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STUDY DESIGN: Retrospective multicenter study.
OBJECTIVES: To investigate the neurological outcomes of older individuals treated with surgery versus conservative treatment for
cervical spinal cord injury (CSCI) without bone injury.
SETTING: Thirty-three medical institutions in Japan.
METHODS: This study included 317 consecutive persons aged ≥65 years with CSCI without bone injury in participating institutes
between 2010 and 2020. The participants were followed up for at least 6 months after the injury. Individuals were divided into
surgery (n= 114) and conservative treatment (n= 203) groups. To compare neurological outcomes and complications between the
groups, propensity score matching of the baseline factors (characteristics, comorbidities, and neurological function) was performed.
RESULTS: After propensity score matching, the surgery and conservative treatment groups comprised 89 individuals each. Surgery
was performed at a median of 9.0 (3–17) days after CSCI. Baseline factors were comparable between groups, and the standardized
difference in the covariates in the matched cohort was <10%. The American Spinal Injury Association (ASIA) impairment scale grade
and ASIA motor score (AMS) 6 months after injury and changes in the AMS from baseline to 6 months after injury were not
significantly different between groups (P= 0.63, P= 0.24, and P= 0.75, respectively). Few participants who underwent surgery
demonstrated perioperative complications such as dural tear (1.1%), surgical site infection (2.2%), and C5 palsy (5.6%).
CONCLUSION: Conservative treatment is suggested to be a more favorable option for older individuals with CSCI without bone
injuries, but this finding requires further validation.
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INTRODUCTION
Cervical spinal cord injury (CSCI) without bone injury is defined as
a CSCI with no evidence of spinal fracture or dislocation on
radiography or computed tomography [1]. This injury is typically
the result of hyperextension of the cervical spine and can occur in
the presence of pre-existing cervical stenosis [2, 3]. Due to a
rapidly progressing aging society, the rate of CSCI without bone
injury has been dramatically increasing in Japan [3–5]. A recent
Japanese nationwide survey reported that the neurological level
of traumatic spinal cord injury is most often located at the cervical
level (88%), and CSCI without bone injury accounted for 71% of
CSCI cases, which can often occur with minor trauma, such as falls
on a level surface, in older people [6].
Although surgical reconstruction of the spinal column is not

required for CSCI without bone injury, treatment has been historically

variable among surgeons. Individual-specific characteristics are
factors in treatment decisions. While some spine surgeons advocate
surgery in persons who have evidence of pre-existing spinal cord
compression and worsening or persistent neurological function,
others recommend conservative treatment because no difference in
the neurological outcome is observed after surgical decompression
[3, 7–13]. Basically, pre-existing cervical canal stenosis is a different
condition from unphysiological and instantaneous dynamic stenosis
at the moment of injury [14]. Previous studies have demonstrated
that the severity of motor deficit and neurological outcome do not
correlate with the degree of pre-existing cervical canal stenosis in
CSCI without bone injury [14–17].
The greatest limitation of previous studies was the small

number of participants. Although this multicenter large cohort
study is retrospective in nature, we evaluated the largest number
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of older individuals (aged ≥ 65 years) with CSCI without bone
injury (n= 304); therefore, we provide stronger evidence than
previous reports. The present study aimed to investigate the
neurological outcomes of older persons who were treated with
surgical decompression versus conservative treatment for CSCI
without bone injury using propensity score matching to adjust for
baseline factors.

METHODS
Study participants
We reviewed a retrospective multicenter database of 1512 consecutive
individuals aged ≥65 years with cervical spine/spinal cord injury in 33
domestic institutes between 2010 and 2020, which was performed by the
Japan Association of Spine surgeons with Ambition. The study design was
approved by the Institutional Review Boards of each hospital. Of the 1512
individuals, 614 were diagnosed with CSCI without bone injury: CSCI with no
evidence of spinal fracture or dislocation on radiography and computed
tomography [18]. We excluded individuals whose baseline American Spinal
Injury Association (ASIA) motor score (AMS) was missing, whose AMS at
6 months after injury was missing but not because of death before 6-month
follow-up, who had diagnostic delay (>24 h after injury), and who had initially
been managed conservatively and underwent surgery due to percistance or
deterioration of symptoms (Fig. 1). A total of 317 individuals who were

followed up for at least 6 months after injury were included in the present
study (Fig. 1). The 6-month time period was based on recommendations used
in clinical trials [19, 20], and on the findings of previous studies that showed
that themajority of the neurological recovery occurred during this period [21].
Participants were divided into two groups according to the therapeutic
approach: surgery (n= 114) and conservative treatment (n= 203) groups.
Surgical indications, techniques, and levels of decompression and/or fusion
were determined at the discretion of the surgeons at each institute.
Three different surgical techniques (anterior spinal fusion, posterior surgery,
and combined anterior and posterior spinal fusion) were performed.
The individuals treated conservatively were placed in a cervical collar.
All participants underwent rehabilitation at each institute if their general
condition was stable.

Data collection
Individuals’ demographic data (age, sex, body mass index, medical history,
and mechanism of injury) were retrospectively obtained. Post-injury days
to surgery, surgical technique, operation time, and blood loss were
recorded by the attending spine surgeon. Computed tomography scans
were used to detect the bone injury. T1- or T2-weighted sagittal and axial
magnetic resonance imaging (MRI) scans were used to determine the
signal intensity (SI) changes in the spinal cord. Senior spine surgeons and
physical therapists at each hospital evaluated the neurological status using
the ASIA Impairment Scale (AIS) and AMS on admission and 6 months after
injury. We defined the time window in the study protocol for 6-month data
as 6 to 11 months after injury. Central cord syndrome was defined as an
upper extremity AMS of at least 10 points fewer than the lower extremity
AMS on admission [22]. The indication and dose of steroid therapy for CSCI
were decided at the discretion of the spine surgeons at each hospital.
Perioperative complications (dural tear, surgical site infection [SSI], and C5
palsy) and in-hospital complications (moror or sensory neurological
deterioration, cardiac infarction, cerebral infarction, delirium, dysphagia,
respiratory failure, pulmonary embolism, pneumonia, and renal infection)
were monitored. C5 palsy was defined as postoperative unilateral
deterioration of muscle strength localized in the deltoid and biceps by
one or more grades according to a manual muscle test conducted within
1 month after surgery. Because C5 palsy was a surgery-specific
complication, we divided C5 palsy from other forms of motor deterioration
in this study.

Statistical analysis
Baseline characteristics, comorbidities, perioperative and post-injury data,
and neurological outcomes were compared between the surgery and
conservative treatment groups using an unpaired t-test or the Mann-
Whitney U test for continuous variables and a chi-square test for
categorical variables, as appropriate for each data distribution. Propensity
score-matched analysis was performed to compare neurological outcomes
and complications between the groups. A logistic regression model was
used to calculate propensity scores. The moderator variables were age, sex,
body mass index, comorbidities, cervical ossification of the posterior
longitudinal ligament (OPLL), SI changes on MRI, baseline AIS grade,
central cord syndrome, baseline AMS, and steroid therapy for CSCI. To
adjust for baseline characteristics and comorbidities, 1-to-1 matching with
fixed caliper widths (0.01) without replacement was performed. A case in
the surgery group was matched to a case in the conservative treatment
group with the same propensity score. Pairs consisting of one patient who
underwent surgery and one patient who underwent conservative
treatment were collected to form two groups: surgery and conservative
treatment. We used the standardized difference to measure covariate
balance. A standardized difference of <10% was considered to indicate a
negligible difference between the groups. A comparison of the AMS
between baseline and 6 months after injury was performed using a paired
t-test. All statistical analyses were performed using SPSS software (version
26.0, IBM Corporation, Armonk, NY, USA). Continuous variables are
presented as mean standard deviation (SD) or median (interquartile
range). Statistical significance was set at P < 0.05.

RESULTS
Baseline characteristics and comorbidities according to the
therapeutic approach
Our cohort of 317 individuals consisted of 221 men (70%) and 96
women (30%), with a mean age at injury (mean SD) of 75 (6.7)

Fig. 1 Participant flow chart of this multicenter cohort.We reviewed
a retrospective multicenter database of 1512 consecutive individuals
aged ≥65 years with cervical spine/spinal cord injury in 33 domestic
institutes between 2010 and 2020, which was performed by the
Japan Association of Spine surgeons with Ambition. A total of 317
individuals who were followed up for at least 6 months after injury
were included in the present study.
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years. The percentage of participants who underwent surgery was
36%. Individuals in the surgery group showed a higher prevalence
of cervical OPLL, higher proportion of SI changes on MRI, and
worse baseline AIS grade than did those in the conservative
treatment group (P < 0.01, P < 0.01, and P < 0.01, respectively). The
baseline AMS in the surgery group was on average 10 (95% CI,
2.9–17) lower than that in the conservative treatment group.
There were no significant differences in sex ratio, body mass
index, mechanism of injury, steroid therapy for CSCI, and
prevalence of hypertension, diabetes mellitus, cardiac disease,
respiratory disease, renal disease, cerebrovascular disease, or
central cord syndrome between the surgery and conservative
treatment groups (Table 1).

Perioperative and post-injury data according to the
therapeutic approach
Surgery was performed at a median of 7.5 days after the injury.
Anterior spinal fusion, posterior surgery (decompression and/or
fusion), and combined anterior and posterior spinal fusion were
performed in 2.6% (n= 3), 96% (n= 110), and 0.88% (n= 1) of
participants in the surgery group, respectively. Fusion surgery
was performed in 25% (n= 28) of the individuals who under-
went posterior surgery. Perioperative complications (dural tear,
SSI, or C5 palsy) were observed in a small proportion of the
participants who underwent surgery (0.88%, 1.8%, and 4.4%,
respectively) (Table 2). No significant differences were found
between the surgery and conservative treatment groups
regarding the in-hospital complication rates for neurological

deterioration (motor or sensory), cardiac infarction, cerebral
infarction, delirium, dysphagia, respiratory failure, pulmonary
embolism, or pneumonia. However, individuals in the surgery
group showed a higher complication rate for renal infection
than did those in the conservative treatment group (P < 0.01)
(Table 2). There was no significant difference in the death
rates before 6-month follow-up between the surgery and
conservative treatment groups (Table 2). Although AMS at
6 months after injury in the surgery group was on average 7.3
(95% CI, 1.6–13) lower than that in the conservative treatment
group, we observed greater changes in the AMS from baseline
to 6-month post-injury in the surgery group (P= 0.02). The rate
of low AIS grade was higher in the surgery group than in the
conservative group at 6 months after the injury (P= 0.03)
(Table 2). Both groups showed improvement in the AMS at
the 6-month follow-up (surgery group: 21 ± 21, 95% CI, 17–25,
P < 0.01; conservative treatment group: 16 ± 20, 95% CI, 14–19,
P < 0.01).

Propensity score-matched comparison of baseline
characteristics and comorbidities
There were 89 individuals each in the surgery and conservative
treatment groups after propensity score matching of baseline
characteristics, comorbidities, and neurological function. The
standardized difference in covariates in the matched cohort
was <10%. No significant differences were noted between the
groups in terms of age at surgery, sex ratio, body mass index,
prevalence of comorbidities, cervical OPLL, central cord syndrome,

Table 1. Comparison of baseline characteristics and comorbidities according to the therapeutic approach.

Overall Surgery Nonsurgery P value

Number of cases 317 114 203

Age at injury 75 ± 6.7 74 ± 6.3 76 ± 6.8 0.06

Sex (male, %) 70 67 71 0.38

Body mass index (kg/m2) 22 ± 3.6 22 ± 3.3 22 ± 3.8 0.77

Comorbidities (%)

Hypertension 48 48 48 0.38

Diabetes mellitus 25 31 22 0.08

Cardiac disease 12 11 13 0.72

Respiratory disease 3.2 3.5 3.0 0.79

Renal disease 3.8 2.6 4.4 0.42

Cerebrovascular disease 8.5 7.0 9.4 047

Cervical OPLL (%) 33 47 25 <0.01

Mechanism of injury 0.57

Fall 83 86 81

Motor vehicle accident 15 12 16

Other 2.6 2.7 2.6

SI changes on MRI (%) 84 92 79 <0.01

Baseline AIS grade (%) <0.01

A 6.6 6.4 6.7

B 3.3 5.5 2.1

C 33 44 27

D 57 45 64

Central cord syndrome (%) 36 31 38 0.30

Baseline AMS 63 ± 32 57 ± 29 67 ± 32 T < 0.01

Steroid therapy for CSCI (%) 24 21 25 0.32

Values are mean ± standard deviation or %.
OPLL ossification of the posterior longitudinal ligament, SI signal intensity, MRImagnetic resonance imaging, AIS American spinal injury association impairment
scale, AMS American spinal injury association motor score, CSCI cervical spinal cord injury.
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mechanism of injury, SI changes on MRI, baseline AIS grade,
baseline AMS, and steroid therapy for CSCI (Table 3).

Propensity score-matched comparison of perioperative data
and complications
Surgery was performed at a median of 9.0 days after injury.
Anterior spinal fusion, posterior surgery (decompression and/or
fusion), and combined anterior and posterior spinal fusion were
performed in 2.2% (n= 2), 97% (n= 86), and 1.1% (n= 1) of
participants in the surgery group, respectively. Fusion surgery was
performed in 8.1% (n= 7) of the individuals who underwent
posterior surgery. Perioperative complications (dural tear, SSI, or
C5 palsy) were observed in a small proportion of the participants
who underwent surgery (1.1%, 2.2%, and 5.6%, respectively)
(Table 4). No difference was observed in the in-hospital
complication rates for neurological deterioration (sensory), cere-
bral infarction, delirium, dysphagia, respiratory failure, pneumonia,
or renal infection between the groups. Neurological deterioration
(motor), cardiac infarction, and pulmonary embolism were not
observed in either group (Table 4). There was no significant
difference in the death rates before 6-month follow-up between
the groups (Table 4).

Propensity score-matched comparison of AMS and AIS grade
at 6 months after injury according to the therapeutic
approach
AIS grade, AMS at 6 months after injury, and the change in AMS
from baseline to 6-month post injury were not significantly
different between the groups (Table 4). Both groups showed
improvement in the AMS at the 6-month follow-up (surgery
group: 18 ± 20, 95% CI, 13 to 22, P < 0.01; conservative treatment
group: 21 ± 22, 95% CI, 16 to 25, P < 0.01).

DISCUSSION
To the best of our knowledge, this is the first multicenter large
cohort study using propensity score-matched analysis to compare
neurological outcomes and complications between surgery and
conservative treatment groups after CSCI without bone injury in
older individuals. Because AIS grade and AMS at 6 months after
injury and changes in the AMS at the 6-month follow-up were not
significantly different between the groups, neurological recovery
in the two treatment groups was comparable. Although the rates
of death before 6-month follow-up and the rates of other in-
hospital complications were not significantly different between

Table 2. Comparison of perioperative and postoperative data according to the therapeutic approach.

Overall Surgery Nonsurgery P value

Post injury days to surgery – 7.5 (3.0–16) 11 ± 11 – –

Surgical technique (%) –

Anterior spinal fusion – 2.6 –

Posterior surgery – 96 –

Combined anterior and posterior spinal fusion – 0.88 –

Operation time (min) – 135 ± 52 – –

Blood loss (ml) – 62 (20–150) 116 ± 159 – –

Complications (%)

Dural tear – 0.88 – –

Surgical site infection – 1.8 – –

C5 palsy – 4.4 – –

Neurological deterioration (motor) 0 0 0 –

Neurological deterioration (sensory) 0.63 0.88 0.49 0.68

Cardiac infarction 0 0 0 0.36

Cerebral infarction 0.63 0 0.99 0.41

Delirium 5.7 3.5 6.9 0.21

Dysphagia 4.1 3.5 3.0 0.79

Respiratory failure 3.5 1.8 4.4 0.21

Pulmonary embolism 0 0 0 –

Pneumonia 6.6 9.6 4.9 0.11

Renal infection 8.8 14 5.9 0.01

Death before 6-month follow-up (%) 4.1 3.5 4.4 0.69

AMS

6-month post-injury 83 ± 24 78 ± 24 85 ± 24 0.01

6-month post-injury minus baseline 11 (2.0–30) 18 ± 21 18 (4.0–34) 21 ± 21 10.0 (0–24.0) 16 ± 20 0.02

AIS grade at 6 months (%) 0.03

A 4.6 3.6 5.2

B 0.33 0.91 0

C 11 16 7.7

D 71 73 70

E 14 7.3 17

Values are mean ± standard deviation, median (interquartile range) or %.
AMS American spinal injury association motor score, AIS American spinal injury association impairment scale.
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the groups, perioperative complications were observed in a small
proportion of the participants in the surgery group. We suggest
that conservative treatment is a better option for older individuals
with CSCI without bone injuries.
The management of CSCI without bone injury has remained

controversial with previous studies comparing surgery with
conservative treatment. Chen et al. reported that surgical
decompression was associated with immediate neurological
recovery and a better long-term functional outcome compared
with conservative treatment [7]. Although the following studies
were not compared with conservative treatment, Uribe et al. and
Song et al. concluded that surgical treatment improved neurolo-
gical status and prevented neurological deterioration [23, 24].
Conversely, Kawano et al. reported no difference in the
neurological recovery between the surgery and conservative
treatment groups [3]. Another study conducted by Mazaki et al.
also showed that neurological improvement does not change with
surgical treatment, although they observed a higher complication
rate in individuals who underwent surgery [4]. Ishida et al.
reported that participants who underwent conservative treatment
had significant neurological improvement and none of them
required surgery [17]. In the present study, a higher prevalence of
cervical OPLL, higher proportion of SI changes on MRI, worse
baseline AIS grade, and lower baseline AMS were observed in the
surgery group than in the conservative treatment group before

propensity score matching. These findings indicate that spine
surgeons in Japan tend to perform surgery for cervical OPLL in
individuals with more severe CSCI without bone injury. Before
propensity score matching, the surgery group showed greater
improvement in the AMS at the 6-month follow-up, suggesting a
positive effect of surgery on neurological recovery. However, after
excluding the confounding factors by propensity score-matched
analysis, neurological recovery (changes in the AMS at the
6-month follow-up) were not significantly different between the
surgery and conservative treatment groups. Although the
frequency of other in-hospital complications was similar between
the groups, it is important to consider that perioperative
complications such as dural tear, SSI, or C5 palsy were observed
in a small proportion of participants who were treated surgically.
Conservative treatment is suggested to be a better option for
older individuals with CSCI without bone injuries.
Recent studies revealed that early decompressive surgery

within 24 h of spinal cord injury was associated with improved
neurological recovery [25, 26]. Conversely, a randomized clinical
trial of motor-incomplete CSCI without bone injury in participants
aged 20 to 79 years revealed that early surgery within 24 h of
spinal cord injury produced motor recovery at 1 year after injury
comparable to that of late surgery, but demonstrated accerelated
recovery within the first 6 months [27]. Because the number of
participants who underwent early surgery prior to 24 h after spinal
cord injury was small (n= 9) in the present study, we did not
statistically compare early surgery with late surgery. Further
studies are necessary to determine the benefits of early surgery in
older individuals with CSCI without bone injuries.

LIMITATIONS
There are potential limitations to the present study. This was a
retrospective study that included a selection bias. We realize that a
substantial number of participants were lost to the 6-month
follow-up. Compared with those who completed follow-up, those
who were lost to follow-up showed older age, higher mortality
rate, higher prevalence of respiratory disease, and lower baseline
AMS (Table S1). Treatment strategy (surgery, conservative treat-
ment, or initial conservative treatment converted to surgery) did
not affect the 6-month follow-up rate (Table S2). Because of the
small sample size (n= 178) after propensity-score matching, the
possibility of a type II error should be acknowledged. Historically,
Japanese spine surgeons usually perform elective surgery in
individuals with CSCI without bone injury. Similar to a previous
study in Japan, in our study, surgery was performed at a median of
7.5 days after injury before propensity-score matching, which may
affect the results of the present study [3]. We only included
inpatients in acute hospitals and excluded outpatients, resulting in
a higher proportion of individuals who underwent surgery. The
indications for surgery or conservative treatment and choice of
surgical technique were left to the discretion of the surgeon at
each hospital. The conservative treatment and rehabilitation
program were not standardized due to the lack of a universally
accepted care bundle. In general, surgeons tend to perform
surgery for individuals with smaller cervical canals, which may
result in a difference in cervical canal size between surgery and
conservative treatment groups. Because cervical canal diameter
data were not obtained in the present study, the influence of
cervical canal size on neurological outcomes was not evaluated.
Further studies are necessary to determine the influence of degree
of pre-existing cervical canal stenosis on neurological outcomes.
Because we did not have preoperative (just before surgery)
neurological data of individuals who had initially been managed
conservatively and underwent surgery due to persistence or
deterioration of symptoms, those participants were excluded from
the present study. Therefore, this study did not evaluate the effect
of surgery on persons with persistent or deteriorated symptoms.

Table 3. Propensity score-matched comparison of baseline
characteristics and comorbidities according to the therapeutic
approach.

Surgery Nonsurgery P value

Number of cases 89 89

Age at injury 74 ± 6.1 75 ± 6.5 0.86

Sex (male, %) 67 64 0.63

Body mass index (kg/m2) 22 ± 3.2 22 ± 3.5 0.73

Comorbidities (%)

Hypertension 47 51 0.65

Diabetes mellitus 24 26 0.73

Cardiac disease 15 16 0.83

Respiratory disease 3.4 3.4 1.0

Renal disease 3.4 2.3 0.65

Cerebrovascular disease 7.9 10.1 0.60

Cervical OPLL (%) 43 42 0.88

Mechanism of injury 0.44

Fall 89 84

Motor vehicle accident 9.0 15

Other 2.2 1.1

SI changes on MRI (%) 88 85 0.66

Baseline AIS grade (%) 0.96

A 5.6 4.5

B 4.5 3.4

C 42 43

D 48 49

Central cord syndrome (%) 35 39 0.54

Baseline AMS 62 ± 27 62 ± 31 0.98

Steroid therapy for CSCI 23 26 0.60

Values are mean ± standard deviation or %.
OPLL ossification of the posterior longitudinal ligament, SI signal intensity,
MRI magnetic resonance imaging, AIS American spinal injury association
impairment scale, AMS, American spinal injury association motor score,
CSCI cervical spinal cord injury.
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We did not evaluate the neurological outcomes over the long
term (>6 months after injury) in the present study. Further studies
are necessary to determine the benefits of surgery over the long
term in individuals with pre-existing cervical stenosis. Biases
caused by propensity score matching could have occurred
because we did not use data from unmatched participants in
the analysis of post-injury outcomes. Therefore, future prospective
studies with larger sample sizes may be required to confirm the
results of the present study.

CONCLUSION
In the present study, surgery was performed at a median of 9.0
(3.0–17) days after CSCI without bone injury after propensity-score
matching. Neurological recovery was comparable between
surgery and conservative treatment after CSCI without bone
injury in older individuals. A small proportion of the participants
who underwent surgery demonstrated perioperative complica-
tions. Conservative treatment is suggested to be a better option
for older individuals with CSCI without bone injuries; however, this
finding requires further validation.

DATA AVAILABILITY
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.
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