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Functional magnetic resonance imaging reveals dysfunction of 
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Background: Patients with chronic low back pain (CLBP) undergo structural changes of the paraspinal 
muscles; however, it is unclear if functional changes also occur. This study aimed to examine the metabolic 
and perfusion function changes in the paraspinal muscles of patients with CLBP as indirectly reflected by 
blood oxygen level–dependent (BOLD) imaging and T2 mapping.
Methods: All participants were consecutively enrolled at our local hospital from December 2019 to 
November 2020. Patients were diagnosed with CLBP in the outpatient clinic, and asymptomatic participants 
were considered to be those with no CLBP or other diseases. This study was not registered on a clinical 
trial platform. Participants underwent BOLD imaging and T2 mapping scans at the L4–S1 disc level. The 
effective transverse relaxation rate (R2* values) and transverse relaxation time (T2 values) of the paraspinal 
muscles were measured on the central plane of the L4/5 and L5/S1 intervertebral discs. Finally, the 
independent samples t-test was used to assess the differences in R2* and T2 values between the 2 groups, 
while Pearson correlation analysis was used to determine their correlation with age. 
Results: A total of 60 patients with CLBP and 20 asymptomatic participants were enrolled. The paraspinal 
muscles of the CLBP group had higher total R2* values [46.7±2.9 vs. 44.0±2.9 s−1; 95% confidence interval 
(CI): 1.2–4.2; P=0.001] and lower total T2 values (45.4±4.2 vs. 47.1±3.7 ms; 95% CI: –3.8 to 0.4; P=0.109) 
than did the asymptomatic participants. For the different muscles, R2* values for the erector spinae (ES) 
(L4/5: 45.5±2.6 vs. 43.0±3.0 s−1, 95% CI: 1.1–4.0, P=0.001; L5/S1: 48.5±4.9 vs. 45.9±4.2 s−1; 95% CI: 0.2–5.1; 
P=0.035) and the R2* values of the multifidus (MF) muscles (L4/5: 46.4±2.9 vs. 43.7±3.5 s−1, 95% CI: 1.1–4.3, 
P=0.001; L5/S1: 46.3±3.5 vs. 42.5±2.8 s−1, 95% CI: 2.1–5.5, P<0.001) of the CLBP group at both spinal levels 
were higher than those of the asymptomatic participants. In the patients with CLBP, the R2* values at the 
L4/5 (45.9±2.1 s−1) were lower than those at the L5/S1 (47.4±3.6 s−1; 95% CI: −2.6 to −0.4; P=0.007). The 
R2* values were positively correlated with age in both groups (CLBP group: r=0.501, 95% CI: 0.271–0.694, 
P<0.001; asymptomatic group: r=0.499, 95% CI: –0.047 to 0.771; P=0.025).
Conclusions: The R2* values were higher in the paraspinal muscles of patients with CLPB and may 
suggest metabolic and perfusion dysfunction of the paraspinal muscles in these patients.
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Introduction  

Chronic low back pain (CLBP) is a condition of the lower 
back that lasts at least 12 weeks (1), creates significant 
disability, and is the most common reason for people to seek 
medical services. The prevalence of CLBP among adults 
has been reported to be as high as 20.3% (2). It increases 
linearly from the third decade of life (3), and 80% of the 
population will have at least 1 episode of CLBP in their 
lifetime (4).

The lumbar paraspinal muscles are composed of the 
erector spinae (ES), multifidus (MF), psoas, and quadratus 
lumbar muscles (5). The paraspinal muscles play an 
important role in maintaining spinal stability and correct 
posture (6). Increased fatty infiltration (7) and decreased 
cross-sectional areas (8) of the paraspinal muscles have been 
found in patients with CLBP. However, these studies were 
based on morphological and compositional analyses of the 
paraspinal muscles, while the physiological status of the 
paraspinal muscles has been less thoroughly investigated.

With the development of magnetic resonance technology, 
functional magnetic resonance imaging (fMRI) has emerged 
with the ability to reflect the physiological functional status 
of tissues in addition to their anatomical structure (9). T2 
mapping is a quantitative assessment technique mainly used 
to assess articular cartilage in musculoskeletal disorders (10)  
and can detect changes in cartilage collagen matrix and 
cartilage water content (11). Based on this ability, it is 
increasingly used for other conditions such as tumors (12), 
muscles (13), and intervertebral discs (14). 

Blood oxygen level–dependent (BOLD) MRI is based 
on the concentration of deoxyhemoglobin in the blood of 
a specific tissue and can determine its transverse relaxation 
rate R2* (15). It is widely used to monitor blood perfusion 
in brain disorders (16). Recently, it has been applied 
for research on muscle diseases (17), blood perfusion of 
muscles (18), and activation of muscles (19). In addition, 
BOLD is usually used to assess muscle perfusion after a 
given stimulation, such as cuff compression (20). BOLD 
may be a more reliable technique for evaluating lower limb 

muscle perfusion in patients with peripheral arterial disease 
at rest and may provide additional information about 
skeletal muscle perfusion (21).

Above all, BOLD and T2 mapping can find changes 
in blood metabolic and perfusion levels in tissues. To our 
knowledge, few studies have combined these 2 techniques 
to assess the paraspinal muscles in patients with CLBP, and 
we thus hypothesized that they could be used to evaluate 
the functional metabolic and perfusion changes in the 
paraspinal muscles of patients with CLBP. The purpose 
of this study was to indirectly investigate whether there 
were functional changes in the metabolism and perfusion 
of paraspinal muscles in patients with CLPB by measuring 
fMRI parameters. We present the following article in 
accordance with the STROBE reporting checklist (available 
at https://qims.amegroups.com/article/view/10.21037/
qims-22-1106/rc).

Methods

Participants

In this study, we recruited patients with CLPB and 
asymptomatic participants aged between 20 and 74 years 
from December 2019 to November 2020. The patients 
with CLBP were diagnosed in our outpatient clinic 
and were scheduled to have MRI examinations. The 
asymptomatic group comprised individuals and hospital 
staff with no evidence of CLBP or other diseases on 
physical examination. The 2 groups were matched for 
age and sex. This prospective cross-sectional study was 
approved by the Ethics Committee of the First Affiliated 
Hospital of Kunming Medical University (No. 2018-L-86)  
and was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). Informed consent was 
obtained from all individual participants. The inclusion 
criteria were as follows: patients who had a duration of 
low back pain for at least 12 weeks (or no low back pain in 
the case of asymptomatic individuals) and who underwent 
lumbar spine MRI examination, a BMI of 18.5–23.9 kg/m2,  
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a blood pressure of 90–140/60–90 mmHg, a blood oxygen 
saturation level of ≥94%, and a heart rate under resting 
conditions of 60–100 bpm. The exclusion criteria were 
the following: contraindications for MRI examination or 
inability to cooperate with MRI scanning; visceral low back 
pain (such as urinary stones); a history of lumbar spine 
trauma, fractures, tumors, infections, deformities, surgery, 
or other medical conditions; a family history of neurological 
or musculoskeletal diseases; pregnancy; people who had 
professional muscle training before scanning, such as 
soldiers, athletes, and fitness enthusiasts; habits which could 
affect energy metabolism (i.e., smoking, a history of alcohol 
consumption within 3 days of the scan, and drug addiction); 
and people who had been treated for CLBP within a month 
before MRI scanning.

MRI examination 

MRI of the lumbar spine was performed using a 3.0 T 
unit (MR750w, GE Healthcare, Chicago, IL, USA). All 
participants rested for 30 minutes before the scan was 
performed, and the participant’s abdomen was compressed 
with an abdominal bandage to reduce respiratory motion 
artifacts during the MR examination. All participants 
wore cotton clothing, and we homogenized the magnetic 
resonance scanner before scanning the functional sequences. 
According to some studies of patients with CLBP, the 
ES and MF muscles at the lower lumbar levels (L4–S1 
level) have higher fat infiltration throughout the lumbar  
segments (7). In addition, magnetic resonance studies of the 
lumbar paraspinal muscles in asymptomatic individuals have 
also found that the fat distribution of paraspinal muscles has 
a higher slice correlation and fat infiltration at the lower 

lumbar levels (22). Based on these findings, we hypothesized 
that there would be more significant structural changes 
macroscopically in the paraspinal muscles at the L4–S1 
levels. Therefore, the imaging protocols included routine 
sagittal T2-weighted imaging, BOLD and T2 mapping, 
where the scanning range of BOLD and T2 mapping 
included the L4-S1 levels. Sagittal T2-weighted imaging 
was used to locate the target intervertebral discs, as shown 
in Figure 1A, while the axial images at the central level of 
the L4/5 and L5/S1 intervertebral discs were used for data 
measurement. The scanning parameters are displayed in 
Table 1.

Data measurements 

Using the central level of the L4/5 and L5/S1 intervertebral 
discs as the level of interest, we outlined the contours 
of the ES and MF muscles using the tracing method, as 
shown in Figure 1B,1C. The fascia of the muscles and 
macroscopic fat components at the muscle edges were 
avoided as much as possible when delineating the region of 
interest to avoid the influence of fat, but intramuscular fat 
could not be avoided. In addition, when tracing muscles, 
we tried to avoid areas where there were artifacts. The 
R2* and T2 values were measured on the BOLD and T2 
mapping sequences, respectively. The R2* and T2 values 
were calculated automatically using the “R2 star” and “T2 
mapping” postprocessing programs, respectively, in the 
Advantage Workstation 4.6 (GE Healthcare). In addition, 
we conducted threshold processing for each participant’s 
image during postprocessing to reduce the impact of noise. 
All data measurements were performed by 2 experienced 
radiologists who were blind to the clinical groupings and 

Figure 1 MRI images. (A) The positioning line of the central plane of the L4/5 and L5/S1 intervertebral discs. (B,C) The L4/5 and L5/
S1 intervertebral discs, respectively. The green color outlines the erector spinae, and the red color outlines the multifidus. MRI, magnetic 
resonance imaging.
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Table 1 Magnetic resonance imaging scan parameters 

Sequence TR (ms) TE (ms) NEX FOV (cm2) Thickness (mm) Gap size (mm) Slice number

T2WI (sagittal) 115 2,814 2 32×32 4 1 11

T2 mapping 628 7.1/14.1/21.2/28.3/35.4/42.4/49.5/56.6 1 24×24 4 0 160

BOLD 55.5 2.0/5.9/9.8/13.7/17.6/21.5 2 24×24 4 0 120

T2WI and T2 mapping–adopted fast spin echo; BOLD-adopted gradient echo. TR, repetition time; TE, echo time; NEX, number of 
excitations; FOV, field of view; T2WI, T2-weighted imaging; BOLD, blood oxygen level–dependent.

each other’s measurements. 

Statistical analysis

SPSS 26.0 (IBM Corp., Armonk, NY, USA) software was 
used for the statistical analysis. Normality was verified 
with the Kolmogorov-Smirnov or Shapiro-Wilk tests. 
All imaging measurement results are presented as mean 
± standard deviation, and a P value <0.05 was considered 
statistically significant for all measures. Normally distributed 
data were analyzed with the independent samples t-test, 
and data that did not conform to normal distribution were 
analyzed with the Mann-Whitney test. First, we compared 
the total R2* and T2 values (the sum of 8 muscles at the 
L4/5 and L5/S1 levels) of the paraspinal muscles between 
the patients with CLPB and asymptomatic participants. 
Second, we compared the R2* and T2 values of each level 
of the paraspinal muscles within each group and between 
the groups. Third, we performed Pearson correlation 
analysis between R2* and T2 values and age according to 
the following scheme: r<0.3, low correlation; 0.3<r<0.5, 
moderate correlation; 0.5<r<0.7, strong correlation; and 
r>0.7 very strong correlation (23). In addition, we also 
compared the differences in R2* and T2 values between 
the sexes. Finally, intergroup correlation coefficients (ICC) 
were calculated to test the interrater reliability for the R2* 
and T2 values. Interobserver variations were estimated 
using the ICC, with ICC ≥0.9 being excellent, 0.7≤ ICC 
<0.9 being good, 0.6≤ ICC <0.7 being acceptable, 0.5≤ ICC 
<0.6 being poor, and ICC <0.5 being unpredictable (5).  
Good reliability was found for both values (R2*: ICC 
=0.829; T2 values: ICC =0.853).

According to our preliminary experimental results, the 
total R2* values of patients with CLBP and asymptomatic 
participants were 47.2±4.5 and 43.1±1.7 s−1, respectively. 
Therefore, we set the difference between the mean 
and standard deviation of the 2 groups as 4.0 and 3.0, 
respectively; the ratio column between the 2 groups as 1 

to 3; and the degree of assurance (power =1−β) as 90%. 
The bilateral α of the significance level was 0.05. PASS 
software (NCSS, East Kaysville, UT, USA) calculations 
indicated that 56 patients with CLBP and 19 asymptomatic 
participants were required. Ultimately, we recruited 60 
patients with CLBP and 20 asymptomatic participants.

Results

Participant characteristics 

In this study, we included 60 patients with CLPB (30 
females and 30 males) with a mean age of 46.15±12.19 years 
and 20 asymptomatic participants (10 females and 10 males) 
with a mean age of 42.45±15.77 years. All participants 
were included in the analysis, and no data were lost. There 
were no significant differences in BMI, heart rate, or 
oxyhemoglobin saturation between the groups (Table 2).

Comparisons of R2* and T2 values for paraspinal muscles

We compared the R2* and T2 values for a total of 640 
muscles at both levels. The mean R2* values for the 8 
muscles of the patients with CLPB (46.7±2.9 s−1) were 
significantly higher than those of the asymptomatic 
participants (44.0±2.9 s−1) (P=0.001); the mean T2 values 
for the 8 muscles of the patients with CLPB (45.4±4.2 ms) 
were lower than those of the asymptomatic participants 
(47.1±3.7 ms) but not statistically different (Figure 2A,2B). 
In both groups, there were no differences in R2* or T2 
values between the left and right ES and MF, with all P 
values >0.05 (Table 3). In the patients with CLPB, the R2* 
values at the L4/5 (45.9±2.1 s−1) level were lower than 
those at the L5/S1 (47.4±3.6 s−1) (P=0.007). Although there 
was a similar trend in the asymptomatic participants, the 
difference was too small to be statistically significant. The 
T2 values at the L4/5 level were lower than those at the 
L5/S1 in both groups but significantly so (Table 4). For 
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Table 2 Participant baseline information

Characteristics CLBP (n=60) Asymptomatic participants (n=20) P

Age (years) 46.15±12.19 42.45±15.77 0.347

Sex

Female 30 10 –

Male 30 10 –

BMI (kg/m2) 22.59±1.64 20.97±1.60 0.825

HR (bmp) 76.75±7.64 77.80±5.02 0.575

SPO2 (%) 95.82±1.57 96.00±1.31 0.642

Data are the mean ± standard deviation except for sex. CLBP, chronic low back pain; BMI, body mass index; HR, heart rate; SPO2, 
oxyhemoglobin saturation.

the different paraspinal muscles, the R2* values of the ES 
muscles at both levels were also significantly higher in the 
patients with CLPB than in asymptomatic participants 
(L4/5: P=0.001; L5/S1: P=0.035); the R2* values of the 
MF at both levels for the CLBP group were higher than 
those for the asymptomatic participants (L4/5: P=0.001; 
L5/S1: P<0.001) (Figure 3A,3B; Figure 4A-4D). However, 
the T2 values of the ES and MF in the patients with CLPB 
were lower at both levels than those in the asymptomatic 
participants, but not significantly so (P>0.05) (Figure 5A,5B).  
Finally, concerning different sexes, the R2* and T2 values 
of the paraspinal muscles were not statistically different in 
either group (Table 5).

Correlation analysis

Correlation analysis between R2* and T2 values and 

age indicated that R2* values increased with age in 
the asymptomatic participants and showed a moderate 
correlation (P<0.05; r=0.499) (Figure 6A), while patients 
with CLBP showed a strong correlation (P<0.05; r=0.501) 
(Figure 6B). No significant correlations were found for the 
other group (Figure 6C,6D).

Discussion

This study aimed to indirectly assess the metabolism and 
perfusion function of paraspinal muscles by measuring 
R2* and T2 values of the paraspinal muscles in patients 
with CLBP and asymptomatic participants using fMRI. 
We found that the R2* values of different muscles in 
patients with CLBP were significantly higher than those 
in asymptomatic participants, both overall and at different 
levels, while the results were the opposite for the T2 values.
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Figure 2 Comparison of the total mean R2* and T2 values of the paraspinal muscles in patients with CLBP and asymptomatic participants. (A) 
The total mean R2* values. (B) The total mean T2 values. **, indicates P values less than 0.01. CLBP, chronic low back pain.
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Table 3 Comparison of R2* and T2 Values in the left and right paraspinal muscles 

Values Group Level Muscle Left Right P

R2* (s−1) CLBP L4–5 ES 45.4±2.8 45.6±2.7 0.824

MF 46.3±3.3 46.6±3.2 0.630

L5–S1 ES 48.3±5.0 48.8±5.1 0.659

MF 46.2±3.7 46.4±3.5 0.751

Asymptomatic participants L4–5 ES 42.7±3.0 43.1±3.2 0.674

MF 43.0±2.8 43.9±3.8 0.422

L5–S1 ES 46.2±4.7 45.6±4.1 0.674

MF 42.6±2.7 42.3±3.1 0.787

T2 (ms) CLBP L4–5 ES 45.0±4.3 45.4±4.7 0.641

MF 44.7±4.6 44.8±4.3 0.902

L5–S1 ES 46.2±5.9 46.9±6.0 0.558

MF 44.4±4.0 44.6±4.0 0.870

Asymptomatic participants L4–5 ES 46.6±2.8 46.7±1.7 0.903

MF 46.3±4.6 46.2±3.9 0.959

L5–S1 ES 47.8±5.4 48.5±5.8 0.714

MF 45.1±2.5 45.0±2.8 0.815

All values are the mean ± standard deviation. CLBP, chronic low back pain; ES, erector spinae; MF, multifidus.

Table 4 Comparison of R2* and T2 values at different levels

Group Values L4–5 L5–S1 P

CLBP R2* (s−1) 45.9±2.1 47.4±3.6 0.007**

T2 (ms) 45.7±5.1 46.0±5.7 0.759

Asymptomatic participants R2* (s−1) 43.8±3.8 44.2±3.0 0.696

T2 (ms) 47.1±3.7 47.2±4.0 0.932

All values are the mean ± standard deviation. **, indicates a statistically significant result. CLBP, chronic low back pain. 

The reason for the difference in R2* values between 
the 2 groups was related to the imaging principle of the 
BOLD sequence. The BOLD signal in skeletal muscle 
tissues depends on the ratio between oxyhemoglobin and 
deoxyhemoglobin in small muscle vessels and can reflect 
the microcirculation of the tissues (24). Specifically, 
deoxyhemoglobin is paramagnetic, which leads to 
heterogeneity of the local magnetic field and can shorten 
the T2* value of tissues (20), while R2* and T2* have a 
reciprocal relationship with each other (25). Therefore, 
when the content of deoxygenated hemoglobin in tissue 
is higher, the effect of magnetic field inhomogeneity is 

stronger, which leads to lower T2* values and larger R2* 
values for the tissue (26). In other words, the amount of 
deoxyhemoglobin in the tissue is proportional to the R2* 
values (27). Therefore, based on the results of our study, 
we could carefully extrapolate and conclude that the 
deoxyhemoglobin concentration in the paraspinal muscles 
was higher in patients with CLBP than in asymptomatic 
participants. However, muscle oxygenation capacity or 
oxygen metabolism may represent only one aspect of 
muscle perfusion. This may thus indicate dysfunction of 
metabolism and perfusion in the paraspinal muscles of 
patients with CLBP, as studies using muscle biopsies show 
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Figure 4 BOLD pseudo-color map of the paraspinal muscles. (A,B) The L4–5 and L5–S1, respectively, in a 39-year-old patient with chronic 
low back pain. (C,D) The L4–5 and L5–S1, respectively, in a 42-year-old asymptomatic participant. Blue to red in the image indicates the 
change in R2* values of the muscle from low to high. BOLD, blood oxygen level–dependent.

Figure 3 Comparison of R2* values of the paraspinal muscles in patients with CLBP and asymptomatic participants. (A) The erector spinae. 
(B) The multifidus. *, indicates P values less than 0.05; **, indicates P values less than 0.01; ***, indicates P values less than 0.001. CLBP, 
chronic low back pain.

that blood vessels are reduced in the lumbar MF muscle of 
patients with chronic degenerative lumbar pathology (28). 
In addition, we found that the paraspinal muscles at the L5/
S1 level in patients with CLBP had more deoxyhemoglobin 
than at the L4/5, which may be associated with greater 
fatty infiltration at the L5/S1 level. Of course, many factors 
affect tissue oxygen metabolism, such as lactate level, blood 
volume, or hemoglobin concentration (29), so we used strict 
inclusion and exclusion criteria in this study. In addition, 

we ensured the participants wore cotton clothes during the 
scanning and homogenized the magnetic resonance scanner 
before scanning the functional sequence to ensure the 
homogeneity of the magnetic field. It has been found that 
the fiber type of paraspinal muscles changes in patients with 
CLBP, which may also affect the oxygen metabolism of the 
tissue (20). We encountered this phenomenon in our study 
but did not attempt to explain its deeper causes, and thus 
the specific mechanism needs to be further investigated.
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Figure 5 Comparison of R2* values of the paraspinal muscles in patients with CLBP and asymptomatic participants. (A) The erector spinae. 
(B) The multifidus. CLBP, chronic low back pain.

Table 5 Comparison of R2* and T2 values in different sexes

Group Values Male Female P

CLBP R2* (s−1) 46.4±2.9 46.9±3.0 0.767

T2 (ms) 44.7±4.0 46.1±4.4 0.317

Asymptomatic participants R2* (s−1) 44.5±3.4 43.4±2.5 0.230

T2 (ms) 46.4±3.1 47.9±4.3 0.407

All values are mean ± standard deviation. CLBP, chronic low back pain.
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Some researchers have pointed out that BOLD can 
noninvasively evaluate muscle perfusion to reflect the 
microvascular condition of muscles (30). In our study, 
patients with CLPB showed poor perfusion function in the 
paraspinal muscles, which might have been related to poor 
microvascular function. A previous biopsy study found an 
increase in capillary density after exercise training (31). 
Therefore, we recommend that some moderate exercise 
training for the paraspinal muscles of patients with CLBP 
is beneficial and can improve the perfusion function of the 
paraspinal muscles.

In this study, the T2 values of the paraspinal muscles 
in patients with CLPB were shorter than those of the 
asymptomatic participants, but the difference was not 
statistically significant. Transverse relaxation times (T2 
values) are determined primarily by the water content of 
the tissue, with higher water content resulting in longer 
T2 values (32). Muscle is a water-rich tissue and contains 
approximately 76% water (33). In patients with CLBP, fatty 
infiltration is one of the major changes in the paraspinal 
muscles (34). According to related studies, lean muscle area 
decreases and fat area increases in paraspinal muscles in 
patients with lumbar degenerative diseases (35). A reduction 
in the area of pure muscle means a reduction in the water 
content of the muscle and a corresponding decrease in 
T2 values. However, fat content also impacts T2 values. 
One study of the liver found that higher liver fat content 
was associated with longer T2 time (36), while another 
study reported the fat fraction of muscle to be positively 
correlated with T2 values (37). To minimize the effect of 
fat on measurements, we avoided macroscopically visible fat 
areas when delineating regions of interest, but fat within the 
muscle could not be avoided. Because water and fat coexist 
in muscle, the measured T2 values do not distinguish 
between the contribution of water and fat. Sinclair et al. 
assessed the feasibility of new techniques [The IDEAL–
Carr-Purcell-Meiboom-Gill (CPMG) pulse sequence] to 
separate the T2 values of water and fat in order to quantify 
the T2 values of water alone (38). Muscular fibrosis is also 
present in the paraspinal muscles of patients with low back 
pain; indeed, fibrotic gene expression has been shown to 
be elevated in these patients (39), and the degree of tissue 
fibrosis has been negatively correlated with T2 values (36). 
In the present study, however, we could not determine the 
weight of the pure muscle area reduction, fat infiltration, 
or fibrosis on T2 values. Because there are many factors 
affecting T2 values, a difference in T2 values between the 
2 groups was not evident in our experiment although we 

found a trend of faster T2 times in patients with CLBP than 
in asymptomatic participants. The relatively small sample 
number might have also influenced our results.

Some studies have indicated that there is asymmetry 
in the cross-sectional area of the MF muscle in patients 
with low back pain (40) and that the paraspinal muscles of 
the dominant arm have a larger cross-sectional area (41). 
Due to the possible structural asymmetry of the paraspinal 
muscles, we speculated that the fMRI parameters might 
change, but we found no difference. This may be related 
to the fact that we did not determine the dominant arm or 
leg of the participants, which will be further explored in 
our later study. Another possible reason for this is that the 
structural changes in the muscles are out of sync with the 
functional changes. In addition, it was found that the R2* 
values of the paraspinal muscles were higher in patients with 
CLBP, which may indicate dysfunction of metabolism and 
perfusion. However, long-term metabolism and perfusion 
disorders can lead to muscle cell atrophy and greater fat 
content, which may be related to changes in the paraspinal 
muscle structure after CLBP.

In addition, we found that in the patients with CLPB 
and asymptomatic participants, R2* values were positively 
correlated with age, which may mean that microcirculation 
and perfusion of the paraspinal muscles change with age. 
One study found that microvascular function decreased 
with age (30), which partly supports the results of our study. 
In addition, in living tissues, water and deoxyhemoglobin 
are not independent, and the two are closely linked to the 
biological metabolism and can influence each other (19). 
However, our study did not determine the effect of any 
interaction that might have occurred. 

Our study also has some limitations. First, we used 
a relatively small sample size. Second, the metabolism 
and perfusion levels of paraspinal muscles are affected by 
a variety of factors, and although we controlled for the 
effects of blood pressure, oxygen saturation, drugs, and 
smoking, there were still some factors that we could not 
account for, such as lactate level, blood volume, hemoglobin 
concentration (29), or extracellular water content (19). 
Third, because we chose the central level of the disc as 
the level of interest, the entire paraspinal muscle was not 
completely assessed.

Conclusions

We found that R2* values were significantly higher in 
the paraspinal muscles of patients with CLPB than in 
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asymptomatic participants, which may indicate metabolism 
and perfusion dysfunction in the paraspinal muscles of 
patients with CLPB. 
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