size and fatty infiltration across participants with LBP and healthy
participants. In contrast, our study only reported changes in fatty infiltration and only
included patients with LBP in the intervention groups. This may clarify the different
conclusions, because fatty infiltration tends to be expressed to a greater magnitude in people
with LBP compared to healthy age-matched controls [12].

Lack of favourable outcomes for exercise in the current review can be due to several factors.
These factors concern the generalisability or applicability of treatment effect estimates:
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a) Image acquisition techniques and fatty infiltration quantification methods.

This systematic review included clinical studies that quantified fatty infiltration levels

by either MRI or CT with substantial differences in image acquisition parameter which
limited the possibility of pooling treatment effect estimates. High data variance due to
substantial measurement variability for specific level approach (multi-slice, unislice) and
sides (unilateral, bilateral) at which the fatty infiltration was present. Reporting fatty
infiltration measurements for each spinal level is recommended, because a single spinal
level appears to be not representative for the entire lumbar spine musculature [36]. We
also observed differences in segmentations methods across studies to define the paraspinal
muscles (in- or excluding epimuscular fat). The inclusion of epimuscular fatty infiltration
between the aponeurosis and thoracolumbar fascia results in larger values for fat fraction
[9], this is likely affecting the effect size of the reversibility of fatty infiltration by means of
exercise therapy.

b) Exercise descriptions.

The exercise interventions included short treatment periods ranging from 8 to 16 weeks,
and follow-up imaging was performed between 8 weeks and 1 year. The optimal duration
and intensity of an exercise program to reduce intramuscular fatty infiltration effectively
remains unknown [37]. It has been reported that chronic adaptations in the homeostatic
myocellular environment are only evident after 8 weeks of exercise [38], and could even
take longer due to multiple factors, such as training status (fat oxidation rate is higher in
trained versus sedentary people) [39]. As such, it remains questionable whether an exercise
and follow-up period of 8-16 weeks is sufficient to expect a decrease in fatty infiltration
levels in people with LBP. Future research should focus on exercise programs with longer
treatment durations. Only two [31, 35] out of six included studies reported the adherence
to exercise. In addition, only one study [31] reported the delivered exercise as planned.
Providing sufficient details about the execution of exercise is fundamental to replicate
interventions and to interpret clinical importance [40, 41].

c) Generalization of outcomes across responder and non-responder patient subgroups.

Itis likely that each type of LBP is characterized by its own physiological basis driven

by different time-dependent structural remodelling mechanisms [6]. In fact, people with
continuous chronic LBP (LBP for at least 3 months, 7 pain days per week) undergo
accelerated paraspinal fatty infiltration compared to people with recurrent LBP (recurrent
pain flare of at least 24 hours, followed by a pain-free episode of at least 1 month) and
non-continuous chronic LBP (LBP for at least 3 months, 3—4 pain days a week) [42].

These characteristics to distinguish subgroups of LBP were not identified in the included
studies. Only one [34] of the studies controlled for population-based confounding factors
such as age, sex, race/ethnicity and body composition. Fatty infiltration increases to a greater
magnitude in men versus women [43], increases by age [44], is highly associated with body
composition [45] and the accumulation rate may differ between ethnicities [46]. As such,

it is likely that the reversibility of fatty infiltration differs between patient subpopulations.
Future prospective studies with well-defined patient subpopulations should address this
issue.
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d) Sample size of study population.

One RCT [30] that demonstrated a statistically significant pre-post intervention effect size
at T12-L1 included the largest sample size (pre-post imaging in 61 participants and the
T12-L1 vertebral level was captured in 41 patients). The other studies [31-35] which
demonstrated no statistically significant exercise changes included smaller sample sizes in
their intervention groups (n < 30). Small sample size could have contributed to statistical
underpowered effect (type Il error) [47]. As such, larger sample sizes are needed to increase
statistical power [26].

Limitations—This systematic review should be interpreted in the light of some limitations
already mentioned above. Furthermore, our conclusions were based on a small number of
available studies with substantial methodological (study design, methodological quality) and
clinical heterogeneity. As such, we were not able to pool available data by meta-analysis.
We included studies with different fatty infiltration quantification methods and imaging
acquisition methods, that limited the possibility to pool and compare data form different
studies. Levels of evidence were defined as moderate quality evidence, because effect sizes
were consistent among two RCTs for exercise versus control effects and among four studies
with high risk of bias and one RCT with low risk of bias for pre-post exercise differences.

CONCLUSIONS

This systematic review provides moderate quality evidence that paraspinal fatty infiltration
is not reversible by means of exercise in people with LBP. However, more clinical studies
with consistent, and consensus-driven, methodologies, larger sample sizes and longer
treatment duration are needed to draw firm conclusions about the reversibility of fatty
infiltration by means of exercise in people with LBP.
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APPENDIX A

Search strings per database

PubMed:

Embase:

((“fatty infiltration”[tiab] OR “fat infiltration”[tiab] OR “intramuscular adipose tissue”[tiab]
OR “intermuscular adipose tissue”[tiab] OR “intra-muscular adipose tissue”[tiab] OR
“intramuscular fat”[tiab] OR “intermuscular fat”[tiab] OR “fat content”[tiab] OR *“cross
sectional area”[tiab]) AND (“Back Muscles”[mh] OR “back muscles”[tiab] OR lumbar[tiab]
OR “paraspinal muscles”[tiab] OR “paravertebral muscles”[tiab] OR multifidus[tiab] OR
iliocostalis[tiab] OR longissimus[tiab] OR *erector spinae”[tiab]) AND (“Back Pain”[mh]
OR “back pain”[tiab] OR “back pains”[tiab] OR “back ache”[tiab] OR “back aches”[tiab]
OR “back complaint”[tiab] OR “back complaints”[tiab] OR “back dysfunction”[tiab] OR
“back symptom”[tiab] OR “back symptoms”[tiab] OR backpain[tiab] OR backpains[tiab]
OR backache[tiab] OR backaches[tiab] OR “lumbar pain”[tiab] OR “lumbar pains”[tiab]
OR “lumbar ache”[tiab] OR “lumbar aches”[tiab] OR “lumbar complaint”[tiab] OR “lumbar
complaints”[tiab] OR “lumbar dysfunction”[tiab] OR “lumbar symptom”[tiab] OR “lumbar
symptoms”[tiab] OR “spinal pain”[tiab] OR “spinal pains”[tiab] OR “spinal ache”[tiab]

OR “spinal aches”[tiab] OR “spinal complaint”[tiab] OR “spinal complaints”[tiab] OR
“spinal dysfunction”[tiab] OR *spinal symptom”[tiab] OR “spinal symptoms”[tiab])) NOT
(animals[mh] NOT humans[mh])

((((“fatty infiltration’/exp OR *“fat infiltration’/exp OR ‘intramuscular adipose tissue’/exp
OR ‘intermuscular adipose tissue’/exp OR ‘intramuscular fat’/exp OR ‘fat content’/exp OR
‘cross sectional area’/exp) OR (‘fatty infiltration” OR “fat infiltration’ OR ‘intramuscular
adipose tissue” OR ‘intermuscular adipose tissue’ OR ‘intra-muscular adipose tissue’ OR
‘intramuscular fat” OR ‘intermuscular fat” OR ‘fat content’ OR ‘cross sectional area’):ti,ab)
AND ((“back muscle’/exp OR ‘lumbar muscle’/exp OR ‘paraspinal muscle’/exp OR
‘multifidus muscle’/exp OR ‘iliocostalis muscle’/exp OR ‘longissimus muscle’/exp OR
‘erector spinae muscle’/exp) OR (‘back muscles’ OR lumbar OR *paraspinal muscles’

OR *paravertebral muscles’ OR multifidus OR iliocostalis OR longissimus OR ‘erector
spinae”):ti,ab) AND ((‘backache’/exp OR *“spinal pain’/exp) OR (‘back pain” OR ‘back
pains’ OR ‘back ache’ OR ‘back aches’ OR ‘back complaint” OR *back complaints’ OR
‘back dysfunction’ OR ‘back symptom’ OR “back symptoms’ OR backpain OR backpains
OR backache OR backaches OR ‘lumbar pain” OR ‘lumbar pains’ OR ‘lumbar ache’ OR
‘lumbar aches’ OR ‘lumbar complaint” OR ‘lumbar complaints’ OR ‘lumbar dysfunction’
OR ‘lumbar symptom’ OR ‘lumbar symptoms’ OR “spinal pain’ OR ‘spinal pains’ OR
‘spinal ache” OR “spinal aches’” OR *“spinal complaint” OR *‘spinal complaints’ OR ‘spinal
dysfunction” OR “spinal symptom’ OR “spinal symptoms’):ti,ab)) NOT ([animals]/lim NOT
[humans]/lim)) AND [embase]/lim
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((“fatty infiltration” OR “fat infiltration” OR “intramuscular adipose tissue” OR
“intermuscular adipose tissue” OR “intra-muscular adipose tissue” OR “intramuscular

fat” OR “intermuscular fat” OR “fat content” OR “cross sectional area”) AND (MH
“Multifidus Muscles” OR MH “Erector Spinae Muscles” OR “back muscles” OR lumbar
OR “paraspinal muscles” OR “paravertebral muscles” OR multifidus OR iliocostalis OR
longissimus OR “erector spinae”) AND (MH “Back Pain+” OR “back pain” OR “back
pains” OR “back ache” OR “back aches” OR “back complaint” OR “back complaints” OR
“back dysfunction” OR “back symptom” OR “back symptoms” OR backpain OR backpains
OR backache OR backaches OR “lumbar pain” OR “lumbar pains” OR “lumbar ache” OR
“lumbar aches” OR “lumbar complaint” OR “lumbar complaints” OR “lumbar dysfunction”
OR “lumbar symptom” OR “lumbar symptoms” OR “spinal pain” OR “spinal pains” OR
“spinal ache” OR *“spinal aches” OR “spinal complaint” OR “spinal complaints” OR “spinal
dysfunction” OR “spinal symptom” OR “spinal symptoms”)) NOT (MH “Animals” NOT
MH “Human)
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FIGURE 1.
Prisma flow diagram

Eur Spine J. Author manuscript; available in PMC 2024 March 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Wesselink et al.

Page 15

Panel A
Control Exercise Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD _Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.1.1 Muscle density T12-L1
Keller et al. 2004 5 17.95 20 7.5 10.86 21 -0.17 [-0.78, 0.45] -t
2.1.2 Muscle density L3-L4
Keller et al. 2004 -5.7 14.35 30 -06 935 31 -0.42[-0.92, 0.09] —T
Storheim et al. 2003 -2.8 27.47 13 63 16 1 -0.38 [-1.19, 0.43] — T
2.1.3 Muscle density L4-L5
Storheim et al. 2003 -3.8 34.93 13 4.1 14.39 1 -0.28 [-1.08, 0.53] I
4 2 0 2 4
Favours [exercise] Favours [control
Panel B [ ] [control]
Baseline Follow up Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.2.1 Muscle density T12-L1
Keller et al. 2004 556 85 21 631 128 21 -0.68 [-1.30, -0.05] —t
2.2.2 Muscle density L3-L4
Keller et al. 2004 539 96 31 533 9.1 31 0.06 [-0.43, 0.56] i
Storheim et al. 2003 60.4 11.1 11 66.7 19.7 11 -0.38 [-1.22, 0.47] i
2.2.3 Muscle density L4-L5
Storheim et al. 2003 57.1 133 11 612 154 1 -0.27 [-1.11, 0.57] —
k + t |
-4 -2 0 2 4
Decrease of Fl Increase of Fl
Follow up Baseline Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total IV, Fixed, 95% CI IV, Fixed, 95% CI
2.3.1 Fatty infiltration L3-L4
Willemink et al. 2012 1.01 0.61 16 1.08 0.55 16 -0.12[-0.81, 0.58] ——

2.3.2 Fatty infiltration L4-L5
Willemink et al. 2012 1.76 1.01 16 1.8 0.81 16 -0.04 [-0.74, 0.65] .

2.3.3 Fatty infiltration L5-S1
Willemink et al. 2012 217 1 16 227 0.99 16 -0.10[-0.79, 0.60] —t

2.3.4 Fatty infiltration L3-L4 left
Welch et al. 2015 10 6.3 30 13 82 30 -0.40 [-0.92, 0.11] -

2.3.5 Fatty infiltration L3-L4 right
Welch et al. 2015 94 53 30 121 641 30 -0.47 [-0.98, 0.05] —

2.3.6 Fatty infiltration L4-L5 left

Welch et al. 2015 11.8 6 30 143 7 30 -0.38[-0.89, 0.13] —

2.3.7 Fatty infiltration L4-L5 right

Welch et al. 2015 117 56 30 136 56 30 -0.33 [-0.84, 0.17] -

2.3.8 Fatty infiltration L5-S1 left

Welch et al. 2015 17.3 7 30 18 59 30 -0.11[-0.61, 0.40] ——

2.3.9 Fatty infiltration L5-S1 right

Welch et al. 2015 163 7.2 30 178 6.2 30 -0.22 [-0.73, 0.29] 7
k + t |
-4 -2 0 2 4

Decrease of FI Increase of FI

FIGURE 2.
Forest plots summarizing the effect sizes of exercise for changes in fatty infiltration in

paraspinal muscles. Panel A summarises exercise versus control, and Panel B summarises
pre-post exercise changes. An increase in muscle density corresponds with decrease of fatty
infiltration as muscle density correlates inversely with the amount of fatty infiltration [22].
Cl = Confidence Interval, FI = Fatty Infiltration; SD = Standard Deviation; Std = Standard,
V= Independent Variable, Total = number of participants.
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TABLE 1.

Best Evidence Synthesis Criteria for Levels of Evidence

L evel of Evidence Rating | Criteria@

+++ Multiple studies with methodological quality rates as at least “good” OR one study with
High-quality evidence OR methodological quality rated as excellent and consistent findings (+ OR -) AND total sample size

--- > 100
Moderate-quality 5; Multiple studies with methodological quality rated as “fair” OR one study with methodological quality
evidence _ rated as “good” AND consistent findings (+ OR -) AND total sample size > 50

+

Low-quality evidence OR One study with methodological quality rated as “fair” AND consistent findings (+ OR -)
Conflicting evidence +/- Multiple studies AND conflicting findings
No evidence ?

Only studies with methodological quality rated as “poor” or only studies with rates as “?”

a - . . .
Adequacy of measurement property: +: positive, -: negative, ?: indeterminate.
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