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Abstract

Background Low back pain (LBP) is one of the most common musculoskeletal complaints and considered

as the most disabling condition among general population. Magnetic resonance imaging (MRI) is the preferred
modality in imaging of LBP. Diffusion tensor imaging (DTl) is a version of MRI that can detect tissue microstructure
changes occurring in different pathologies. The commonly used parameters are fractional anisotropy (FA) and mean
diffusivity (MD). We aimed in this study to evaluate the role of DTl in the assessment of back muscles in young adults
with chronic LBP with no major neurological or orthopedic disorders.

Results There was a statistically significant difference in MD values of back muscles between patients and control
groups. At the ROC curve, for psoas muscle, the AUC was 0.906 with a cutoff point of 0.951. Sensitivity and specific-

ity were 89.29% and 90.9% with accuracy 89.8%. For multifidus muscle, the AUC was 0.919 with a cutoff point of 1.29.
Sensitivity and specificity were 91.9% and 90.9% with accuracy 91.4%. For erector spinae muscle, the AUC was 0.834
with a cutoff point of 1.224. Sensitivity and specificity were 81.1% and 72.7% with accuracy 77.9%. There was a statisti-
cally significant difference in FA values of back muscles between the patients and control groups. At the ROC curve,
for psoas muscle, the AUC was 0.840 with a cutoff point of 0.546. Sensitivity and specificity were 81.1% and 72.7%
with accuracy 77.97%. For multifidus muscle, the AUC was 0.875 with a cutoff point of 0.415. Sensitivity and specificity
were 81.1% and 90.9% with accuracy 84.7%. For erector spinae muscle, the AUC was 0.805 with a cutoff point of 0.437.
Sensitivity and specificity were 81.1% and 77.3% with accuracy 79.7%.

Conclusions DTl is a valuable promising noninvasive tool in the assessment of back muscles quality in patient
with chronic low back pain, with no detected neurological or orthopedic pathologies. This is due to its sensitivity
to microscopic intracellular changes that could not be detected on conventional imaging, allowing better tissue
characterization.
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Background
Low back pain (LBP) is a widespread musculoskeletal
(MSK) ailment, affecting about 65%-85% of the gen-
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7-12 weeks or if it took more than expected for an acute
condition [7].

Various imaging modalities are used in the diagnosis of
LBP. Ultrasonography (US) is considered the most lim-
ited. Computed tomography (CT) has the risk of ioniz-
ing radiation. Magnetic resonance imaging (MRI) is the
preferred imaging technique due to the ability to measure
the volume of the muscle, its fat fraction, deposition of
fibrotic tissue and diffusion restriction. All of these meas-
ures are related to the muscle microstructure [8—10].

Diffusion tensor imaging (DTI) has proved its superi-
ority in the demonstration of alterations in the muscle
microstructures which occur in various diseases [11-13].
Fractional anisotropy (FA) and mean diffusivity (MD) are
the main diagnostic DTI parameters used in detecting
changes in isotropic/anisotropic water molecule diffusion
which occur in different pathologies [14, 15]. However,
these changes are not disease-specific limiting DTI role
so far [16, 17].

The structure of the lumbar spine (LS) has contributed
to the occurrence and worseness of LBP [18-20]. Stabil-
ity and posture maintenance are essentially maintained
by the back muscles. Chronic LBP is usually associated
with lumbar instability which can result in more back
muscles injury. Aging and back muscles injury along with
posture changes have been linked with muscular degen-
eration [2, 19, 20].

Paraspinal muscles cross-sectional area (CSA) has
been investigated by multiple systematic reviews which
declared the association between paraspinal muscles
changes and LBP [21-23]. Muscle performance capac-
ity has shown considerable dependance on microstruc-
tural variations which can result in decreased power of
contraction and increased muscle rigidity. Such matrix
changes have been noticed with increased volume of the
extra-cellular matrix (e.g., fibrosis) [2, 10, 12, 24].

Skeletal muscle microstructure is highly organized
hierarchically. It is formed of multiple layers of muscle
fiber columns wrapped by connective tissue. Active and
passive muscle forces are largely dependent on cellular
and extra-cellular muscle constituents. Since muscle fiber
sarcolemma hinders free passage of the moving water
molecules, one can deduce that water molecular diffu-
sion has longitudinal not radial arrangement [2, 25, 26].

Methods

+ Institutional Review Board (IRB) approval was
obtained for our prospective study, and informed
contests were taken from all the patients and con-
trols.

+ The study enclosed 59 young adult patients. They
were divided into two groups. The first is the patient
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group. It included 37 patients (31 females and six
males, whose ages were between 18 and 39 vyears,
mean 30.03+6.56). The second is the control group.
It included 22 controls (17 females and five males,
age ranged from 19 to 39 years, mean 28.86 +5.66).
All patients underwent MR examination with DTL

o DPatients were referred from Mansoura Univer-
sity Hospitals orthopedic department clinics in the
period from June 2018 to June 2019.

Inclusion criteria

+ Young adult with chronic low back pain with no
major neurological or orthopedic disorders (based on
Erikson’s research, the young adult age ranges from
19 to 39).

Exclusion criteria

General contra-indications for MRI scans, like: Patients
with cardiac pacemaker or cochlear implant. Patients
with ocular metallic foreign body. Patients with bad gen-
eral conditions. Claustrophobic patients.

» DPatients with major neurological and orthopedic
causes of chronic low back pain.

Technique and image acquisition

+ The study was held in MRI unit in our department.

o The MR examinations were done using 1.5 Tesla
scanner (Ingenia, Philips Medical Systems, Best
Netherlands).

+ Body coil was utilized.

+ Participants were positioned supine in the magnetic
bore.

+ Routine MRI sequences were obtained. First; sagittal
and axial T1-weighted images (TR/TE=500/20 ms)
and T2-weighted images (TR/TE=4000/120 ms)
of the back muscles from the most cranial aspect of
the first sacral vertebral body (S1) to the most cra-
nial aspect of the first lumbar vertebral body (L1).
The DTI was also done with a single-shot echo-
planar sequences (TR/TE=3118/93 ms) with sen-
sitivity encoding (SENSE). The diffusion gradi-
ents were applied along 32 axes, using a b value
of 0 and 1000 s/mm” FOV=24-28 cm and data
matrix=92x 88 were used, leading to voxel dimen-
sions (2.43%2.54%x2.5 mm). Slice thickness of
2.5 mm, no gap and total scan time=7-8 min.
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Image interpretation and post-processing Statistical analysis

+ DICOM format was used to store images for pro- + Statistical analyses of our data were based on Statis-

cessing.

DICOM images were transferred to workstation
(extended MR Workspace 2.6.3.5, Philips Medical
Systems, Best Netherlands B.V) supplied by the ven-
dor.

Eddy current artifacts were eliminated by automated
registration of the DTI data.

Metrics were measured within the back muscles
using multiple ROI method. Each ROI was applied
manually to each muscle at the previously detected
level with no fixed surface area (its surface area
depends on the muscle cross-sectional area) (Fig. 1).
The FA and MD values were measured (by only one
reader ST with 22 years of experience in MR imag-
ing) within three muscles (multifidus muscle, erec-
tor spinae muscle and psoas muscle) bilaterally at
three levels L1, L3 and L5, then the mean value was
obtained for each muscle.

Statistical analysis was assessed by the final FA and
MD values.

tical Package for the Social Sciences (SPSS, Chicago,
IL) version 22 program. Quantitative data were rep-
resented by the mean and standard deviation (SD).
For both patients and control groups, the mean
and standard deviation of FA and MD at regions of
interest were calculated. Comparison between nor-
mally distributed data in the three groups was done
by independent samples t-test. Mann—Whitney test
was used in comparing data which were discordant
with the normality assumptions. Statistically signifi-
cant probability (P) values are considered when they
were less than 0.05. Diagnostic capability of the FA
and MD in differentiating patients from controls
was assessed by the receiver operating characteristic
(ROC) curve through calculation of area under the
curve (AUC) together with the accuracy, sensitivity
and specificity.

Fig. 1 A 21-year-old female patient presented clinically with chronic low back pain with no detected neurological or orthopedic pathology. A T2WI
with no measures. B DTl measures of the multifidus muscle {FA=0.4 and MD=1.24x 10~ mm?/s}. C DTl measures of the erector spinae muscle
{FA=047 and MD=1.03x 1072 mm?/s}. D DTl measures of the psoas muscle {FA=0.55 and MD=0.93x 10~> mm?/s}...generally there is increase

in the FA value and decrease in MD value of the measured muscles



Shady et al. Egypt J Radiol Nucl Med (2023) 54:143

Results

In this study, the role of DTI is evaluated in the assess-
ment of back muscles in young adults having chronic
LBP with no major neurological or orthopedic dis-
orders. The total number of patients and controls
included in the study was 59. They were 11 males and
48 females. The mean age of the included patients was
30.03+/—6.56 years and that of the control group was
28.86+/—5.66 years. They were divided into early (from
18 to 29 years) and late (from 30 to 39 years) young
adults. The early young adult control group included
nine persons which represented 40.9% of the control
group, and the early young adult patient group included
20 patients which represented 54.1% of the patient group.
The late young adult control group included 13 persons
which represented 59.1% of the control group, and the
late young adult patient group included 17 patients which
represented 45.9% of the patient group. We noticed that
there was significant increased incidence of chronic
unexplained LBP among females than males (31 females
and six males).

The MD of the psoas muscle in patients group was
0.699 + 0.26x107> mm?/s and in control group was
1.113 + 0.238x1073 mm?/s (Table 1). The MD value
showed a statistically significant difference between the
patients and control groups (p<0.001). The AUC of the
MD value used to differentiate patients from control
using the ROC curve, Fig. 2, was 0.906 with a cutoff point
of 0.951. Sensitivity and specificity were 89.2% and 90.9%
with accuracy 89.8% (Table 2). The FA of the psoas mus-
cle in patients group was 0.680+/—0.167 and in control
group was 0.536+/—0.101 (Table 1). FA value showed a
statistically significant difference between the patient and
control groups (p<0.001). At the ROC curve, Fig. 3, the
AUC of the FA value used to differentiate patients from
control group was 0.840 with a cutoff point of 0.546. Sen-
sitivity and specificity were 81.1% and 72.7% with accu-
racy 77.97% (Table 2).

The MD of the multifidus muscle in patients group was
0.931+/-0.331 and in control group was 1.33+/—0.20
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(Table 1). MD value was statistically different in the
patients and control groups (p<0.001). At the ROC
curve, the AUC of the MD value used to differentiate
patients from control was 0.919 with a cutoff point of
1.29. Sensitivity and specificity were 91.9% and 90.9%
with accuracy 91.4% (Table 2). The FA of the multifi-
dus muscle in patients group was 0.518+/—0.136 and
in control group was 0.392+/—0.09 (Table 1). MD value
showed a statistically significant difference between the
cases and control groups (p<0.001). At the ROC curve,
the AUC of the FA value used to discriminate patients
from control was 0.875 with a cutoff point of 0.415. Sen-
sitivity and specificity were 81.1% and 90.9% with accu-
racy 84.7% (Table 2).

The MD of erector spinae muscle in patients group was
0.941+/-0.318 and in control group was 1.324+/—0.202
(Table 1). MD value showed a statistically significant
difference between the patients and control groups
(p<0.001). At the ROC curve, the AUC of the MD value
used to differentiate patients from control was 0.834
with a cutoff point of 1.224. Sensitivity and specific-
ity were 81.1% and 72.7% with accuracy 77.9% (Table 2).
The FA of erector spinae muscle in patients group was
0.544+/-0.11 and in control group was 0.415+/—0.085
(Table 1). There was a statistically significant difference
in the MD value between the patients and control groups
(p<0.001). At the ROC curve, the AUC of the FA value
used to discriminate patients from control was 0.805 with
a cutoff point of 0.437. Sensitivity and specificity were
81.1% and 77.3% with accuracy 79.7% (Table 2).

Discussion

The second leading cause of manpower loss and
decreased human productivity all over the world is LBP.
It has been reported that during any period of life, 80%
of the general population experience LBP. It is usually
chronic and progresses in an undulating pattern [26, 27].
It was reported that in 90% of patients with acute LBP, a
second attack of pain was reported in the 1st year by 69%
of the cases. Though the etiology of recurrence is still

Table 1 Comparison of psoas, multifidus and erector spinae muscles FA and MD between studied groups

Variables Psoas muscle Multifidus muscle Erector spinae muscle
FA MD FA MD FA MD
Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD Mean+SD
Patients 0.680+0.167 0.699+0.26 0518+0.136 0.931+0.331 0544+0.11 0.941+£0.318
Control 0.536+0.101 1.113+£0.238 0.392+0.09 1.33+0.20 0.415+0.085 1.324+0.202
Test of significance t=3.63 t=6.06 t=3.87 t=5.14 t=4.68 t=5.06
p=0.001% p=0.001% p<0.001% p<0.001% p<0.001% p<0.001*

MD mean diffusivity, FA fractional anisotropy, t Student’s t-test, and p p value
*statistically significant if p<0.05



Shady et al. Egypt J Radiol Nucl Med (2023) 54:143 Page 5 of 8
ROC Curve
10
I Source of the Curve
e === Mean MD Psoas
.. === Mean MD Multifidus
08 we—= Mean MD erector spine
= Reference Line
B 0.6+
£
=
‘@ —
=4 —
*
0.4+
0.2
00 T T T T
00 02 04 06 08 10
1 - Specificity
Fig. 2 ROC curve of MD. Diagonal segments are produced by ties
Table 2 Validity of FA and MD in differentiating patients from control group
Variables AUC (95%Cl) p value Cutoff point Sensitivity % Specificity % PPV % NPV % Accuracy %
FA
Psoas muscle 0.840 <0.001* 0.546 81.1 72.7 83.3 69.6 77.97
Multifidus muscle 0.875 <0.001* 0415 81.1 909 938 74. 84.7
Erector spinae muscle 0.809 <0.001* 0437 81.1 77.3 85.7 70.8 79.7
MD
Psoas muscle 0.906 <0.001* 09515 89.2 90.9 94.3 83.3 89.8
Multifidus muscle 0919 <0.001* 1.29 91.9 90.9 94.3 87.0 914
Erector spinae muscle 0.834 <0.001* 1224 81.1 72.7 833 69.6 779

AUC area under curve, PPV positive predictive value, and NPV negative predictive value

*statistically significant if p < 0.05

unknown, affection of the back muscles is considered an
important cause [28, 29]. Countless data about the vol-
ume and characteristics of back muscles in patients with
LBP were published recently. Microscopic assessment of
the back muscles of patients and healthy subjects found
changes in the formulation in patients with chronic LBP
[21, 28].

The aim of this study was to assess the role of DTI in
the evaluation of back muscles in cases with chronic low
back pain in young adults with no major neurological or
orthopedic disorders.

In our study, the role of DTI was assessed in the
evaluation of back muscles in young adults having

long-standing LBP with no major neurological or ortho-
pedic disorders, and we found that there was signifi-
cant increased distribution of chronic unexplained LBP
among females compared to males (31 females and six
males). This showed agreement with the results of Gou-
bert et al. [30] concerning the complaint of chronic LBP
and its relation to sex. As this study reported increased
incidence of chronic LBP in females more than males,
mostly in the child-bearing period. This is suggested to
be due to the hormonal changes causing increase fat con-
tent of the back muscles resulting in weak muscles and
LBP, as mentioned by Nayak et al. [31].
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DTI is an MRI sequence that can measure the water
molecule Brownian movement in different tissues with
microstructure anisotropy. The presence of sarcolemma
around the muscle fiber is considered the initial bound-
ary to isotropic diffusion of the water molecule, pre-
venting its radial diffusion across the muscle fibers. So,
DTI is considered the most sensitive imaging modal-
ity in revealing alterations in the quality of the muscle
structural units [32, 33]. Few literatures studied the
value of DTI in assessment of the unexplained chronic
LBP. In our study, MD and FA have significant values
in detecting the quality of the back muscles in patients
with chronic unexplained LBP. MD and FA values of the
psoas, multifidus and erector spinae muscles were sig-
nificant predictors of measuring the quality of the mus-
cles. In the current study, the FA of the patients shows
increased value compared to the control group, and the
MD value of the patients group shows decreased value
compared to the control group. This was concordant
with the studies of Oudeman et al. [34] who have the
same results, and this could be explained by increased
fatty infiltration of the muscles resulting in decreased
MD and increased FA values.

Inverse relation between FA and fiber cross-sec-
tional area was found in the present study that means
reduction of muscle fiber cross-sectional area leads
to increased FA...while the cross-sectional area of the

08 1.0

muscle fibers is directly related to its isometric force.
So, increased FA is an indicator for decreased muscle
fiber area together with its isometric force (i.e., the
muscle is weaker), and this was in agreement with the
results of McKinnon et al. [35], Sions et al. [26], Berry
et al. [36] and Franchi et al. [37].

An important finding about muscle structure was
found in this study; the muscle quality was found to
be significant predictor of chronic unexplained LBP.
This finding suggests that the back muscles (multifidus,
erector spinae and psoas) act as the main spine stabiliz-
ers and have vital contribution to the maintenance of
lumbar posture. The muscle volume was directly cor-
related with its efficacy, and the muscle microstructure
was found to be a better indicator of muscle force, and
this is coping with the conclusions of Sions et al. [38],
Crawford et al. [39] and Wilhelm [40].

On a clinical basis, the findings in this study are sig-
nificant because they suggest that microstructural qual-
ity of the lumbar muscles detected by the measured
DTI parameters (MD and FA) which is more important
than the muscle volume when assessing the whole lum-
bar posture with overload. This shows agreement with
Berry et al. [36], Klupp et al. [41] and Nayak et al. [31]
who found that the minor changes in the quality of the
muscle structure decreasing their quality and their effi-
cacy to do their function leading to LBP.
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Non-contractile tissues, such as fat and fibrous tissues,
affect measurement of the whole muscle size and quality.
In agreement with Klupp et al. [41] and Nayak et al. [31],
we found that FA can be a noninvasive measurement
method of the contractile muscle tissue function (count-
ing healthy muscle fibers relative to fat and fibrous tissue
in a whole muscle), and it also can provide an explana-
tion of how the axial load leads to different postural
responses.

Our study revealed that increased amount of fat depos-
ited in muscles of the back in the patients group resulted
in alteration in muscle quality, force along with changes
in DTI parameters (increased FA and decreased MD val-
ues) in psoas muscle, multifidus and erector spinae mus-
cles when compared to the control group.

Study limitations

The restrictions of our study could be summarized in the
limited number of patients with the absence of follow-up
DTL. So, further studies should be done using large num-
ber of patients with follow-up DTL Also, DTI tractogra-
phy can be added to MRI examination, it will be of value
in verification of findings. Higher Tesla scanners also will
be of great values with application of advanced post-pro-
cessing DTI that will give better results.

Conclusions

DTI is a valuable promising noninvasive tool in evalua-
tion of quality of muscles of the back quality in patient
with long-standing LBP, with no detected neurological
or orthopedic pathologies. This is due to its sensitivity
to microscopic intracellular changes that could not be
detected on conventional imaging, allowing better tissue
characterization. We recommend adding DTT to the rou-
tine lumbar spine MRI scan in chronic LBP patients.
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