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Abstract
In the current aging society, there has been a marked increase in the incidence of cervical spinal cord injury
(CSCI) without major bone injury. This multi-center study aimed to identify predictors of neurological im-
provement in elderly patients with CSCI without major bone injury. The participants were 591 patients
aged ‡65 years with CSCI without major bone injury and a minimum follow-up period of three months.
Neurologic status was defined using the American Spinal Injury Association (ASIA) impairment scale
(AIS). Univariate and multi-variate analyses were performed to identify prognostic factors for walking recov-
ery in AIS A–C cases and full upper extremity motor recovery in AIS D cases. In AIS A–C cases, body mass
index (odds ratio (OR): 1.112), magnetic resonance imaging signal change (OR: 0.240), AIS on admission (OR:
3.497), comorbidity of dementia/delirium (OR: 0.365), and post-injury pneumonia (OR: 0.194) were identified
as independent prognostic factors for walking recovery. The prevalence of ossification of the posterior lon-
gitudinal ligament (OR: 0.494) was also found to be an independent prognostic factor in AIS B and C cases
only. In AIS D cases, age (OR: 0.937), upper extremity ASIA motor score on admission (OR: 1.230 [per 5
scores]), and operation (OR: 0.519) were independent prognostic factors for full motor recovery. The severity
of AIS at admission was the strongest predictor of functional outcomes. Promoting rehabilitation, however,
through measures to reduce cognitive changes, post-injury pneumonia, and unhealthy body weight
changes can contribute to greater neurological improvement in AIS A–C cases.
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Introduction
Spinal cord injury (SCI) may result in loss of neurologi-

cal function, which can be life-changing and econom-

ically damaging for a patient. A systematic review

found an incidence of SCI of 3.6 to 195.4 per million

worldwide,1 and a comprehensive nationwide survey in

Japan indicated marked changes in the characteristics

of SCI because of the current aging of the society.2

This survey, which was the first of its kind to be per-

formed in about 30 years, found that SCI was most com-

mon in patients in their 70s. Cervical SCI (CSCI) without

major bone injury accounts for 70.7% of CSCI cases and

is often caused by minimal trauma from events such as a

fall on a level surface, which increases with age.

Paralysis after an injury is a particular concern in el-

derly patients because of its effects on activities of

daily living (ADL). Factors affecting the prognosis for

motor recovery after SCI have been identified, but few

studies have focused on CSCI without major bone injury.

The lack of prognostic factors for this condition leads to

nonsystematic management of the condition, and there is

a need for a more detailed evaluation of these factors.

This study aimed to identify predictors of neurological

improvement in patients aged ‡65 years with CSCI with-

out major bone injury and to examine therapeutic inter-

ventions for increased neurological improvement.

Methods
Study design and ethics approval
A multi-center study was performed by the Japan Associ-

ation of Spine Surgeons with Ambition ( JASA) as a ret-

rospective analysis of inpatients aged ‡65 years with

cervical spinal cord and/or spine injury at 33 medical

centers between 2010 and 2020, with a minimum follow-

up period of three months. The study protocol was

approved by the Institutional Review Board of the repre-

sentative facility (No. 3352-1) and each center. A total of

1512 eligible patients were identified, of whom 614

(40.6%) had a diagnosis of CSCI without major bone in-

jury; 591 of these patients were enrolled in the study

(Fig. 1).

The definition of CSCI without major bone injury was

SCI with no evidence of spinal fracture or dislocation on

plain radiography or computed tomography.3 The 23 ex-

cluded patients had incomplete clinical and functional

follow-up data. The following data were obtained: patient

background (age, gender, body mass index [BMI]), imag-

ing findings (presence of ossification of the posterior lon-

gitudinal ligament [OPLL]), signal change in the cervical

spinal cord on T2-weighted magnetic resonance imaging

(MRI) at the time of injury, cause of SCI (low-energy

trauma, higher-energy trauma), diagnostic delay (> 24 h

after injury), comorbidity (dementia/delirium, diabetes,

FIG 1. Flowchart for analyses of American Spinal Injury Association (ASIA) Impairment Scale (AIS) A, B, and
C cases and AIS D cases.

PROGNOSTIC FACTORS FOR CSCI WITHOUT BONE INJURY 659



hypertension), treatment (administration of methyl-

prednisolone, operative or conservative), and post-injury

complications (pneumonia, complicated injuries).

Demographic data of the patients are presented in

Table 1. The mean age of participants was 75.3 years

and the male:female ratio was 3:1. The rate of patients

with OPLL was higher (34.3%) than the general preva-

lence.4 The most common cause of SCI was low-energy

trauma caused by a fall on a level surface or from a low

height.

Neurological evaluation
Neurological status on admission, at discharge, and six

months after injury or at final follow-up (hereafter re-

ferred to as 3–6 months after injury) were evaluated by

senior spine surgeons and physical therapists at each cen-

ter using the American Spinal Injury Association (ASIA)

impairment scale (AIS).5 At admission, the most frequent

AIS category was D (52.6%), followed by C (36.4%), A

(5.8%), and B (5.2%) (Table 1).

Mobility was also objectively assessed simultaneously

(independent walking/walking with a cane/walking with

a walker/standing and transferring only sitting only/

unable to sit and in bed). For AIS A–C cases on admis-

sion, patients who recovered walking with or without a

cane or a walker (AIS D or E) 3–6 months after in-

jury were considered to have significant neurological

improvement. For AIS D cases, considering a high prev-

alence of central cord syndrome (weakness in the up-

per extremities and less severe weakness of the lower

extremities), patients without residual upper extremity

motor paralysis (upper extremity AIS motor score = 50)

at 3–6 months after injury were considered to have signif-

icant neurological improvement.

Statistical analysis
Comparisons were made for AIS A–C cases and D cases

with and without significant neurological improvement

(Fig. 1). A subanalysis of AIS B-C cases was also per-

formed based on the influence of data for AIS A cases

on the results. Categorical variables were compared using

the chi-square test, Fisher exact test, or non-parametric

Mann-Whitney U test.

Significant factors in the univariate analysis and those

reported in the literature were included in a multi-variate

regression model with listwise deletion of missing data.

Odds ratios (ORs) and 95% confidence intervals (CIs)

were calculated to identify independent predictors of neu-

rological improvement in CSCI without major bone injury.

Statistical significance was set at p < 0.05. All analyses

were conducted using SPSS version 24.0 (SPSS, Chi-

cago, IL).

Results
Neurological status
Neurological status evaluated by AIS at admission

and follow-up at 3–6 months after injury is shown in

Table 2. Among AIS A–C cases at admission, 154 pa-

tients (55.0%)—11.8% in AIS A, 22.6% in AIS B, and

66.5% in AIS C—had walking recovery at follow-up.

In all 591 patients, there were 13 deaths (2.2%)—8.8%

in AIS A, 12.9% in AIS B, 2.3% in AIS C, and 0.3% in

AIS D—within six months after injury.

In AIS D cases at admission, 64 patients had a full

upper extremity ASIA motor score (50). Of the remaining

247 AIS D cases, 107 (43.3%) patients recovered with

Table 1. Data for 591 Patients with Cervical Spinal Cord
Injury without Major Bone Injury

Item Value

Patient background
Age, years, mean – SD 75.3 – 6.7
Gender (male:female), n (%) 429 (72.6%):162 (27.4%)
Body mass index (kg/m2), mean – SD 22.4 – 3.6

Imaging findings
OPLL, n (%) 203 (34.3%)
Signal change on MRI, n (%) 488 (82.6%)

Cause of spinal cord injury, n (%)
Low-energy trauma

Fall on a level surface 312 (52.8%)
Low fall (£1 m in height) 85 (14.4%)
Higer-energy trauma
High fall (>1 m in height) 94 (15.9%)
Traffic accident 73 (12.4%)
Others (sports-related injuries, etc.) 27 (4.6%)

Diagnostic delay, n (%) 68 (11.5%)
ASIA Impairment Scale (AIS)

on admission, n (%)
A 34 (5.8%)
B 31 (5.2%)
C 215 (36.4%)
D 311 (52.6%)

Comorbidity, n (%)
Dementia/delirium 53 (9.0%)
Diabetes 165 (27.9%)
Hypertension 284 (48.1%)

Treatment, n (%)
Administration of methylprednisolone 131 (22.2%)
Operation £24 h after injury 19 (3.2%)
>24 h after injury 279 (47.2%)
Conservative 293 (49.6%)

Post-injury complications, n (%)
Pneumonia 39 (6.6%)
Complicated injuries 103 (17.4%)

SD, standard deviation; OPLL, ossification of the posterior longitudinal
ligament; MRI, magnetic resonance imaging; ASIA, American Spinal
Injury Association.

Table 2. Changes in American Spinal Injury Association
Impairment Scale between Admission and Follow-up

Follow-up

Admission A B C D E

Death within
6 months

after injury

A (n = 34) 17 3 7 4 0 3
B (n = 31) 1 6 13 7 0 4
C (n = 215) 1 0 66 134 9 5
D (n = 311 0 0 2 246 62 1

Patients in the gray area had recovery of walking at follow-up.

660 NAKAJIMA ET AL.



full upper extremity motor function at follow-up. Among

AIS C and D cases with motor paralysis, 38.6% (n = 83)

in AIS C and 85.4% (n = 211) in AIS D patients were

classified as having central cord syndrome.

Prognostic factors in AIS A–C cases
A comparison of AIS A-C patients with and without re-

covery of walking ability at the final follow-up is

shown in Table 3. In univariate analysis, the severity of

AIS on admission was particularly significant, and the

prevalence of OPLL, signal change on MRI, comorbidity

of dementia/delirium, and post-injury pneumonia were

significantly different between the patients with and with-

out recovery of walking. There was no difference in

walking recovery between the surgical and conservative

treatment groups ( p = 0.47). There were also no signifi-

cant differences in patient background, cause of SCI

(lower- or higher-energy trauma), diagnostic delay,

comorbidity of diabetes and hypertension, administration

of methylprednisolone, or complicating injuries between

patients with and without walking recovery.

Multi-variate logistic regression analysis including

significant variables from univariate analysis and patient

background factors was used to identify independent

prognostic factors in AIS A-C cases (Table 4). In this

analysis, BMI (OR: 1.112), signal change on MRI (OR:

0.240), AIS on admission (OR: 3.497), comorbidity of

dementia/delirium (OR: 0.365), and post-injury pneumo-

nia (OR: 0.194) were identified as independent prognos-

tic factors for walking recovery in AIS A–C patients after

CSCI without major bone injury.

Multi-variate analysis excluding AIA A cases (i.e.,

AIS B-C cases only) showed similar results, with BMI

(OR: 1.129), prevalence of OPLL (OR: 0.494), signal

change on MRI (OR: 0.238), AIS on admission (OR:

4.659), and post-injury pneumonia (OR: 0.155) identified

as independent prognostic factors (Table 5).

Prognostic factors in AIS D cases
A comparison of AIS D cases with and without full upper

extremity motor recovery at the final follow-up is shown

in Table 6. In the univariate analysis, the severity of

upper extremity ASIA motor score at admission was

strongly significant. The age and comorbidity of dementia/

delirium were significantly higher in patients with remain-

ing motor paralysis at the final follow-up. In addition,

Table 3. Comparison of Admission Data for American
Spinal Injury Association Impairment Scale A–C Cases
with and without Independent Walking Recovery at Follow-Up

Recovery of
walking at
follow-up
(n = 154)

Could not
walk at

follow-up
(n = 126) p

Patient background
Age, years, mean – SD 75.3 – 6.4 76.8 – 7.2 0.15
Gender (male:female), n 113:41 99:27 0.31
Body mass index (kg/m2),

mean – SD
22.7 – 3.6 21.9 – 4.4 0.15

Imaging findings
OPLL, n (%) 48 (31.2%) 56 (44.4%) 0.022*
Signal change on MRI, n (%) 132 (85.7%) 120 (77.9%) 0.0082*

Cause of spinal cord
injury, n (%)

0.63

Low-energy trauma
Fall on level surface 77 (50.0%) 68 (54.0%)
Low fall (£1 m in height) 24 (15.6%) 19 (15.1%)
Higher-energy trauma
High fall (>1 m in height) 28 (18.2%) 19 (15.1%)
Traffic accident 15 (9.7%) 15 (11.9%)
Others (sports-related

injuries, etc.)
10 (6.5%) 5 (4.0%)

Diagnostic delay, n (%) 12 (7.8%) 13 (10.3%) 0.46
ASIA Impairment Scale

(AIS), n (%)
< 0.001*

A 4 (2.6%) 30 (23.8%)
B 7 (4.5%) 24 (19.0%)
C 143 (92.9%) 72 (57.1%)

Comorbidity, n (%)
Dementia/delirium 11 (7.1%) 24 (19.0%) 0.0027*
Diabetes 44 (28.6%) 45 (35.7%) 0.20
Hypertension 73 (47.4%) 58 (46.0%) 0.82

Treatment, n (%)
Administration of

methylprednisolone
37 (24.0%) 30 (23.8%) 0.97

Operation £24 h after injury 5 (3.2%) 13 (10.3%) 0.47
>24 h after injury 87 (56.5%) 56 (44.4%)
Conservative 62 (40.3%) 57 (45.2%)

Post-injury complications,
n (%)
Pneumonia 5 (3.2%) 30 (23.8%) < 0.001*
Complicated injuries 23 (14.9%) 17 (13.5%) 0.73

SD, standard deviation; OPLL, ossification of the posterior longitudinal
ligament; MRI, magnetic resonance imaging; ASIA, American Spinal
Injury Association.

*p < 0.05.

Table 4. Multi-variate Logistic Regression Analysis
of Predictors of Independent Walking Recovery in American
Spinal Injury Association Impairment Scale A-C Cases after
Cervical Spinal Cord Injury without Major Bone Injury

Variables OR 95% CI p

Patient background
Age (per 1 year) 0.994 0.949–1.042 0.809
Gender (female as reference) 1.545 0.768–3.109 0.222
Body mass index (kg/m2)a

(per 1 kg/m2)
1.112 1.024–1.207 0.011*

Imaging findings
OPLL{ 0.557 0.298–1.041 0.067
Signal change on MRI{ 0.240 0.065–0.890 0.033*

ASIA Impairment Scale (AIS){ 3.497 2.039–6.000 < 0.001*

Comorbidity
Dementia/delirium { 0.365 0.140–0.953 0.040*
Diabetes { 0.761 0.408–1.417 0.389

Treatment
Operation (conservative as

reference)
1.043 0.758–1.436 0.794

Post-injury complications
Pneumonia { 0.194 0.065–0.575 0.003*

OR, odds ratio; CI, confidence interval; OPLL, ossification of the poste-
rior longitudinal ligament; MRI, magnetic resonance imaging; ASIA,
American Spinal Injury Association.

{AIS C as reference. { Yes vs. No.
aInformation missing in 20 patients.
*p < 0.05
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significantly more patients who underwent surgery did

not have full motor recovery.

There were no significant differences in gender, BMI,

prevalence of OPLL, signal change on MRI, cause of SCI

(lower- or higher-energy trauma), diagnostic delay, type

of incomplete CSCI (central/transverse cord injury),

comorbidity of diabetes and hypertension, administration

of methylprednisolone, post-injury pneumonia, or com-

plicating injuries in patients with and without motor re-

covery.

In multi-variate logistic regression analysis including

significant variables in univariate analysis and patient

background factors (Table 7), age (OR: 0.937), upper ex-

tremity ASIA motor score at admission (OR: 1.230 [per 5

scores]) and operation (OR: 0.519) were identified as in-

dependent prognostic factors for full upper extremity

motor recovery in AIS D cases after CSCI without

major bone injury.

Discussion
There has been a marked increase in the incidence of

CSCI without major bone injury because of an increase

in the population of elderly persons in the past 30 years

in Japan. There are no reliable predictors of neurologi-

cal improvement after injury, however. Therefore, we

assessed 591 patients aged ‡65 years with CSCI without

major bone injury using data from multiple centers.

In AIS A, B, and C cases, recovery of the ability to

walk independently is the most important concern.6–8

Considering the high prevalence of central cord syn-

drome, especially in AIS D cases, recovery of upper ex-

tremity motor function is the most important concern in

these patients because the usual sequence of recovery

in these populations starts with motor power of the

lower limbs followed by the upper limbs with fine finger

movements.9 A neurological examination to establish the

severity of injury at admission is the main prognostic fac-

tor for ambulation after SCI.10

In the current study, 11.8%, 22.6%, and 62.3% of AIS

A, B, and C cases, respectively, recovered walking abil-

ity, and AIS severity at admission was the strongest

predictor of this functional outcome. These rates were sim-

ilar to those of 6.2%, 37.8%, and 69.8% in AIS A, B, and C

cases, respectively, in a European multi-center study.11 A

systematic review found rates of conversion to AIS D of

3%, 31%, and 67% for AIS A, B, and C cases, respec-

tively, which shows that patients in the AIS A category

have only a small possibility of recovery of walking.7

Table 5. Multi-variate Logistic Regression Analysis
of Predictors of Independent Walking Recovery in American
Spinal Injury Association Impairment Scale B and C Cases
after Cervical Spinal Cord Injury without Major Bone Injury

Variables OR 95% CI p

Patient background
Age (per 1 year) 0.999 0.951–1.049 0.971
Gender (female as reference) 1.779 0.854–3.707 0.124
Body mass index (kg/m2)a

(per 1 kg/m2)
1.129 1.031–1.235 0.008*

Imaging findings
OPLL { 0.494 0.256–0.954 0.036*
Signal change on MRI { 0.238 0.063–0.899 0.034*

ASIA Impairment Scale (AIS) { 4.659 1.947–11.147 0.001*
Comorbidity

Dementia/delirium { 0.398 0.141–1.120 0.081
Diabetes { 0.797 0.416–1.526 0.493

Treatment
Operation (conservative

as reference)
0.968 0.695–1.350 0.850

Post-injury complications
Pneumonia { 0.155 0.046–0.521 0.003*

OR, odds ratio; CI, confidence interval; OPLL, ossification of the poste-
rior longitudinal ligament; MRI, magnetic resonance imaging; ASIA,
American Spinal Injury Association.

{AIS C as reference. { Yes vs. No.
aInformation missing in 14 patients.
*p < 0.05

Table 6. Comparison of Data at Admission for American
Spinal Injury Association Impairment Scale D Cases
with and without Full Upper Extremity Motor
Recovery at Follow-Up

Variable

Motor
recovery

at
follow-up
(n = 107)

Motor
paralysis

at
follow-up
(n = 140) P

Patient background
Age, years, mean – SD 73.7 – 5.5 75.9 – 7.3 0.034*
Gender, (male:female), n 71:36 103:37 0.26
Body mass index (kg/m2),

mean – SD
22.7 – 3.1 22.5 – 3.3 0.63

Imaging findings
OPLL, n (%) 34 (31.8%) 43 (30.7%) 0.89
Signal change on MRI, n (%) 79 (73.8%) 117 (83.6%) 0.080

Cause of spinal cord injury, n 1.00
Low-energy trauma
Fall on level surface 55 (51.4%) 74 (52.9%)
Low fall (£1 m in height) 16 (15.0%) 20 (14.3%)
Higher-energy trauma
High fall (>1 m in height) 14 (13.1%) 27 (19.3%)
Traffic accident 18 (16.8%) 12 (8.6%)
Others (sports-related

injuries, etc.)
4 (3.7%) 7 (5.0%)

Diagnostic delay (>24 h after
injury), n (%)

10 (9.3%) 25 (17.9%) 0.066

Upper extremity ASIA motor
score on admission

38.6 – 7.5 32.7 – 9.3 < 0.001*

Central cord syndrome, n (%) 94 (87.9%) 117 (83.6%) 0.37
Comorbidity, n (%)

Dementia/delirium 3 (2.8%) 12 (8.6%) 0.066
Diabetes 23 (21.5%) 41 (29.3%) 0.19
Hypertension 56 (52.3%) 67 (47.9%) 0.57

Treatment, n (%)
Administration of

methylprednisolone
28 (26.2%) 27 (19.3%) 0.22

Operation 40 (37.4%) 73 (52.1%) 0.028*
Post-injury complications,

n (%)
Pneumonia 1 (0.93%) 3 (2.1%) 0.81
Complicated injuries 18 (16.8%) 28 (20.0%) 0.64

SD, standard deviation; OPLL, ossification of the posterior longitudinal
ligament; MRI, magnetic resonance imaging; ASIA, American Spinal
Injury Association.

*p < 0.05.
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Age has previously been found to be a negative prog-

nostic factor for walking recovery in AIS C cases:

patients aged <50 years have a rate of recovery of 80–

90%, but this rate is markedly reduced to 30–40% in

older patients.12,13 In our study of patients aged ‡65

years, age had no significant effect in AIS A-C cases.

In AIS D cases, however, higher age was an independent

negative prognostic factor for full upper extremity motor

recovery at the final follow-up. It has been suggested that

rehabilitation in elderly patients should focus on func-

tional training because these patients may find it difficult

to translate neurological recovery into ADL.14

In the current study, BMI was also an independent

predictor for recovery of walking in AIS A–C cases, con-

sistent with the finding that an unhealthy weight (under-

weight and overweight) is associated with diminished

functional recovery.15 Another multi-center study sug-

gested that patients with obesity had a higher mortality

risk within one year after SCI compared with those

with normal weight, mainly because of infectious and re-

spiratory diseases.16

The mechanism of CSCI without major bone injury,

including central cord syndrome, is characterized by min-

imal trauma in patients with degenerative spinal condi-

tions with a narrow canal from cervical spondylosis

and/or OPLL. Therefore, the prevalence of a cervical

narrow canal might be a risk factor for SCI, espe-

cially in Asians, who have high morbidity in such

conditions.

In our study, the prevalence of OPLL of 34.3% was

very high but similar to that found in a previous multi-

center study in Japan.17 The prevalence of pre-existing

factors, such as OPLL and stenosis, has also been

found to be significantly higher in CSCI without bone in-

jury than in those with bone injury in retrospective cohort

studies, which suggests a link between these factors and

CSCI without major bone injury.18,19 In our study, the

prevalence of OPLL was an independent negative prog-

nostic factor for recovery of walking ability in AIS B

and C cases.

An MRI is important for the evaluation of patients with

CSCI for imaging of the injured cord and prediction of

outcome.20,21 A systematic review of MRI findings sug-

gested that longer intramedullary hemorrhage, smaller

canal diameter at maximal spinal cord compression,

and the presence of spinal cord edema were associated

with poor neurological recovery in acute SCI.22 In the

current study, most patients had signal intensity changes

on MRI, and AIS A–C cases with these changes had a

negative impact on neurological improvement leading

to walking recovery based on the results of multi-variate

analysis, while there was no impact on full upper extrem-

ity motor recovery in AIS D cases.

Conventional MRI cannot distinguish recoverable

from non-recoverable tissue injury, and the evidence re-

garding the utility of MRI in the clinical outcome of

acute SCI is limited and controversial. The detailed eval-

uation of MRI findings (length of cord damage, T1-

weighted imaging, etc.) was not assessed in the current

study, but further development of MRI techniques is

likely to produce more detailed prognostic findings for

an injured spinal cord.

In this study, dementia and/or post-injury delirium

were independent prognostic factors for the recovery of

walking ability in AIS A–C cases. There is strong evi-

dence for cognitive impairment in patients with SCI,

with 40–60% showing cognitive and emotional deficits.23

A cross-sectional study of SCI cases indicated cogni-

tive dysfunction in the subacute stage that worsens over

time,24 and such cognitive and emotional impairments

can compromise both quality of life and rehabilitation

and recovery.

We also identified post-injury pneumonia as an inde-

pendent prognostic factor in patients with AIS A–C.

Associations of pneumonia, wound infection, and sepsis

with poorer functional outcomes after SCI have been

shown in a prospective study,25 and similar associa-

tions of pneumonia and/or postoperative wound infec-

tions with poorer neurological outcomes after SCI were

found in AIS A–C cases in another prospective cohort

study.26 The occurrence of post-injury pneumonia was

associated with the severity of SCI, but the importance

of pneumonia as a prognostic factor was identified even

if AIS A cases were excluded from the current study.

Table 7. Multi–Variate Logistic Regression Analysis
of Predictors of Full Upper Extremity Motor Recovery
in American Spinal Injury Association Impairment
Scale D cases after Cervical Spinal Cord Injury
without Major Bone Injury

Variables OR 95% CI p

Patient background
Age (per 1 year) 0.937 0.894–0.982 0.00658*
Gender (female as reference) 0.588 0.306–1.130 0.112

Imaging findings
OPLL{ 1.180 0.618–2.250 0.616
Signal change on MRI{ 0.781 0.379–1.610 0.501

Diagnostic Delay (> 24 h
after injury){

0.583 0.238–1.430 0.238

Upper extremity ASIA motor
score on admission
(per 5 scores)

1.230 1.135–1.329 < 0.001*

Comorbidity
Dementia/delirium{ 0.585 0.144–2.370 0.453
Diabetes{ 0.614 0.313–1.200 0.155

Treatment
Administration of

methylprednisolone{
1.490 0.727–3.040 0.277

Operation (conservative
as reference)

0.519 0.272–0.990 0.0467*

OR, odds ratio; CI, confidence interval; OPLL, ossification of the pos-
terior longitudinal ligament; MRI, magnetic resonance imaging; ASIA,
American Spinal Injury Association.

{Yes vs. No.
*p < 0.05
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Post-injury pneumonia might propagate neuronal

death by promoting secondary damage and/or immune

deficiency, and consequently, contribute to the restriction

of neurological recovery.27 As in patients with dementia/

delirium, this may reduce the potential for rehabilitation,

which might also contribute to reduced neurological im-

provement. Therefore, future SCI rehabilitation should

emphasize prevention of post-injury pneumonia and cog-

nitive changes after SCI to promote functional recovery.

Most surgeons agree that surgery should be performed

in patients with CSCI with bone injury within 24 h after

injury,28 although there is controversy regarding the use

of surgery or conservative management for CSCI without

major bone injury. A recent randomized clinical trial on

incomplete CSCI with pre-existing cervical stenosis sug-

gested that early surgical treatment (<24 h) showed accel-

erated recovery within the first six months compared with

delayed surgical treatment (>2 weeks).29

Meanwhile, a prospective study suggested that sur-

gery was not superior to conservative treatment for pa-

tients with CSCI without major bone injury in terms of

improvement of paralysis.30 Another prospective study

found a similar absence of a significant difference in neu-

rological improvement between the two treatment ap-

proaches and a higher frequency of post-operative

complications in patients treated surgically.31

In the current study, the effectiveness of surgery com-

pared with conservative treatment in requiring indepen-

dent walking ability was not shown in AIS A–C cases.

Further, surgical management was an independent nega-

tive factor for upper extremity motor recovery in AIS D

cases. Careful consideration should be given of whether

to surgically treat elderly patients with CSCI without

major bone injury because the prognosis for neurological

status is difficult to predict in the acute phase, and these

patients are fragile and at high risk for complications.

Because most of the surgically treated patients in this

study had late surgery (only 19 patients received early

surgery), however, no conclusion can be drawn about

the impact of surgical treatment on neurological progno-

sis from the results of this study.

There is a need to examine whether some patients

should undergo surgery for recovery of independent

walking.6 To resolve the controversy between conserva-

tive management versus early surgery versus delayed sur-

gery in patients with CSCI without major bone injury,

there is a need for high-quality prospective randomized

controlled trials.9

This study had several limitations, including its retro-

spective design, which prevented detailed evaluation of

imaging findings, the inclusion of inpatients in acute-

care hospitals only, and no outpatients, which may have

resulted in a higher proportion of patients treated surgi-

cally, and different indications for surgical treatment in-

cluding the timing and conservative treatment at each

center. Within these limitations, the study in a large

case series permitted evaluation of prognostic factors

for neurological improvement in patients with CSCI

without major bone injury, and the findings provide im-

portant insights and guidance on the treatment of such pa-

tients.

Conclusions
The BMI, signal intensity on MRI, AIS on admission,

comorbidity of dementia/delirium, and post-injury pneu-

monia were independently and significantly associated

with walking recovery in AIS A–C cases with CSCI with-

out major bone injury, and the prevalence of OPLL was

also an independent prognostic factor in AIS B-C cases.

Age, upper extremity ASIA motor score on admission,

and operation were independently and significantly asso-

ciated with full upper extremity motor recovery in AIS D

cases. The severity of paralysis on admission has a ma-

jor impact on functional outcomes, but the promotion

of rehabilitation through measures to reduce cognitive

changes, post-injury pneumonia, and unhealthy body

weight changes can also contribute to greater neurologi-

cal improvement in AIS A–C cases.
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