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ORIGINAL ARTICLE

The effects of MRI signal intensity changes and clinical
manifestations on prognosis after surgical intervention
for cervical spondylotic myelopathy

Ying-ze Zhang MD’, Lin-feng Wang MD', Yong Shen MD', Wen-yuan Ding MD', Jia-xin Xu MD’,
Jie He MD?

Departments of 'Spinal Surgery, and ?MRI, Third Hospital of Hebei Medical University, Shijiazhuang, China

Objective: To investigate whether the magnetic resonance (MR) T2 image signal intensity ratio and clinical mani-
festations can predict the prognosis in patients with cervical spondylotic myelopathy (CSM).

Methods: A total of 73 patients treated with anterior, posterior, or posterior-anterior combined surgery for compres-
sive cervical myelopathy were enrolled retrospectively in this study. 1.5 T magnetic resonance imaging (MRI) was
performed on all patients before surgery. T2-weighted images (T2WI) of sagittal signal intensity were obtained of the
cervical spinal cord, and the regions of interest (ROI) were taken by 0.05 cm?®. MR T2WI of sagittal normal cord signal
at the C7-T1 disc level were also obtained, and the ROI were taken by 0.3 cm®. Signal value was measured by computer
and the signal ratio between regions 0.05 cm? and 0.3 cm? calculated. Where no intramedullary high signal intensity was
noted on MR T2WI, the ROI were taken by 0.05 cm? of the region of most severe spinal cord compression. The 73
patients were divided into three groups by hierarchical clustering analysis with signal intensity ratio (group 1: low signal
intensity ratio; group 2: middle signal intensity ratio; group 3: high signal intensity ratio). Statistical analyses were
performed with SPSS 11.0.

Results: There were significant differences between the three groups according to the recovery rate (P < 0.001), age
(P =0.003), duration of disease (P = 0.001), Babinski sign (P < 0.001), pre- and postoperative Japanese Orthopaedic
Association (JOA) score (P=0.006). With increases in both signal intensity ratio grade and age, the recovery rate and pre-
and postoperative JOA scores gradually decreased, and the incidence of Babinski sign increased. There was no significant
difference in sex among the three groups (P =0.387). Multiple comparison tests further supported the above-mentioned
results.

Conclusion: Patients with light or no intramedullary signal changes on T2WTI had a good surgical outcome. However,
increase of signal intensity ratio and occurrence of the pyramidal sign were associated with a poor prognosis after surgery.
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Introduction for prognosis remains controversial>’. The aim of the

present study was to calculate signal intensity ratio, and to

Cervical spondylotic myelopathy (CSM) is the com- determine whether MR T2 image signal intensity ratio

monest cause of spinal cord dysfunction. Magnetic reso- . . . . .

i i ) ; . R and clinical manifestations can predict the prognosis of
nance imaging (MRI) is an important investigation in
patients with CSM. MRI can show not only the degree of

spinal canal stenosis but also intramedullary changes in

the disease.

the spinal cord in detail'. Furthermore, increased signal
intensity (ISI) is often observed in patients with cervical
compressive myelopathy. However, the significance of ISI
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Materials and methods

With approval by the ethics boards of the involved
institution, a total of 164 patients with CSM were studied
from April 2005 to July 2007. The study complies with
the current laws of China, and informed consent was
obtained from all patients who participated. Of these, 73
patients who had been followed up for 12 months were
enrolled in this study. There were 49 men and 24 women;
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Table 1 Recovery rate, age and preoperative JOA score in each group

Index Group 1 Group 2 Group 3 F-value P-value
Recovery rate 0.77 £ 0.12 0.51 £0.22 0.35 £ 0.23 22.01 <0.001
Age 47.44 *+ 6.17 53.80 = 10.94 58.40 + 10.46 6.37 =0.003
Pre-JOA score 10.11 = 2.83 8.78 + 2.46 7.48 = 2.33 5.56 =0.006

Pre-JOA score, preoperative JOA score; o = 0.05.

the mean age was 53.27 years (range 34 to 77 years).
Patients with traumatic cervical myelopathy, neoplasia,
Vitamin B, deficiency, amyotrophic lateral sclerosis, arte-
riovenous malformations, congenital anomalies, demyeli-
nating disease, and vasculitis were excluded from the study.
Age, sex, duration of disease, and results of physical exami-
nation including Hoffmann and Babinski signs and knee
jerk, were noted before surgery for all patients. A modified
JOA scoring system was used to determine pre- and post-
operative functional status. The recovery rate after treat-
ment was calculated using the Hirabayashi method:

(postoperative JOA score — preoperative score)/
(17 — preoperative score) x100%.

(1)

All patients were treated with anterior, posterior or
posterior-anterior combined decompression surgery.
With the anterior cervical approach, the posterior longi-
tudinal ligament was removed to decompress the spinal
cord. Also cervical plates, interposition bone grafts or tita-
nium cages were used in some cases. Expansive lamino-
plasty was performed by the posterior approach.

All patients underwent high-resolution MRI with a 1.5
T imager (SIEMENS MAGNETOM Symphony, Munich,
Germany) before surgery. T1- and T2-weighted images
(T1WI, T2WI) of sagittal views of the cervical cord were
obtained using a spin echo sequence system for TIWI and
a fast spin echo sequence system for T2WI. A surface coil
was used. The slice width was 4 mm and the acquisition
matrix 512 X 256. The sequence parameters were repeti-
tion time (TR) 612 ms/echo time (TE) 13 ms for T1WI,
and TR 2400 ms/TE 114 ms for T2WL T2WT of the sag-
ittal signal intensity on the compressed severely cervical
cord were obtained, and the regions of interest (ROI)
taken by 0.05 cm?® T2WI of the sagittal signal intensity on
the severely compressed cervical cord were also obtained,
and the ROI again taken by 0.05 cm’. MR T2WI of the
sagittal normal cord signal on the cervical cord between
C7-T1 disc levels were obtained, and the ROI taken by
0.3 cm? Signal value was measured by computer to calcu-
late the signal ratio of region 0.05 cm? to region 0.3 cm?.
Where no intramedullary high signal intensity on MR
T2WI was observed, the ROI was taken by 0.05 cm? on the
region of severe cord compression.
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Statistical analysis

By means of logarithmic transformation of the signal
intensity ratio, the data were divided into three groups
by hierarchical clustering analysis. Analysis of variance
(ANOVA) was used to compare continuous variables in
the first group, the Pearson * test was used to compare
categorical variables in the second group, and the Kruskal-
Wallis H test was applied in the third group (or=0.05). In
addition, multiple comparison tests were applied among
the three groups. A multiple linear regression equation
was used to determine the relationships between each
independent variable and the signal intensity ratio
(Renter =0.10, Rout =0.15). SPSS 11.0 (SPSS, Chicago, IL,
USA) was used for statistical analysis.

Results

For the whole population, the mean JOA score was 8.70
* 2.47 before surgery, 12.59 * 2.26 at 6 months after
surgery, and 12.45 * 2.30 at one year after surgery, respec-
tively. The mean recovery rate was (52.58 = 25.61) % at
final follow-up. The ANOVA for the Hoffmann sign and
knee jerk showed no significant difference among the
three groups, so these two variables were taken out of the
study. The 73 patients were divided into three groups by
hierarchical clustering analysis with signal intensity ratio
(group 1: low signal intensity ratio; group 2: middle signal
intensity ratio; group 3: high signal intensity ratio). There
were 18 patients in group 1, 32 in group 2 and 23 in group
3. The mean signal intensity ratio was 1.11 * 0.05 in
group 1, 1.37 * 0.04 in group 2, 1.82 * 0.07 in group 3.
The range of signal intensity ratio is from 1.041 to 2.066.

The ANOVA for recovery rate (P < 0.001), age (P =
0.003) and preoperative JOA score (P = 0.006) showed
significant differences among the three groups (Table 1).
The Student-Newman-Keuls (SNK) test on recovery rate
showed significant differences between groups 1 and 2 (P
< 0.05), groups 1 and 3 (P < 0.05), groups 2 and 3 (P <
0.05). The SNK test on age showed significant differences
between groups 1 and 2 (P < 0.05) and groups 1 and 3 (P
< 0.05), but no significant difference between groups 2
and 3 (P> 0.05). Moreover, the SNK test on the preopera-
tive JOA score showed a significant difference between
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Table 2 SNK test for recovery rate, age and preoperative JOA score in each pair of groups
Recovery rate Age Pre-JOA score

Compared groups Jo.0s g-value P-value g-value P-value g-value P-value
1 and 2 2.83 6.16 <0.05 3.1 <0.05 2.54 >0.05
2and 3 2.83 4.09 <0.05 2.47 >0.05 2.67 >0.05
1and 3 3.40 9.32 <0.05 5.01 <0.05 4.70 <0.05
o =0.05.

groups 1 and 3 (P <0.05), but no significant difference was
observed between groups 1 and 2 (P > 0.05) and groups 2
and 3 (P > 0.05, Table 2).

The Pearson ? test for Babinski sign among different
groups showed significant differences (P < 0.001), but no
significant difference was found for sex (P=0.387) among
the three groups (Table 3). When the test level for the
Babinski sign was adjusted by using the multiple compari-
son test no significant difference between groups 1 and 2
(P = 0.186) was found. However, there were significant
differences between groups 1 and 3 (P < 0.001), groups 2
and 3 (P =0.002, Table 4).

The Kruskal-Wallis H test for logarithmic transforma-
tion of signal intensity ratio (P < 0.001), postoperative
JOA score (P < 0.001) and duration of disease (P =
0.001) all showed significant differences among the three
groups (Table 5). The Bonferroni test for logarithmic

Table 3 Babinski sign and sex in each group

Babinski sign sex
Group - + M F
1 13 5 " 7
2 17 15 20 12
3 3 20 18 5
total 33 40 49 24

Babinski sign x? = 15.719, P < 0.001; Sex y? = 1.898, P = 0.387.
o =0.05.

Table 4 Multiple comparison test for Babinski sign

Groups x?-value P-value
1and 2 1.751 0.186
2 and 3 9.290 0.002
1and 3 14.861 <0.001
a=0.0167.

transformation of signal intensity ratio showed signifi-
cant differences between groups 1 and 2 (P < 0.001),
groups 1 and 3 (P < 0.001) and groups 2 and 3 (P <
0.001). The Bonferroni test for postoperative JOA score
also showed significant differences between groups 1 and
2 (P <0.001), groups 2 and 3 (P = 0.005) and groups 1
and 3 (P < 0.001). The test for duration of disease
showed significant differences between groups 1 and 2 (P
= 0.008) and groups 1 and 3 (P < 0.001), but no signifi-
cant difference between groups 2 and 3 (P = 0.108,
Table 6). With increase of the grade of signal intensity
ratio, the postoperative JOA score gradually decreased,
and the duration of disease significantly increased in
group 3.
We introduced multiple linear regression to the
equation:
Lg (signal intensity ratio) =0.194 —0.163 X recovery rate +
0.042 X Babinski sign + (2)
0.030 X sex.

Renter = 0.10, Rout = 0.15, R = 0.653, R*> = 0.427.

The result indicated that the 42.7% variety of signal inten-
sity ratio can be used to demonstrate recovery rate, Bab-
inski sign and sex.

Table 5 Logarithmic transformation of signal intensity ratio, post-
operative JOA score and duration of disease in each group

Duration of disease Post-JOA score LgSIR
Group M (Qw) M (Qr) M (Qr)
1 3.5 7.0 16.00 2.00 0.04 0.04
2 12.0 18.0 13.00 400 0.13 0.07
3 24.0 78.0 10.00 3.00 0.23 0.06
x>-value 13.952 25.946 62.616
P-value 0.001 <0.001 <0.001

LgSIR, logarithmic transformation of signal intensity ratio; M,
median; post-JOA score, postoperative JOA score; Qg quartile
range.

o= 0.05.
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Table 6 Bonferroni test for logarithmic transformation of signal intensity ratio, postoperative JOA score and duration of disease for each pair
of groups

Duration of disease Post-JOA score LgSIR
Groups z-value P-value z-value P-value z-value P-value
1and 2 -2.672 0.008 -3.629 <0.001 -5.821 <0.001
2 and 3 —-1.608 0.108 -2.838 0.005 -6.279 <0.001
1and 3 —-3.546 <0.001 -4.476 <0.001 —-5.438 <0.001

LgSIR, logarithmic transformation of signal intensity ratio; o' = 0.0167.

Discussion

IST of the spinal cord on MR T2WI is often observed in
patients with CSM. Some authors have reported that
patients with ISI have poor prognosis after surgery””.
However, others have found no correlation between surgi-
cal outcome and intramedullary high signal intensity on
T2WI*'. Some authors have concluded that high-signal
change on T2WI is non-specific and can indicate edema,
inflammation, vascular ischemia, gliosis, or myelomala-
cia®”®. Al-Mefty et al.'® have reported that high signal inten-
sity on T2WI can reflect myelomalacia, while low signal
change on T1WI indicates cystic necrosis or secondary
syrinx. Harkey et al.'” have also found that low signal inten-
sity changes on TIWTI of the spinal cord coincide with the
presence of gross cavities in the spinal cord.

Recently, Yukawa et al.'® classified ISI on MRI in
patients with cervical compressive myelopathy, and inves-
tigated the relationship between ISI and prognosis. They
indicated that preoperative ISI in sagittal MR T2WI cor-
relates with patient age, duration of disease, postoperative
JOA score and recovery rates, and that ISI indicates a poor
prognosis, especially intense ISI being associated with
worse surgical outcomes than light ISI. Fernandez de Rota
et al.” have concluded that multisegmental high-intensity
change on MR T2WI is associated with a poor functional

recovery.
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We think that ISI has a large range of variation in signal
intensity. Based on the latest MRI techniques and soft-
ware, various signal values of spinal cord in these patients
can be measured.

In the course of our study, we found that each patient
had different T2WI signal values both on compressed and
normal spinal cord, and that increasing signal intensity
value alone did not accurately reflect the individual dif-
ferences among patients. So we considered that it would
be more objective to calculate the ratio of signal values.
With the method, we can show the signal intensity accu-
rately (Fig. 1). Moreover, the subjective factors of signal
intensity classification have been excluded from the
current study. The lesser amount of improvement after
surgery in patients in groups 2 and 3 than in patients in
group 1 was shown to be due to significantly older age,
increased incidence of Babinski sign, and a longer dura-
tion of disease in the former two groups. With increasing
signal intensity ratio grade, the recovery rate presented a
gradual downward trend. In this series of patients, a sta-
tistically significant difference was shown in recovery rate
and logarithmic transformation of signal intensity ratio
between every pair of groups. The preoperative JOA score
showed a significant difference between groups 1 and 3,
but no significant difference between any of the other
pairs of groups. This result indicates that patients with the
same preoperative JOA score can get different surgical

Figure 1 The patients whose cervical
spines are shown in (a) and (b) are from
group 1; the signal intensity ratio is 1.06 for
1(a) and 1.13 for 1(b); (c) is from group 2;
the signal intensity ratio is 1.40; (d) is from
group 3; the signal intensity ratio is 1.92.
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results. However, with increasing signal intensity ratio
grade, the recuperative potential of the spinal cord gradu-
ally decreased. In this study, patients with the greatest
signal intensity ratio in group 3 had a longer duration of
disease and the worst surgical results.

In addition, multiple linear regression was used to
study the relationship between signal intensity ratio and
the other variables. The signal intensity ratio was corre-
lated with recovery rate, Babinski sign and sex
(R*=42.7%). The results show that the correlative
factors of ISI are complicated, but the equation used did
account for 42.7% of ISI. Although there was no signifi-
cant difference in the factor of sex between three groups,
this factor could be applied to the multiple linear regres-
sion equation. This result indicates that the factor of sex
can be related to signal intensity ratio by controlling the
factors of recovery rate and Babinski sign. That is to say,
in the event that both recovery rate and Babinski sign
are invariable, different sex would yield different a signal
intensity ratio within a group. This is the first report on
measuring various signal ratios of the spinal cord. We
have demonstrated that there is a significant association
among objective signs, surgical outcome, and MR T2
image signal intensity ratio in CSM.

In our study, the results show that patients with light or
no intramedullary signal changes on T2WI (group 1) have
a good surgical outcome. However, with increasing signal
intensity ratio and occurrence of the pyramidal sign, poor
prognosis after surgery occurs in those who are older and
have long duration of disease.

However, this study is retrospective and could have
some data bias. Moreover, the lack of a multicenter
study could reduce the reliability of our statistical
analysis. In addition, each high-resolution MR imager
works separately with different characteristics and
parameters. Therefore further research on this issue is
required.
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