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ABSTRACT

AIM: To compare the preoperative and postoperative increased signal intensity (ISI) outcomes of cervical spondylotic myelopathy 
(CSM) patients who underwent posterior decompression and fusion, and to assess the correlation between ISI changes and 
postsurgical clinical prognosis.  
MATERIAL and METHODS: The results from 123 patients were evaluated. In addition to demographic data, such as age and gender, 
factors, including body mass index (BMI); smoking history; duration of symptoms; follow-up periods; levels of decompression 
and fusion; comorbidities, such as diabetes, coronary artery disease, and hypertension; ISI grading; cervical sagittal vertical axis; 
C2-7 cervical lordosis parameters; and Modified Japanese Orthopedic Association (mJOA) scores, were statistically analyzed 
preoperatively and postoperatively.
RESULTS: ISI improved in 39 patients (31.7%), remained unchanged in 53 patients (latent, 43.1%), and deteriorated in 31 patients 
(25.2%). There were no statistically significant differences in terms of age, gender, BMI, or levels of decompression and fusion 
between patients with ISI improvement, latent ISI, and worsened ISI. Patients with ISI improvement had the highest postoperative 
C2-7 lordosis values and shortest duration of symptoms. There was no statistically significant difference in the mJOA scores 
between patients with and without ISI improvement.
CONCLUSION: ISI improvement in CSM patients undergoing posterior cervical decompression and fusion is influenced by 
symptom duration and preoperative–postoperative cervical lordosis values. However, this study did not find a correlation between 
ISI improvement and clinical recovery based on the mJOA scores.
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█  INTRODUCTION

Cervical spondylotic myelopathy (CSM) is a spinal dis-
order that causes spinal dysfunction and is more fre-
quent in the elderly (3). Clinically, myelopathic symp-

toms, such as gait problems, numbness and clumsiness in 
the hands, and weakness in both the upper and lower extrem-
ities, reduced ambulatory and self-care abilities (15,18). The 
pathogenesis of this disease involves a combination of static 
and dynamic factors. Static factors include centrally located 
disc herniation, ligamentum flavum hypertrophy, and poste-
rior longitudinal ligament hypertrophy (3,15,25). Instability 
pathologies are often accompanied by dynamic factors that 
are typically associated with instability-related manifestations. 
Magnetic resonance imaging (MRI) and clinical findings are 
currently used to diagnose this condition (2,15). Surgical in-
tervention aims to halt disease progression and, if possible, 
to achieve clinical improvement (1). However, predicting the 
prognosis of this condition remains challenging, particularly in 
the elderly population. According to the literature, increased 
signal intensity (ISI) in T2-weighted (T2WI) MRI is a sign of 
spinal cord swelling and edema, and it serves as an indica-
tor of poor prognosis (4,7,15,17,18,24,25). Some studies have 
suggested that a combined evaluation of decreased signal in-
tensity on T1WI MRI and ISI on T2WI MRI is a more significant 
prognostic marker. ISI on T2WI is believed to regress and be 
reversible during the postoperative period, which has impli-
cations for prognosis (25). However, most of these studies fo-
cused on cases treated with anterior cervical discectomy and 
fusion, or posterior decompression and laminoplasty. To the 
best of our knowledge, no study has evaluated the change in 
ISI outcomes in patients who have undergone solely posteri-
or decompression and fusion. This multicenter study aimed 
to compare the preoperative and postoperative T2WI MRI ISI 
outcomes of patients with CSM undergoing posterior decom-
pression and fusion and assess the correlation between ISI 
changes and postoperative clinical prognosis.

█  MATERIAL and METHODS
Patient Population

This study retrospectively evaluated the results of 123 
patients who underwent cervical posterior decompression, 
instrumentation, and fusion at seven centers between 2015 
and 2022 due to CSM. The diagnostic process and surgical 
procedures were performed by experienced spinal surgeons 
at these centers, and the same physicians reviewed the 
records. In addition to demographic data such as age and 
gender, factors, including body mass index (BMI), smoking 
history, duration of symptoms, follow-up periods, levels 
of decompression and fusion, and comorbidities, such as 
diabetes, coronary artery disease (CAD), and hypertension 
(HT), were recorded. The inclusion criteria were adult patients 
with a minimum follow-up period of 1 yr who presented with 
multilevel spinal cord compression due to CSM, neck pain, 
and myelopathy and underwent posterior decompression 
and instrumented fusion. The exclusion criteria included 
patients under the age of 18 yr, previous cervical or lumbar 
spine surgery, motor neuron or polyneuropathy findings on 
electromyographic examination, and cervical kyphosis.

Radiological Evaluation

T2-weighted MRI was used to assess ISI both preoperatively 
and at 12 months postoperatively. ISI values from patients with 
a minimum follow-up period of 1 yr were included in the study. 
According to the classification of Yukawa et al., sagittal T2WI 
MR images were categorized into grades for ISI assessment: 
Grade 0, indicates no ISI; Grade 1, light ISI; and Grade 2, 
intense ISI (similar to cerebrospinal fluid) (23). The radiological 
parameters were evaluated using lateral cervical radiographs. 
The cervical sagittal vertical axis (cSVA) and C2-7 cervical 
lordosis (CL) were assessed preoperatively and at the last 
follow-up. The cSVA represents the distance between a line 
perpendicular to the center of C2 and the posterior superior 
corner of C7. C2-7 lordosis was measured using the Cobb 
method, which is defined as the angle between the inferior 
endplates of C2 and C7.

Clinical Assessment

The Modified Japanese Orthopedic Association (mJOA) score 
was calculated preoperatively and postoperatively to better 
understand the patient’s clinical condition. The preoperative 
and final postoperative values were compared for analysis 
based on the follow-up period.

Statistical Analysis

Descriptive statistics for continuous variables included the 
mean, standard deviation, median, and minimum and maxi-
mum values. For categorical variables, counts and percent-
ages were calculated. The normal distribution of the data was 
assessed using the Shapiro–Wilk test. The Wilcoxon test was 
used to compare preoperative and postoperative measure-
ments. For continuous data with a normal distribution, one-
way analysis of variance was used, whereas Kruskal–Wallis 
analysis of variance was used for nonnormally distributed 
data. For nominal variable group comparisons, the Chi-square 
or Fisher’s exact test was used. The multivariate logistic re-
gression analysis included independent variables considered 
effective, relevant factors on ISI recovery and significant in 
univariate analyses.. For statistical analysis, IBM SPSS ver-
sion 20 (Chicago, Illinois) was used, with a significance level 
of p<0.05 considered.

Ethics Statement

This study has been carried out in accordance with the 
principles of the Declaration of Helsinki and approved by the 
Clinical Research Ethics Committee of Marmara University 
Faculty of Medicine with decision number 09.2023.479.

Informed consent was obtained from all individual participants 
included in the study.

█  RESULTS
The study included 123 patients (41 females and 82 males). 
The mean age was 65.42 ± 10.09 yr. The entire study group 
had a mean follow-up period of 35.47 ± 18.11 months. The 
mean duration of symptoms was 29 months, and the mean 
BMI was 28.23 ± 3.86. The patients’ smoking status and 
comorbidities, such as diabetes, CAD, and HT, are shown 
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in Table I. The patients had an average level of posterior 
decompression (laminectomy) of 3 and a fusion level of 4 
(Table I). The ISI values of patients are presented in Table II. 
Accordingly, the ISI improved in 39 patients (31.7%), remained 
constant in 53 patients (latent, 43.1%), and worsened in 31 
patients (25.2%) (Figures 1-3).

Postoperative C2-7 lordosis angle showed a significant 
improvement compared with the preoperative values across 
all study participants, with 12.24° ± 6.21° and 10.74° ± 6.57°, 
respectively (p<0.001). However, no statistically significant 
difference in cSVA was observed between the preoperative 
and postoperative values (p=0.127). Postoperative mJOA 
scores assessing clinical conditions were significantly higher 
than preoperative mJOA scores, with values of 12.75 ± 3.02 
and 10.87 ± 2.96, respectively (p<0.001, Table III).

There were no significant differences in terms of age, gender, 
BMI, decompression level, and fusion level between patients 
with ISI improvement, latent ISI, and ISI worsening (Table 
IV). However, there was a significant difference in follow-up 
periods between patients with ISI improvement and those 
with worsening ISI (p<0.01).

Symptom duration differed significantly between patients 
with ISI improvement, those with latent ISI, and those with 
worsening ISI (p<0.001). Patients with ISI improvement had 

Table I: Patients’ Characteristics

N = 123 Mean ± SD
Median (min–max)

Age (yr) 65.42 ± 10.09
66 (42–90)

Body mass index (BMI) 28.23 ± 3.86
28 (18–36)

Follow-up period (months) 35.47 ± 18.11
32 (12–96)

Level of decompression 3.28 ± 1.50
3 (2–13)

Fusion level 4.10 ± 0.87
4 (3–8)

n %
Gender

Female 32 26.0
Male 91 74.0

Smoking
No 65 52.8
Yes 58 47.2

Diabetes
No 75 61.0
Yes 48 39.0

Hypertension
No 57 46.3
Yes 66 53.7

Coronary artery disease
No 79 64.2
Yes 44 35.8

Note. max: maximum; min: minimum; n: number; SD: standard 
deviation.

Figure 1: Images of a patient with ISI recovery are shown. A) Preoperative lateral cervical graph. B) The white arrow shows the hyperintense 
signal change in the spinal cord on the sagittal T2WI. C) Posterior fusion and instrumentation are observed on the postoperative lateral 
cervical graph. D) The hyperintense lesion disappears in the sagittal MR section.

Table II: Distrubution of ISI Improvement in Patients

ISI status N %

Improved 39 31.7

Latent 53 43.1

Worsened 31 25.2

ISI: Increased signal intensity, N: number.

A B C D



4 4 | Turk Neurosurg, 2024

Olguner SK. et al: Increased T2 Signal Activity in Cervical Spondylotic Myelopathy

those with latent ISI (p=0.009). The other group comparisons 
revealed no significant differences.

Patients with worsening ISI had lower preoperative C2-7 
lordosis values than those with improved and latent ISI (7.96° 
± 3.46° vs. 13.34° ± 8.50° and 10.44° ± 5.65°, respectively). 
Although the difference was insignificant compared with latent 
ISI, it was statistically significant compared with patients with 
ISI improvement (p=0.631 and p=0.015, respectively; Table 
IV).

significantly shorter symptom duration than those with latent 
ISI and ISI worsening (18 months vs. 32 and 36 months, 
respectively). There was no statistically significant difference 
in symptom duration between the patients with latent ISI and 
those with worsening ISI (Table IV).

There were no significant differences in terms of smoking, 
comorbid HT, and CAD rates among patients with ISI 
improvement, latent ISI, and worsening ISI (p>0.05). However, 
there are differences in the incidence of diabetes. The rate 
of diabetes was higher in patients with worsening ISI than in 

Figure 3: Patient images without ISI (latent) changes. A) Preoperative lateral cervical graph. B) White arrow indicates increased intensity 
of the medulla spinalis. C) Metallic surgical instruments applied to C4-7 levels are shown. D) On sagittal T2WI MRI, the white arrow 
shows an increase in intramedullary intensity, remaining latent.

Figure 2: Example of ISI 
worsening in patient images. 
A) There was significant 
neural pressure at the 
C4–C7 level on MRI and 
slightly increased intensity 
in the medulla spinalis on 
preoperative cervical T2WI 
MRI. B) Following posterior 
decompression and fusion, 
the white arrow indicates an 
increase in intensity at the 
spinal cord on sagittal T2WI 
MRI.

BA

BA DC
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Table III: Comparison of Preoperative and Postoperative Data of Patients

Preoperative Postoperative

Mean ± SD
Median (min–max)

Mean ± SD
Median (min–max) p-value

C2-7 lordosis 10.74 ± 6.57
9.4 (−4.0)–(34.5)

12.24 ± 6.21
11 (2.0–36.7) <0.001a

cSVA (mm) 14.53 ± 10.29
14 (0–53.2

13.64 ± 9.66
13 (0–42.4) 0.127a

mJOA score 10.87 ± 2.96
11 (4–17)

12.75 ± 3.02
13 (0–17) <0.001a

ISI 1 (0–2) 1 (0–2) 0.339a

aWilcoxon test. cSVA: Cervical sagital vertical axis, mJOA: The modified Japanese orthopedic association score, ISI: Increased signal intensity.

Table IV: Comparison of Patiens Regarding ISI Status

ISI improved Latent Worsened

Mean ± SD
Median (min–max)

Mean ± SD
Median (min–max)

Mean ± SD
Median (min–max) p-value

Age 66.79 ± 11.60
69 (42–90)

65.25 ± 9.64
66 (48–84)

64.00 ± 8.84
65 (45–82) 0.810c

BMI 28.30 ± 4.21
29 (18–35)

28.23 ± 4.26
28 (19–36)

28.12 ± 256
28 (22–34) 0.803c

Follow-up period (months) 31.23 ± 21.84
27 (12–86)

35.92 ± 18.53
33 (12–93)

40.03 ± 9.43
41 (23–60) 0.003b

Duration of symptoms (months) 18.90 ± 38.55
10 (1–240)

32.51 ± 24.12
29 (2–120)

36.06 ± 15.09
36 (12–84) <0.001b

Level of decompression 3.18 ± 0.88
3 (2–5)

3.32 ± 1.60
3 (2–13)

3.32 ± 1.92
3 (2–13) 0.860 b

Fusion level 4.15 ± 1.01
4 (3–8)

4.00 ± 0.73
4 (3–6)

4.19 ± 0.91
4 (3–6) 0.685 b

Preoperative C2-C7 lordosis 13.34 ± 8.50
12.93 (1.8–34.5)

10.44 ± 5.65
9.40 (−4)–(22.9)

7.96 ± 3.46
8 (1–15) 0.020 b

Postoperative C2-C7 lordosis 14.69 ± 6.87
15.6 (4.2–33.4)

11.98 ± 6.40
10.7 (2.0–36.7)

9.54 ± 3.34
9 (3.0–15.0) 0.003 b

Preoperative cSVA (mm) 18.87 ± 8.00
18.07 (1.9–36.0)

16.34 ± 11.10
16.80 (2–53.2)

5.96 ± 5.48
5 (0–25) <0.001 b

Postoperative cSVA (mm) 18.56 ± 7.71
18 0 (2.1–38.4)

14.88 ± 10.03
12.7 (2.0–42.4)

5.33 ± 4.91
4 (0–22.0) <0.001 b

Preoperative mJOA score 10.95 ± 3.56
11 (4–17)

11.26 ± 2.74
11 (6–17)

10.10 ± 2.38
10 (6–17) 0.193 b

Postoperative mJOA score 12.87 ± 3.48
13 (0–17)

12.89 ± 3.29
13 (0–17)

12.35 ± 1.70
12 (10–17) 0.403 b

Change (postoperative-preoperative) 
C2-C7 lordosis°

1.35 ± 7.67
2.4

(−18.60)–(14.80)

1.54 ± 6.15
1.40

(−20.87)–(20.10)

1.63 ± 2.39
1.0

(−1.0)–(10.0)
0.711 b
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Comparisons of ISI revealed no statistically significant 
differences in terms of preoperative JOA, postoperative JOA, 
C2-7 lordosis change, cSVA change, and mJOA change 
(p>0.05, Table IV).

█  DISCUSSION
Cervical spondylotic myelopathy is the most common cause 
of spinal cord dysfunction (24). MRI plays a crucial role in the 
diagnostic processes and clinical examinations. Sagittal and 
axial MRIs help examine signal changes within the spinal cord 
and assess bone and soft tissues (1,5,19). Takahashi et al. 
first reported that high-intensity lesions on T2WI MRI in CSM 
develop due to chronic compression (14). The pathophysi-
ology involves myelomalacia and cord gliosis. Many studies 
have investigated the effects of intramedullary signal changes 
on treatment strategies and prognosis. While intramedullary 
signal changes have been widely studied in CSM treatment, 
most of these studies have focused on patients treated with 

Patients with ISI improvement had the highest postoperative 
CL values (14.69° ± 6.87°). This value differed significantly 
from that of patients with a worsening ISI (p=0.002).

There was a significant difference in the preoperative cSVA 
values (p<0.001). Patients with worsening ISI showed lower 
preoperative cSVA values than those with latent ISI and those 
with improved ISI (5.96 ± 5.48 mm vs. 16.34 ± 11.10 and 
18.87 ± 8.00 mm, respectively, Table IV). Similarly, patients 
with worsening ISI had the lowest postoperative cSVA values.

The multivariate logistic regression analysis indicated 
that symptom duration, preoperative C2–C7 lordosis, and 
preoperative cSVA variables were effective factors in ISI 
recovery. A 1-month increase in symptom duration results 
in a 1.029-fold decrease in ISI recovery (p<0.05). A single 
1° increase in preoperative C2–C7 lordosis value leads to a 
1.075-fold increase in ISI recovery (p<0.05), whereas a 1-mm 
increase in preoperative CSVA value causes a 1.055-fold 
increase in ISI recovery (p<0.05, Table V).

ISI improved Latent Worsened

Mean ± SD
Median (min–max)

Mean ± SD
Median (min–max)

Mean ± SD
Median (min–max) p-value

Change (postoperative–preoperative) 
cSVA

−0.30 ± 6.60
−1.0

(−14.10)–(18.60)

−1.45 ± 8.78
−1.0

(−26.63)–(22.72)

−0.62 ± 2.76
0 (−8.0)–(4.0) 0.956b

Change (postoperative–preoperative) 
mJOA

1.92 ± 3.19
2.0 (−14)–(6.0)

1.62 ± 2.65
2.0 (−12)–(9)

2.25 ± 1.76
2.0 (0)–s(6) 0.165b

n % n % n %

Gender

Female 11 28.2 14 26.4 7 22.6
0.916a

Male 28 71.8 39 73.6 24 77.4

Smoking

No 15 38.5 30 56.6 20 64.5
0.073a

Yes 24 61.5 23 43.4 11 35.5

Diabetes

No 22 56.4 39 73.6 14 45.2
0.028a

Yes 17 43.6 14 26.4 17 54.8

Hypertension

No 15 38.5 29 54.7 13 41.9
0.258a

Yes 24 61.5 24 45.3 18 58.1

Coronary artery disease

No 24 61.5 38 71.7 17 54.8
0.273a

Yes 15 38.5 15 28.3 14 45.2
aChi-square test. bKruskal–Wallis test. cANOVA test. BMI: Body mass index, cSVA: Cervical sagital vertical axis, mJOA: The modified Japanese 
orthopedic association score, ISI: Increased signal intensity.

Table IV: Cont.
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clinical symptoms are caused by neurodegeneration and 
demyelination . Cystic necrosis can occur in advanced cases 
due to progressive neuronal loss and parenchymal damage 
(11). However, radiological images and clinical symptoms 
may not always correlate. Although our study indicated 
that patients with ISI grade improvement had significantly 
improved mJOA scores, there was no statistically significant 
difference in patients with ISI worsening or latent ISI.

Patients with ISI improvement had higher preoperative and 
postoperative CL values. The lowest values were found in 
patients with worsening ISI. Although we were unable to show 
a statistically significant correlation between radiological and 
clinical improvement, we realized the importance of achieving 
stability and optimal lordosis in the cervical spine for patient 
comfort and quality of life. The effect of cervical spinal 
parameters on the prognosis of ISI is unknown, and there have 
been few studies on this subject. Mohanty et al. evaluated the 
relationship between preoperative cervical spinal alignment 
and T2 hyperintensity and myelopathy in 124 patients and 
found that ISI changed with SVA (9). They found that patients 
with kyphotic curvature and high SVA had more MR signal 
abnormalities than those with lordotic postures. Shamji et al. 
investigated the effect of cervical alignment on neurological 
recovery and found that patients with preoperative lordotic 
alignment performed better than those with kyphotic 
alignment (12). In a review study, Zileli et al. reported that 
patients with abnormal cervical spinal sagittal parameters 
had poorer clinical recovery postoperatively, whereas patients 
with preoperative lordotic alignment had better results (26). 
In our study, we performed logistic regression analysis and 
found that preoperative 1° lordosis increase was positively 
correlated with ISI recovery. We achieved a similar result 
with SVA. We found a proportional relationship between 
ISI recovery and increasing preoperative cSVA by 1 mm. 
Although increased cSVA may be considered initially negative, 
the mean preoperative cSVA value in the study group (mean, 
14.53 ± 10.29 mm) was within normal range. Therefore, the 
relationship between increased cSVA and ISI recovery should 
be studied in a larger cohort group. Although the effect of 
cervical spinal parameters on ISI prognosis is unknown, we 
believe the effect of preoperative CL on ISI recovery observed 
in this study is useful.

This study has several limitations. Due to challenges in 
acquiring patient data during the COVID-19 pandemic and 

either anterior cervical surgery or posterior laminoplasty (5-
7,15,18-20,23,24). Although some studies have described re-
sults for both anterior and posterior approaches (1), no study 
has explicitly evaluated the outcomes of isolated posterior 
decompression and fusion. In this context, we were inter-
ested in the outcomes of patients who underwent posterior 
decompression and fusion. This treatment strategy effectively 
addressed static and dynamic pathological factors with insta-
bility-related issues.

The presence and severity of preoperative symptoms give an 
idea of how far we can go in the treatment of CSM. It has been 
reported in previous publications that clinical results worsen 
in CSM treatment, especially as the duration of symtoms 
increases. In Zhang et al’s study, 73 patients were evaluated 
and reported better surgical outcomes in patients with a low 
signal intensity rate and a short duration of disease (24). In 
another wide-ranging study, Tetrault et.al reviewed 91 articles 
and evaluated the most important outcome predictor as the 
severity and duration of symptoms (16). A similar conclusion 
was reached in Yoon et al’s study published as systematic 
review, which found that poorer clinical neurological outcomes 
after surgery were associated with increased severity and 
duration of symptoms (21). In the study of Machino et al, 
the duration of symptoms of patients with ISI recovery in the 
postoperative process was found to be shorter, although it 
was not statistically significant (12.6 ± 23.0 months) (7). In 
our study, the symptom duration of patients with ISI recovery 
was found to be shorter than those who remained latent and 
worsened (average of 18 months, p<0.001). In this context, 
we think that the data we have obtained are in parallel with 
the literature.

This study examined the correlation between ISI changes 
and the JOA test results and found no significant impact of 
ISI improvement on clinical outcomes (p>0.05). The literature 
contains a variety of viewpoints on this subject. While some 
authors found that ISI improvement positively affects clinical 
outcomes, others indicated no change (10,13,22). The 
recuperative potential of the spinal cord is reduced in cases 
with high signal intensity, whereas patients with moderate-
intensity increases have a better potential for recovery (8). 
Intramedullary edema or swelling causes signal changes on 
magnetic resonance T2WI compared to other areas (11). The 
clinical implications of histopathological changes in the nerve 
tissue under compression can be observed in patients. The 

Table V: Multivariate Logistic Regression Analysis for Factors Affecting ISI Recovery

Variate Regression Coefficient (SE) Adj. OR 95 % CI p-value

Age 0.030 (0.021) 1.031 0.988 1.071 0.158

Duration of symptom -0.029 (0.013) 1.029 1.004 1.055 0.022

DM 0.175 (0.452) 1.191 0.492 2.887 0.698

Preoperative C2- C7 Lordosis 0.073 (0.032) 1.075 1.009 1.146 0.025
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subsequent major earthquake in southern Turkey, the number 
of patients who participated in the study was limited. The 
retrospective design of the study, absence of T1WI assessment 
for ISI, reliance only on mJOA scoring for clinical evaluation, 
lack of global spinal parameters accompanying radiological 
parameters, and mid-term follow-up duration are limitations. 
However, the strength of this multicenter study lies in it being 
the first to evaluate the outcomes of patients who underwent 
surgery using a specific surgical technique in a specific patient 
group.

█  CONCLUSION
Symptom duration and preoperative and postoperative 
CL values affect ISI improvement in patients with cervical 
posterior decompression and fusion for CSM. Although our 
study did not find a correlation between the ISI and clinical 
improvement, a more extensive study with more significant 
participation and use of quality-of-life scores yielded more 
objective results.
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