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Abstract 

Background: Diffusion tensor imaging (DTI) was used to quantitatively study the characteristics of the related spinal 
cord and nerve root compression parameters in patients with cervical spondylosis (CS), and diffusion tensor tractogra-
phy (DTT) was used to visualize the spinal cord and nerve root and analyze their relevance to clinical evaluation.

Methods: A total of 67 patients with CS and 30 healthy volunteers received 3.0 T magnetic resonance imaging. 
Cervical DTI and DTT were performed in all the participants, where the b value of DTI was set at 800 s/mm2. Fractional 
anisotropy (FA) and apparent diffusion coefficient (ADC) values of the spinal cord and cervical nerve roots were meas-
ured by using DTI. Patients with CS were scored according to the modified Japanese Orthopedic Association (mJOA) 
score.

Results: In all the participants, the spinal cord and cervical nerve roots were clearly visible by DTT. Compared to the 
healthy volunteers, the FA values were significantly decreased and ADC values were significantly increased in patients 
with CS. mJOA score was significantly correlated with the DTI index (ADC and FA) values. Receiver operator character-
istic curve analysis revealed that FA and ADC could identify mild, moderate, and severe CS.

Conclusions: DTI parameters of cervical spinal cord and nerve root compression are associated with the clinical 
evaluation of patients with CS and may be helpful in assessing the severity of CS.
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Magnetic resonance imaging

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/. The Creative Commons Public Domain Dedication waiver (http:// creat iveco 
mmons. org/ publi cdoma in/ zero/1. 0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Cervical spondylosis (CS) is a common clinical disor-
der showing degenerative changes in the cervical verte-
brae. Patients generally present with pain and stiffness 
in the neck along with symptoms of radiating pain such 

as in the upper limbs. CS tends to occur between 40 and 
60  years of age [1] and may lead to severe dysfunction 
requiring surgery [2]. For cervical spondylotic myelopa-
thy, early patients are mostly treated with conservative 
treatment. When spinal cord compression persists, the 
spinal cord signal gradually changes from moderate to 
high T2WI signal, indicating that the spinal cord com-
pression degeneration injury has reached a relatively seri-
ous degree, and the prognosis is poor even after surgical 
treatment. Therefore, early and accurate diagnosis of CS 
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and evaluation of severity benefits the treatment and 
prognosis of CS.

Magnetic resonance imaging (MRI), computed tomog-
raphy (CT) and X-ray are the most commonly used diag-
nostic methods of CS at present. X-ray can accurately 
determine the stenosis of vertebral space and abnormal 
curvature of cervical spine. CT has the characteristics of 
high resolution, which can accurately determine uncou-
pled vertebral joint osteoplasia and spinal canal stenosis. 
MRI has excellent soft tissue resolution and is consid-
ered the best imaging method for diagnosing CS [3, 4]; 
conventional MRI findings and clinical symptoms are 
sometimes inconsistent, making accurate assessment of 
the severity of the spinal cord and nerve root compres-
sion in a timely manner challenging [5, 6]. When objec-
tive imaging evaluation is lacking, the curative effect of 
CS relies on patient’s subjective experience and clinical 
observation.

Diffusion tensor imaging (DTI) technology uses multi-
ple diffusion-sensitive gradients in different directions to 
quantify the anisotropy of diffusion of water molecules 
and accurately display the morphological characteristics 
of the nerve fiber bundles [7, 8]. Currently, it can clearly 
identify the white matter tracts in brain tissue and the 
changes in peripheral nerve fibers [9, 10]. Studies have 
confirmed that DTI can sensitively reflect the changes 
in the diffusion anisotropy of water molecules in the 
nerve fiber bundles, which may provide information on 
the subtle pathophysiological changes of the living nerve 
fiber bundles, such as the reduction of the number of 
motor neurons, nerve cell atrophy and demyelination and 
other changes; this proves that DTI can better describe 
the severity of spinal cord injury [11–13]. DTI parame-
ters include fractional anisotropy (FA) and apparent dif-
fusion coefficient (ADC).

This study aimed to measure the FA and ADC values of 
compressed spinal cord and nerve root by DTI, thereby 
analyze the correlation between the FA and ADC values 
and the clinical score; moreover, the clinical values of the 
DTI parameters for evaluating the severity of CS have 
been discussed.

Methods
Study design and participants
The study included 67 consecutive patients diagnosed 
with CS based on clinical signs, symptoms and conven-
tional MRI, including spinal cord and/or nerve root com-
pression, in our hospital from December 2020 to July 
2021. The main clinical manifestations were neck pain, 
dizziness, shoulder pain, and upper limb numbness, 
persisting longer than 3  months. Most of the patients 
showed slow onset, progressive or sudden aggrava-
tion, with varying degrees of spinal cord and cervical 

nerve root compression. Patients with trauma, infection, 
neoplasm,or other etiologies were excluded. Patients 
with CS were scored according to the modified Japanese 
Orthopaedic Association (mJOA) score.

Thirty volunteers comprised the control group, all of 
whom had no symptoms of spinal cord or cervical nerve 
root compression, imaging changes, history of neuro-
logical or psychiatric diseases, history of trauma, or con-
traindications for MRI. They were further divided into 
three groups by age, namely ≤ 30  years, 31–50  years, 
and ≥ 51 years, with 10 participants in each group.

The study followed the Declaration of Helsinki was 
approved by the Ethics Committee of Central Hospital 
affiliated to Shenyang Medical College. All participants 
provided written informed consent.

Image acquisition
Imaging was performed using SIEMENS Magnetom 
Spectra 3.0  T MAGNETIC resonance scanner (SIE-
MENS Magnetom Spectra; Siemens Healthcare, Erlan-
gen, Germany). Routine cervical spine sequence was 
followed for all scans. All patients underwent sagittal T2 
weighted imaging (WI), T1WI, and axial T2WI scans 
using fast spin echo (FSE). Scan parameters were as fol-
lows: for sagittal T2WI, repetition time/echo time (TR/
TE) 3200/99 ms; T1WI, TR/TE 380/11.3 ms; slice thick-
ness 3.0 mm, field of view (FOV) 240 × 240 mm, acqui-
sition matrix 320 × 256; axial T2WI, TR/TE 3500/90 ms, 
slice thickness 3.0 mm, FOV 300 × 100 mm, and acquisi-
tion matrix 320 × 224.

Axial imaging of cervical spine was performed using 
RESOLVE DTI sequences based on multi shot EPI. 
The scanning level was C3–C7. The diffusion sensitive 
gradient was set in 10 directions, and the parameters 
were: TR/TE 6680/80  ms; FOV 320 × 240  mm; matrix 
160 × 112; slice thickness 2.0 mm; gap 0 mm; slice num-
ber 40; phase encode direction A >> P; concatenations 1; 
diffusion weighting coefficient (b) value 0, 800  s/mm2; 
bandwidth 679  Hz/Px; 2 averages; and scanning time 
9 min 43 s.

After the RF excitation and the application of the dif-
fusion gradient, the readout phase of the RESOLVE 
sequence is divided into two parts, namely Imaging 
Echo and Navigator Echo, in which the Imaging Echo 
is acquired in a similar way to the readout of the single 
shot DTI, except that a bipolar gradient is applied to the 
readout gradient Gr to achieve the number and position 
of the K-space segments. The Navigator Echo is used to 
obtain the phase information of the corresponding seg-
ment, which can be used for non-linear phase correction 
between segments or to decide on resampling in the case 
of large phase differences.
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Image processing and measurements
All the data were stored on Syngo image workstation (Sie-
mens Healthcare, Erlangen, Germany), and FA and ADC 
images were automatically generated. In the 3D Neuro 
mode of the DTI post-processing window, the DTI tensor 
images were transformed into the fusion mode, the seed 
points were drawn along the nerve fiber bundles in the 
sagittal position of the spinal cord and the coronal posi-
tion of the nerve root. DTT images of the cervical spinal 
cord and the cervical nerve roots were generated by trac-
tography. According to the degree of compression of the 
cervical spinal cord and cervical nerve root observed on 
conventional sagittal and axial T2WI images, two senior 
radiologists selected the most severe compression lev-
els of cervical spinal cord and cervical nerve root, then 
the regions of interest (ROIs) were manually drawed in 
the central part of spinal cord and nerve root compres-
sion on FA and ADC maps, avoiding cerebrospinal fluid 
as much as possible. Each ROI was about 2–4 pixels in 
size (Fig. 1), FA and ADC values for each ROI were dis-
played automatically. FA and ADC values of spinal cord 
and nerve root (both sides) were measured at four lev-
els from C3/4-C6/7 in healthy volunteers. FA and ADC 
values were measured blind by three radiologists, and the 
average value was taken as the final measurement result.

Statistical analysis
All the statistical analyses were performed using SPSS 
Version 23.0 (Armonk, NY: IBM Corp.). The data are 
expressed as mean ± standard deviation. Normality of 
the data was tested and confirmed. One way analysis 
of variance (ANOVA) was used for multi-group com-
parisons. Paired-samples t-test was used for intra-group 

comparisons. Independent-samples t-test was used for 
comparison between the groups. Correlation was ana-
lyzed by using Pearson correlation analysis. Receiver 
operating characteristic (ROC) curve was drawn to cal-
culate the area-under-the-curve (AUC) of CS of different 
severity, and the prediction threshold was determined. 
AUC > 0.5 has predictive value, and the higher the value, 
the better the ability to predict. AUC 0.5 to 0.7 was con-
sidered as having low predictive value, 0.7 to 0.9 medium 
predictive value, and above 0.9 high predictive value. 
P < 0.05 was considered statistically significant.

Results
Characteristics of the participants
The 67 patients with CS included 33 men and 34 
women, with an average age of 47.1  years (range 
25–67 years). According to the modified Japanese ortho-
pedic association (mJOA) score [14], patients with CS 
were divided into 26 mild (mJOA ≥ 15), 29 moderate 
(mJOA = 12–14), and 12 severe (mJOA < 12) patients. 
The most severe spinal cord compression occurred 
at C3/4 level in six patients, C4/5 level in 15 patients, 
C5/6 level in 29 patients, and C6/7 level in 13 patients. 
Nerve root compression sites included both left (n = 22) 
and right (n = 33) sides, in the C5 (n = 10), C6 (n = 24), 
and C7 (n = 21) nerve roots. The average mJOA score 
was 13.13 ± 2.44. The control group included 13 men 
and 17 women with a mean age of 40.9  years (range 
24–66 years).

DTI tractography was successfully completed for all 
the participants. DTI could clearly display spinal cord 
and bilateral cervical nerve roots at C3/4–C6/7 level; 
however, C4 nerve roots were not included in the study 

Fig. 1 Measurement of diffusion tensor imaging parameters. a–h Spinal cord and nerve root images from a healthy volunteer. a, e Selected regions 
of interest of 2–4 pixels on the spinal cord and nerve root b0 images. b, f Fractional anisotropy images. c, g Apparent diffusion coefficient images. d, 
h Spinal cord and nerve root fiber tracts
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because of their small size and difficulty to observe. In 
patients with CS, fibers in the compressed spinal cord 
and nerve roots appeared twisted, sparse, or stamped 
(Fig. 2).

DTI parameters of healthy volunteers
At different levels of cervical spinal cord and cervical 
nerve root, there were no significant differences in FA 
and ADC between different age groups among healthy 
volunteers (all P > 0.05) (Fig. 3). There were no significant 
differences in the FA and ADC values between the left 
and right nerve roots at the same level in healthy volun-
teers (all P > 0.05, Table 1).

Comparison of the DTI parameters between patients 
and healthy volunteers
For the cervical spinal cord, the FA at the most com-
pressed level was significantly lower than the value at 
the corresponding level in healthy volunteers. In con-
trast, the ADC at the most compressed level was signif-
icantly higher than the value at the corresponding level 
in healthy volunteers (Table 2).

For the cervical nerve root, the FA at the compressed 
level was significantly lower than the value at the cor-
responding level in healthy volunteers. In contrast, the 
ADC at the compressed level was significantly higher 

Fig. 2 Diffusion tensor imaging in two patients with cervical spondylosis. a Image showing spinal cord compression at C5/6 level and spinal fiber 
bundle loss disorder. b Image showing obvious compression of the right C6 nerve root with interrupted and sparse nerve fibers

Fig. 3 Fractional anisotropy and apparent diffusion coefficient values of the spinal cord and nerve root of healthy volunteers in different age 
groups (× 10–3  mm2/s). P > 0.05 is considered as statistically not significant

Table 1 FA and ADC values of C5–C7 nerve roots in healthy volunteers (×  10−3  mm2/s)

FA anisotropic fraction, ADC apparent diffusion coefficient, t t value of t test, P P value

Nerve root FA value t P ADC value t P

Left Right Left Right

C5 0.587 ± 0.097 0.580 ± 0.076 0.397 0.694 1.694 ± 0.180 1.765 ± 0.276 1.626 0.115

C6 0.602 ± 0.094 0.603 ± 0.095 0.081 0.936 1.718 ± 0.132 1.733 ± 0.148 0.543 0.591

C7 0.572 ± 0.090 0.593 ± 0.109 1.063 0.297 1.702 ± 0.114 1.722 ± 0.196 0.567 0.575
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than the value at the corresponding level in healthy vol-
unteers (Table 3).

Correlations of the DTI parameters and mJOA scores 
in patients
The correlations between neurological severity and DTI 
metrics are shown in Fig.  4. FA and ADC were signifi-
cantly correlated with  mJOA score except at C3/4 level 
of cervical spinal cord (P < 0.05, respectively). Moderately 
positive correlation was found between FA at the most 
compressed level and mJOA score.  By contrast, mod-
erately negative correlation was found between ADC at 
the most compressed level and mJOA score (Fig. 4). FA 
value-mJOA score: r = 0.589, P = 0.219 (C3/4); r = 0.545, 
P = 0.036 (C4/5), r = 0.729, P = 0.000 (C5/6), r = 0.767, 
P = 0.002 (C6/7); ADC value-mJOA score: r = −  0.547, 
P = 0.261 (C3/4), r = −  0.517, P = 0.049 (C4/5), 
r = −  0.400, P = 0.032 (C5/6), r = −  0.719, P = 0.006 
(C6/7); FA value-mJOA score: r = 0.706, P = 0.023 (C5), 
r = 0.722, P = 0.000 (C6), r = 0.679, P = 0.001 (C7). 
ADC value-mJOA score: r = −  0.731, P = 0.016 (C5), 
r = −  0.415, P = 0.044 (C6), r = −  0.500, P = 0.021 (C7). 
The FA value, ADC value, and mJOA score in the C3/4 
segment of the spinal cord in patients with CS were not 
correlated with the mJOA score, possibly due to the small 
sample size.

ROC curve analysis of the DTI parameters in patients
ROC analyses showed that FA values and ADC values 
had a good discriminatory power to differentiate healthy 
volunteers from patients with mild, moderate, and severe 

(Tables 4, 5, 6). Since the sample size of C3/4 of the spi-
nal cord with mild compression and C3/4 and C4/5 of 
the spinal cord with severe compression were all 1, ROC 
curve analysis was not performed.

For mild CS, the AUC of FA and ADC values to pre-
dict the severity of CS was 0.750–0.839 and 0.743–0.850, 
respectively; for moderate CS, the AUC of FA and ADC 
values to predict the severity of CS was 0.793–0.963 and 
0.757–0.933, respectively; for severe CS, the AUC of FA 
and ADC values to predict the severity of CS was 0.956–
0.992 and 0.848–1.000, respectively. The results show 
that FA and ADC values can predict the occurrence and 
development of CS well.

Discussion
DTI is a unique method for the quantitative evaluation of 
nerve fiber bundles. It utilizes the anisotropy principle on 
the diffusion of water molecules in tissues to detect subtle 
structural changes in living tissues [15–17]. Recent stud-
ies have found that the FA and ADC values of DTI imag-
ing can quantitatively evaluate the microscopic changes 
of spinal cord compression in cervical spondylotic mye-
lopathy [18]. However, as the cervical nerve roots are not 
as bulky as the lumbosacral nerve roots, there are a few 
studies on cervical spondylotic radiculopathy; in most 
patients with cervical spondylotic myelopathy the spinal 
cord and nerve root are simultaneously affected. There-
fore, the present study did not conduct a detailed classifi-
cation of CS.

We studied the microstructural changes of the com-
pressed spinal cord and nerve roots in CS using DTI 

Table 2 FA and ADC values of spinal cord at C3/C4–C6/C7 of all subjects (×  10−3  mm2/s)

FA anisotropic fraction, ADC apparent diffusion coefficient, HV volunteer, CS cervical spondylosis, t t value of t test, P P value

Spinal cord FA value t P ADC value t P

HV CS HV CS

C3/4 0.762 ± 0.097 0.637 ± 0.087 3.288 0.003 1.172 ± 0.176 1.558 ± 0.294 4.369 0.000

C4/5 0.759 ± 0.076 0.638 ± 0.097 4.603 0.000 1.149 ± 0.156 1.421 ± 0.302 3.268 0.004

C5/6 0.805 ± 0.108 0.642 ± 0.075 6.765 0.000 1.132 ± 0.168 1.431 ± 0.255 5.313 0.000

C6/7 0.771 ± 0.081 0.657 ± 0.069 4.427 0.000 1.142 ± 0.169 1.373 ± 0.183 4.032 0.000

Table 3 FA and ADC values of C5–C7 nerve roots of all subjects (×  10−3  mm2/s)

FA anisotropic fraction, ADC apparent diffusion coefficient, HV volunteer, CS cervical spondylosis, t t value of t test, P P value

Nerve root FA value t P ADC value t P

HV CS HV CS

C5 0.583 ± 0.087 0.452 ± 0.097 4.364 0.000 1.730 ± 0.234 1.963 ± 0.211 2.961 0.004

C6 0.602 ± 0.094 0.436 ± 0.070 8.848 0.000 1.726 ± 0.139 1.906 ± 0.166 5.082 0.000

C7 0.583 ± 0.100 0.444 ± 0.042 8.893 0.000 1.712 ± 0.159 1.933 ± 0.161 5.475 0.000
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technology, and quantified the severity of CS based 
on FA and ADC values. We found that compared with 
the corresponding segments of healthy volunteers, 
FA values of spinal cord and nerve root compression 
were lower in patients with CS, while ADC values were 
higher than those of healthy volunteers. It is consistent 
with the results of Chen et al. and Liang et al. [19, 20]. 
This may have resulted from a series of events; the com-
pression of the spinal cord and nerve root leads to the 

blood-spinal barrier and blood-nerve barrier damage 
causing increased vascular permeability, which in turn 
causes pressure tissue edema, glial cell proliferation, 
decreased number and diameter of axons, and thinning 
of the myelin sheath. The pathological changes hinder 
the diffusion of water, resulting in a decrease in the FA 
value and increase in the ADC value [21, 22]. These 
results suggest that DTI parameters can quantitatively 
evaluate the chronic injury caused by the compression 
of the spinal cord and nerve root.

Fig. 4 Graphical representation of the correlation analysis of the fractional anisotropy (FA) value with apparent diffusion coefficient (ADC) value and 
modified Japanese Orthopedic association (mJOA) score showing that the FA value was positively correlated with the mJOA score, while the ADC 
value was negatively correlated with the mJOA score. a Correlation analysis of the FA value, ADC value, and mJOA score in the spinal cord under 
compression. b Correlation analysis of the FA value, ADC value, and mJOA score in the nerve root under compression
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In our study, the average FA of the control group at dif-
ferent levels of the spinal cord was 0.762–0.805, the aver-
age ADC was 1.133–1.171 ×  10–3  mm2/s, and the average 
FA of nerve roots at different levels was 0.591–0.604, the 
average value of ADC was 1.655–1.792 ×  10–3   mm2/s. 
This is different from results of previous studies [23, 24], 
and may have resulted from the field intensity, setting of 
b value during DTI procedure, the selection of diffusion 
gradient direction, ROI selection, and other influential 
factors. In the study by Kerkovsky et al. [25], on the cor-
relation between DTI and clinical manifestations, the 
application of the ratio of the DTI parameter, i.e., the 

ratio of FA and ADC values obtained at unaffected seg-
ments (C2/C3 levels) to those obtained at spinal cord 
compression levels, was proposed to help avoid individ-
ual variations during analysis. In addition, cervical nerve 
roots are much smaller than lumbosacral nerve roots and 
are more susceptible to cerebrospinal fluid and vascular 
pulsation. In our study, ROI was at the posterior ganglia 
of nerve roots, which reduced the influence of cerebro-
spinal fluid and vascular pulsation on the measurement 
results.

In a previous report, Sun et  al. discussed surgi-
cal options for patients with radiculopathy and/or 

Table 4 Results of the ROC curve analysis in distinguishing mild cervical spondylosis

FA anisotropic fraction, ADC apparent diffusion coefficient, AUC  area under the ROC curve

FA value ADC value

AUC Cut off Sensitivity/specificity AUC Cut off Sensitivity/specificity

C4/5 0.786 0.722 0.857/0.667 0.743 1.186 0.857/0.633

C5/6 0.750 0.764 0.875/0.700 0.750 1.148 0.875/0.600

C6/7 0.794 0.754 1.000/0.700 0.772 1.151 1.000/0.500

C5 0.813 0.519 0.800/0.783 0.783 1.811 1.000/0.650

C6 0.812 0.518 0.750/0.800 0.821 1.794 1.000/0.733

C7 0.839 0.505 1.000/0.800 0.850 1.814 1.000/0.783

Table 5 Results of the ROC curve analysis in distinguishing moderate cervical spondylosis

FA anisotropic fraction, ADC apparent diffusion coefficient, AUC  area under the ROC curve

FA value ADC value

AUC Cut off Sensitivity/specificity AUC Cut off Sensitivity–specificity

C3/4 0.858 0.653 0.750/0.900 0.817 1.316 0.750/0.900

C4/5 0.881 0.691 0.857/0.900 0.829 1.290 0.857/0.867

C5/6 0.912 0.698 1.000/0.867 0.838 1.327 0.714/0.900

C6/7 0.793 0.649 0.800/0.933 0.933 1.273 1.000/0.833

C5 0.928 0.498 1.000/0.867 0.906 1.937 1.000/0.817

C6 0.963 0.508 1.000/0.883 0.786 1.911 0.667/0.950

C7 0.897 0.497 1.000/0.817 0.757 1.841 0.667/0.817

Table 6 Results of the ROC curve analysis in distinguishing severe cervical spondylosis

FA anisotropic fraction, ADC apparent diffusion coefficient, AUC  area under the ROC curve

FA value ADC value

AUC Cut off Sensitivity/specificity AUC Cut off Sensitivity/specificity

C5/6 0.981 0.636 1.000/0.933 0.967 1.314 1.000/0.867

C6/7 0.967 0.636 1.000/0.933 0.950 1.298 1.000/0.900

C5 0.967 0.463 1.000/0.933 0.975 2.093 1.000/0.967

C6 0.992 0.450 1.000/0.967 0.848 1.963 0.625/0.967

C7 0.956 0.441 1.000/0.917 1.000 2.046 1.000/1.000
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myelopathy [26], and confirmed that surgery is the best 
treatment for CS to reduce the risk of lifelong disability 
and progressive myelopathy [27]. As the outcomes of sur-
gery are better in mild patients than in severe patients 
[28], evaluation of the severity of CS is of great clinical 
significance during surgical planning. Many studies have 
confirmed that DTI parameters are strongly correlated 
with clinical severity of patients with CS [29–32]. Jiang 
et al. [30] conducted a correlation study on preoperative 
and postoperative MRI examination, clinical evaluation, 
and functional recovery evaluation of 57 patients with 
cervical spondylotic myelopathy. The results showed that 
FA value was highly related to mJOA score, and FA value 
was better than T2 high signal intensity and sagittal canal 
stenosis in evaluating postoperative functional recovery. 
In this study, the correlation analysis of nerve function 
in cervical spondylotic myelopathy and/or radiculopathy 
with different severity was conducted and it was found 
that FA values decreased with the degree of nerve dam-
age; specifically, increase in ADC values was inversely 
proportional with the degree of nerve damage, and ROC 
curve of the severity of CS was used to obtain the best 
cutoff value of FA and ADC. However, the findings need 
validated by clinical studies with large sample sizes.

Different from previous studies [18, 24], RESOLVE-
DTI sequence was used in this study. RESOLVE sequence 
is an innovative design for K-space readout. K-space is 
segmented in the readout direction, Readout Partial Fou-
rier technique is used to reduce echo interval and reduce 
susceptibility artifacts, and nonlinear phase correction is 
performed by navigation echo acquisition to reduce blur 
effect and improve resolution [33]. However, the scan-
ning time of DTI sequence is longer than that of tradi-
tional single excitation.

This study had a few limitations. First, the sample size 
was small. More patients should be included in future stud-
ies. Second, the scanning time and post-processing time 
of DTI are long; the scanning parameters need to be fur-
ther optimized. Partial volume effect must be avoided in 
ROI selection when measuring DTI parameters, because 
the inclusion of adjacent highly isotropic cerebrospi-
nal fluid in ROI will significantly reduce FA and increase 
ADC. Therefore, selecting a smaller ROI at the lesion site 
is the best solution for this problem. In addition, the ROI 
selection of this experiment is still inadequate, that is, we 
only conducted segmental analysis when studying spinal 
cord compression. Some studies have shown that select-
ing appropriate ROI sets at the same segment can better 
describe spinal cord injury[34]. Last, most of the patients 
in our study had multilevel CS; we only evaluated the spi-
nal cord segments and nerve roots with the most severe 
compression [35–37]. Future studies should consider the 
multiple levels of CS separately. Although DTI quantitative 

analysis can objectively evaluate the severity of CS, there 
is no authoritative quantitative analysis model at present, 
which limits its wide application in clinical work, and 
requires operators to have a full understanding of DTI 
acquisition conditions and anatomical basis of CS. It is 
believed that with the increase of studies and the establish-
ment of models, DTI parameters for quantitative evalu-
ation of the severity of CS will be widely used in clinical 
practice.

Conclusion
In summary, DTI can noninvasively evaluate the micro-
structural changes in compressed spinal cord and nerve 
roots in CS of varying severity. DTI technology can intui-
tively display the morphology of the spinal cord and nerve 
root fiber bundles from multiple angles, which is a poten-
tial tool for evaluating the severity of CS.
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