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Abstract

A comparative study to examine the surgical outcomes of traumatic cervical myelopathy (TCM) 

patients was designed. The study aim was to compare the surgical outcomes between TCM and 

degenerative cervical myelopathy (DCM) and to characterize the preoperative symptoms and 

postoperative residual symptoms in TCM patients. One hundred consecutive patients with TCM 

(81 men, 19 women; mean age, 57.7 years; range, 31–79 years) and 100 consecutive patients 

with DCM (88 men, 12 women; mean age, 58.4 years; range, 36–78 years) were included in this 

study. All patients were treated by laminoplasty. The pre- and postoperative neurological statuses 

were evaluated according to the Japanese Orthopaedic Association (JOA) scoring system for 

cervical myelopathy. The recovery rate (RR) of each function was compared between the two 

groups. The mean preoperative JOA scores of motor function of the upper extremity in the TCM 

and DCM groups were 1.9 and 2.3, respectively (P < 0.01). After surgery, the mean RRs of 

motor function of the upper extremity in the TDM and DCM groups were 36.4% and 55.7%, 

respectively (P < 0.01) and in the lower extremity were 32.3% and 46.5%, respectively (P < 

0.05). The RR for sensory function of the lower extremity was significantly lower in TCM 

patients than in DCM patients (39.6 vs 68.2, respectively; P < 0.0001). Motor function 

impairments of the upper and lower extremities and sensory function impairments of the lower 

extremities after surgery were more persistent in the TCM group than in the DCM group.

Keywords: clinical outcomes; traumatic cervical myelopathy; degenerative cervical myelopathy; 

comparative study; cervical spinal cord injury without major bone injury; cervical spondylotic 

myelopathy



Outcomes of traumatic cervical myelopathy

4

Introduction

Over the last decades, population aging has caused the incidence of spinal stenosis to rise, 

which has led to a consequent increase in cases of traumatic cervical myelopathy (TCM) caused 

by minor trauma [1]. TCM is a syndrome that involves spinal cord injury without evidence of 

spinal fracture or dislocation on plain radiography or computed tomography (CT) [2]. Surgical 

treatment of cervical myelopathy is aimed at decompressing the spinal cord to prevent further 

damage [3]. Although some neurological function can be recovered after surgery, a degree of 

irreversible neurological damage is unavoidable [4,5].

Traumatic damage of the spinal cord might reflect poor outcomes with a lower 

recuperative potential [6]. The surgical outcome of laminoplasty might be worse in TCM patients 

than in degenerative cervical myelopathy (DCM) patients. Recovery of spinal cord function may 

be insufficient in TCM because of increased vulnerability of the spinal cord; therefore, surgical 

treatment of TCM patients has become a great concern [7-9]. To determine the best treatment for 

TCM, it is important to understand the differences in the characteristics of preoperative 

impairments and postoperative residual symptoms between TCM and DCM patients. However, 

no report has described the particular residual symptoms following surgery in TCM patients.

We hypothesized that patients with TCM that occurs rapidly have more severe 

symptoms preoperatively and poorer outcomes postoperatively than those of patients with DCM 

that occurs slowly. Therefore, we designed a prospective comparative study to examine the 

surgical outcomes of TCM patients from a single surgery. The purpose of this study was to 

compare the surgical outcomes between TCM and DCM and to characterize the preoperative 

symptoms and postoperative residual symptoms in TCM patients.
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Material and Methods

Study Population

Patients with TCM

One hundred consecutive TCM patients with cervical spinal cord injury (SCI) without 

major bone injury (81 men and 19 women; mean age, 57.7 years; range, 31–79 years) were 

enrolled. All patients underwent preoperative functional X-ray in the acute phase. The exclusion 

criteria were as follows: (1) presence of ossification of the posterior longitudinal ligament 

(OPLL); (2) history of rheumatoid arthritis, cerebral palsy, or tumors; (3) fracture or traumatic 

instability, such as dislocation/subluxation; (4) destructive spondyloarthritis due to hemodialysis; 

(5) previous cervical surgery; (6) spinal fusion with instrumentation; (7) thoracic spondylotic 

myelopathy; and (8) lumbar spinal canal stenosis. All patients presented symptoms of TCM and 

magnetic resonance imaging (MRI) findings consistent with symptoms secondary to cervical 

spinal canal stenosis. For each patient, TCM was confirmed by physical examination and MRI-

confirmed cord compression between the C2/C3 and C7/T1 disk levels. Patients with profound 

neurological deficits and persistent spinal cord compression due to cervical spinal canal stenosis 

were indicated for surgery. The mean period from injury to operation was 18.4 ± 3.5 days.

DCM (Controls)

One hundred consecutive DCM patients with cervical spondylotic myelopathy (CSM) 

(88 men and 12 women; mean age, 58.4 years; range, 36–78 years) were included in this study. 

The exclusion criteria were as follows: (1) presence of OPLL; (2) history of rheumatoid arthritis, 

cerebral palsy, or tumors; (3) spinal injuries; (4) destructive spondyloarthritis due to 

hemodialysis; (5) previous cervical surgery; (6) spinal fusion with instrumentation; (7) thoracic 

spondylotic myelopathy; and (8) lumbar spinal canal stenosis. All patients presented with 
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symptoms of myelopathy. MRI and myelography findings were consistent with myelopathy 

secondary to multisegmental cervical spondylotic stenosis. All patients exhibited myelopathy, 

which was confirmed by a physical examination, and cord compression was present between 

C2/C3 and C7/T1 disk levels.

Differences in the following parameters were evaluated among the three groups: age, 

sex, prevalence of diabetes, prevalence of hypertension, smoking history, and postoperative 

follow-up duration. This study was approved by the Institutional Review Board, and written 

informed consent was obtained from each patient prior to study participation or surgery.

Surgical Technique for Modified Double-door Laminoplasty

All patients were treated by double-door laminoplasty, as described by Kurokawa, with 

some modifications [10,11]. The muscles attached to the C2 spinous process were preserved 

without detachment. Surgical exposure was limited as much as possible. The spinous processes 

between C3 and C7 were resected at their bases, and the laminae were cut at the center by using 

a high-speed drill. Bilateral gutters were created as hinges at the border between the laminae and 

facets in a manner that was slightly more medial than originally described, thus minimizing the 

invasion of facets [12]. After elevating the halves of the laminae (similar to opening a French 

door), bone graft struts (16–18 mm long) created from the C6 or C7 spinous process were tied to 

bridge the bilateral edges of the laminae.

Postoperative Considerations

All patients were allowed to sit up and walk on postoperative day 1 while wearing a 

Philadelphia collar. The collars were fitted for all patients, but they were allowed to remove them 

at their discretion. The cervical range of motion exercises were performed as soon as possible 

during the rehabilitation program. The ideal spinal alignment was explained to all patients after 
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surgery.

Clinical Outcome

Operative time and blood loss were assessed. The pre- and postoperative severities of 

myelopathy were evaluated according to a scoring system proposed by the Japanese Orthopaedic 

Association (JOA) for cervical myelopathy [13]. The postoperative JOA score was assessed 

during the final follow-up. The JOA score quantifies neurological impairment by evaluating 

motor function in the upper and lower extremities (four points each), sensory function in the 

upper and lower extremities as well as in the trunk sensibility (two points each, total six), and 

urinary bladder function (three points). Thus, a perfect JOA score for cervical myelopathy is 17 

points (Table 1). The recovery rate (RR) of the JOA score was calculated by using the formula 

suggested by Hirabayashi et al (Table 1) [14]. [RR = postoperative − preoperative JOA 

scores)/(17 − preoperative JOA score) × 100%]. In addition, the achieved JOA score 

(postoperative JOA score − preoperative JOA score) was also evaluated [15]. Each functional 

improvement was also expressed by a RR (sub-score RRs), and they were compared between the 

two groups [16].

Statistical Analysis

Data were analyzed by using SPSS statistical software (version 18.0; SPSS, Inc., 

Chicago, IL, USA). All values are expressed as a mean ± standard deviation. The Mann–

Whitney U test was used to analyze the differences between the two groups. Repeated 

measures analyses of variance in the same group were performed by using the Wilcoxon test. 

The chi-square test was used to analyze differences between groups. P < 0.05 was considered 

to be indicative of statistical significance.
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Results

There were no significant differences in the patient demographic data (age, sex). No 

significant intergroup differences were observed in the prevalence of diabetes, hypertension, and 

smoking history between both groups (Table 2).

The TCM patients underwent expansive laminoplasty, which was performed on C3–C7 

in 90 patients and on C3–C6 in 10 patients. In the DCM patients, laminoplasty was performed at 

the following disk levels: C3–C7 (n = 86) and C3–C6 (n = 14). There were no statistically 

significant differences in the follow-up period, operation time, or blood loss between the two 

groups (Table 3). The mean JOA scores in the TCM and DCM groups were 8.4 ± 3.6 and 8.8 ± 

2.0 points before surgery and 11.6 ± 3.5 and 13.2 ± 2.5 points at the final postoperative follow-

up, respectively. The postoperative JOA scores at the final follow-up were significantly lower in 

the TCM group than in the DCM group (P < 0.001). The TCM group showed significantly lower 

RRs of JOA scores than those of the DCM group (40.1% ± 26.1% vs. 53.5% ± 26.2%, 

respectively; P < 0.001). The mean achieved JOA scores in the TCM and DCM groups were 3.2 

± 2.4 and 4.4 ± 2.3 points, respectively, with significant difference between the two groups (P < 

0.001, Table 3).

Before surgery, the mean preoperative JOA scores of motor function in the upper 

extremity in the TCM and DCM groups were 1.9 ± 1.2 and 2.3 ± 0.9 points, respectively (P = 

0.0016). Adversely, the JOA scores of sensory function of the trunk were significantly lower in 

the DCM group than in the TCM group (1.0 ± 0.9 vs. 1.4 ± 0.8, respectively, P = 0.0016, Table 

4). After surgery, the motor function scores for the upper extremity were 2.7 ± 1.1 points (TCM) 

and 3.3 ± 0.7 points (DCM) at final follow-up (P < 0.0001). The scores of motor and sensory 

function for the lower extremities were lower in the TCM group than in the DCM group after 
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surgery (P = 0.0039, P = 0.0012, respectively, Table 4).

The mean RRs of motor function of the upper extremity in the TDM and DCM groups 

were 36.4% and 55.7%, respectively (P = 0.005). The RR of lower extremity motor function was 

significantly lower in the TCM group than in the DCM group (32.3% vs. 46.5%, respectively; P 

= 0.0108). The TCM patients showed significantly lower RR for sensory function of the lower 

extremity than that of the DCM patients (39.6% vs. 68.2%, respectively; P < 0.0001, Table 5).

Discussion

Damage to the spinal cord caused by traumatic injury may influence the surgical 

outcome. However, the preoperative symptoms and postoperative residual symptoms have not 

been fully evaluated in TCM patients. This study aimed to compare the surgical outcomes 

between TCM and DCM and to characterize the preoperative symptoms and postoperative 

residual symptoms in TCM patients. The TCM patients showed significantly lower JOA scores 

for motor function of the upper extremity than those of the DCM patients before surgery. After 

surgery, upper extremity motor function impairments and lower extremity motor and sensory 

function impairments persisted more than other symptoms in the TCM patients than in the DCM 

patients. Such findings should be included in the preoperative discussions on the risks and 

benefits of surgery.

The pathophysiology of SCI is best described as biphasic, consisting of a primary and 

secondary phase of injury [6]. The primary phase involves the initial mechanical injury that 

directly imparts force to the spinal cord and disrupts axons, blood vessels, and cell membranes. 

This is followed by the delayed onset of a secondary injury phase involving vascular 

dysfunction, edema, ischemia, excitotoxicity, electrolyte shifts, free radical production, 
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inflammation, and delayed apoptotic cell death. Whereas neurological deficits are present 

immediately following the initial injury, the secondary injury phase results in a protracted period 

of tissue destruction.

TCM is associated with hyperextension injury of the cervical spine and is commonly 

observed in patients with minor trauma without bony injury and in patients with a pre-existing 

pathology, such as canal stenosis [13]. The most common of the incomplete SCI syndromes, 

central cord syndrome, usually results from neck hyperextension in older people with spinal 

stenosis [17]. In a hyperextension injury, the cord is compressed between the enfolded 

ligamentum flavum and the vertebral osteophyte [18].

Before surgery, the TCM patients in the present study had a significantly lower JOA 

score for motor function of the upper extremity than that of the DCM patients. Generally, in 

patients with TCM, motor function impairments of the upper extremity are caused by central 

cord syndrome [19]. Because central cord syndrome is usually caused by damage to the cervical 

spinal cord, it is characterized by weakness in the arms with lesser weakness of the legs and less 

loss of sensation in regions in which the nerves branch from the sacral segments [20]. There is 

loss of sensation of pain, temperature, light touch, and pressure below the level of injury. The 

spinal tracts that serve the arms are more affected because of their central location in the spinal 

cord, whereas the corticospinal fibers that serve the legs are spared because of their more 

external location.

The pathophysiology of DCM involves static factors, which lead to acquired or 

developmental stenosis of the cervical canal and dynamic factors that involve repetitive damage 

to the cervical cord [21]. These mechanical factors in turn result in direct damage to neurons and 

glia as well as a secondary cascade of events, including ischemia, excitotoxicity, and apoptosis.22 

https://en.wikipedia.org/wiki/Hyperextension
https://en.wikipedia.org/wiki/Stenosis
https://en.wikipedia.org/wiki/Central_cord_syndrome
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DCM is a common degenerative disease of the spine that is the direct result of spinal cord 

compression. With age, the spine undergoes natural degenerative changes that can affect its basic 

anatomy and lead to stenosis of the spinal canal.

In the current study, motor function impairments of the upper extremity and motor and 

sensory function impairments of the lower extremity after surgery were more persistent than 

other symptoms in the TCM patients than in the DCM patients. TCM causes irreversible 

paralysis and sensory damage, and it remains controversial as to whether conservative or surgical 

treatment strategies are best for adult patients with TCM [23,24]. When considering surgery, 

associated risks should be fully disclosed and explained, and the patient’s general condition 

should be thoroughly ascertained. To date, no definitive management protocol has been 

established for TCM. In our institution, we perform radiography and CT to identify cervical 

spine fractures or dislocations, and when instability is not evident on extension-flexion 

radiographs, patients are allowed to sit up and walk while wearing a Philadelphia collar. 

Rehabilitation is then started immediately after injury. Moreover, the role of surgery in TCM 

patients remains controversial. In our institution, patients with spinal cord compression in 

delayed MRI are offered cervical laminoplasty to achieve a more favorable outcome and prevent 

symptom deterioration.

On the basis of the results of this study, we speculate that the spinal cord relatively 

resists chronic pressure to progress slowly by degenerative change. In contrast, the spinal cord 

might be vulnerable to a sudden on-set contusion because of an injury caused by an external 

force. A better understanding of both the biological and mechanical mechanisms that cause TCM 

will significantly improve physicians’ ability to treat patients diagnosed with this disease and 

decrease the prevalence of patients suffering from spinal cord impairment.

https://www.sciencedirect.com/topics/medicine-and-dentistry/degenerative-disease
https://www.sciencedirect.com/topics/medicine-and-dentistry/spinal-cord-compression
https://www.sciencedirect.com/topics/medicine-and-dentistry/spinal-cord-compression
https://www.sciencedirect.com/topics/medicine-and-dentistry/stenosis
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There were some limitations in our study. The follow-up duration was relatively brief, 

and patient-based objective outcomes, such as quality of life determined by using the Short-Form 

Health Survey 36, subjective satisfaction, and axial back pain measured by using the visual 

analog scale, were not assessed. Objective measures should be added in future studies. In this 

study, we used only the JOA scores for to assess neurological function. However, many previous 

investigators have used the JOA scoring system and its RR to evaluate outcomes [12-14]. We did 

not compare the surgical outcomes in the patients who underwent double-door laminoplasty and 

those who underwent either anterior or posterior surgery. Despite these limitations, these 

findings provide baseline data that may help clinicians accurately assess preoperative 

impairments and postoperative outcomes in patients with TCM.

Conclusion

This study investigated the surgical outcomes between TCM and DCM and 

characterized the preoperative symptoms and postoperative residual symptoms of TCM patients. 

Symptoms of motor function impairments of the upper and lower extremities and sensory 

function impairments of the lower extremities after surgery were more persistent in TCM 

patients than in DCM patients.
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Figure legends

Figure 1

Representative sagittal views in T2-weighted MRI before surgery of traumatic cervical 

myelopathy (TCM) and degenerative cervical myelopathy (DCM).





Table 1.

Evaluation of cervical myelopathy using the scoring system proposed by the Japanese Orthopedic 
Association (JOA score) and recovery rate of the JOA score.

JOA score　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　
I. Motor function of the upper extremity
0. Impossible to eat with chopsticks or spoon
1. Possible to eat with spoon, but not with chopsticks
2. Possible to eat with chopsticks, but inadequate
3. Possible to eat with chopsticks, awkward
4. Normal

II. Motor function of the lower extremity
0. Impossible to walk
1. Needs cane or aid on flat ground
2. Needs cane or aid only on stairs
3. Possible to walk without cane or aid but slowly
4. Normal

III. Sensory function
A. Upper extremity
0. Apparent sensory loss
1. Minimal sensory loss
2. Normal

B. Lower extremity (same as A)
C. Trunk (same as A)

IV. Bladder function
0. Complete retention
1. Severe disturbance (sense of retention, dribbling, incomplete continence)
2. Mild disturbance (urinary frequency, urinary hesitancy)
3. Normal

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　  

■ Recovery rate of the JOA score (Hirabayashi method)
Recovery rate (%) = [Postoperative score − Preoperative score]/[Full score (17) − Preoperative score] × 100
■Achieved JOA score
Achieved score (points) = Postoperative score − Preoperative score



Table 2.
Patient demographics and comorbidities between two groups

TCM DCM P value

Number of patients 100 100

Age (years) 57.7 ± 11.0 58.4 ± 9.3 0.4677

Gender (Males/Female) 81/19 88/12 0.2411

Diabetes 15 (15%) 18 (18%) 0.7037

Hypertension 24 (24%) 28 (28%) 0.5247

Smoking history 23 (23%) 20 (20%) 0.7310

Values given are mean ± SD unless otherwise specified.
SD indicates standard deviation; TCM, traumatic cervical myelopathy; DCM, degenerative cervical 
myelopathy.



Table 3.
Clinical outcomes between two groups

TCM DCM P value

Follow-up period (months) 24.9 ± 18.4 25.6 ± 12.5 0.7706

Surgery time (minutes) 82.6 ± 23.4 82.4 ± 26.1 0.5949

Blood loss (ml) 62.7 ± 70.0 56.6 ± 51.2 0.2428

Preoperative JOA score (points) 8.4 ± 3.6 8.8 ± 2.0 0.2613

Postoperative JOA score at final 
follow-up (points) 11.5 ± 3.5 13.2 ± 2.5 　<0.001***

Achieved JOA score (points) 3.1 ± 2.3 4.3 ± 2.3 　<0.001***

Recovery rate of the JOA score (%) 40.0 ± 26.0 53.5 ± 26.2 　<0.001***

Values given are mean ± SD unless otherwise specified.
JOA score indicates Japanese Orthopaedic Association score for cervical myelopathy; SD, standard 
deviation; TCM, traumatic cervical myelopathy; DCM, degenerative cervical myelopathy.
*: Statistically significant values. *p<.05, **p<.01, ***p<.001



Table 4.
Preoperative and postoperative Japanese Orthopaedic Association scores for each function in the two groups

TCM DCM P value

Preoperative JOA score

Motor function of the Upper extremity (points) 1.9 ± 1.2 2.3 ± 0.9   0.0016**

Motor function of the Lower extremity (points) 1.9 ± 1.3 2.1 ± 0.8 0.1070

Sensory function of the Upper extremity (points) 0.09 ± 0.3 0.18 ± 0.4 0.0899

Sensory function of the Lower extremity (points) 0.82 ± 0.9 0.83 ± 0.8 0.9346

Sensory function of the Trunk (points) 1.4 ± 0.8 1.0 ± 0.9   0.0016**

Bladder function (points) 2.4 ± 0.9 2.4 ± 0.6 0.9240

Postoperative JOA score

Motor function of the Upper extremity (points) 2.7 ± 1.1 3.3 ± 0.7   <0.0001***

Motor function of the Lower extremity (points) 2.6 ± 1.1 3.0 ± 0.9   0.0039**

Sensory function of the Upper extremity (points) 0.8 ± 0.7 1.0 ± 0.8 0.1465

Sensory function of the Lower extremity (points) 1.3 ± 0.8 1.6 ± 0.7   0.0012**

Sensory function of the Trunk (points) 1.7 ± 0.6 1.6 ± 0.6 0.9675

Bladder function (points) 2.5 ± 0.8 2.7 ± 0.5 0.0528

Values given are mean ± SD unless otherwise specified.
JOA score indicates Japanese Orthopaedic Association score for cervical myelopathy; SD, standard deviation; TCM, traumatic cervical 



myelopathy; DCM, degenerative cervical myelopathy.
*: Statistically significant values. *p<.05, **p<.01, ***p<.001



Table 5.
Recovery rate of the Japanese Orthopaedic Association (JOA) score for each function in the two groups

TCM DCM P value

Motor function of the Upper extremity (%) 36.4 ± 51.1 55.7 ± 43.9   0.0050**

Motor function of the Lower extremity (%) 32.3 ± 34.2 46.5 ± 41.8  0.0108*

Sensory function of the Upper extremity (%) 37.0 ± 38.0 42.9 ± 41.7 0.2654

Sensory function of the Lower extremity (%) 39.6 ± 40.4 68.2 ± 41.9   <0.0001***

Sensory function of the Trunk (%) 59.5 ± 47.2 67.7 ± 38.5 0.2564

Bladder function (%) 44.2 ± 45.4 60.2 ± 48.9 0.0753

Values given are mean ± SD unless otherwise specified. SD, standard deviation.
*: Statistically significant values. *p<.05, **p<.01, ***p<.001




