
1

Vol.:(0123456789)

Scientific Reports |         (2023) 13:2689  | https://doi.org/10.1038/s41598-023-29877-2

www.nature.com/scientificreports

Characteristics of the cervical spine 
and cervical cord injuries in older 
adults with cervical ossification 
of the posterior longitudinal 
ligament
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Although the incidence of cervical spinal cord injury (CSCI) with ossification of the posterior 
longitudinal ligament (OPLL) has increased in older adults, its etiology and neurological outcomes 
remain unknown. We identified OPLL characteristics and determined whether they influence 
neurological severity and improvement of CSCI in older patients. This multicenter retrospective 
cohort study identified 1512 patients aged ≥ 65 years diagnosed with CSCI on admission during 
2010–2020. We analyzed CSCI etiology in OPLL patients. We performed propensity score-adjusted 
analyses to compare neurological outcomes between patients with and without OPLL. Cases were 
matched based on variables influencing neurological prognosis. The primary neurological outcome 
was rated according to the American Spine Injury Association (ASIA) impairment scale (AIS) and 
ASIA motor score (AMS). In 332 OPLL patients, the male-to-female ratio was approximately 4:1. 
Half of all patients displayed low-energy trauma-induced injury and one-third had CSCI without a 
bony injury. Propensity score matching created 279 pairs. There was no significant difference in the 
AIS grade and AMS between patients with and without OPLL during hospitalization, 6 months, and 
12 months following injury. OPLL patients tended to exhibit worse neurological findings during injury; 
nevertheless, OPLL was not associated with poor neurological improvement in older CSCI patients.
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Cervical spinal cord injury (CSCI) in the older adults is expected to increase with an increase in the aging 
population1, and related falls among the older adults in recent decades, thus posing a serious public health 
concern2,3. CSCI in older adults is related to preexisting canal stenosis owing to the ossification of the posterior 
longitudinal ligament (OPLL)4. OPLL of the cervical spine is an inflammatory process that causes the replace-
ment of the posterior longitudinal ligament by the lamellar bone, thereby resulting in spinal cord compression. 
Moreover, cervical OPLL develops in individuals in their 30 s and 40 s, and the progression halts in patients 
over 65 years5–7.

The presence of OPLL is a risk factor for CSCI. A recent nationwide cohort study investigating the impact of 
OPLL on the occurrence, severity, and prognosis of CSCI reported that OPLL is a risk factor for CSCI, and this 
risk is mitigated by surgical treatment8. Another study demonstrated that patients conservatively managed with 
OPLL displayed a 4.8-fold higher risk for CSCI than an age- and sex-matched population without OPLL9. Moreo-
ver, the influences of OPLL on CSCI are particularly strong for CSCI without bone injury4,10. CSCI without bone 
injury is increasing, a trend that may be related to OPLL and the aging population worldwide2,3. In individuals 
with cervical OPLL, the onset of CSCI is caused by trauma. In addition, it displays a poor prognosis11,12. Cervi-
cal myelopathy with OPLL leads to poorer postoperative outcomes and neurological improvement rates with 
cervical laminoplasty, compared with degenerative cervical myelopathy13. However, the epidemiology, severity, 
and prognosis of traumatic CSCI with OPLL in older adults are unknown.
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We retrospectively evaluated a large number of older adults (aged ≥ 65 years) with CSCI and OPLL in the 
Japanese population. We aimed to identify the patient’s background characteristics and determine their impact 
on the severity of neurological deficits and their improvement in CSCI in older patients.

Methods
The Japan Association of Spine Surgeons with Ambition performed a multicenter retrospective cohort study 
on inpatients aged ≥ 65 with cervical spinal cord and spine injury at 33 medical centers between 2010 and 2020, 
with a minimum follow-up period of 3 months. The Institutional Review Board of the representative facility (No. 
3352-1) and each center approved the study protocol. The current study is a report presentation collected from 
similar data as other studies14,15 and was conducted in compliance with the Declaration of Helsinki.

A total of 1512 patients with CSCI were included in this study. The variables included the age at injury, sex, 
height, weight, body mass index (BMI), pre-injury activities of daily living (ADL), the mechanism of injury, the 
number of diagnosed with OPLL before the injury, the number of vertebral levels of OPLL, the level of signal 
intensity change on magnetic resonance imaging (MRI), the presence of bone injury, the presence of diffuse 
idiopathic skeletal hyperostosis, American Spine Injury Association (ASIA) impairment scale (AIS) grade at the 
injury, complication injuries during injury, comorbidity before the injury, treatment, the period before surgery, 
surgical approach, and perioperative complications. OPLL was found in 332 of all patients. Moreover, the overall 
proportion of OPLL was 22.0% of the CSCI cases in older adults.

Analysis 1: OPLL vs. non‑OPLL.  We divided 1512 patients into two groups: those diagnosed with OPLL 
(OPLL group) and those without OPLL (non-OPLL group). The variables included the age at injury, sex, height, 
weight, BMI, smoking history, pre-injury ADL (independent walker or not), the presence of diabetes mellitus, 
dementia, cervical bone injury, signal intensity change on MRI, and surgical treatment. Injury mechanisms were 
classified as falling from the level ground (low energy) and more, such as high falls, traffic accidents, and others, 
including unspecified (high energy).

The moderator variables influencing the neurological prognosis (age, sex, BMI, pre-injury ADL, diabetes 
mellitus, dementia, bone injury, signal intensity change on MRI, and surgical treatment) were matched between 
the groups using propensity score matching (PSM). At baseline, 6 months, and 12 months of follow-up, the pri-
mary outcome measure comprised the ordinal change in the AIS grade and ASIA motor score (AMS). The time 
of admission was designated as baseline. We each assigned 5 points using 10 pairs of key muscles to evaluate 
the AMS. The scores ranged from 0 to 100. Higher scores in this range indicated stronger motor recovery. The 
secondary outcomes were morbidity and mortality from the baseline to 6 months and 12 months following injury.

Analysis 2: OPLL vs. non‑OPLL in CSCI without bone injury.  In patients with CSCI without bone 
injury, we compared the OPLL and non-OPLL groups. The moderator variables included age, sex, BMI, pre-
injury ADL, diabetes mellitus, dementia, signal intensity change on MRI, and surgical treatment. Similar to 
Analysis 1, we compared the primary and secondary outcomes by adjusting the PSM.

Statistical analyses.  Descriptive statistics for qualitative data are expressed as numbers and percentages, 
while quantitative data are expressed as the mean and standard deviation. We performed the Chi-square or 
Fisher’s exact tests and the t-test for the categorical and continuous variables, respectively. Following PSM, we 
conducted the McNemar test and paired t-test for the categorical and continuous variables, respectively.

Statistical test results were considered significant for p-values < 0.05, and all p-values were two-sided. All sta-
tistical analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), a 
graphical user interface for R (The R Foundation for Statistical Computing, Vienna, Austria, http://​www.R-​proje​
ct.​org/, version 4.1.1)16. More precisely, it is a modified version of the R commander designed to add frequently 
used statistical functions in biostatistics.

Ethical approval.  The institutional review board of representative facility reviewed and approved this study 
(Kanazawa University, No. 3352 1).

Informed consent.  Informed consent was obtained from all participants in this study.

Results
In the patients with OPLL in CSCI, the mean age was 75.3 ± 6.7 years, and the male-to-female ratio was 268:64, 
with men accounting for 80.7% of the population. The mean height and weight were 161.8 ± 8.7 cm and 
59.6 ± 10.9 kg, respectively. Before the injury, 88.0% of patients could walk independently, and approximately 
half of the injuries were caused by ground-level falls. Sixty-four percent of patients had CSCI without bone injury, 
and 31.6% developed diffuse idiopathic skeletal hyperostosis. The AIS grade at the time of injury ranged from A 
to C in 46.4% of patients. Comorbidities before injury included hypertension in 50.9% of patients and diabetes 
mellitus in 26.2% of patients. Surgical treatment was performed in 67.7% of patients, and the mean waiting period 
for surgery was 21.6 ± 46.1 days. The posterior surgical approach was adopted in 97.8% of cases (Table 1). Fig-
ure 1 depicts the sum of the levels with OPLL and signal intensity changes detected on MRI. Of the 175 patients 
for whom conservative treatment was selected as the initial treatment, 68 (38.9%) were eventually converted to 
surgery. As for reasons for conversion to surgery, 46 cases were because of worsening or persistent symptoms, 6 
were because of complications that initially made surgery not an option, and 16 cases were unknown.

http://www.R-project.org/
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Table 2 summarizes surgery-related and in-hospital complications.

Analysis 1: OPLL vs. non‑OPLL.  There were 332 patients in the OPLL group and 1,180 in the non-
OPLL group. Patients in the OPLL group displayed a higher men-to-women ratio (80.7% vs. 62.6%, p < 0.001), 
higher BMI (22.7 ± 3.9 vs. 21.7 ± 4.2, p < 0.001), higher rate of smoking history (39.8% vs. 27.1%, p = 0.001), 
higher prevalence of low energy trauma (50.2% vs. 35.2%, p < 0.001), higher prevalence of diabetes mellitus 

Table 1.   Demographic characteristics of older patients with CSCI with OPLL. CSCI, cervical spine cord 
injury; OPLL, ossification of the posterior longitudinal ligament; AIS, American Spine Injury Association 
impairment scale; DISH, diffuse idiopathic skeletal hyperostosis; and ADL, activities of daily living.

N = 332 Value

Age (yrs.) 75.3 ± 6.7

Sex (men:women) 268:64

Height (cm) 161.8 ± 8.7

Weight (kg) 59.6 ± 10.9

BMI (m/kg2) 22.7 ± 3.9

Pre-injury ADL (%)

 Walking independently 292 (88.0)

 Walking with a cane 23 (6.9)

 Walking with a walker 11 (3.3)

 Others 6 (1.8)

Injury mechanism (%)

 Falling from the level ground 165 (49.7)

 Falling from below one meter 43 (13.0)

 Falling above one meter 62 (18.7)

 Traffic accidents 45 (13.6)

 Others 17 (5.1)

Diagnosed for OPLL before injury (%) 16 (4.8)

Cervical bone injuries (%)

 With 121 (36.4)

 Without 211 (63.6)

With DISH (%) 105 (31.6)

AIS at injury (%)

 A 39 (11.7)

 B 22 (6.6)

 C 93 (28.0)

 D 139 (41.9)

 Without neurological disorder 37 (11.1)

 Unknown 2 (0.6)

Comorbidity before the injury (%)

 Hypertension 169 (50.9)

 Diabetes mellitus 87 (26.2)

 Cardiovascular disease 55 (16.6)

 Cerebrovascular disease 34 (10.2)

 Malignant tumor 33 (9.9)

 Renal disease 17 (5.1)

 Osteoporosis 16 (4.8)

 Dementia 16 (4.8)

 Respiratory disease 11 (3.3)

 Rheumatoid arthritis 8 (2.4)

 Parkinson’s disease 5 (1.5)

Surgical treatment (%) 225 (67.8)

Time to surgery (days) 21.6 ± 46.1

Surgical approach (%)

 Posterior 220 (97.8)

 Anterior 4 (1.7)

 Anterior and posterior 1 (0.3)
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(26.7% vs. 21.0%, p = 0.035), a higher proportion of signal intensity change on MRI (78.1% vs. 57.9%, p < 0.001), 
and a higher proportion of surgical treatment (67.8% vs. 57.5%, p = 0.001) than the non-OPLL group (Table 3). 
The baseline AIS grade was not significantly different between the groups before matching (p = 0.630). In con-
trast, the baseline AMS in the OPLL group was significantly lower than in the non-OPLL group (55.6 ± 34.2 vs. 
60.7 ± 32.7, p = 0.029). Patients in the OPLL group displayed a higher in-hospital complication rate than those in 
the non-OPLL group (38.0% vs. 30.6%, p = 0.013). There were no significant differences in the in-hospital mor-
tality between the groups (5.8% vs. 3.9%, p = 0.170) (Table 4). Following PSM of the baseline characteristics, both 
groups had 279 patients. The AIS grade and AMS from baseline were not significantly different between each 
group. There were no significant differences in the in-hospital complication rate. However, the OPLL group dis-
played significantly higher in-hospital mortality than the non-OPLL group (5.4% vs. 1.4%, p = 0.010). Changes 
in the AIS grade and AMS from the baseline to 6 months and 12 months following injury were not significantly 
different between the groups. There was no significant difference in the comorbidity and mortality at 6 months 
and 12 months following injury (Table 4).

Analysis 2: OPLL vs. non‑OPLL in CSCI without bone injury.  There were 221 patients with CSCI 
without bone injury in the OPLL group and 403 in the non-OPLL group. Patients in the OPLL group dem-
onstrated younger age (74.4 ± 6.6 vs. 75.9 ± 6.7, p = 0.008), higher men-to-women ratio (78.7% vs. 68.2%, 
p = 0.006), higher BMI (22.8 ± 4.2 vs. 22.0 ± 4.0, p = 0.020), higher rate of smoking history (39.8% vs. 27.1%, 

Figure 1.   OPLL levels (A) and signal intensity changes on MRI (B). OPLL, ossification of the posterior 
longitudinal ligament; MRI, magnetic resonance imaging.

Table 2.   Surgery-related and in-hospital complications. SSI, surgical site infection.

Surgery-related complications (%) N = 225 In-hospital complications (%) N = 332

Dural tear 4 (1.8) Death 19 (5.7)

Extubation difficulties 2 (0.9)    Pneumonia 8

Spinal cord injury 1 (0.4)    Airway obstruction 3

Massive bleeding 2 (0.9)    Intestinal necrosis 1

Radial nerve palsy 1 (0.4)    Massive bleeding 1

SSI 6 (2.7)    Unknown 6

C5 palsy 4 (1.8) Pneumonia 45 (13.6)

Worsening radiculopathy 2 (0.9) Urinary tract infection 38 (11.4)

Epidural hematoma 1 (0.4) Respiratory failure 36 (10.8)

Implant failure 1 (0.4) Dysphagia 34 (10.2)

Reoperation 9 (4.0) Delirium 26 (7.8)

 Infection 3 Thromboembolism 8 (2.4)

 Additional decompression 2 Cerebral infarction 3 (0.9)

 Additional fixation 1 Retropharyngeal hematoma 1 (0.3)

 Screw replacement 1 Others 15 (4.5)

 Dysphagia 2
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Table 3.   A comparison of the demographic data at baseline. PSM, propensity score matching; BMI, body mass 
index; MRI, magnetic resonance imaging.

Before PSM After PSM

OPLL (N = 332) Non-OPLL (N = 1180) p-value OPLL (N = 279) Non-OPLL (N = 279) p-value

Age (yrs.) 75.3 ± 6.7 76.0 ± 7.0 0.099 74.9 ± 6.4 74.7 ± 6.2 0.72

Sex (%)

 Men 268 (80.7) 739 (62.6)  < 0.001 224 (80.3) 223 (79.9) 1

 Women 64 (19.3) 441 (37.4) 55 (19.7) 56 (20.1)

BMI (m/kg2) 22.7 ± 3.9 21.7 ± 4.2  < 0.001 22.5 ± 3.8 22.8 ± 3.4 0.39

Smoking history (%) 86 (39.8) 202 (27.1) 0.001 72 (39.6) 76 (43.7) 0.45

Diabetes mellitus (%) 87 (26.7) 243 (21.0) 0.035 73 (26.2) 73 (26.2) 1

Dementia (%) 13 (4.0) 82 (7.1) 0.054 8 (2.9) 8 (2.9) 1

Independent walker (%) 292 (89.0) 1049 (89.7) 0.76 253 (90.7) 258 (92.5) 0.54

Low energy trauma 165 (50.2) 414 (35.2)  < 0.001 138 (49.5) 133 (47.7) 0.74

Without cervical fracture 
(%) 211 (63.7) 403 (34.2)  < 0.001 177 (63.4) 161 (57.7) 0.19

Signal intensity change on 
MRI (%) 246 (78.1) 617 (57.9)  < 0.001 217 (77.8) 227 (81.4) 0.35

Surgical treatment (%) 225 (67.8) 678 (57.5) 0.001 190 (68.1) 207 (74.2) 0.14

Table 4.   A comparison of the primary and secondary outcomes between the OPLL and non-OPLL groups. 
PSM, propensity score matching; OPLL, ossification of the posterior longitudinal ligament; AIS, American 
Spine Injury Association impairment scale; and AMS, American Spine Injury Association motor score.

Before PSM After PSM

OPLL (N = 332) Non-OPLL (N = 1180) p-value OPLL (N = 279) Non-OPLL (N = 279) p-value

Baseline

 AIS (%)

  A 39 (13.3) 86 (11.4) 0.63 33 (13.3) 20 (8.5) 0.40

  B 22 (7.5) 46 (6.1) 18 (7.2) 20 (8.5)

  C 93 (31.7) 243 (32.2) 81 (32.5) 78 (33.2)

  D 139 (47.4) 379 (50.3) 117 (47.0) 117 (49.8)

 AMS 55.6 ± 34.2 60.7 ± 32.7 0.029 56.3 ± 33.7 57.3 ± 31.8 0.73

 Complication (%) 124 (38.0) 359 (30.6) 0.013 107 (38.6) 90 (32.3) 0.13

 Death (%) 19 (5.8) 46 (3.9) 0.17 15 (5.4) 4 (1.4) 0.010

6 months

 AIS improvement (%)

  Worsening 2 (1.1) 3 (0.6) 0.62 2 (1.3) 1 (0.5) 0.58

  No improvement 112 (59.9) 306 (56.1) 94 (59.1) 99 (53.5)

  Improvement 63 (33.7) 205 (37.6) 56 (35.2) 73 (39.5)

  At least a 2-grade 
improvement 10 (5.3) 31 (5.7) 7 (4.4) 12 (6.5)

 AMS improvement 15.6 ± 19.3 15.4 ± 19.3 0.87 16.2 ± 19.9 17.8 ± 20.0 0.48

 Comorbidity (%) 22 (9.6) 63 (7.2) 0.21 16 (8.5) 17 (7.4) 0.72

 Mortality (%) 1 (0.4) 0 (0.0) 0.21 1 (0.5) 0 (0.0) 0.45

12 months

 AIS improvement (%)

  Worsening 1 (0.8) 0 (0.0) 0.41 1 (0.9) 0 (0.0) 0.50

  No improvement 71 (54.6) 210 (52.4) 61 (54.0) 67 (50.4)

  Improvement 50 (38.5) 161 (40.1) 45 (39.8) 54 (40.6)

  At least a 2-grade 
improvement 8 (6.2) 30 (7.5) 6 (5.3) 12 (9.0)

 AMS improvement 17.7 ± 22.9 16.8 ± 20.5 0.66 18.5 ± 23.6 20.0 ± 21.7 0.62

 Comorbidity (%) 15 (9.3) 32 (5.0) 0.058 12 (8.8) 7 (4.3) 0.15

 Mortality (%) 1 (0.6) 4 (0.6) 1 1 (0.7) 3 (1.9) 0.63
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Table 5.   Patient demographics in cervical spinal cord injury without bone injury. PSM, propensity score 
matching; BMI, body mass index; MRI, magnetic resonance imaging; and OPLL, ossification of the posterior 
longitudinal ligament.

Before PSM After PSM

OPLL (N = 211) Non-OPLL (N = 403) p-value OPLL (N = 176) Non-OPLL (N = 176) p-value

Age (yrs.) 74.4 ± 6.6 75.9 ± 6.7 0.008 74.3 ± 6.1 74.8 ± 6.7 0.46

Sex (%)

 Men 166 (78.7) 275 (68.2) 0.006 136 (77.3) 129 (73.3) 0.46

 Women 45 (21.3) 128 (31.8) 40 (22.7) 47 (26.7)

BMI (m/kg2) 22.8 ± 4.2 22.0 ± 4.0 0.020 22.6 ± 4.2 22.4 ± 3.7 0.58

Smoking history (%) 61 (44.9) 75 (30.4) 0.005 53 (45.7) 42 (36.8) 0.18

Diabetes mellitus (%) 60 (29.0) 112 (28.4) 0.92 52 (29.5) 49 (27.8) 0.81

Dementia (%) 6 (2.9) 22 (5.6) 0.16 4 (2.3) 6 (3.4) 0.75

Independent walker (%) 188 (90.4) 352 (88.2) 0.50 161 (91.5) 161 (91.5) 1

Low energy trauma 114 (54.8) 211 (52.5) 0.61 93 (52.8) 94 (53.4) 1

Signal intensity change on 
MRI (%) 179 (87.3) 327 (82.6) 0.16 152 (86.4) 160 (90.9) 0.24

Surgical treatment (%) 130 (61.6) 178 (44.2)  < 0.001 109 (61.9) 122 (69.3) 0.18

Table 6.   A comparison of the primary and secondary outcomes between the OPLL and non-OPLL groups 
with CSCI without bone injury. PSM, propensity score matching; OPLL, ossification of the posterior 
longitudinal ligament; CSCI, cervical spinal cord injury; AIS, American Spine Injury Association impairment 
scale; and AMS, American Spine Injury Association motor score.

Before PSM After PSM

OPLL (N = 211) Non-OPLL (N = 403) p-value OPLL (N = 176) Non-OPLL (N = 176) p-value

Baseline

 AIS (%)

  A 18 (8.6) 16 (4.0) 0.032 16 (9.1) 4 (2.3) 0.045

  B 15 (7.1) 16 (4.0) 11 (6.3) 11 (6.3)

  C 71 (33.8) 144 (35.8) 60 (34.3) 69 (39.4)

  D 106 (50.5) 226 (56.2) 88 (50.3) 91 (52.0)

 AMS 58.2 ± 32.8 65.2 ± 29.2 0.009 58.6 ± 32.3 61.7 ± 29.1 0.36

 Complication (%) 58 (28.0) 92 (22.9) 0.17 49 (28.0) 37 (21.0) 0.14

 Death (%) 5 (2.4) 8 (2.0) 0.77 3 (1.7) 3 (1.7) 1

6 months

 AIS improvement (%)

  Worsening 1 (0.7) 2 (0.7) 0.19 1 (0.9) 1 (0.7) 0.12

  No improvement 87 (62.1) 169 (56.9) 72 (61.5) 69 (49.6)

  Improvement 43 (30.7) 116 (39.1) 37 (31.6) 63 (45.3)

  At least a 2-grade 
improvement 9 (6.4) 10 (3.4) 7 (6.0) 6 (4.3)

 AMS improvement 16.5 ± 19.9 16.1 ± 18.1 0.85 17.3 ± 20.6 17.8 ± 19.2 0.83

 Comorbidity (%) 12 (8.0) 23 (7.7) 1 8 (6.4) 5 (3.4) 0.27

 Mortality (%) 0 0 NA 0 0 NA

12 months

 AIS improvement (%)

  Worsening 0 0 0.45 0 0 0.26

  No improvement 58 (58.6) 113 (53.6) 53 (60.2) 48 (48.5)

  Improvement 34 (34.3) 87 (41.2) 29 (33.0) 44 (44.4)

  At least a 2-grade 
improvement 7 (7.1) 11 (5.2) 6 (6.8) 7 (7.1)

 AMS improvement 18.5 ± 24.1 18.1 ± 19.5 0.88 19.2 ± 24.7 19.6 ± 20.7 0.90

 Comorbidity (%) 10 (8.9) 6 (2.8) 0.027 8 (8.2) 1 (1.0) 0.016

 Mortality (%) 1 (0.9) 1 (0.5) 1 1 (1.0) 0 (0.0) 0.49
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p = 0.001), and a higher proportion of surgical treatment (61.6% vs. 44.2%, p < 0.001) than those in the non-
OPLL group14 (Table5). Patients in the OPLL group displayed a lower baseline AIS grade (p = 0.032) and baseline 
AMS (58.2 ± 32.8 vs. 65.2 ± 29.2, p = 0.009) than those in the non-OPLL group before matching15. There were 
no significant differences in the in-hospital complications and mortality between the groups (28.0% vs. 22.9%, 
p = 0.166; 2.4% vs. 2.0%, p = 0.770) (Table 6). Following PSM of the baseline characteristics, both groups had 176 
patients. The AIS grade from baseline was significantly lower in the OPLL group than in the non-OPLL group 
(p = 0.045). Changes in the AIS grade and AMS from the baseline to 6 months and 12 months post-injury were 
not significantly different between the groups. There were only significant differences in the comorbidity at 
12 months following injury (8.2% vs. 1.0%, p = 0.016) (Table 6).

Discussion
This large multicenter study investigated the epidemiology of CSCI with OPLL in older adults. Our results showed 
that CSCI occurred in concomitance with OPLL in 22.0% of the older population. The male-to-female ratio in 
the OPLL group was approximately 4:1. Half of all patients experienced low-energy trauma-induced injury, and 
one-third had CSCI without bony injury. A total of 279 pairs were created using PSM. There was no significant 
difference in the AIS grade and AMS between patients with and without OPLL during hospitalization, and 6 and 
12 months after injury. Our findings suggested that patients with CSCI with OPLL can be expected to improve 
in a manner similar to that in patients without OPLL.

The prevalence of OPLL within a Japanese older patient population with CSCI was 22.0% and that of CSCI 
without bone injury in older adults was 34.4%. Kawano et al.17 reported that 22.2% of patients with traumatic 
CSCI had OPLL, and Boody et al.18 reported that approximately 30% of the patients with CSCI had OPLL. Endo 
et al.19 identified OPLL in 6.5% of the patients with CSCI. In contrast, Okada et al.20 reported OPLL in 10.1% of 
the patients with CSCI. Chikuda et al.4 reported that 34% of those with CSCI without bone injury had OPLL, 
compared with 38% of patients identified by Koyanagi et al.21. Approximately 26–38% of CSCI cases without 
bone injury are associated with OPLL22,23. Our results are similar to previous reports.

Regarding sex differences in OPLL, the men-to-women ratio was 80.7% in the older adults with CSCI and 
OPLL. Ohtsuka et al.24 reported that the prevalence of OPLL was 4.3% and 2.4% in men and women, respectively, 
in an X-ray survey of healthy Japanese. Previous observational studies demonstrated that the prevalence of OPLL 
in the general population is approximately two-fold higher in men than in women25,26. A nationwide survey in 
Japan showed that the men-to-women ratio was 3:1 in those with traumatic CSCI2. Our study displayed a high 
proportion of men, nearly four times that of women, considering the prevalence of OPLL in the general popula-
tion. In older adults with OPLL, we observed a higher proportion of men with CSCI.

The OPLL group tended to display severe paralysis during the injury. After adjusting for the background 
variables affecting the neurological findings during injury, there were no significant differences in the AIS grade 
and AMS between the OPLL and non-OPLL groups, except for the AIS grade in patients with CSCI without 
bone injury. There was no significant difference in the rate of improvement in the neurological findings between 
patients with and without OPLL in either the AIS grade or AMS. Few reports have compared the rate of improve-
ment of the neurological findings in patients with and without OPLL. These results indicated that the presence 
of OPLL exacerbates the neurological symptoms at the time of injury, but it had less impact on the recovery 
process of the neurological symptoms.

In this study, the in-hospital complication rate was 9.6% and 7.2% in the OPLL and non-OPLL groups, respec-
tively, which was not significantly different and lower than in previous reports. However, patients with CSCI 
are frail and have a significant risk of complications. In previous reports, the in-hospital complication rate for 
spine surgery in older adults was approximately 20%, with hemorrhage, delirium, and UTI as the most common 
complications27,28. Bernstein et al.29 reported that the number of surgical cases of OPLL has increased signifi-
cantly and provided national estimates for 21% of inpatient postoperative complications. For patients requiring 
surgical treatment for degenerative cervical myelopathy, OPLL can present a significant surgical challenge, with 
complication rates ranging from 5.2 to 57.6%30. Moreover, in a prospective, multicenter study, OPLL was an 
independent risk factor for perioperative complications in patients surgically treated for cervical myelopathy31. 
One factor contributing to the low complication rate in this study was that morbidity in retrospective studies 
is not calculated as accurately as in prospective studies and may be underestimated32. The comorbidity rate at 
6 months and 12 months following injury was higher in the OPLL group with CSCI without bone injury, even 
after adjusting for the PSM using background variables. There was no significant difference in mortality between 
the groups. Similar to previous reports, we observed a trend towards a higher complication rate in patients with 
OPLL, and the OPLL group demonstrated a tendency to have greater complications.

This study has several limitations. First, it was not excluded from sampling bias because it cannot be extracted 
from medical records. Second, we did not evaluate the ossification type. There was no information available 
about the length and thickness of OPLL, which might be correlated with CSCI. We did not comprehensively 
investigate the relationship between the diameter of the spinal canal, the degree of cord compression, and the 
risk of myelopathy. Therefore, this necessitated further research on the morphology of OPLL. Third, the treat-
ment contents and policies are not standardized among facilities, a limitation in a retrospective multicenter 
study; thus, prospective studies are desirable in the future. Fourth, the 12-month follow-up after PSM may have 
insufficient power to compare the mortality and morbidity in a reduced sample size. However, this novel study 
analyzed a large amount of sample data comparison among patients with or without OPLL. Prospective studies 
are preferred for an accurate assessment of morbidity and mortality.
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Conclusions
The prevalence of OPLL in CSCI was 22.0% in older adults. Patients with OPLL had a higher proportion of men, 
higher BMI, higher smoking history rate, greater injuries owing to low energy as falling from the level ground, 
higher prevalence of diabetes mellitus, a higher proportion of signal intensity changes on MRI, and a higher 
proportion of surgical treatment.

In this study, patients with OPLL tended to display worse neurological findings during the injury; nonethe-
less, OPLL was not associated with poorer neurological improvement after CSCI.

Data availability
The study data and materials’ details may be made available upon reasonable request by e-mail the correspond-
ing author.
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