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Abstract: Objective. To explore the most important predictors of post-operative efficacy in patients
with degenerative cervical myelopathy (DCM). Methods. From January 2013 to January 2019,
284 patients with DCM were enrolled. They were categorized based on the different surgical methods
used: single anterior cervical decompression and fusion (ACDF) (n = 80), double ACDF (n = 56), three
ACDF (n = 13), anterior cervical corpectomy and fusion (ACCF) (n = 63), anterior cervical hybrid
decompression and fusion (ACHDF) (1 = 25), laminoplasty (n = 38) and laminectomy and fusion
(n =9). The follow-up time was 2 years. The patients were divided into two groups based on the
mJOA recovery rate at the last follow-up: Group A (the excellent improvement group, mJOA recovery
rate >50%, n = 213) and Group B (the poor improvement group, mJOA recovery rate <50%, n = 71).
The evaluated data included age, gender, BMI, duration of symptoms (months), smoking, drinking,
number of lesion segments, surgical methods, surgical time, blood loss, the Charlson Comorbidity
Index (CCI), CCI classification, imaging parameters (CL, T1S, C2-7SVA, CL (F), T1S (F), C2-7SVA
(F), CL (E), T1S (E), C2-7SVA (E), CL (ROM), T1S (ROM) and C2-7SVA (ROM)), maximum spinal
cord compression (MSCC), maximum canal compromise (MCC), Transverse area (TA), Transverse
area ratio (TAR), compression ratio (CR) and the Coefficient compression ratio (CCR). The visual
analog score (VAS), neck disability index (NDI), modified Japanese Orthopedic Association (mJOA)
and mJOA recovery rate were used to assess cervical spinal function and quality of life. Results.
We found that there was no significant difference in the baseline data among the different surgical
groups and that there were only significant differences in the number of lesion segments, C2-7SVA,
T1S (F), T1S (ROM), TA, CR, surgical time and blood loss. Therefore, there was comparability of the
post-operative recovery among the different surgical groups, and we found that there were significant
differences in age, the duration of symptoms, CL and pre-mJOA between Group A and Group B. A
binary logistic regression analysis showed that the duration of the symptoms was an independent risk
factor for post-operative efficacy in patients with DCM. Meanwhile, when the duration of symptoms
was >6.5 months, the prognosis of patients was more likely to be poor, and the probability of a
poor prognosis increased by 0.196 times for each additional month of symptom duration (p < 0.001,
OR = 1.196). Conclusion. For patients with DCM (regardless of the number of lesion segments and
the proposed surgical methods), the duration of symptoms was an independent risk factor for the
post-operative efficacy. When the duration of symptoms was >6.5 months, the prognosis of patients
was more likely to be poor, and the probability of a poor prognosis increased by 0.196 times for each
additional month of symptom duration (p < 0.001, OR = 1.196).

Keywords: degenerative cervical myelopathy; pre-operative duration of symptoms; post-operative
efficacy; mJOA; mJOA recovery rate

1. Introduction

Degenerative cervical myelopathy (DCM) is caused by cervical compression (at lo-
cations such as the vertebral bodies, intervertebral discs, ligaments and facet joints) and
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can be induced by cervical spinal cord compression. DCM can lead to functional nerve
damage, which manifests as limb and trunk sensory impairment and motor dysfunction.
The natural history of DCM includes a progressive worsening of signs and symptoms over
time, but the rate and pattern of decline are unclear [1].

Recently, an increasing number of studies have compared the cervical sagittal parame-
ters [2—4]. Xu Y [2] found that an increase in the T1S and NT and a decrease in the CL were
risk factors affecting the post-operative NDI score. Kato M [3] found that after a lamino-
plasty, patients with C2-7SVA > 35 mm will have a poor quality of life and severe neck
pain. Nicholson KJ [4] found that greater C2-7ROM and an increased CL (F) corresponded
to milder myelopathy symptoms. However, it has been reported that 1/3 of people with
cervical kyphosis have no clinical symptoms [5,6]. Therefore, in post-operative efficacy
research, we should not only consider the cervical sagittal parameters but should also pay
attention to the natural history of DCM.

Magnetic resonance imaging (MRI) has become the imaging study of choice as the
initial screening process for patients in whom DCM is suspected [7]. The maximum spinal
cord compression (MSCC), maximum canal compromise (MCC), Transverse area (TA)
and compression ratio (CR) have been widely used to evaluate the degree of spinal cord
compression [8]. However, we must also recognize that there are some patients that have
imaging manifestations of spinal cord compression but have no clinical symptoms [9,10].

Behrbalk E11 reported that the mean time delay from the initiation of symptoms to
the diagnosis of DCM was 2.2 & 2.3 years. What worries us is that this will lead to the
prolongation of the natural history of DCM patients. Therefore, the purpose of this article
is to explore the most important predictors of the post-operative efficacy in patients with
degenerative cervical myelopathy by integrating the natural history of DCM, imaging
parameters, number of lesion segments and different surgical methods.

2. Materials and Methods
2.1. Study Participants

This study was a retrospective study, and 284 patients with DCM were enrolled from
January 2013 to January 2019. Based on the surgical methods, the patients were divided
into single ACDF (n = 80), double ACDF (n = 56), three ACDF (n = 13), ACCF (n = 63),
ACHDEF (n = 25), laminoplasty (n = 38) and laminectomy and fusion (1 = 9) groups, and the
follow-up time was 2 years. The inclusion criteria were as follows: (1) patients diagnosed
with DCM based on their clinical symptoms and imaging data and who received surgical
treatment in our hospital; (2) patients with complete and clear lateral cervical radiographs
showing all the important bone markers that can be accurately measured; (3) patients with
complete and clear cervical MR images that allow for the degree of cervical spinal cord
compression to be accurately measured; and (4) patients with visual analog scale (VAS)
results and modified Japanese Orthopedic Association (mJOA) and neck disability index
(NDI) scores. The exclusion criteria were as follows: (1) a history of trauma or spinal
surgery; (2) the presence of an infection, tuberculosis, a tumor or another disease; and
(3) incomplete imaging data or functional score data. A summary of the details of the
patients excluded by the inclusion criteria are shown in Figure 1. Finally, the patients were
divided into two groups based on the mJOA recovery rate at the last follow-up: Group A
(the excellent improvement group, mJOA recovery rate >50%, n = 213) and Group B (the
poor improvement group, mJOA recovery rate <50%, n = 71). This study passed the ethical
review of the ethics committee. The ethical review number is 2021KY143.
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Figure 1. The summary of the details of patients excluded by inclusion criteria.

2.2. The Basic Data Collected and Parameters Measured
The Basic Data Included the Following

(1) Age, sex, BMI, duration of symptoms (months), smoking history, drinking history,
number of lesion segments, surgical methods, surgical time (min) and blood loss (mL).
(Smoking history: those who smoke more than one cigarette a day for more than 6 months
or those who had smoked more than 100 cigarettes in total. Drinking history: those who
drink at least once a week for more than half a year.)

Surgical methods: @) Single-segment anterior cervical decompression and fusion (sin-
gle ACDF). @ Double-segment anterior cervical decompression and fusion (double ACDF).
(@ Three-segment anterior cervical decompression and fusion (three ACDF). () Anterior
cervical corpectomy and fusion (ACCF). ® Anterior cervical hybrid decompression and
fusion (ACHDF). (¢) Posterior cervical laminectomy (laminoplasty). ) Posterior cervical
laminectomy and fusion (laminectomy and fusion) (Figure 2).

(2) The Charlson Comorbidity Index (CCI) and the CCI classification. This study used
the Charlson Comorbidity Index (CCI) to assess the comorbidity data in DCM patients. The
CClI score is based on a number of conditions, including previous myocardial infarction,
stroke and liver disease, which are each assigned different weights, with a higher weight
representing a more severe morbidity. The summation of the weighted comorbidity scores
results in a summary score (Figure 3). For the statistical analysis, patients in this study
were divided into two groups based on their CCI score: CCI 0-1 and CCI > 2.
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Figure 2. Cont.
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Figure 2. Surgical methods. (A) Single ACDEFE. (B) Double ACDF. (C) Three ACDEF. (D) ACCE.
(E) ACHDFE. (F) Laminoplasty. (G) Laminectomy and fusion.
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Score  Condition

1 Myocardial infarction (history, not ECG changes only)

Congestive heart failure

Peripheral vascular disease (includes acrtic aneurysm =6 cm)
Cerebrovascular disease: CVA with mild or no residua or TIA

Dementia

Chronic pulmonary disease

Connective tissue disease

Peptic ulcer disease

Mild liver disease (without portal hypertension, includes chronic hepatitis)

Diabetes without end-organ damage (excludes diet-controlled alone)

2 Hemiplegia

Moderate or several renal disease

Diabetes with end-organ damage (retinopathy, neuropathy, nephropathy, or brittle diabetes)

Tumour without metastases (exclude if =5 years from diagnosis)

Leukaemia (acute or chronic)

Lymphoma

Moderate or severe liver disease

Metastatic solid tumour
AIDS (not just HIV-positive)

AIDS: Acquired immunodeficiency syndrome; CVA: Cerebrovascular accident;
ECG: Electrocardiogram; HIV: Human immunodeficiency virus; TIA: Transient ischaemic attack

Figure 3. Charlson Comorbidity Index (CCI).

(3) Imaging parameters. For the lateral cervical radiographs, standard radiographic
techniques were applied. The tube-to-subject distance was 1.83 m and the radiographic
tube was centered at the C4-C5 intervertebral disc space without magnification. Lateral
radiographs of the cervical spine were taken when the patient was in a comfortable standing
position; the upper extremities were positioned naturally at the sides of the trunk and the
patient looked straight ahead.

Flexion (or extension) cervical radiograph. The patient stood sideways in front of the
camera frame, the head and neck were maximally flexed (or extended), the long axis of the
neck was parallel to the long axis of the film, and the shoulders were drooped as far as
possible. The remaining requirements were the same as those of the lateral films. All of the
above images were captured by the same imaging technician. The measurement methods
of the cervical sagittal parameters in the radiographs are detailed in Table 1 and Figure 4.
The range of motion (ROM) was calculated as the extension minus the flexion.

Every patient underwent a pre-operative 3.0 T MRI scan to assess the degree of spinal
cord compression, and all the enrolled patients underwent a 3.0 T magnetic resonance
imaging (MRI) scan (Siemens Medical Solutions, Erlangen, Germany) pre-operatively. The
axial MRI images were aligned parallel to the inferior endplate of the vertebral body. The
methods that were used to measure the cervical MRI parameters are detailed in Table 1
and Figure 5. For patients with multilevel DCM, we measured the segment with the most
severe spinal cord compression.
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Table 1. The measuring methods of cervical sagittal parameters in the radiographs and MSCC, MCC,
TA, TAR, CR, CCR in MRL

Cervical Sagittal Parameters The Measuring Method (Figure 4)

The cobb angle between the C2 lower endplate and C7 lower endplate, with (+) for

(2-C7 cobb angle (CL) lordosis and (—) for kyphosis.

T1 slope (T1S) The angle between a horizontal line and the T1 superior endplate.

The distance between the plumb line through the center of C2 and the plumb line

27 sagittal vertical axis (SVA) of the posterior of the C7 upper endplate.

Parameters in MRI The measuring method (Figure 5).

A midsagittal T2-WI of a patient with DCM, including the width of the spinal cord
at the most compressed site (di) and the width of the spinal cord at normal sites

above (da) and below (db) the site of maximum compression.
MSCC =1 — di/[(da + db)/2].

A midsagittal T2-WTI of a patient with DCM, including the width of the canal at the
most stenotic site (Di) and the width of the spinal canal at normal sites above (Da)
and below (Db) the canal stenosis.

MCC =1 — Di/[(Da + Db)/2].

A midsagittal T2-WI of a patient with DCM, the cross-sectional area of the spinal
cord at the most severely compressed segment was measured.

Maximum spinal cord compression (MSCC)

Maximum canal compromise (MCC)

Transverse area (TA)

A midsagittal T2-WI of a patient with DCM, including the cross-sectional area of
compressed spinal cord (TA) and the cross-sectional area of upper and lower
normal spinal cord (TA1,TA2).

TAR =1 — TA/[(TA1 + TA2)/2].

A midsagittal T2-WI of a patient with DCM, a ratio between the
anteroposterior diameter and the transverse diameter on the cross-sectional of

spinal cord compression.
CR=S/T.

A midsagittal T2-WI of a patient with DCM, including the CR of compressed
Coefficient compression ratio (CCR) spinal cord (CR1) and the CR of upper and lower normal spinal cord (CR2,CR3).
CCR =1 — CR1/[(CR2 + CR3)/2].

Transverse area ratio (TAR)

Compression ratio (CR)

Figure 4. Sagittal radiograph of cervical spine with representative measurements. (A) C2-C7 cobb
angle (CL), T1 slope (T1S). (B) C2-7SVA.



Brain Sci. 2022, 12, 1088

8 of 18

Figure 5. MRI parameter measurement of cervical spine. (A) MSCC. (B) MCC. (C) TA. (D) CR.

2.3. Outcome Measures

(1) The visual analog score (VAS) was reported based on an 11-point numeric rating
scale from zero (no pain) to ten (worst pain imaginable).

(2) The neck disability index (NDI) was used to evaluate neck function. The patients
were evaluated based on their pain intensity, ability for self-care, weightlifting, reading
ability, presence of headaches, concentration, work, sleep quality, driving and recreational
activities. The total score was 50. The higher the score, the worse the neck function.

(3) The modified Japanese Orthopedic Association (mJOA) scale consisted of three
categories: exercise, sensation and bladder function. The total score was 18 points.

(4) mJOA recovery rate = [(mJOA score after treatment — mJOA score before treat-
ment)/(18 — mJOA score before treatment)] x 100%. In our study, the patients were divided
into the excellent improvement group (Group A, mJOA recovery rate >50%, n = 213) and
the poor improvement group (Group B, mJOA recovery rate <50%, n = 71) based on the
mJOA recovery rate at the last follow-up.
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2.3.1. Statistical Analysis

All images were transferred to a computer as DICOM data. The measurements were
performed with imaging software (OsiriX Lite v 7.5; Icestar Media Ltd., Essex, UK) by
2 independent observers. After an agreement was reached between the observers, each
parameter was independently measured twice by 2 orthopedic spine surgeons, and the
intraclass correlation coefficient (ICC) was analyzed. Intra- and interobserver agreement
were assessed via the ICC, and ICC values of 0.8 to 1.0, 0.6 to 0.79 and less than 0.6 were
considered excellent, good and poor, respectively.

SPSS 24.0 was used for the statistical analyses, and statistically significant differences
were identified when the p-value was <0.05. For continuous variables, the Shapiro-Wilk
normal test was used; normally distributed continuous variables were expressed in the
form of Mean =+ Standard Deviation and nonnormally distributed continuous variables
were expressed in the form of the Median (Lower quartile~Upper quartile). The inter-
group analysis of the different surgical methods was performed as follows: for categorical
variables, the chi-square test was used; for normally distributed continuous variables, a
one-way ANOVA was used; and for nonnormally distributed continuous variables, the
Kruskal-Wallis H test was used. The intergroup analysis of Group A and Group B was
performed as follows: for categorical variables, the chi-square test was used; for normally
distributed continuous variables, an independent-sample ¢-test was used; and for nonnor-
mally distributed continuous variables, the Mann-Whitney U test was used. Binary logistic
regression analysis and ROC curves were used to determine the independent risk factors
and critical values, respectively. Pearson and Spearman correlation coefficients were used
to calculate the correlation between each parameter.

2.3.2. Reliability Analysis

Regarding the cervical spine parameters, the intraobserver and interobserver reliability
results showed excellent and good agreement, respectively (ICC > 0.8).

3. Results
3.1. Basic Data and the Comparison among the Different Surgical Method Groups

From January 2013 to January 2019, a total of 284 patients with DCM were enrolled.
The patients were divided based on the different surgical methods into a single ACDF
(n = 80), double ACDF (n = 56), three ACDF (n = 13), ACCF (n = 63), ACHDF (n = 25),
laminoplasty (1 = 38) or laminectomy and fusion (n = 9) group. The follow-up time was
2 years (Table 2).

In the statistical analysis, we found that there was no significant difference in the
baseline data, such as in age, sex, BMI, duration of symptoms, severity of pre-operative
symptoms and post-operative recovery or among the different surgical groups (p > 0.05);
there were only significant differences in the number of lesion segments, C2-7SVA, T1S (F),
T1S (ROM), TA, CR, surgical time and blood loss. Therefore, in exploring the differences
in post-operative recovery, there is comparability among the different surgical groups
(Table 2).
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Table 2. Basic data and comparison among different surgical methods group.

Single-ACDF Double-ACDF Three-ACDF Laminoplast Laminectomy and

N =gSO) (N = 56) (N = 13) ACCF (N = 63) ACHDF (N = 25) (N = 38)P Y Fusion (N = g) x *[F p-Value
Age 53.1 + 10.0 56.6 + 11.9 50.1 +£9.2 543+ 115 57.6 £ 9.9 582 +10.3 56.6 + 6.8 1.985 0.068
Gender (Female, 1 (%)) 36 (45%) 24 (42.9%) 4 (30.8%) 23 (36.5%) 4 (16%) 9 (23.7%) 3 (33.3%) 10.942 0.09
BMI 241427 234 +32 241422 236+ 3.1 232429 235+ 3.0 243 +£27 0.583 0.744
Er‘l‘gf:[fs of symptoms 3.5 (2.0~8.0) 3.5 (1.0~12.0) 2.0 (1.0~6.0) 4.0 (1.0~12.0) 4.0(1.5~12.0) 3.0 (1.0~12.0) 2.0 (1.5~7.5) 1.856 0.932
Smoking (11 (%)) 18 (22.5%) 19 (33.9%) 3 (23.1%) 21 (33.3%) 10 (40%) 14 (36.8%) 2 (22.2%) 5.363 0.498
Drinking (1 (%)) 23 (28.8%) 14 (25%) 3 (23.1%) 19 (30.2%) 9 (36%) 9 (23.7%) 3 (33.3%) 1.835 0.934
CCI 2.0 (0.0~3.0) 2.0 (1.0~3.0) 1.0 (0.0~2.5) 2.0 (0.0~3.0) 2.0 (0.5~3.5) 2.0 (0.0~3.0) 3.0 (1.5~3.5) 9.735 0.136
S%oj)lasmﬁcah"“ (O-1point, 35 (459 21 (37.5%) 8 (61.5%) 31 (49.2%) 8 (32%) 16 (42.1%) 2(22.2%) 6.468 0.373
CL 169 £9.7 14.8 £ 10.1 144478 171495 175+ 10.8 156 +9.9 128 +5.1 0.727 0.629
TS 248 +82 246477 212+48 268 + 6.6 252475 255472 260 £57 1.222 0.295
C2-7SVA (mm) 16.0 + 11.0 17.0 + 12.1 147 £95 144+ 109 150 + 11.4 14.6 +10.7 284 +13.1 2.260 0.038*
CL(F) ~189+938 ~17.4 +10.1 ~17.8 +87 ~159+96 —184 +88 ~193 +87 ~15.7 +95 0.873 0515
TIS(F) 3224103 342 4+10.0 282+ 6.4 37.7 77 363 +57 333472 311461 3.978 0.001 *
C2-7SVA (F) 623 +16.8 633 + 134 53.6 + 147 645+ 11.6 65.8 + 9.6 62.1+11.0 63.0 +12.7 1.435 0.201
CL(E) 289 +11.9 27.1+13.0 21.8 + 8.8 28.1+11.6 24.6 +12.0 259 +12.3 25.1 +10.2 1.083 0373
T1S(E) 221498 23+78 17.5 + 6.2 23.0+9.7 205+ 88 24479 232452 0.867 0519
C2-7SVA (E) 1.5 (~12.7~7.5) 3.7 (—59~8.9) 5.8 (—5.3~16.0) 2.0 (—15.8~6.4) 3.0 (—15.2~11.3) —1.8(—9.7~7.0) 7.5 (3.7~14.0) 11.447 0.075
CL(ROM) 47.8 + 143 4454+ 132 39.5 4+ 11.2 440 +136 430+ 145 453 +13.1 408 +11.8 1.202 0.305
T1S(ROM) ~10.1+9.0 ~11.8 +102 ~108 +7.1 —14.7 +12.1 ~158+95 ~11.0 + 82 ~79+62 2.323 0.033 *
C2-7SVA (ROM) —63.1 4247 —60.8 £ 20.1 —49.1 £ 192 —68.1+21.2 —672 4210 —632+ 180 —548 +17.1 1.976 0.069
MSCC 039 + 0.14 0.40 + 0.11 044 +0.15 0.44 +0.12 045 + 0.14 042 +0.11 0.46 + 0.10 1.709 0.119
MCC 0.50 4+ 0.15 052 +0.13 056 +0.11 0.56 4 0.12 0.55 4+ 0.15 052 +0.13 0.55 + 0.14 1.420 0.207
TA 052 +0.15 0.48 + 0.11 0.50 = 0.08 0.44 +0.13 044 +0.15 045 + 0.14 0.49 + 0.22 2.748 0.013 *
TAR 0.40 + 0.13 043 +0.12 0.43 + 0.09 0.46 + 0.12 045 + 0.14 045 + 0.11 0.48 + 0.11 1.793 0.1
CR 0.26 + 0.08 0.24 +0.07 0.22 4 0.07 0.21 4 0.08 0.21 4 0.07 0.23 4 0.09 0.22 4 0.06 2.784 0.012*
CCR 044 +0.15 0.46 +0.13 0.50 + 0.14 051 +0.14 050 + 0.16 049 +0.13 0.46 + 0.13 1.843 0.091
Pre-VAS 41421 44423 41+27 44424 50+25 41425 47421 0.607 0.725
Pre-NDI 158 + 83 171493 17.0 £ 10.8 17.8 492 17.8 +9.1 139 +94 197 +78 1.127 0.347
Pre-mJOA 98+15 96+14 93409 93+13 90+13 93+12 9.0+16 1.680 0.126
Surgical time (min) 1002 + 14.9 1335+ 16,5 158.7 +13.7 118.1 + 16.6 1405 + 184 139.4 + 138 1792 +19.5 73.238 <0.001 **
Blood loss (mL) 51.1 + 16.9 74.7 +20.8 102.3 +10.7 192.7 + 34.0 220.2 + 36.8 1745+ 316 289.4 + 46.9 320.761 <0.001 **
Post-VAS (1) 21409 21411 2.7 409 21411 21412 21411 28408 1.181 0316
Post-NDI (1) 8.0+ 46 94451 99 +47 88452 95454 8.0+54 93+ 44 0.829 0.548
Post-mJOA (1) 156 + 15 152+ 1.8 162+ 1.2 155+ 1.9 149 £20 15.0 + 2.4 151+ 19 1.393 0217
mJOA recovery rate% (1) 69.6 +19.9 65.4 +22.7 774 +177 71.6 +21.1 65.6 +20.5 64.9 +27.3 683 £ 20.0 1.041 0399
Post-VAS (3) 18409 1.7 409 1.54+1.0 1.84+09 1.94+1.0 19409 19406 0.456 0.840
Post-NDI (3) 59443 71+48 78+38 7.0+44 7.8+ 44 59442 79 +41 1.280 0.266
Post-mJOA (3) 155+ 1.5 152+ 18 161 +1.0 15.6 + 1.7 149 +20 15.0 2.3 151+19 1.293 0.260
mJOA recovery rate% (3) 68.9 +19.8 65.6 +22.4 76.6 + 16.1 71.8 +20.0 65.7 +20.8 64.9 + 264 68.3 £ 20.0 0.981 0.438
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Single-ACDF Double-ACDF Three-ACDF Laminoplast Laminectomy and

N fso) N s Ne13) ACCF (N = 63) ACHDF(N=25 7 38)1’ Y Fasion (V » x 2/F p-Value
Post-VAS (6) 1.6 +£09 1.6 +0.8 1.3+ 0.6 1.7+0.8 1.7+07 1.7+0.8 1.7+£05 0.648 0.692
Post-NDI (6) 5.7 +4.7 62+43 6.5+24 6.4 +42 6.8 +3.2 5.8+43 78 +3.1 0.634 0.703
Post-mJOA (6) 155+ 15 151+ 1.8 159 +1.0 155+ 1.8 149 £2.0 15.0+23 15.0+2.1 1.064 0.384
mJOA recovery rate% (6) 67.9 +20.0 64.6 +22.2 749 + 15.2 70.9 +20.1 65.7 +20.8 64.6 +26.9 672 +21.4 0.830 0.548
Post-VAS (12) 1.7+ 1.0 1.5+ 07 1.3+ 0.6 1.7+0.8 1.8+ 0.8 1.7+0.8 1.7+05 0.776 0.589
Post-NDI (12) 55443 5.6 +3.7 64+17 6.3 4.0 6.1 £4.6 5.6 4.1 76 +28 0.582 0.745
Post-mJOA (12) 154 +15 150419 15.8 + 1.0 154 £ 1.8 148 +19 147 +£23 15.0 £+ 2.1 1.124 0.348
m]JOA recovery rate% (12) 66.8 £+ 20.2 63.1 +23.4 732+ 154 69.4 +20.6 64.8 +20.0 62.3 +£26.7 672 +21.4 0.876 0.513
Post-VAS (24) 1.8+1.0 1.6 0.8 1.3+0.6 1.84+0.8 21+1.1 1.8+0.8 1.8 +0.7 1.692 0.123
Post-NDI (24) 6.0 4.8 7.7 £5.1 63+1.1 6.5+ 4.3 7.8 £6.0 59 +4.1 8.0+2.0 1.306 0.255
Post-mJOA (24) 151+ 1.6 146 +19 154 £+ 1.0 151+£19 143 £22 145+23 142 +19 1.475 0.187
mJOA recovery rate% (24) 63.0 +20.8 59.0 4+ 24.6 68.4 +17.9 66.8 +21.0 58.9 +23.0 59.1 4+ 26.1 58.1 +£19.3 1.081 0.374

* and lighter gray shading signifies that p < 0.05. ** and dark gray shading signifies that p < 0.01.
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3.2. Comparison between the Excellent Improvement Group and Poor Improvement Group

The patients were divided into two groups based on the mJOA recovery rate at the last

follow-up: Group A (the excellent improvement group, mJOA recovery rate >50%, n = 213)
and Group B (the poor improvement group, mJOA recovery rate <50%, n = 71) (Table 3).

Table 3. Basic data and comparison between Group A and Group B.

Group A Group B
(Excellent Improvement) (Poor Improvement) T/x %/Z p-Value
(n =213) n=71)
Age 543 +£10.8 57.6 £10.4 2.244 0.026 *
Gender (Female, 1 (%)) 75 (35.2%) 28 (39.4%) 0411 0.521
BMI 23.8+3.0 235+25 —0.759 0.448
Duration of symptoms (months) 2.0 (1.0~5.0) 24.0 (12.0~36.0) —11.357 <0.001 **
Smoking (1 (%)) 68 (31.9%) 19 (26.8%) 0.668 0.414
Drinking (1 (%)) 64 (30.0%) 16 (22.5%) 1.485 0.223
Number of lesion segments—single 60 (28.2%) 20 (28.2%)
>2 153 (71.8%) 51 (71.8%) 0.000 1.000
Surgical methods—Single ACDF 60 (28.2%) 20 (28.2%)
—Double ACDF 41 (19.3%) 15 (21.1%)
—Three ACDF 12 (5.6%) 1 (1.4%)
—ACCF 51 (23.9%) 12 (16.9%) 6.715 0.348
—ACHDF 15 (7.0%) 10 (14.1%)
—Laminoplasty 27 (12.7%) 11 (15.5%)
—Laminectomy and fusion 7 (3.3%) 2 (2.8%)
Surgical time (min) 124.8 £ 25.6 1244 £247 —0.112 0.911
Blood loss (mL) 128.4 £76.0 1285 £ 77.0 0.006 0.995
CC 1.75+ 1.6 21+14 1.533 0.127
CCI classification—0-1 point 96 (45.1%) 26 (36.6%)
>2 points 117 (54.9%) 45 (63.4%) 1.552 0.213
CL 16.8 £9.9 141+ 89 2.059 0.040 *
T1S 255+ 7.6 2444+ 6.8 —1.027 0.305
C2-7SVA (mm) 159 + 11.7 15.9 + 10.3 0.007 0.994
CL (F) —-1794+9.8 —174+ 8.6 0.401 0.689
T1S (F) 341492 341482 —0.043 0.965
C2-7SVA (F) 62.8 +£13.6 63.3 £13.7 0.300 0.764
CL (E) 269+ 12.1 279 £+ 11.5 0.655 0.513
T1S (E) 221490 21.8 £ 82 —0.313 0.755
C2-7SVA (E) 2.2 (=11.1~7.8) 3.6 (—9.5~8.8) —0.222 0.824
CL (ROM) 448 +14.0 454 +12.7 0.294 0.769
T1S (ROM) —12.0 £10.3 —123+9.0 —0.238 0.812
C2-7SVA (ROM) —62.9+ 220 —64.3 +20.8 —0.469 0.640
MSCC 0.42 +£0.12 0.41+0.14 —0.731 0.466
MCC 0.53 +0.13 0.52 +0.17 —0.319 0.750
TA 0.48 +0.13 0.48 £ 0.16 —-0.109 0.913
TAR 0.44 +£0.11 0.41 +£0.15 —1.382 0.170
CR 0.23 4+ 0.08 0.23 &+ 0.09 —0.457 0.648
CCR 0.48 £0.13 0.46 £ 0.17 —0.868 0.387
Pre-VAS 43+24 44422 0.117 0.907
Pre-NDI 16.6 £9.3 16.6 + 8.3 0.008 0.994
Pre-mJOA 93+1.3 98+15 2.087 0.039 *

* and lighter gray shading signifies that p < 0.05. ** and dark gray shading signifies that p < 0.01.

The excellent improvement group (Group A) included 213 patients, 138 males (64.8%)

and 75 females (35.2%), with an average age of 54.3 £ 10.8 years. The mean BMI was
23.8 + 3.0 kg/m? and the mean duration of symptoms was 2.0 (1.0~5.0) months. The

details are described in Table 3.
The poor improvement group (Group B) included 71 patients, 43 males (60.6%)

and 28 females (39.4%), with an average age of 57.6 & 10.4 years. The mean BMI was
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235 + 2.5 kg/m? and the mean duration of symptoms was 24.0 (12.0~36.0) months. The
details are described in Table 3.

There was no significant difference between Group A and Group B regarding gender,
BMI, smoking history, drinking history, number of lesion segments, surgical methods,
surgical time, blood loss, the CCI, CCI classification, T1S, C2-7SVA, CL (F), T1S (F), C2-
7SVA (F), CL (E), T1S (E), C2-7SVA (E), CL (ROM), T1S (ROM), C2-7SVA (ROM), MSCC,
MCC, TA, TAR, CR, CCR, pre-VAS and pre-NDI (p > 0.05). There were significant differences
in age, duration of symptoms, the CL and the pre-mJOA (p < 0.05) (Table 3 and Figure 6).
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Figure 6. (A) Age difference between the two groups (independent-sample t-test). (B) CL difference
between the two groups (independent-sample f-test). (C) Pre-mJOA difference between the two
groups (independent-sample t-test). (D) Duration of symptoms (months) difference between the two
groups (Mann-Whitney U test). Asterisks represent data with large bias.

After a binary logistic regression analysis, we found that only the duration of symp-
toms was an independent risk factor for the post-operative efficacy in patients with DCM
(p < 0.001) (Table 4). To further judge the influencing degree of each risk factor, we used
ROC curves for comparative judgment. Based on the ROC curve, the prediction accu-
racy of the duration of symptoms was the highest (the area under the curve was 0.947)
(Figure 7). Through the calculation of the critical values, we found that when the duration
of symptoms was > 6.5 months, the prognosis of patients was more likely to be poor, and
the probability of a poor prognosis increased by 0.196 times for each additional month of
symptom duration (p < 0.001, OR = 1.196).
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Table 4. Using Binary Logistic Regression Analysis to Judge Independent Risk Factors.

95% Confidence Interval of OR

B p-Value OR Lower Bound Upper Bound
Age 0.007 0.716 1.007 0.972 1.043
Duration of symptoms (M) 0.179 <0.001 ** 1.196 1.135 1.261
CL —0.025 0.194 0.975 0.939 1.013
Pre-mJOA 0.118 0.381 1.126 0.864 1.467

** and dark gray shading signifies that p < 0.05.

1.0
Source of curve
— Age
Duration of symptoms
CL
0.8 = Pre-mJOA
Reference line
E 0.6+ f
2
=
]
c
o
v
0.4
0.249
0.0 T T T T
0.0 0.2 0.4 06 08 10
1 - Specificity
Area Under the Curve
Standard Asymptotic 95% Confidence Interval
Parameter Area P-Value
deviation Lower Bound Upper Bound
Age 0.582 0.038 0.038 0.508 0.657
Duration of symptoms 0.947 0.013 <0.001 0.922 0.973
cL 0.421 0.038 0.046 0.347 0.495
Pre-mJOA 0.584 0.042 0.033 0.503 0.666

Figure 7. ROC curve (age, duration of symptoms, CL and pre-mJOA).

3.3. Correlation between the Pre-operative Basic Data, Imaging Parameters and
Post-Operative Efficacy

Pearson and Spearman correlation coefficients were used to calculate the correlation
between the pre-operative basic data, imaging parameters and post-operative efficacy. We
found that age was negatively correlated with the post-mJOA and mJOA recovery rates and
that the duration of symptoms was positively correlated with the post-VAS and post-NDI
scores and was negatively correlated with the post-mJOA and mJOA recovery rates. The CL
was positively correlated with the post-mJOA and mJOA recovery rates. The MSCC, MCC,
TAR and CCR were significantly negatively correlated with the pre-mJOA. The TA and CR
were significantly positively correlated with the pre-mJOA. The details are described in
Table 5.
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Table 5. Correlation between basic data and functional scores.

mJOA mJOA mJOA
Pre- Post- Post- Post- R‘:clo?lle\ry Post- Post- Post- R':clév)lle\ry Post- Post- Post- Recov- Post- Post- Post- Recov- Post- Post- Post- Recov-
Pre-VAS Pre-NDI o VAS NDI o VAS NDI ery VAS NDI ery VAS NDI ery
mJOA VAS(1) NDI1)  mJOA() R?;T % pis ® mJOAG3) R?; % ©® Pt mJOA(6) Ratoth a2 a2) mJOA(12) Ratos ) P moARs) o
(O] (12) (24)
Age —0.147* - 0.049 —0.116 —0.074 70;129 —0.129* —0.056 —0.069 70;127 —0.125* —0.072 —0.080 —0.129* —0.129* —0.105 —0.096 —0.122* —0.122* —0.102 —0.056 —0.144* —0.149 *
Gender —0.076 —0.089 —0.074 70;130 70;119 0.044 0.064 —0.055 —0.081 0.032 0.052 —0.069 —0.034 0.039 0.060 —0.050 0.004 0.049 0.072 —0.023 —0.002 0.018 0.040
BMI —0.004 —0.013 0.004 0.033 —0.015 —0.024 —0.032 —0.030 —0.027 —0.032 —0.038 —0.036 —0.038 —0.047 —0.055 —0.075 —0.063 —0.040 —0.049 =15 —0.109 —0.019 —0.032
Duration of ~0.061 —~0.061
symptoms
Smoking —0.008 —0.028 —0.027 —0.042 —0.012 0.096 0.101 —0.039 —0.036 0.082 0.089 —0.057 —0.019 0.074 0.081 —0.034 0.004 0.083 0.093 —0.020 —0.006 0.076 0.081
Drinking —0.064 —0.076 —0.010 —0.079 —0.060 0.053 0.055 —0.070 —0.087 0.047 0.050 —0.102 —0.090 0.045 0.050 —0.070 —0.053 0.047 0.054 —0.045 —0.061 0.023 0.027
lesion number 0.057 0.055 —0.144* 0.042 0.091 —0.079 —0.029 0.018 0.110 —0.064 —0.014 0.016 0.075 —0.062 —0.009 —0.028 0.053 —0.072 —0.018 —0.063 0.089 —0.073 —0.020
Cccr —0.135* —0.119* 0.011 —0.016 0.012 —0.032 —0.067 —0.006 0.055 —0.020 —0.054 —0.005 0.042 —0.021 —0.054 —0.021 0.019 —0.004 —0.038 0.023 0.088 —0.048 —0.082
CClI classification —0.067 —0.062 0.029 —0.005 0.031 —0.035 —0.074 0.025 0.049 —0.019 —0.058 0.020 0.052 —0.025 —0.063 0.022 0.022 —0.011 —0.050 0.061 0.079 —0.037 —0.074
Pre-VAS 1 —0.010 —0.030 —0.024 —0.019 —0.013 —0.006 0.002 —0.015 —0.008 0.000 0.010
Pre-NDI 1 —0.026 —0.025 —0.020 —0.011 —0.007 0.000 0.007 —0.002 0.002 0.012 0.018
Pre-mJOA 1 0.022 —0.021 0.048 0.051 0.061 0.010 0.065 0.065 0.097
Correlation between Pre-operative Imaging Parameters and Functional Scores.
mJOA mJOA mJOA
Pre- Post- Post- Post- mJOA Post- Post- Post- mJOA Post- Post- Post- Recov- Post- Post- Post- Recov- Post- Post- Post- Recov-
Pre-VAS  Pre-NDI mJOA VAS()  NDI1)  mJOAM ROV yag@)  NDIG)  mJOAG)  ReOV  yage) NDI6)  mJOA®) ery VAS12)  NDI12)  mJOA(2) ery VAS(4)  NDI24)  mJOA(4) Ty
Rate%(1) Rate%(3) Rate% Rate% Rate%
®) (12) (24)
CL—_ 0.020 —0.094 70;121 0.131* 0.129* —0.079 —0.074 0.125* 0.124 * —0.056 —0.072 0.113 0.113 —0.048 —0.050 0.126 * 0.127* —0.018 —0.056 0.135* 0.135*
T1S —0.100 —0.091 0.100 70;120 70;134 0.125* 0.105 —0.062 —0.041 0.130 * 0.108 —0.017 —0.021 0.125* 0.105 —0.019 —0.001 0.135* 0.115 0.003 0.002 0.147 * 0.122*
C2-7SVA 0.039 0.021 —0.031 —0.070 0.040 0.033 —0.021 —0.026 0.044 0.036 —0.003 0.022 0.049 0.040 —0.008 0.046 0.051 0.040 0.016 0.055 0.013 0.003
CL(F) —0.113 0.026 _0;118 —0.042 0.035 0.026 —0.072 —0.019 0.029 0.018 —0.045 —0.011 0.039 0.030 —0.034 0.022 0.054 0.045 —0.033 0.016 0.041 0.027
T1S(F) —0.012 0.022 —0.107 —0.057 0.045 0.065 —0.021 —0.006 0.063 0.081 —0.011 0.017 0.058 0.077 —0.012 0.023 0.060 0.080 0.014 0.030 0.081 0.096
C2-7SVA (F) 0.054 0.053 —0.040 0.003 —0.005 —0.028 —0.001 0.058 0.030 —0.014 0.013 0.052 0.082 —0.027 0.000 0.054 0.063 —0.024 0.003 0.051 0.046 —0.017 0.012
CL (E) —0.051 —0.030 0.057 0.028 0.046 —0.025 —0.033 0.039 0.045 —0.027 —0.037 0.071 0.071 —0.042 —0.052 0.089 0.084 —0.026 —0.034 0.101 0.067 —0.007 —0.018
T1S (E) —0.056 —0.042 0.058 —0.055 —0.064 0.089 0.065 —0.050 0.010 0.092 0.068 0.012 0.026 0.088 0.065 0.039 0.072 0.092 0.068 0.062 0.093 0.109 0.082
C2-7SVA (E) 0.002 0.012 —0.008 —0.036 —0.066 0.104 0.097 —0.070 —0.003 0.091 0.087 —0.069 —0.027 0.098 0.096 —0.057 0.002 0.098 0.093 —0.050 0.021 0.077 0.074
CL (ROM) 0.063 0.053 0.032 0.107 0.069 —0.046 —0.046 0.084 0.053 —0.044 —0.045 0.094 0.070 —0.064 —0.066 0.102 0.059 —0.061 —0.061 0.112 0.047 —0.035 —0.035
T1S (ROM) —0.019 —0.026 0.032 0.048 —0.005 0.039 —0.001 —0.025 0.014 0.025 —0.013 0.021 0.007 0.025 —0.012 0.046 0.043 0.027 —0.012 0.042 0.056 0.024 —0.014
C2-7SVA (ROM) —0.032 —0.026 —0.026 —0.041 0.087 0.065 —0.083 —0.020 0.069 0.050 —0.078 —0.069 0.082 0.064 —0.072 —0.038 0.081 0.060 —0.065 —0.015 0.062 0.042
MsCC —0.008 —0.027 —0.007 0.028 —0.031 0.121* —0.016 —0.019 —0.028 0.129 * —0.070 —0.021 -0.040 0.122* —0.051 —0.027 —0.039 0.124* —0.037 —0.032 —0.061 0.117 *
McCC —0.026 —0.035 0.019 0.041 —0.045 0.091 0.015 0.003 —0.051 0.086 —0.038 —0.017 —0.059 0.084 —0.027 —0.018 —0.060 0.084 —0.022 —0.019 —0.084 0.073
TA —0.009 0.001 —0.037 —0.068 0.150 * —0.030 —0.071 —0.050 0.143 * —0.042 —0.042 —0.064 0.147 * —0.042 —0.053 —0.075 0.146 * —0.044 —0.073 —0.050 _ —0.031
TAR —0.028 —0.034 —0.012 0.022 —0.082 0.137* —0.019 —0.024 —0.078 0.148 * —0.049 —0.015 —0.088 0.143 * —0.036 0.019 —0.085 0.148* —0.006 0.003 —0.123* 0.130 *
CR 0.045 0.041 —0.003 —0.041 0.099 —0.029 —0.008 —0.009 0.098 —0.034 —0.005 —0.037 0.108 —0.029 0.015 —0.020 0.103 —0.037 0.004 —0.027 0.137* —0.015
CCR —0.013 —0.038 —0.039 —0.013 —0.037 0.125* —0.022 —0.051 —0.032 0.133 * —0.062 —0.044 —0.047 0.125* —0.070 —0.052 —0.047 0.126 * —0.068 —0.058 —0.072 0.117 *

* and lighter gray shading signifies that the correlation is significant at the 0.05 level (2-tailed). ** and dark gray shading signifies that the correlation is significant at the 0.01 level

(2-tailed).
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4. Discussion

Degenerative cervical myelopathy will lead to progressive spinal cord injury and can
cause serious physical and social disability, which will cause a heavy economic burden for
patients and society [11]. As a common method for the treatment of DCM patients, surgery
has been widely used in the clinic. The surgery includes completely decompressing the
compressed spinal cord and reconstructing the structural stability of the cervical spine to
create favorable conditions for the recovery of spinal cord function and the improvement of
clinical symptoms. The common methods of anterior cervical surgery are ACDF, ACCF and
ACHDE. The common methods of posterior cervical surgery are laminoplasty, laminectomy
and fusion. Many factors should be considered when deciding on the surgical approach
and mode for patients with DCM, and the factors to consider include the clinical symptoms,
signs, imaging findings (cervical spinal cord compression factors and responsible segments,
degeneration range, cervical curvature and stability), possible surgical complications,
operative habits of the surgeons, medical expenses, etc. [12-14]. In our study, 284 patients
with DCM treated with different surgical methods were enrolled. After comparing the
baseline data, we found that there was no significant difference in the basic data, the severity
of the pre-operative symptoms or the post-operative recovery; therefore, it is important to
explore the risk factors that affect the post-operative recovery. This study demonstrates
that for patients with DCM, the curative effect of surgery is accurate and reliable regardless
of which surgical method is adopted, as long as the compressed segment of the spinal
cord can be completely decompressed and the structural stability of the cervical spine can
be reconstructed.

The cervical sagittal parameters and the degree of spinal cord compression, as im-
portant evaluation indexes, are widely used to evaluate the severity of symptoms and the
post-operative efficacy in patients with DCM [15,16]. In our study, we found that the CL, CL
(F), MSCC, MCC, TA, TAR, CR and CCR were all related to the severity of the pre-operative
symptoms, which was consistent with the findings of the above scholars. In the study of
risk factors affecting the post-operative efficacy, we found that the older the age of the
patient, the longer the duration of the symptoms are, and we also found that a smaller CL
and a worse neurological functional score was related to a worse post-operative efficacy.

The natural history of DCM includes a progressive worsening of signs and symptoms
over time, but the rate and pattern of decline are unclear [1]. Two main patterns of
DCM progression have been reported: (1) a slow worsening of function over time and
(2) an extended period of stable neurological function followed by expedited decline [17].
Therefore, the natural history of DCM has an important relationship with the prognosis of
patients. In our study, we found that only the duration of symptoms was an independent
risk factor for the post-operative efficacy in patients with DCM (p < 0.001) after a binary
logistic regression analysis. To further judge the influencing degree of each risk factor,
we used ROC curves for comparative judgment. Based on the ROC curve, the prediction
accuracy for the duration of symptoms was the highest (the area under the curve was 0.947).
After the calculation of critical values, we found that when the duration of symptoms was
>6.5 months, the prognosis of patients was more likely to be poor, and the probability of a
poor prognosis increased by 0.196 times for each additional month of symptom duration
(p <0.001, OR =1.196). Behrbalk E [18] reported that the mean time delay from the initiation
of symptoms to the diagnosis of DCM was 2.2 & 2.3 years. What worries us is that this will
lead to the prolongation of the natural history of DCM patients. Therefore, attention to the
natural history of patients with DCM is critical.

Since the Charlson Comorbidity Index (CCI) was proposed, an increasing number
of studies have shown that it has a significant correlation with the mortality, prognosis
and curative effect [19-21]. However, the application of the CCI is still limited in the
field of spinal surgery. Sim DS [21] divided the patients into two groups by the CCI (CCI
0-1 and CCI > 2) and found that the CCI was an independent risk factor for the Parker
mobility score after hip fracture surgery. Similarly, we also adopted this grouping, but
we did not find a correlation between the CCI and the prognosis of patients with DCM.
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This may be because the main source of symptoms in patients with DCM is spinal cord
compression, while the symptoms caused by comorbidities are less related to the spinal
cord compression.

However, our research also has the following shortcomings and issues that need to
be further explored. First, the number of cases in this study is limited. Second, this study
was a retrospective, single-center study. Prospective and multicenter research is needed to
further clarify the correlation between the duration of symptoms and the post-operative
efficacy in patients with DCM.

5. Conclusions

For patients with DCM (regardless of the number of lesion segments and the proposed
surgical methods), the duration of symptoms was an independent risk factor for the post-
operative efficacy. When the duration of symptoms is >6.5 months, the prognosis of
patients will be more likely to be poor, and the probability of a poor prognosis will increase
by 0.196 times for each additional month of symptom duration (p < 0.001, OR = 1.196).
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