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is Diffusion anisotropy a 
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Purpose: To explore the value of diffusion-tensor (DT) imaging in 
addressing the severity of cervical spondylotic myelopathy 
(CSM) and predicting the outcome of surgical treatment.

Materials and 
Methods:

From July 2009 to May 2012, 65 volunteers were recruit-
ed for this institutional review board–approved study, and 
all gave informed consent; 20 volunteers were healthy sub-
jects (age range, 41–62 years), and 45 were patients with 
CSM (age range, 43–86 years). Anatomic and DT 3.0-T 
magnetic resonance images were obtained. Surgical de-
compression was performed in 22 patients with CSM, and 
patients were followed up for 6 months to 2 years. The 
clinical severity of myelopathy and postoperative recovery 
were assessed by using the modified Japanese Orthopae-
dic Association (mJOA) score. A recovery ratio (com-
parison of postoperative with preoperative mJOA score) 
of more than 50% indicated a good clinical outcome of 
surgery. DT findings, patient age, T2 high signal intensity 
(HSI), and somatosensory evoked potential (SEP) were 
analyzed by using a logistic regression model to predict 
the surgical outcome of patients with CSM.

Results: A significant difference in cervical cord mean fractional 
anisotropy (FA) was found between healthy subjects and 
patients with CSM (0.65 6 0.05 [standard deviation] vs 
0.52 6 0.13, P , .001). FA values were significantly corre-
lated with the severity of neurologic dysfunction indicated 
by mJOA score (r2 = 0.327, P = .016). Logistic regression 
analysis showed that mean FA (P = .030) and FA at the 
C2 vertebra (P = .035) enabled prediction of good surgical 
outcome; however, preoperative mJOA (P = .927), T2 HSI 
(P = .176), SEP amplitude (P = .154), and latency (P = 
.260) did not.

Conclusion: FA is a biomarker for the severity of myelopathy and for 
subsequent surgical outcome.
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informed consent. Clinical diagnosis of 
CSM was based on the neurologic signs 
and symptoms of patients with compat-
ible radiologic cervical cord compres-
sion in a stenotic canal. The criterion 
for inclusion in the CSM group was spi-
nal canal stenosis, defined as narrowing 
in the anteroposterior diameter of the 
cervical canal to less than 13 mm, with 
clinical myelopathy. Patients with prior 
neurologic trauma, surgery, or both; 
other coexisting neurologic disorders 
(eg, multiple sclerosis); or claustro-
phobia were excluded. A consecutive 
series of 86 patients with CSM was re-
ferred from clinical outpatient services 
on the basis of inclusion and exclusion 
criteria. Eighteen patients refused to 
undergo additional DT imaging. One 
patient with CSM and claustrophobia 
and 12 other patients who had under-
gone previous lumbar surgery were 
excluded. The remaining 45 patients 
with CSM were recruited to this study. 
Decompression surgery in 22 patients 
with CSM and standard postoperative 
rehabilitation and follow-up ranged 
from 6 months to 2 years. Age-matched 
healthy volunteers were recruited as 
control subjects. The inclusion cri-
teria for healthy subjects were intact 
sensory and motor function, negative 
Hoffman sign, no radiologic cervical 

reflect microstructural damages, such 
as demyelination or axon damage, in 
the spinal cord (17,18). Thus, DT imag-
ing may be a promising tool with which 
to evaluate the severity of myelopathy 
and predict the surgical prognosis of 
CSM.

To date, previous studies have shown 
the feasibility of DT imaging in the eval-
uation of microstructural changes in 
the myelopathic cervical cord (19–28). 
The prognostic value of spinal cord DT 
imaging in patients with CSM has been 
addressed in several previous studies 
(29–31). Two of these previous studies 
examined the pattern of DT fiber trac-
tography in patients with CSM (29,30). 
However, fiber tractography is a com-
puterized simulation technique used to 
visualize the structural integrity, and it 
is not a standardized or well-received 
approach for quantitative assessment 
(15). Jones et al (31) reported correla-
tions between the FA value at the most 
stenotic level and the surgical outcome 
of CSM in terms of the neck disability 
index. However, the clinical follow-up in 
the Jones et al (31) study was too short, 
so it remains difficult to draw conclu-
sions from that work.

The objective of this study was 
to explore the value of DT imaging in 
addressing the severity of CSM and 
predicting the outcome of surgical 
treatment.

Materials and Methods

Subjects
The institutional review board of re-
search ethics approved all study pro-
cedures. A total of 65 subjects were 
recruited for this study from July 2009 
to May 2012, including 20 healthy sub-
jects (10 men, 10 women;, mean age, 
52 years; age range, 41–62 years) and 
45 patients with CSM (26 men, 19 
women; mean age, 64 years; age range, 
43–86 years). All subjects provided 

Cervical spondylotic myelopathy 
(CSM) is a chronic compressive 
spinal cord lesion in a narrow 

canal secondary to spondylosis or disk 
degeneration (1–3). Currently, spinal 
decompression surgery is the mainstay 
in the treatment of CSM (4); however, 
the debate persists regarding the fac-
tors affecting the surgical outcome of 
CSM, such as age (4–6), duration of 
symptoms (7–10), preoperative neuro-
logic status (11), intramedullary signal 
intensity changes on T2-weighted mag-
netic resonance (MR) images (12,13), 
and somatosensory evoked potential 
(SEP) (14).

Diffusion-tensor (DT) imaging was 
developed to assess spinal cord micro-
structure by tracing water molecular 
diffusion at microscopic dimensions 
(15). The diffusion indexes, fractional 
anisotropy (FA) and diffusivity, are at-
tributed to the densely packed axonal 
membranes in spinal cord parenchyma 
(16). Changes in the diffusion indexes 

Implication for Patient Care

 n DT imaging is a promising tool 
for use in the precise diagnosis 
and prognostication of CSM.

Advances in Knowledge

 n Fractional anisotropy (FA) of the 
cervical spinal cord at the point 
of maximal compression corre-
lates with the clinical severity of 
myelopathy; moreover, the FA 
value in patients with cervical 
spondylotic myelopathy (CSM) 
with a modified Japanese Ortho-
paedic Association (mJOA) score 
of 0–7 was lower than the FA 
value in patients with an mJOA 
score of 12–15 (P = .014).

 n Logistic regression analysis 
showed that the mean FA value 
(score = 5.167, P = .023) is an 
indicator of good surgical out-
come in comparison with age 
(score = 0.602, P = .438), mJOA 
score (score = 0.155, P = .694), 
and conventional T2 high signal 
intensity (score = 1.474, P = 
.225).

 n Diffusion-tensor (DT) MR im-
aging of the myelopathic spinal 
cord is superior to current clin-
ical and radiologic assessments 
in the prediction of surgical 
outcome.
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Cardiac vector cardiogram trigger-
ing was applied to minimize the pulsa-
tion artifact from cerebrospinal fluid. A 
total of 12 transverse images covering 
the cervical spinal cord from the C1 
through C7 vertebrae were acquired. 
Each image was placed at the center 
of each vertebra or intervertebral disk. 
Diffusion MR images were acquired by 
using a pulsed sequence (single-shot 
spin-echo echo-planar imaging). Dif-
fusion encoding occurred in 15 non-
collinear and noncoplanar diffusion 
directions, with a b value of 600 sec/
mm2. The imaging parameters were 
as follows: five heartbeats/60; field of 
view, 80 3 80 mm; section thickness, 7 
mm; section gap, 2.2 mm; foldover di-
rection, anteroposterior; three signals 
acquired; resolution, 1.0 3 1.26 3 7.0 
mm; and resolution of reconstruction, 
0.63 3 0.63 3 7.0 mm. The image sec-
tion planning was the same as that used 
to obtain the anatomic axial T1- and 
T2-weighted images, with 12 sections 
covering the cervical spinal cord from 
the C1 through C7 vertebrae. The dura-
tion of DT imaging was 24 minutes per 
subject on average, with a mean heart 
rate of 60 beats per minute. Spatial 
saturation with spectral presaturation 
with inversion recovery was applied to 
suppress the foldover effect. Cardiac 
vector cardiogram triggering was ap-
plied to minimize the pulsation artifacts 
caused by cerebrospinal fluid.

Image Analysis
Experienced researchers (C.Y.W., J.L.C.; 
both with 3 years of experience in DT 
image analysis; H.S.L., 1 year of expe-
rience) conducted the image analysis. 
Cervical cord compression was con-
firmed when the ratio of the sagittal 
diameter divided by the transverse 
diameter was less than 0.4 (36). The 
maximal compression level was deter-
mined by the lowest compression ratio. 
The presence of the T2 intramedullary 
high signal intensity (HSI) was recorded 
for subsequent analyses.

The diffusion measurements were 
performed with DTI Studio software 
(version 2.4.01 2003; Johns Hopkins 
University, Baltimore, Md). Image vol-
ume realignment and three-dimensional 

latency and amplitude of SEP signals in 
patients with CSM were compared with 
previously published criteria in healthy 
subjects (mean latency, 18.40 msec 6 
0.71 [standard deviation]; amplitude, 
1.23 µV 6 0.50). Abnormal SEPs were 
defined as delayed N19 latency (ex-
ceeding 2.5 standard deviations) or de-
creased peak-to-peak amplitude (,0.5 
µV) (14).

MR Imaging
Anatomic and diffusion MR images 
were obtained within 1 month before 
treatment. All images were obtained by 
using a 3.0-T MR imager (Achieva; Phil-
ips Medical Systems, Best, the Nether-
lands). During the acquisition process, 
each subject was placed in the supine 
position with the sensitivity encod-
ing neurovascular head and neck coil 
enclosing the cervical region, and the 
subject was instructed not to swallow to 
minimize motion artifacts.

Sagittal and axial T1- and T2-
weighted images were acquired by us-
ing a fast spin-echo sequence. For sag-
ittal imaging, the imaging parameters 
were as follows: repetition time msec/
echo time msec, 530/7.2 for T1 imaging 
and 3314/120 for T2 imaging; field of 
view, 250 3 250 mm; section thickness, 
3 mm; section gap, 0.3 mm; foldover 
direction, feet to head; two signals ac-
quired; resolution, 0.92 3 1.16 3 3.0 
mm for T1 imaging and 0.78 3 1.01 3 
3.0 mm for T2 imaging; and resolution 
of reconstruction, 0.49 3 0.49 3 3.0 
mm. A total of 11 sagittal images cover-
ing the cervical spinal cord from the C1 
through C7 vertebrae were acquired. 
Each of these images was placed at 
the center of either each vertebra or 
each intervertebral disk. For axial im-
aging, the imaging parameters were 
as follows: 1000/8 for T1 imaging and 
4000/120 for T2 imaging; field of view, 
80 3 80 mm; section thickness, 7 mm; 
section gap, 2.2 mm; foldover direc-
tion, anterior to posterior; three signals 
acquired; resolution, 0.63 3 0.68 3 7.0 
mm for T1 imaging and 0.63 3 0.67 3 
7.0 mm for T2 imaging; resolution of 
reconstruction, 0.56 3 0.55 3 7.0 mm 
for T1 imaging and 0.63 3 0.63 3 7.0 
mm for T2 imaging.

stenosis, and no history of neurologic 
injury or surgery. Three neurologically 
intact subjects were excluded from the 
healthy group because of radiologic 
cervical stenosis.

Clinical Assessment
Senior spine surgeons (K.D.K.L., 
W.Y.C.; 30 and 10 years of experience, 
respectively) performed the clinical as-
sessment. The modified Japanese Or-
thopaedic Association (mJOA) score 
was used for routine clinical assess-
ment of the severity of myelopathy at 
our institute (32). The mJOA score is 
comprised of three categories; these 
are motor function of upper and lower 
limbs (7), sensory function (4), and 
sphincter function (33), with a full 
mJOA score of 17 (34). Recovery af-
ter surgical treatment was evaluated 
by using the recovery ratio of the Hira-
bayashi method, which is calculated by 
dividing the difference of postoperative 
mJOA score minus preoperative score 
by the difference of 17 minus preoper-
ative score and then multiplying the re-
sult by 100%. A recovery ratio greater 
than 50% is considered indicative of a 
good outcome, whereas a recovery ra-
tio less than 50% is indicative of a fair 
outcome (35).

Electrophysiologic Assessments
The functional integrity of the spinal 
cord was evaluated by using SEP (11). 
In brief, stimulation was applied to the 
median nerve in the wrists with a pulse 
duration of 0.2 msec at a rate of 5.1 Hz 
and a constant current of 10–30 mA. 
SEP signals were recorded from the C3 
vertebra in response to right limb stim-
ulation and from the C4 vertebra in 
response to left limb stimulation, with 
the reference electrode at front middle 
lead (or Fz) according to the Interna-
tional 10–20 system. After automatic 
artifact rejection, the mean signal over 
200 consecutive sweeps was calculated. 
Further calculation with data from 
more than 500 sweeps was required 
if the waveform was not clearly identi-
fied. The data were inspected by an ex-
perienced electrophysiologist (Y.H., 16 
years of experience) for the presence 
of the main peaks N19 and P22. The 
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healthy subjects at the C2 level (P = 
.003) and at the point of maximal spinal 
cord compression (P , .001); the lowest 
FA value (P , .001) and the mean FA 
values from C3 through C7 (P , .001) 
were also significantly lower in patients 
with CSM (Table 1). However, the low-
est FA value did not necessarily appear 
at the maximal compression level. In 13 
(93%) of 14 single-level compression 
cases, the lowest FA values were mea-
sured at the point of maximal compres-
sion or adjacent levels; however, these 
findings were not observed in 22 (71%) 
of 31 multilevel compression cases. In 
patients with CSM with multilevel com-
pression, the FA value at the C2 verte-
bra correlated with the lowest FA value 
(r2 = 0.254, P , .001), but it did not 
correlate with the FA value at the max-
imal compression level (r2 = 0.053, P = 
.057) (Fig E1 [online]).

As shown in Figure 2, patients 
with a higher grade of clinical severity 
of CSM had lower FA values. For ex-
ample, FA values at the maximal com-
pression level in patients with mJOA 
scores of 0–7 were lower than those 
in patients with mJOA scores of 12–15 
(P = .014).

In regard to the relationship be-
tween diffusion indexes and the severity 
of myelopathy, FA values at the maximal 
compression point were significantly cor-
related with the sum of the mJOA score 
(r2 = 0.327, P = .016) and the upper limb 
category of the mJOA score (r2 = 0.245, 
P = .046) (Fig E2 [online]). In contrast, in 
conventional MR imaging, the compres-
sion ratio of the myelopathic spinal cord 
(P = .479) and T2 HSI (P = .388) were 

(19). In this study, FA values in healthy 
subjects were compared with those 
in patients with CSM by using the 
Mann-Whitney U test. The relation-
ship between the diffusion indexes of 
the myelopathic cervical cord and the 
mJOA score was examined by using the 
Spearman rank correlation. The results 
of clinical, electrophysiologic, and ra-
diologic assessments were analyzed by 
using a logistic regression model to pre-
dict good or fair surgical outcomes and 
were depicted as receiver operating 
characteristic curves. The precision of 
clinical, electrophysiologic, and radio-
logic factors in the prediction of good 
or fair surgical outcomes was depicted 
by the area under the receiver oper-
ating characteristic curve. The level of 
significance was set at P , .05. All data 
analyses were performed by using SPSS 
analysis software (SPSS, version 16.0; 
SPSS, Chicago, Ill).

Results

No difference in age or sex was found 
between healthy subjects and patients 
with CSM. Among the 45 patients with 
CSM, 14 (31%) had a single-level com-
pression and 31 (69%) had two or more 
levels of compression secondary to disk 
degeneration, spondylosis, or both. In 
addition, 13 (29%) patients had T2 HSI, 
and 20 (44%) had SEP abnormalities. 
Surgical decompression was performed 
in 22 patients with CSM by using either 
the anterior (n = 10 [45%]) or the pos-
terior (n = 12 [55%]) approach.

The FA values in patients with CSM 
were significantly lower than those in 

rigid body transformation were per-
formed with the built-in algorithm of 
the software to reduce motion arti-
facts. The realigned and coregistered 
diffusion-weighted data sets were 
double checked for image quality and 
were then used to estimate DTs, in-
cluding three eigenvalues (l1, l2, and 
l3). As shown in Figure 1, the region 
of interest was defined on the basis 
of the non–diffusion-weighted image  
(b = 0 sec/mm2; hereafter, B0 image) 
to cover the whole spinal cord and was 
adjusted according to the diffusion-
weighted image to reduce cerebrospi-
nal fluid contamination (37). Three 
eigenvalues (l1, l2, and l3) were mea-
sured by averaging all selected voxels 
in the region of interest with ImageJ 
software (National Institutes of Health, 
Bethesda, Md). The diffusion indexes 
(eg, FA value), were calculated with 
the following formula:

( ) ( ) ( )2 2 2

2 2 2

1 2 3

1 2 33
FA = 

2

λ λ λ λ λ λ

λ λ λ

 − + − + −  
+ +

. (1)

Diffusion indexes of the cervical cord 
were measured at different anatomic 
locations. For example, we measured 
FA value at the level of the C2 vertebra, 
FA value at the maximal compression 
level, the lowest FA value along the my-
elopathic cervical cord, and the mean 
FA value from C3 through C7 vertebrae.

Statistical Analysis
Previous DT imaging studies have sug-
gested FA of the cervical cord is the 
crucial parameter in the evaluation 
of myelopathy in patients with CSM 

Figure 1

Figure 1: DT image analysis of the cervical cord. The region of interest was defined to cover the whole cord on axial B0 images. E0, 
E1, and E2 represent the map of eigenvalues. 
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(r = 0.226, P = .311), mJOA score  
(r = 0.050, P = .836), T2 HSI (r = 0.239,  
P = .284) or SEP amplitude (P = .356) 
or latency (P = .410).

Discussion

In the current study, we showed that 
DT MR images correlate well with 
the clinical severity of myelopathy and 

Table 1

Diffusion Anisotropy of Cervical Cord between Healthy Subjects and Patients  
with CSM

Parameters and Group Mean 95% Confidence Interval Range P Value*

FAC2 .003
 CSM 0.63 6 0.10 0.60, 0.66 0.22–0.80 …
 Healthy 0.70 6 0.06 0.67, 0.73 0.58–0.82 …
FAmcl ,.001
 CSM 0.52 6 0.13 0.48, 0.56 0.23–0.83 …
 Healthy 0.65 6 0.05 0.63, 0.67 0.59–0.78 …
FAlow ,.001
 CSM 0.43 6 0.10 0.40, 0.46 0.22–0.65 …
 Healthy 0.65 6 0.05 0.63, 0.67 0.59–0.78 …
FAC3–C7 ,.001
 CSM 0.57 6 0.08 0.55, 0.60 0.33–0.72 …
 Healthy 0.65 6 0.05 0.63, 0.67 0.59–0.78 …

Note.—Unless otherwise indicated, data are FA values. FAC2 = FA value at the level of the C2 vertebra, FAC3–C7 = mean FA value 
at the level of the C3 through C7 vertebrae, FAlow = lowest FA value along the myelopathic cervical cord, FAmcl = FA value at the 
maximal compression level.

* P values were calculated with the Mann-Whitney U test.

Figure 2

Figure 2: Box plot of FA values in patients with CSM with different severity grades of neurologic deficit classified by mJOA 
score. FA

ave
 = average FA value from the level of the C3 through C7 vertebrae, FA

c2
 = FA value at the level of the C2 vertebra, 

FA
low

 = lowest FA value along the myelopathic cervical cord, FA
mcl

 = FA value at maximal compression level.

not associated with the clinical severity of 
myelopathy evaluated by using the mJOA 
score. Patients with more severe CSM 
tended to have abnormal SEPs, such as 
decreased amplitude and prolonged la-
tency (r2 = 0.236, P = .030).

When we compared the areas un-
der the receiver operating character-
istic curves (Fig 3), FA values at the 
C2 vertebra (FA = 0.781) and mean 
FA (FA = 0.743) were clearly higher 
than those for age (FA = 0.383), mJOA  

(FA = 0.386), SEP (FA = 0.662 for am-
plitude, FA = 0.595 for latency), and T2 
HSI (FA = 0.386). The receiver operat-
ing characteristic curves show that FA 
values appeared to enable us to predict 
the surgical outcome with more preci-
sion than with preoperative mJOA, SEP, 
or T2 HSI. As shown in Table 2, mean 
FA from the C3 through C7 vertebrae 
correlates well with the clinical sever-
ity of myelopathy (r = 0.516, P = .014) 
but not with the age of the patients  

Figure 3

Figure 3: Receiver operating characteristic curves 
for the prognostic precision of surgical outcomes. 
Preoperative mJOA score (area = 0.489), T2 HSI 
(area = 0.386), FA value at the level of the C2 
vertebra (0.781), mean FA value at the level of the 
C3 through C7 vertebrae (area = 0.743), the lowest 
FA value along the myelopathic cervical cord (FAlow) 
(area = 0.648), and FA value at the maximal com-
pression level (area = 0.638) (FAmcl) are shown.



202 radiology.rsna.org n Radiology: Volume 270: Number 1—January 2014

NEURORADIOLOGY: Cervical Spondylotic Myelopathy Wen et al

Table 2

Logistic Regression Analysis of 
Clinical, Electrophysiologic, and 
Radiologic Factors to Predict Surgical 
Outcome

Variable Score P Value

Age 0.602 .438
mJOA score 0.155 .694
T2 HSI 1.474 .225
SEP
 Amplitude 0.854 .356
 Latency 0.678 .410
Diffusion index
 FAC2 1.745 .186
 FAmcl 0.078 .779
 FAlow 0.565 .452
 FAC3–C7 5.167 .023

Note.—Surgical outcome was quantified by comparing 
pre- and postoperative mJOA score. A difference in 
mJOA scores of more than 2 indicated a good outcome, 
while a difference in mJOA scores of 2 or less indicated 
a fair outcome. FAC2 = FA value at the level of the C2 
vertebra, FAC3–C7 = mean FA value at the level of the C3 
through C7 vertebrae, FAlow = lowest FA value along the 
myelopathic cervical cord, FAmcl = FA value at the 
maximal compression level.

the surgical prognosis of patients with 
CSM. This finding suggests that DT 
imaging results agree with the clinical 
imaging findings better than with the 
results of conventional imaging; there-
fore, DT imaging may improve confi-
dence in the clinical diagnosis of CSM. 
Furthermore, the mean FA of the entire 
myelopathic cord enabled us to predict 
the response to surgical intervention. In 
fact, DT imaging was superior to the 
current clinical electrophysiologic and 
routine anatomic MR imaging assess-
ment in terms of sensitivity and spec-
ificity in providing the prognosis of sur-
gical outcomes. Our findings indicate 
the clinical utility of DT imaging in the 
diagnosis and prognostication of CSM 
by adding value to existing clinical and 
radiologic assessments.

Previous attempts have been made 
to investigate the relationship between 
DT indexes and various clinical scores 
in patients with CSM (22,30,33). The 
present study showed strong correla-
tions between DT findings and the clin-
ical severity of CSM in good agreement 
with the findings of previous studies 

(16,34); however, Lee et al (30) failed 
to detect this type of correlation. One 
possible reason for this disparity may 
be the heterogeneity of the patients. 
Lee and colleagues (30) recruited pa-
tients with various types of cervical 
myelopathy, including ossification of the 
posterior longitudinal ligament, atlan-
toaxial instability, and os odontoideum, 
skeletal dysplasia, and herniated inter-
vertebral disk. In contrast, we enrolled 
only those patients who had cervical 
myelopathy secondary to spondylosis 
and disk degeneration, as was done 
in two other previous studies (22,33). 
Our findings support the notion that FA 
could be a radiologic marker for the se-
verity of CSM (22,31).

Altered diffusion pattern in the my-
elopathic cervical cord was carefully 
observed in this study. A decrease in 
FA was observed not only at the point 
of the maximal compression level, but 
also at sites distant from the maximal 
compression level. These findings may 
reflect the fact that CSM-associated de-
myelination and axonal damage afflict 
both the myelopathic lesion site and 
the distal sites in the chronic course 
of the disease (38,39). Thus, the dif-
fusion indexes from the whole cervi-
cal spinal cord should be selected to 
comprehensively reflect overall cervi-
cal cord damage in patients with CSM, 
a task that was not performed in the 
majority of previous DT imaging stud-
ies (22–29). In the present study, the 
mean FA value of the C3 through C7 
vertebrae but not the mean FA value at 
the maximal spinal cord compression 
level was identified as the prognostic 
factor of decompression surgery for 
patients with CSM.

Conventional T1- and T2-weighted 
images were limited in their ability 
to provide macroscopic information, 
such as the degree of stenosis and the 
amount of edema or hemorrhage. It has 
been well documented that the sever-
ity of stenosis does not correlate with 
the symptoms of patients with CSM 
(36,40,41). T2 HSI in the myelopathic 
spinal cord is nonspecific, and the pres-
ence of T2 HSI does not reflect the se-
verity of myelopathy (42–46). Thus, the 
prognostic value of T2 HSI in patients 

with CSM is controversial (42–46). The 
results of the present study are com-
patible with those of previous studies in 
that the prognostic value of T2 HSI was 
not significant in patients with CSM. 
Meanwhile, the hypointensity on T1-
weighted images has been reported in 
patients with CSM (47,48). However, 
it is difficult to assess T1-weighted hy-
pointensity in patients with severe spi-
nal cord compression, and this assess-
ment was not performed in the current 
study.

SEP is a clinically available tool used 
to monitor the functional integrity of 
the spinal cord during spinal surgery. In 
this study, we discovered that FA values 
still presented substantial alterations 
in patients with CSM and normal SEP 
(22). This finding implies that SEP is 
a less sensitive tool than diffusion in-
dexes, although SEP has been report-
ed to possess certain prognostic value 
(14).

There were a few limitations in the 
present study. First, the region of inter-
est that we used in this study covered 
the whole spinal cord and did not dis-
tinguish white matter from gray matter; 
this might have introduced some bias. 
Van Hecke and colleagues (37) once 
tried to perform a thresholding proce-
dure (FA = 0.2) to differentiate white 
matter from gray matter. This concept 
was borrowed from brain research and 
is fit for healthy subjects; however, it 
was not applicable to patients with 
CSM. In our experience, a thresholding 
procedure would cause the information 
loss of severely degenerated white mat-
ter (28). After we balanced the advan-
tages and disadvantages of different ap-
proaches, we adopted the conventional 
approach to define a region of interest 
that covers the whole spinal cord in the 
present study. Moreover, the variation 
in the follow-up period (6 months to 2 
years after surgery) might have intro-
duced more variables that affected the 
comparison of surgical outcomes (32).

In summary, FA is suggested as a 
biomarker for the severity of myelop-
athy and enables one to predict the 
outcome of surgery in patients with 
CSM. Our findings suggest the need for 
a large-scale prospective study in the 
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near future to determine the threshold 
for FA values of the myelopathic spinal 
cord in which the function of the myelo-
pathic cord is reversible so as to achieve 
a satisfactory recovery after surgery. In 
conjunction with existing clinical and 
radiologic assessments, the information 
garnered with DT imaging will be an 
integral part of diagnosis and prognos-
tication in patients with CSM and it will 
help in the decision regarding surgical 
intervention.
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