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ABSTRACT

Background: Although individuals with chronic low back pain (CLBP) show increased fatty infiltration in the lumbar multifi-
dus muscle (LMM), it remains unclear whether LMM changes are related to clinical outcomes (such as pain and disability) after
considering confounders (spinal phenotypes, fear-avoidance beliefs [FABs| and insomnia). This study examined: (1) differences
in confounders and LMM characteristics between individuals with and without CLBP; and (2) associations between confound-
ers, LMM parameters, and clinical outcomes in the CLBP group alone.

Methods: Participants (CLBP =70 and asymptomatic people=67) underwent lumbar magnetic resonance imaging. Outcome
measures comprised the numeric pain rating scale, the Roland—Morris Disability Questionnaire, the Fear-Avoidance Beliefs
Questionnaire (FABQ), and the Insomnia Severity Index (ISI) Scale. LMM morphometry at L3-S1 (cross-sectional area, total
volume, and fatty infiltration) was measured using a customized MATLAB program. Spinal phenotypes (disc degeneration,
high-intensity zones, Modic changes [MCs], Schmorl's nodes, facet joint degeneration [FID], and facet tropism [FT|) were scored.
The between-group differences were analyzed using linear mixed models and chi-squared/Fisher's exact tests. Univariate and
multivariate analyses evaluated associations between clinical outcomes and other outcome measures in the CLBP group.
Results: The CLBP group demonstrated more severe disc degeneration and FJD at all levels, and greater FT at L5/S1 than
asymptomatic participants (p <0.05). The average LMM total volume at L3/4 and the percentage of fatty infiltration in LMM in
the L3-S1 region were greater in the CLBP group than in asymptomatic counterparts (p <0.05). The presence of MC at L4 and
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FJD at L4/5 and L4-S1 was significantly related to pain intensity in the CLBP group. Similarly, FABQ-Work and ISI scores were

significantly related to pain intensity (explaining 37% of the variance in pain).

Conclusions: The CLBP group displays more fatty infiltration in the LMM, but their LMM morphometric parameters are unre-

lated to pain/disability after considering spinal phenotypes, FABs, and insomnia.

1 | Introduction

A global prevalence of 568.4 million low back pain (LBP) cases
was reported in 2019, indicating that LBP is one of the major
public health concerns. Approximately 90% of LBP cases have
unknown causes and are diagnosed as nonspecific LBP [1].
Although 95% of LBP cases recover spontaneously, more than
two-thirds of these cases relapse within 12months and 20% may
develop chronic LBP (CLBP) lasting for at least 12weeks [2-4].

Compared to asymptomatic individuals, those with CLBP may
show functional and morphological changes in the lumbar multif-
idus muscle (LMM) (e.g., smaller total cross-sectional area [CSA]
and/or more intramuscular fatty infiltration) [5]. Although it is
thought that these changes in LMM morphometry may be related
to the development/maintenance of CLBP, baseline or temporal
changes in LMM morphometry (e.g., fatty infiltration/thickness)
may not necessarily be related to clinical outcomes (e.g., pain/dis-
ability) in individuals with CLBP [6-8]. While a study involving
a mixed cohort of individuals with acute and chronic LBP found
significant positive correlations between fatty infiltration in LMM
and pain or disability [9], other investigations showed that the per-
centage of fatty infiltration in LMM among CLBP patients was not
significantly related to pain intensity/disability [10].

The inconsistent associations between LMM morphometry and
LBP-related clinical outcomes may be partly attributed to the
fact that the CSA of LMM is not a true measure of LMM mor-
phometry as compared to LMM volume. Unfortunately, prior
research has not investigated the correlation between LMM vol-
ume and clinical outcomes among patients with CLBP.

Additionally, various spinal phenotypes, psychological factors (e.g.,
fear-avoidance beliefs [FABs]), and insomnia may also confound
the associations between LMM morphometry and LBP/LBP-
related disability in individuals with CLBP [11]. Several lumbar
degenerative phenotypes (e.g., intervertebral disc [[VD] degenera-
tion, high-intensity zones [HIZs], Modic changes [MCs], Schmorl's
nodes [SNs], facet joint degeneration [FID], and facet joint tropism
[FT]) as observed on magnetic resonance images (MRIs) have been
separately found to be associated with LBP [12-16]. Notably, the
presence of IVD degeneration [17-19] or MC type 1 (MC1) [20, 21]
is significantly related to higher LBP intensity. Additionally, IVD
degeneration and FJD may impact kinematics and compromise
lumbar stability, resulting in accelerated LMM degeneration [22].
Psychological factors like FABs are associated with clinical out-
comes (pain intensity and/or disability) in individuals with CLBP
[23]. Likewise, sleep disturbances/insomnia have been found to be
associated with pain intensity in patients with CLBP [24]. Given
the proximity of LMM, vertebrae, IVDs, and facets, LMM char-
acteristics, spinal phenotypes, and LBP-related clinical outcomes
may mutually affect one another. However, no prior research has

investigated these inter-relations nor the associations between
LMM morphometry and clinical outcomes after accounting for the
confounding effects of demographics, spinal degenerative pheno-
types, FABs, and insomnia in individuals with CLBP.

Given the above, the primary objective of the study was to com-
pare FABs, insomnia, spinal phenotypes, and LMM character-
istics between individuals with and without nonspecific CLBP.
The secondary objective was to quantify the correlations be-
tween FABs, insomnia, LMM characteristics, and other spinal
phenotypes with clinical outcomes (i.e., pain intensity and dis-
ability) in individuals with CLBP.

2 | Methods

This case-control study was approved by the Human Subjects
Ethics Sub-committee of a university (HSEAR20151027007-01)
and was conducted at a single center.

2.1 | Participants

The sample size was calculated based on a previous study, in
which the lean muscle CSA to fatty CSA index in LMM was sig-
nificantly higher in the LBP group than in healthy controls, with
Cohen's d effect size of 0.9 and a standard deviation of 3.8 [25].
By assuming the same effect size, a sample of at least 34 par-
ticipants per group was required to find a significant difference
with an alpha level of 0.05% and 80% statistical power.

Individuals aged between 18 and 65years were recruited.
Participants with CLBP (n=78) were recruited from a tertiary
referral center for spinal pathologies and were screened by spe-
cialists to rule out pathologies that required surgical interven-
tions. Age- and sex-matched asymptomatic participants (n=73)
were recruited through posters posted on the university campus
(Figure 1). People with CLBP were recruited if: (1) they experi-
enced nonspecific CLBP (NSCLBP) (defined as LBP that is not
attributed to a recognizable pathology [26]) with or without leg
pain that lasted for 3 months or more in the last 12months, re-
quiring surgical intervention; and (2) their LBP intensity was
at least 5/10 on an 11-point numeric pain rating scale (NPRS),
because LBP intensity between 5 and 6 is considered moderate
in people with LBP [27, 28]. Asymptomatic participants were
required to be free of LBP during the visit, free of LBP history
within the past 12 months, and free of LBP that lasted more than
aweek in the previous 36 months. Individuals with neurological
deficits/disease, spondylolisthesis, spinal tumors/cancer, spinal
fractures, spinal operations, systemic inflammatory disease,
metabolic disorders, or pregnancy (confirmed or suspected)
were excluded from the study.
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Cases notified
People with CLBP (n=73)
Healthy participants (n=78)

Drop-out
People with CLBP (n=8)
Healthy participants (n=6)

Demographic data
collected
People with CLBP (n=78)
Healthy participants (n=73)

MRI
People with CLBP (n=70)
Healthy participants (n=67)

FIGURE1 | Casereporting and completeness of data collection.

2.2 | Procedures

Participants completed a set of questionnaires to provide their
demographic information, pain intensity, LBP-related dis-
ability, fear avoidance beliefs, and the severity of insomnia.
Participants then underwent lumbar MRI from L1 to S1 levels
in a 1.5 MRI scanner (Siemens, Berlin and Munich, Germany; or
Philips, Amsterdam, and the Netherlands) and both T1 and T2
weighted images were obtained. The MRI sequence is described
in Appendix S1.

2.3 | Clinical Outcome Questionnaires

Pain intensity was measured using the 11-point NPRS [29, 30],
where 0 was defined as no pain and 10 as the worst imaginable
pain. Participants rated their current pain intensity, as well as
their least pain intensity and worst pain intensity during the
past 24h [31]. The three ratings were averaged to determine the
pain intensity over the past 24 h [32].

LBP-related disability was measured using a validated
Hong Kong-Chinese version of the Roland-Morris Disability
Questionnaire (RMDQ) [33]. It consisted of 24 yes/no items to
describe the negative impacts of LBP on individuals. Higher
scores indicated more disability.

2.4 | Psychological Factors and Insomnia

Pain-related fear avoidance beliefs were assessed using a vali-
dated Hong Kong Chinese version of the 16-item Fear-Avoidance
Beliefs Questionnaire (FABQ) [34]. It comprised two subscales
to determine: (1) beliefs that physical activities cause damage;
and (2) beliefs that work-related activities cause damage. By add-
ing both subscale scores, the overall score was calculated [35].
Higher scores imply more fear avoidance beliefs.

The Chinese version of a 7-item Insomnia Severity Index (ISI)
was used to assess the severity of insomnia [36]. A 5-point Likert
scale was used to rate each item (e.g., 0 = no insomnia; 4 =very se-
vere insomnia) [37]. A total score of 0 indicates no insomnia [37].

2.5 | Phenotype Grading

Prior to the measurements, one author was trained by a spinal
specialist to perform the assessments. Each participant's spinal
phenotypes at the L3 to S1 levels were rated by validated scales.
Specifically, IVD degeneration was graded on T2-weighted
MR images by a 5-point Pfirrmann grading system ([38]
(Appendix S2). HIZs in the disc were graded on T2-weighted MR
images and were dichotomized as presence/absence regardless
of the location, shape, or signal intensity [12] (Appendix S3). The
presence/absence of MCs at a given disc level was determined
based on the existence of any type of MCs in adjacent vertebrae
[39] (Appendix S4). The presence/absence of SNs on the caudal
endplate of the upper vertebra/cephalic endplate of the lower
vertebra [40] was documented (Appendix S5). Bilateral FID was
graded by a validated 4-point scale developed by Weishaupt et al.
[41] (Appendix S6). FT was dichotomized as presence/absence at
each level [42] (Appendix S7).

2.6 | LMM Measurements

One trained author with a physiotherapy background performed
the assessments. The CSAs of bilateral LMM were manually
traced according to the recommendation of previous research
[43, 44] using a customized MATLAB program (R2019b, The
MathWorks Inc., Natick, MA, USA) (Appendix S8). After demar-
cating the region of interest of bilateral LMM from the L3 to S1
levels, the program automatically measured the respective total
CSA, lean muscle CSA, and intramuscular fatty infiltration.
The total muscle volume was estimated based on the thickness
of each slide (4 mm) multiplied by the number of slides per verte-
bral level (4). The percentages of fatty infiltration and lean mus-
cle volume at L3/4, L4/5, L5/S1, L3-S1, and L4-S1 level(s) were
calculated starting from the cephalic endplate of L3 to L3/4 disc
to estimate L3 LMM volume using the thresholding method.
The process was repeated for the other levels. The CSA for each
level was measured on the slide on the caudal IVD level. To
measure the intra-observer reliability of each spinal phenotype
grading and LMM CSA measurement, these parameters were
remeasured on the MR images of 20 randomly selected partici-
pants after 3weeks.

2.7 | Statistical Analysis

Descriptive and frequency analyses were conducted on all data.
Statistical tests were performed using SPSS software (Version
25, IBM Corp., Armonk, NY, USA). Pfirrmann grading was
dichotomized as “no/mild degeneration (Grades 1-3)” and
“severe degeneration (Grade 4 or 5)” [45], and MCs were dichot-
omized as presence/absence regardless of the type at each of
the L3/4 to L5/S1 levels. FID was dichotomized as “no/mild de-
generation (Grade 0 or 1)” or “severe degeneration (Grade 2 or
3)” on both sides. Further, FJD was dichotomized as presence/
absence using a cutoff of Grade 2 irrespective of right/left side
[46]. Cohen's Kappa (k) was used to evaluate the intra-rater re-
liability of grading spinal phenotypes [47]. The agreement was
interpreted as none to slight (x =0.01-0.20), fair (x = 0.21-0.40),
moderate (x=0.41-0.60), good agreement (x=0.61-0.80), or
almost perfect (x=0.81-1.00) [47]. The intra-class correlation
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TABLE1 | Characteristicsof participants with chronic low back pain
(CLBP) and asymptomatic individuals (median [interquartile range]).

Characteristics CLBP Asymptomatic

Age (years) 46.0 (35.8-54.0)  48.0 (30.0-54.5)

Body mass index 23.0 (21.0-25.0) 22.0(20.0-24.0)

(kg/m?)

Gender male, n (%) 32 (41.0%) 36.6% (26)
Education level, n (%)
Less than college 34 (44.7%) 20 (28.2%)
College or above 42 (55.3%) 51 (71.8%)
Occupation, n (%)
Employed 53 (74.7%) 50 (75.8%)
Unemployed/ 18 (25.4%) 16 (24.2%)
retired
Marital status, n (%)
Married 49 (66.2%) 30 (47.6%)
Others 25 (33.8%) 33 (52.4%)
Smoking status, n (%)
No 72 (94.7%) 69 (97.2%)
Yes 4 (5.3%) 2(2.8%)
Alcohol use, 1 (%)
No 54 (71.1%) 53 (74.6%)
Yes 22 (28.9%) 18 (25.4%)

Note: Married and others (unmarried/divorced/widowed). BOLD =p <0.05 for
comparisons between individuals with CLBP and asymptomatic participants.
Calculation of p values was performed using Mann-Whitney U-test (for
continuous variables) and chi-square test (for nominal and ordinal variables).

TABLE 2 | Summary of pain intensity, disability, FABQ, and
insomnia scores.

Characteristics CLBP Asymptomatic
Pain intensity 4.2 (3.0-5.6) 0.0 (0.0-0.0)
Disability 5.5(3.0-9.0) 0.0 (0.0-1.0)
FABQ-total 44.0 (27.0-53.0) 0.0 (0.0-22.0)
FABQ-PA 18.0 (14.0-21.0) 0.0 (0.0-11.3)
FABQ-W 22.0 (10.0-27.0) 0.0 (0.0-8.0)
ISI 12.0(7.3-15.0) 5.0 (3.0-11.0)

Note: BOLD =p<0.05 for comparisons between individuals with CLBP and
asymptomatic participants.

Abbreviations: FABQ = fear-avoidance beliefs questionnaire; FABQ-PA = fear-
avoidance beliefs questionnaire-physical activity; FABQ-W = fear-avoidance
beliefs questionnaire-work; ISI = insomnia severity index.

coefficient (ICC), two-way random effects model, and single
rater (ICC2,1) were used to determine the intra-rater reliability
of LMM CSA measurements [48, 49]. The reliability was de-
fined as excellent (ICC >0.90), good (ICC=0.75-0.90), mod-
erate (ICC =0.50-0.75), or poor (ICC <0.50) [49]. Chi-squared
or Fisher's exact tests were used for categorical variables. To

compare between-group differences in LMM parameters, lin-
ear mixed models were used after adjusting for age and sex
[50]. Age and sex adjustments were conducted because they
were significantly correlated with LMM parameters in people
with CLBP [50]. Separate point-biserial tests were used to deter-
mine the correlation between each spinal phenotype and LBP
intensity or LBP-related disability scores. Spearman'’s rank cor-
relation coefficients were used to evaluate the correlations be-
tween: (1) demographic characteristics (age, gender, and body
mass index) and LMM parameters; (2) FABQ or ISI scores and
LBP intensity/LBP-related disability, respectively; and (3) CSA
and total volume of LMM. The strength of the correlation was
classified as very weak (0.00-0.19), weak (0.20-0.39), moderate
(0.40-0.59), strong (0.60-0.79), or very strong (0.80-1.00) [51].
All possible confounders (demographic characteristics, LMM
parameters, FABQ scores, ISI scores, and spinal phenotypes)
were assessed for their correlations with LBP intensity and/or
LBP-related disability in univariable analyses. Variables with
p<0.20 were then entered into a hierarchical linear regres-
sion to evaluate which variables were independently related to
LBP intensity or LBP-related disability in people with CLBP.
Unstandardized regression coefficients (B), standard error of
B (SE-B), standardized regression coefficient (), and p values
were calculated. Missing data were excluded from the analysis.
The statistical significance was set at p <0.05 with a 95% confi-
dence interval (CI).

3 | Results
3.1 | Demographic Data

Demographic data and self-reported questionnaire results of 70
individuals with CLBP and 67 asymptomatic controls are shown
in Table 1. There were no significant differences in age, body
mass index, percentage of males, occupation (employed/[un-
employed/retired)|, smoking status, and alcohol use, except for
education levels and marital status between groups. Excellent
intra-rater reliability was noted for IVD degeneration (x=0.86),
HIZ (kx=0.88), MC (x=0.91), SN (x=0.88), FID (x=0.95), and
FT (k=0.89). Likewise, good intra-rater reliability of LMM CSA
was noted with ICC of 0.83 (95% CI: 0.76-0.88).

3.2 | Comparisons Between Individuals With
and Without CLBP

Participants with NSCLBP had significantly higher LBP intensity,
RMDAQ scores, FABQ scores, and ISI scores than asymptomatic
controls (p <0.05) (Table 2). Individuals with CLBP demonstrated
significantly more severe IVD degeneration and FID at L3/4, L4/5,
and L5/S1 levels than asymptomatic controls (p<0.05) (Table 3).
Likewise, FT at the L5/S1 level was significantly greater in individ-
uals with CLBP than asymptomatic controls (Table 3).

Because age and sex were significantly correlated with LMM pa-
rameters at all levels, these covariates were used in the between-
group comparisons of LMM parameters.

After adjusting for age and sex, the mean total volume of LMM
at the L3/4 level was significantly greater in individuals with
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CLBP than in asymptomatic controls (p <0.05). However, there
was no significant between-group difference in the total vol-
ume of LMM at L4/5, L5/S1, L3-S1, and L4-S1 levels (p>0.05).
Compared to asymptomatic controls, the absolute percentage
of lean muscle volume of LMM at the L3-S1 region was signifi-
cantly smaller in people with CLBP (Table 4).

3.3 | Correlations

3.3.1 | Correlations Between FABQ Scores, ISI Scores,
and Clinical Outcomes

Pain intensity was weakly associated with FABQ-Total scores
(p=0.30, p<0.05) and FABQ-Work scores (0=0.39, p<0.05),
but moderately associated with ISI scores (p=0.44, p<0.05)
(Table 5). RMDQ scores were positive and weakly correlated
with FABQ-Total scores (p=0.34, p<0.05), FABQ-physical
activity (FABQ-PA) (p=0.24, p<0.05), FABQ-Work (p=0.26,
p<0.05), and ISI scores (p =0.24, p<0.05) (Table 5).

3.3.2 | Correlations Between Various Spinal
Phenotypes and Clinical Outcomes

Point-biserial correlation analysis revealed that only MC at L4/5
(point-biserial =0.26), FID at L4/5 (point-biserial =0.30), and
FID at L4-S1 (point-biserial = 0.28) were significantly correlated
with pain intensity in individuals with CLBP. There were no sig-
nificant correlations between IVD degeneration, HIZ, SN, and
FT at L3/4, L4/5, L5/S1, L3-S1, and L4-S1 levels and pain inten-
sity. Similarly, no significant correlations were found between
IVD degeneration, HIZ, MC, SN, FJD, or FT and RMDQ scores
(Table 6).

3.3.3 | Correlations Between LMM Parameters
and Clinical Outcomes

There was no significant correlation between total volume or
percentage of lean muscle volume at the L3/4, L4/5, L5/S1, L3-
S1, or L4-S1 level and LBP intensity in individuals with CLBP
(Table 8). Similarly, no significant correlations were found be-
tween the total volume or percentage of lean muscle volume at
each of the L3 to S1 levels or L3-S1 levels and RMDQ scores in
individuals with CLBP (Table 7).

3.4 | Factors Explaining Pain Intensity

A three-stage hierarchical linear regression analysis was used to
predict the pain intensity reported by individuals with CLBP. In
the first block, demographics were entered. Psychological vari-
able scores and ISI scores were entered as covariates, and spinal
phenotypes were entered as the primary variables of interest in
the second block (Table 8). In the third block, LMM parame-
ters were entered. FABQ-Work and ISI scores were significant
covariates. For the final block, the model was statistically sig-
nificant, F (5, 67) =7.359, R?=0.372, adjusted R?=0.322. The
FABQ-Work and ISI scores together accounted for 37% of the
variance of pain intensity. The variance explained by each of the

two independent variables indexed by the squared semi-partial
correlations was low (ISI and FABQ-Work scores accounted
for approximately 8% and 9% of the variance of pain intensity,
respectively).

3.5 | Factors Explaining Disability

A three-stage hierarchical linear regression analysis was also
used to determine factors predicting the pain intensity reported
by individuals with CLBP. In the first block, demographics were
entered. In the second block, psychological variable scores, ISI
scores, and spinal phenotypes were entered as a covariate. LMM
parameters were entered in the third block. The regression anal-
ysis found no significant predictors of LBP-related disability.

4 | Discussion

Individuals with CLBP had significantly more severe IVD de-
generation and FJD at the L3/4, L4/5, and L5/S1 levels than as-
ymptomatic controls. Individuals with CLBP had a significantly
higher frequency of FT at the L5/S1 level than asymptomatic
controls. Compared to asymptomatic controls, individuals with
CLBP had significantly smaller LMM lean muscle volume over
the L3-S1 region. FABQ-Work scores, ISI scores, MC at the L4/5
level, and FID at the L4/5 and L4-S1 levels separately showed
significant associations with pain intensity in individuals with
CLBP. After considering all these factors, only FABQ-Work and
IST scores together explained 37% of the variance of pain inten-
sity in individuals with CLBP. No LMM characteristics nor spi-
nal phenotypes were related to RMDQ scores.

Since IVD and facet joints form a three-joint complex at each
level, they are responsible for bearing the loading of the lumbar
spine [52, 53]. An abnormality in any of these three joints may
overload the facet joints and IVD at the same level, accelerating
the IVD degeneration, FJD, and FT, which may result in CLBP
[54]. Our results supported this notion because participants with
CLBP had more severe IVD and FJD at the L3/4, L4/5, and L5/S1
levels than asymptomatic controls.

4.1 | Correlations Between Spinal Phenotypes
and Clinical Outcomes

Significant correlations were found between the presence of
MC at the L4/5 level and pain intensity in participants with
CLBP. It is noteworthy that most of the identified MCs be-
longed to type 1. This finding concurred with a systematic re-
view that concluded a significant positive association between
MC and CLBP [55]. The mechanical cause of MC is microtrau-
mas of the vertebral endplates [56]. Basivertebral nerves from
damaged endplates transmit nociceptive signals to the brain.
As the severity of endplate defects increases, the number of
nerves also increases, which may cause pain in individuals
with CLBP [57-59].

At the molecular and cellular levels, granulation and fibrotic
tissues have been identified in surgical specimens of MC.
Granulation tissue, indicative of inflammation during active
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TABLE 5 | Correlation between fear-avoidance beliefs, insomnia
severity index, and clinical outcomes in people with CLBP.

FABQ- Insomnia
FABQ- Physical FABQ- severity
Total  Activity Work index

Pain intensity 0.30 0.04 0.39 0.44
Disability 0.34 0.24 0.26 0.24

Note: Spearman rank correlation coefficient; BOLD =p <0.05.

healing, is characterized by loose extracellular matrix and
myeloid cells. Conversely, fibrotic tissue, marked by high
collagen content, results from ongoing healing efforts and
chronic inflammation. These changes suggest that myeloid
cells arise from repeated cycles of inflammation and healing
[60], playing a significant role in the pain response. Targeting
myeloid cell functions and their mediators offers novel ther-
apeutic opportunities for pain management. Modulating
these immune responses could alleviate chronic pain and
improve treatment outcomes for patients with CLBP [61, 62].
Additionally, research indicates a subtype of MC caused by a
low-grade bacterial infection within the IVD, leading to in-
flammation and endplate bone marrow changes in adjacent
vertebral bodies [56, 63]. Oral antibiotics may be beneficial for
these patients [64].

Our findings of significant correlations between FJD at L4/5 or
L4-S1 levels and pain intensity in participants with CLBP align
with prior findings. FID is considered a major cause of LBP [65],
as it can damage surrounding tissues and cause inflammation.
This inflammation leads to increased production of inflamma-
tory chemicals and cartilage-degrading enzymes, which stim-
ulate joint nociceptors and cause pain [59, 66]. At the cellular
level, elevated NGF (nerve growth factor) levels can sensitize
nociception neurons, heightening pain afferents from degener-
ated facet joints [66]. Understanding the role of inflammatory
mediators can guide the use of anti-inflammatory treatments,
such as corticosteroids, while targeting NGF with specific inhib-
itors could offer a novel approach to managing pain in patients
with FID [67].

While our results substantiated the important role of FID in in-
dividuals with CLBP, the lack of significant correlation between
spinal phenotypes and LBP-related disability in our study might
be partly attributed to the fact that spinal degenerative changes
seen on MRI are part of the aging process that were unrelated
to LBP-related disability [68]. Even though FJD might be related
to LBP, the pain intensity might not be large enough to cause
LBP-related disability.

4.2 | LMM Characteristics Between Individuals
With and Without CLBP

Individuals with CLBP had significantly higher total fatty
infiltration and smaller lean muscle volume in LMM in the
L3-S1 region than asymptomatic individuals. These results
concur with the findings from another study, which found
that the CSA at L4/5 and L5/S1 levels in individuals with

Correlation between spinal phenotypes and clinical outcomes in people with chronic low back pain.

TABLE 6

Modic change

High-intensity zones

Pffirmann grading

L4/5 L5/S1 L4-S1 L3-S1 L3/4 L4/5 L5/S1 L4-S1 L3-S1 L3 L4 L5 S1 L4-S1 L3-S1

L3/4

0.26 0.06 0.04 0.15 0.18

-0.13

—0.04 0.13 0.03 —0.08 0.09 0.05 0.10 0.02

-0.13

0.09

Pain-intensity

0.00 0.02

0.19

0.11

0.01 0.10 0.12 0.21 0.01 —0.05 0.06 —0.08 —0.03 —0.02 —0.07

0.16

Disability

Facet joint degeneration Facet tropism

Schmorl's nodes

L3-S1

L4-S1

L4 L5 L4-S1 L3-S1 L3/4 L4/5 L5/S1 L4-S1 L3-S1 L3/4 L4/5 L5/S1

L3

—0.18 0.22 —0.08 -0.13 —0.01

0.19

0.16 0.07 0.00 0.30 0.05 0.28

0.06

0.19

—0.09

Pain-intensity

—0.09

0.01

—-0.04 0.07 0.034 —0.07 —0.00 —0.10

-0.13 —-0.01 0.10

-0.21 0.11 —-0.12

—0.10

Disability

p<0.05.

Note: Spearman rank correlation coefficient; BOLD
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TABLE 7 | Correlation between LMM parameters and clinical outcomes in people with chronic low back pain.

Total volume Percentage of lean muscle volume
L3/4 L4/5 L5/S1 L4-S1 L3-S1 L3/4 L4/5 L5/S1 L4-S1 L3-S1
Pain-intensity —-0.07 —-0.03 —-0.30 —0.04 0.02 -0.20 -0.21 -0.21 -0.22 -0.22
Disability —-0.12 0.04 -0.17 —-0.13 -0.12 —0.03 —-0.10 —-0.19 —-0.16 —-0.08
Note: Spearman rank correlation coefficient.
TABLE 8 | Summary of hierarchical regression model predicting pain intensity.
Block Dependent variable R? Model B SE-B B
1 Pain intensity 0.530 Constant
FABQ-Work 0.046 0.016 0.315
Insomnia severity index 0.097 0.034 0.324
2 Pain intensity 0.610 Constant
FABQ-Work 0.042 0.016 0.290
Insomnia severity index 0.093 0.033 0.308

Note: Adjusted R?=0.322. R>=0.610. F (5, 67) =7.359; BOLD =p<0.05.

Abbreviations: B = regression coefficient; 8 = standardized regression coefficient; FABQ = fear-avoidance beliefs questionnaire; SE-B = standard error of B.

CLBP was significantly smaller than in healthy participants
[69]. The relatively more fatty infiltration and smaller lean
muscle volume in participants with CLBP were noted because
NSCLBP might cause diffuse LMM structural changes due
to disuse/deconditioning that are not specific to a particular
spinal level. Disuse of back muscles may decrease fatty acid
oxidation in the muscles, which causes increased intramuscu-
lar fatty infiltration and atrophy of LMM in individuals with
CLBP [70]. In addition to evaluating morphological changes of
the LMM, future prospective studies should also evaluate his-
tochemical changes and electromyographic activity of LMM
to better understand the etiopathology of LMM alterations in
individuals with CLBP.

4.3 | Correlations Between LMM Characteristics
and Clinical Outcomes in Individuals With CLBP

Our nonsignificant associations between lean muscle volume
at L3 to L5 levels and pain intensity or LBP-related disability
agree with previous research [10]. Mengiardi et al. found that
the percentage of fatty infiltration in LMM among 25 individu-
als with CLBP was unrelated to pain intensity or disability [10].
Further, the LMM thickness as measured by ultrasonography
in the current cohort also found that LMM thickness at rest
or during contraction was unrelated to pain or disability after
adjusting for psychological variables [11]. Two earlier system-
atic reviews also revealed that changes in LMM resting thick-
ness, CSA, or endurance after treatment were not associated
with the corresponding changes in pain intensity or disability
among individuals with LBP [6, 7]. These consistent findings
suggest that morphometric characteristics (i.e., CSA, volume,
and thickness) of LMM are not good imaging biomarkers for
indicating the severity of symptoms and disability among in-
dividuals with CLBP. Other factors may mediate or moderate

pain and disability in individuals with CLBP. While LMM
did not show a significant association with clinical outcomes,
changes in morphometry of other paravertebral muscles, such
as the psoas muscles, may be related to clinical outcomes in
individuals with CLBP [71]. Future studies should investigate
the associations between the morphometric or biomechanical
properties of various paravertebral muscles and LBP intensity
or disability in individuals with CLBP, while controlling for
psychosocial factors.

4.4 | Factors Explaining Pain Intensity
and Disability in Individuals With CLBP

Prior research has shown that FABs are associated with pain
intensity and LBP-related disability among individuals with
CLBP [72, 73]. It is possible that pain or fear may interfere with
the neural control pathway for automaticity, which may result
in deficits in trunk motor control causing reduced trunk stabil-
ity, which may affect daily living activities [74]. Furthermore,
some individuals with CLBP believe that any painful movement
may worsen their condition [75]. Therefore, they may choose to
reduce movements, which in turn may lead to deconditioning/
disuse of trunk muscles [76], and/or altered trunk muscle re-
cruitment, resulting in more spinal loading [77], and increased
likelihoods of LBP and disability [74].

Our results reveal a significant association between sleep, pain
intensity, and LBP-related disability. This concurs with prior re-
search indicating that sleep deprivation increases pain sensitiv-
ity and affects balance in individuals with CLBP [78-80], with
those suffering from comorbid CLBP and insomnia experienc-
ing the highest pain sensitivity [81]. Clinicians should routinely
assess sleep quantity and quality in these patients and offer
timely, personalized treatment [82].
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4.5 | Clinical Implications

The current study found an average 1% increase in fat infiltra-
tion in the LMM of individuals with CLBP compared to asymp-
tomatic controls, but the clinical significance of this finding is
uncertain. A previous cross-sectional study involving 58 partici-
pants with and 14 without CLBP found that higher fat content in
the LMM was related to greater pain intensity and disability in
those with CLBP after adjusting for age, gender, BMI, physical
activity, and muscle CSA [83]. However, it did not report actual
LMM measurements for both groups. Another cross-sectional
study involving 493 patients with CLBP found that fat infiltra-
tion in paraspinal muscles was associated with structural ab-
normalities in the lumbar spine, potentially affecting pain and
physical function [84]. However, this study did not examine the
association between muscle morphometry and clinical symp-
toms, nor did it include asymptomatic controls for comparison.
Future large-scale studies should compare paraspinal pheno-
types between individuals with and without CLBP and explore
their associations with clinical symptoms.

Given the multifactorial causes of CLBP, both physical and
psychological factors can affect clinical symptoms [85]. For in-
stance, lumbar flexion range of motion and isometric lumbar
muscle strength are negatively associated with RMDQ scores
in individuals with CLBP [85]. A cross-sectional study revealed
a significant correlation between abnormal flexion relaxation
ratio/muscle variability of the erector spinae and LBP-related
disability in individuals with CLBP [86]. This suggests that back
muscle performance/activation, including the erector spinae,
may impact physical dysfunction. Additionally, FABs, pain cata-
strophizing, and depression can predict pain and/or LBP-related
disability levels [11, 72, 73, 87|. Patients with depression often
experience greater pain intensity, increased disability, and re-
duced quality of life [88]. Clinicians should consider biopsycho-
social factors when determining treatment options.

4.6 | Strengths and Limitations

This is the first study to determine the association between
LMM parameters and pain intensity or LBP-related disability
after controlling multiple factors such as demographics, psycho-
logical factors, insomnia, and spinal phenotypes in individuals
with CLBP. Our findings suggest that clinicians should assess
FABs and sleep disturbances in patients with CLBP during rou-
tine clinical evaluations. For patients with moderate to severe
FABs or insomnia, referral for behavioral psychological inter-
ventions, such as cognitive behavioral therapy [89, 90] or accep-
tance and commitment therapy [91], should be considered to
address their issues.

Like other studies, this study had several limitations. First,
cross-sectional data could not determine the causal relation-
ship between various spinal phenotypes or LMM characteristics
and pain intensity/disability in individuals with CLBP. Future
prospective studies should determine whether the presence of
one or more spinal phenotypes/LMM parameters can predict
pain intensity/disability in the future. Second, only 43% of in-
dividuals with CLBP had pain for more than 3years. It remains

unclear whether people with longer pain duration might have
different associations between LMM characteristics and pain
intensity/disability. Third, research indicates that a sedentary
lifestyle is related to pain and disability in individuals with
CLBP [92-94], and physical inactivity is associated with in-
creased fatty infiltration in LMM [83]. Future studies should
examine the association between LMM morphology and LBP/
LBP-related disability after controlling for factors such as physi-
cal activity levels, FABQ scores, and sleep quality. Fourth, mul-
tiple correlation analyses were conducted without adjusting for
multiplicity in the statistical analyses of the secondary objective.
Consequently, the findings should be considered exploratory due
to the potential for type I error [95]. Fifth, the current study did
not include individuals aged 65years or above. Future research
should examine the morphometry of LMM and its associations
with clinical outcomes while controlling for other age-related
factors, such as sarcopenia or osteoporosis [96]. Sixth, individu-
als with neuropathic pain may experience more severe pain and
disability due to somatosensory nerve lesions [97], which could
affect our analysis of the association between LMM morphome-
try and clinical symptoms. However, the risk of having patients
with neuropathic pain is low since we excluded patients with
neurological deficits.

5 | Conclusions

This is the first study to evaluate the associations among various
spinal phenotypes, LMM volumetric parameters, and clinical
outcomes in individuals with CLBP after considering other psy-
chological factors. Instead of comparing the CSA of LMM at a
given spinal level, we evaluated the total volume and lean mus-
cle volume of LMM at each level from L3 to S1, which were sup-
posed to provide more comprehensive information on the LMM
morphology in individuals with and without CLBP. Our results
revealed that LMM characteristics and spinal degeneration (MC
and FJD) were unrelated to clinical outcomes after adjusting for
FABQ and ISI scores.
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