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ORIGINAL ARTICLE

Effects of Concomitant Traumatic Spinal Cord and Brain
Injury on In-Hospital Mortality: A Retrospective Analysis
of a Nationwide Trauma Registry in Japan
Jotaro Tachino,1,*,** Andreas K. Demetriades,2–4,** Wilco Peul,2,3 Shunichiro Nakao,1 Yusuke Katayama,1

Kenta Tanaka,5 Tetsuhisa Kitamura,5 Tomoya Hirose,1 Kosuke Kiyohara,6 Yutaka Umemura,7 Takeyuki Kiguchi,7

Masahiro Ojima,8 Kenichiro Ishida,8 and Jun Oda1

Abstract
Isolated traumatic spinal cord injury (t-SCI) and traumatic brain injury (TBI) represent significant public health
concerns, resulting in long-term disabilities and necessitating sophisticated care, particularly when occurring
concurrently. The impact of these combined injuries, while crucial in trauma management, on clinical, socio-
economic, and health care outcomes is largely unknown. To address this gap, our secondary retrospective
cohort study used data from the Japan Trauma Data Bank, covering patients enrolled over a 13-year period
(2006–2018), to elucidate the effects of concurrent t-SCI and TBI on in-hospital mortality. Data on patient
demographics, injury characteristics, treatment modalities, and outcomes were analyzed. Multivariate logistic
regression analysis was performed to examine prognostic variables associated with in-hospital mortality,
including interaction terms between t-SCI severity and TBI presence. This study included 91,983 patients
with neurotrauma, with a median age of 62 years (69.7% men). Among the patients, 9,018 (9.8%) died in the
hospital. Concomitant t-SCI and TBI occurred in 2,954 (3.2%) patients. t-SCI only occurred in 9,590 (10.4%)
patients, whereas TBI only occurred in the majority of these cases (79,439, 86.4%). Multivariate logistic regres-
sion analysis revealed age; sex; total number of comorbidities; systolic blood pressure at presentation;
Glasgow coma scale score at presentation; and Abbreviated Injury Scale (AIS) scores for head, face, chest,
abdomen, cervical-SCI, thoracic-SCI, and lumbar-SCI as significant independent factors for in-hospital mortal-
ity. The odds ratio of cervical-SCI · head AIS as an interaction term was 0.85 (95% confidence interval:
0.77–0.95), indicating a negative interaction. In conclusion, we identified 12 factors associated with in-
hospital mortality in patients with t-SCI. In addition, the negative interaction between cervical t-SCI and TBI
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suggests that the presence of t-SCI in patients with TBI may be underestimated. This study highlights the
importance of early recognition and comprehensive management of these complex trauma conditions
while considering the possibility of concomitant t-SCI in patients with TBI.

Keywords: concomitant trauma; interaction effect; nationwide cohort study; traumatic brain injury; traumatic
spinal cord injury

Introduction
Traumatic spinal cord injury (t-SCI) refers to damage to
the spinal cord, with or without vertebral fractures, caused
by an external physical force on the axial skeleton and its
ligaments, resulting in partial or total loss of motor, sen-
sory, and autonomic functions, which is rarely reversible.
However, in some patients, early decompressive and
reconstructive spine surgery can improve neurological
deficits.1,2 Besides causing lifelong suffering for patients
and their families, t-SCI incurs high medical and societal
costs in both its acute and chronic phases.3,4 This long-
term disability presents challenges to traumatologists,
orthopedic surgeons, neurosurgeons, and rehabilitation-
ists,5 with the associated health care burdens indicating a
serious public health and socioeconomic concern.6

Traumatic brain injury (TBI) is another devastating
injury. In particular, a Glasgow coma scale (GCS) score
£8 indicates severe TBI (s-TBI), posing significant risks
of long-term disability and mortality.3,7 Similarly, mod-
erate and mild TBI can result in lifelong health problems
and disability due to irreversible damage to the central
nervous system.8–10

The cranium and cervical spine are vulnerable to con-
current injuries owing to their close anatomical and bio-
mechanical relationship. Specifically, head impact is
particularly likely to cause cervical spine injury, particu-
larly at the cranio–cervical junction. Neurological assess-
ment is essential for diagnosing t-SCI; however,
identifying spinal cord damage from physical findings in
the presence of s-TBI, where the patient is in a comatose
or minimally conscious state, as indicated by a GCS
score £8, is difficult.11 Conversely, in the presence of t-
SCI, the impact of intracranial injury may be difficult to
isolate, which can be problematic in trauma care, particu-
larly in severely traumatized patients on neurocritical
care mechanical ventilators.12 Failure of physicians and
nurses to diagnose concomitant injuries accurately in the
acute phase can exacerbate the initial damage, risking
secondary damage to the nervous system due to misdir-
ected trauma care,13 because of underestimation of one
of the two neurotrauma mechanisms. While several stud-
ies have examined the incidence and prevalence of com-
bined craniospinal injuries,14,15 the impact of these
injuries on clinical outcomes, treatment implementation,
and rehabilitation capacity remains largely unknown. In
addition, recent studies have attempted to elucidate the

pathophysiology of multiple traumas by evaluating the
interactions between complex injured regions.16–18

We hypothesized that examining the interactions
between craniocerebral and spinal cord injuries can provide
a new perspective on neurotrauma and intensive care.
Given its potential for severe sequelae either from the com-
bination itself or from delayed treatment, concomitant cra-
niospinal injury represents a complex trauma, indicating the
importance of accurate epidemiological data and character-
istics in guiding investigations and patient management.

In this study, we aimed to describe the epidemiological
characteristics of concomitant craniospinal injuries and
the role of their interaction in the risk of fatal injuries. We
also investigated modifiable variables and assessed their
impact on in-hospital mortality and permanent disability
in these patients.

Methods
Study design and settings
The Japan Trauma Data Bank (JTDB) is a nationwide,
multicenter, prospective observational trauma registry
that includes all consecutive trauma patients encountered
in Japan. It was introduced nationwide in 2003 and regis-
tered data from 292 hospitals as of March 2021. The Jap-
anese Association for Surgery of Trauma and Japanese
Association of Emergency Medicine established the
JTDB to improve and ensure medical care quality in
Japan. Data are continuously recorded online through the
internet and stored on the data server of the Japan Trauma
Care and Research (JTCR). Patients with suspected inju-
ries of Abbreviated Injury Scale (AIS)19 scores ‡3 are
registered in the JTDB, mainly from tertiary care hospi-
tals and emergency centers. The database includes data
on age, sex, injury mechanism (eight accident types: car
accident, motorcycle accident, bicycle accident, traffic
accident [pedestrian], crashes from heights, falls from
stairs, falls on the ground, other trauma), time from onset
to arrival, preexisting comorbidities, vital signs on arrival,
GCS score,20,21 AIS,19 Injury Severity Score (ISS),22

Revised Trauma Score (RTS),23 and Trauma and Injury
Severity Score (TRISS).24

Institutional members of the JTCR have access to anony-
mized data in the JTDB. We obtained data from the JTCR,
with permission to conduct a secondary retrospective obser-
vational study. Anonymized data were not retrieved from
the original patient data in the hospital systems.
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Study populations
From January 1, 2006 to December 31, 2018, all patients
with TBI or t-SCI enrolled in the database were eligible
for this study. Cases involving interhospital transfers,
burn injury victims, pregnant women, cardiopulmonary
arrest at presentation, patients with an ISS of 75, and
those with significant missing data (unknown age, sex,
GCS score at presentation, or outcome) were excluded
from the analysis (Fig. 1). Interhospital transfers were
excluded due to changes in patient conditions caused by
therapeutic interventions and to avoid potential double
counting in registry data. Patients with burn injuries,
pregnancies, cardiopulmonary arrest at presentation, and
an ISS of 75 were excluded as these conditions differ
from the pathologies targeted in this study.

Explanatory variables and definitions
A datasheet with an exclusive set of AIS codes for t-
SCIs and spinal fractures was created (Supplementary
Table S1). A higher injury level was used for analysis in
cases with two or more registered t-SCI sites. The
explanatory variables for the multivariable analysis were
preselected based on biological plausibility and a priori
knowledge.25,26 The primary end-point was in-hospital
mortality.

Statistical analysis
Summary statistics of patient demographic characteristics
are presented as medians with numbers, percentages, and
interquartile ranges (IQRs), as appropriate. Multivariate

logistic regression analysis was performed to examine
prognostic variables as possible predictors of in-hospital
mortality, with in-hospital mortality used as the objective
variable of interest. Crude odds ratios (ORs), adjusted
odds ratios (AORs), and their 95% confidence intervals
(CIs) for mortality rates were calculated. Potential explan-
atory variables included age, sex, total number of comor-
bidities, vital signs at presentation (respiratory rate, heart
rate, systolic blood pressure [SBP], and GCS score), and
AIS score for each injury site (head, face, neck, chest,
abdomen, spine, upper extremity, and lower extremity/
pelvis). We subdivided SCI and spinal fractures into cer-
vical-, thoracic-, and lumbar-SCI according to AIS codes
to evaluate their interactions with TBI. Multivariate logis-
tic regression analysis included the following three inter-
action terms in one model: cervical t-SCI · TBI, thoracic
t-SCI · TBI, and lumbar t-SCI · TBI. In epidemiology,
interaction refers to the situation where the effect of one
risk factor (A) on a certain disease outcome is different
across strata of another risk factor (B) or vice versa.27

Multivariate logistic regression analysis was performed
using forced entry methods. Explanatory variables for
which adjustments were made were physiologically
essential or had been identified in relevant previous stud-
ies.25,26 Variance inflation factors (VIFs) were used to
check for multicollinearity.28 Logistic regression analysis
was used to estimate the impact of the interaction
between t-SCI severity and TBI presence (AIS score ‡3)
on in-hospital mortality. In addition, we evaluated the
effect size of the cervical t-SCI · TBI interaction term in

FIG. 1. Flow diagram for patient selection. t-SCI, traumatic spinal cord injury; TBI, traumatic brain injury;
ISS, Injury Severity Scale; GCS: Glasgow coma scale.

CONCURRENT SPINAL CORD AND BRAIN INJURY INSIGHTS 2103



TBI cases for a more robust analysis. For all statistical
inferences, a two-sided p value <0.05 was considered to
indicate significance. R software version 4.3.2 (v4.3.2;
https://www.r-project.org) was used for all analyses.

Ethical considerations
This study adhered to the principles of the STROBE guide-
lines and was performed in accordance with the Declara-
tion of Helsinki.29 The JTDB was approved by the Ethics
Committee of the Japanese Society for Trauma Surgery.
The approval documents of JTDB and the representative
institution can be viewed on the JTDB website (https://
www.jtcr-jatec.org/traumabank/dataroom/ethics2.htm).
Given the retrospective nature of the study, the requirement
for obtaining informed consent was waived. This study
was also approved by the Institutional Review Board of
Osaka University Hospital (Approval ID No. 16260).

Results
Among 343,917 registered trauma patients in the data-
base, 91,983 patients with neurotrauma were finally
included in the present analysis (Fig. 1). The median age
of patients was 62 years (interquartile range [IQR]: 38–75
years), and 69.7% of patients were men. The most com-
mon injuries were incidental falls on base-level ground
(19.5%, n = 17,980) and falls from stairs (16.5%, n =
15,188). At presentation, patients’ median respiratory rate
was 20 (IQR: 17–24)/minute, heart rate was 84 (IQR: 72–
98) beats/minute, SBP was 138 (IQR: 118–160) mmHg,
GCS score was 14 (IQR: 11–15), median ISS was 17
(IQR: 10–25), and median TRISS Ps was 0.94 (IQR:
0.87–0.98). The in-hospital mortality rate was 9.8% (n =
9,018), and the median length of hospital stay was 12
(IQR: 3–31) days (Table 1).

Characteristics of t-SCI by age
Histograms in Figure 2 show the age distribution of
patients for each t-SCI region. Cervical-SCI incidence was
the highest in older people, at all severity levels, and
involved a high incidence of relatively low-energy trauma,
including falls on base-level ground and falls from stairs
(Table 1). In addition, cervical-SCI showed a low inci-
dence among younger patients. Thoracic-SCI incidence
was distributed evenly among both young and older
patients, regardless of severity. The most common injury
mechanism for thoracic-SCI was fall from a height
(34.8%, n = 280). Severe lumbar-SCI tended to affect
younger patients more frequently, and 54.1% (n = 362) of
patients were injured by falling from a height, which was
similar to that for thoracic-SCI in that a high-energy injury
mechanism was more commonly involved. The character-
istics of all analyzed neurotrauma patients were evaluated
within the lower age quartile (age <38 years) and the upper
age quartile (age >75 years) (Supplementary Table S2,

Supplementary Table S3). In the lower age quartile, the
incidence of concomitant t-SCI and traumatic TBI was
1.6% (357/22,848). This group predominantly experienced
high-energy trauma mechanisms and tended to have torso
trauma. Contrastingly, in the upper age quartile, the inci-
dence of concomitant t-SCI and TBI was higher at 3.1%
(687/22,418). The mechanisms of injury in this group were
more often low energy, such as falls on level ground or
from stairs, compared with the younger group.

Association between spinal fracture and SCI
Despite the presence of SCI, no associated spinal fractures
were identified in 84.2% (n = 9,237) of the cervical-SCI,
53.1% (n = 427) of the thoracic-SCI, and 59.3% (n =
397) of the lumbar-SCI cases. In this population, patients
with spinal fractures but no SCI included those with cervi-
cal (3,846/5,188; 74%), thoracic (3,394/4,216; 81%), and
lumbar fractures (5,212/5,913; 88%) (Table 1).

Rate of concomitant craniospinal trauma
The distribution of isolated TBI, isolated t-SCI, and con-
comitant craniospinal injury was visualized using a Venn
diagram (Fig. 3). Among all patients, 79,439 (86.4%)
included isolated TBI cases, 9,590 (10.4%) included iso-
lated t-SCI cases, and 2,954 (3.2%) included concomi-
tant t-SCI+TBI cases.

Of all t-SCI cases, 23.5% (2,954/12,544) included TBI,
and 3.6% (2,954/82,393) of all TBI cases included t-SCI.
Among concomitant t-SCI+TBI cases, 2,405 (81.4%)
included mild TBI (GCS score: 13–15), 243 (8.2%)
included moderate TBI (GCS score: 9–12), and 306
(10.5%) included severe TBI (GCS score £ 8) (Fig. 4).
Furthermore, the distribution of TBI cases was visualized
using an alluvial plot, showing that the majority of con-
comitant injuries occurred with mild TBI (Fig. 5). In
addition, the more severe the TBI, the less frequently
t-SCI occurred, and most TBI-related deaths involved
few t-SCI cases. In the acute phase, among all TBI
patients, 4.8% (3,917/82,393) died within 48 h due to
severe TBI, and only 0.8% (32/3,917) of these cases also
had concomitant t-SCI.

Among all cervical-SCI cases, 23.7% (2,621/11,071)
included concomitant TBI, and 3.3% (2,621/79,439) of
all TBI cases included concomitant cervical-SCI.

Impact of concomitant trauma on surgical
treatment
Table 2 presents the patient characteristics of the con-
comitant t-SCI+TBI cases. The median age of these
patients was 65 years, and 79.4% of the patients were
men. The most common injury mechanisms were falls
from stairs (27.9% [n = 824]) and heights (15.9% [n =
470]). The median GCS score was 15 (IQR: 13–15), the
median ISS was 18 (IQR: 17–26), and the median TRISS
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Ps was 0.94 (0.85–0.96). The in-hospital mortality rate
was 5.3% (n = 156), and the median duration of hospital
stay was 23 days (IQR: 8–45 days). In total, 18.8%
(1,806/9,590) of the patients with t-SCI without TBI and
17.4% (513/2,954) of the patients with concomitant
t-SCI+TBI underwent spinal surgery. In contrast, cra-
niotomies were performed in 13.3% (10,528/79,439) of
TBI cases without t-SCI and in 1.7% (51/2,954) of con-
comitant t-SCI+TBI cases.

Factors associated with in-hospital mortality
for t-SCI
The in-hospital mortality rates for t-SCI without TBI,
TBI without t-SCI, and concomitant t-SCI+TBI were
2.6% (253/9,590), 10.8% (8,609/79,439), and 5.3%
(156/2,954), respectively. Multivariate logistic regres-
sion analysis results for factors influencing in-hospital

mortality in patients with t-SCI (including those with
concomitant TBI) are summarized in Table 3. The VIF
for multicollinearity was less than 7.0, indicating no
multicollinearity in the model.28 A total of 12 parame-
ters were identified as significantly and independently
associated with in-hospital mortality as follows: age;
sex; total number of comorbidities; SBP at presenta-
tion; GCS score at presentation; and AIS scores for
head, face, chest, abdomen, cervical-SCI, thoracic-SCI,
and lumbar-SCI. The AOR for in-hospital mortality of
cervical-SCI · head AIS interaction was 0.85 (95% CI:
0.77–0.95), indicating a negative interaction. Com-
pared with no cervical-SCI or TBI as a reference, the
AOR for in-hospital mortality of cervical-SCI without
TBI was 2.34 and that of TBI without cervical-SCI was
1.19, but that of concomitant cervical-SCI+TBI was
2.34 · 1.19 · 0.85, which included the AOR for the

Table 1. Demographics and Characteristics of Trauma Patients with TBI or t-SCI

Variables

TBI without t-SCI Cervical t-SCI Thoracic t-SCI Lumbar t-SCI Overall

(n = 79,439) (n = 11,071) (n = 804) (n = 669) (n = 91,983)

Age (years) (median [IQR]) 61 [35, 75] 65 [53, 75] 51 [32, 68] 40 [27, 56] 62 [38, 75]
Male patients, % (freq) 68.3 (54,265) 79.5 (8,801) 76.9 (618) 63.7 (426) 69.7 (64,110)
Total number of comorbidities (median [IQR]) 0 [0, 1] 1 [0, 1] 0 [0, 1] 1 [0, 1] 0 [0, 1]
Accident type
Car accident, % (freq) 10.6 (8,431) 11.6 (1,279) 9.2 (74) 6.6 (44) 10.7 (9,828)
Motorcycle accident, % (freq) 12.0 (9,528) 7.2 (797) 15.4 (124) 5.8 (39) 11.4 (10,488)
Bicycle accident, % (freq) 12.8 (10,159) 8.8 (975) 2.9 (23) 2.1 (14) 12.1 (11,171)
Traffic accident (pedestrian), % (freq) 13.0 (10,308) 2.7 (298) 3.9 (31) 1.5 (10) 11.6 (10,647)
Crashes from heights, % (freq) 9.7 (7,691) 9.0 (995) 34.8 (280) 54.1 (362) 10.1 (9,328)
Fall from stairs, % (freq) 15.3 (12,163) 25.5 (2,827) 16.3 (131) 10.0 (67) 16.5 (15,188)
Falls on the ground, % (freq) 18.9 (15,017) 26.2 (2,906) 3.2 (26) 4.6 (31) 19.5 (17,980)
Other trauma (median [IQR]) 7.7 (6,142) 9.0 (994) 14.3 (115) 15.2 (102) 8.0 (7,353)
Vital signs

Arrival RR(/min) (median [IQR]) 20 [17, 24] 20 [16, 23] 21 [18, 26] 22 [18, 28] 20 [17, 24]
Arrival HR (bpm) (median [IQR]) 85 [74, 99] 73 [63, 85] 83 [70, 100] 89 [74, 105] 84 [72, 98]
Arrival SBP (mmHg) (median [IQR]) 139 [120, 160] 132 [110, 156] 122 [100, 144] 126 [108, 143] 138 [118, 160]
Arrival GCS score (median [IQR]) 14 [10, 15] 15 [14, 15] 15 [14, 15] 15 [14, 15] 14 [11, 15]
Arrival BT (�C) (median [IQR]) 36.4 [35.9, 36.8] 36.3 [35.7, 36.7] 36.2 [35.7, 36.7] 36.4 [35.9, 36.9] 36.4 [35.9, 36.8]

Procedures
Blood transfusion <24 h, % (freq) 15.8 (12,580) 3.7 (412) 29.7 (239) 26.3 (176) 14.6 (13,407)
Craniotomy (removal hematoma), % (freq) 9.7 (7,669) 0.2 (25) 1.4 (11) 0.6 (4) 8.4 (7,709)
External decompression, % (freq) 3.1 (2,452) 0.1 (6) 0.5 (4) 0.1 (1) 2.7 (2,463)
Internal decompression, % (freq) 0.5 (407) 0.0 (0) 0.4 (3) 0.0 (0) 0.4 (410)
Spine ORIF, % (freq) 1.0 (792) 15.0 (1,664) 45.3 (364) 43.5 (291) 3.4 (3,111)
Surgery, % (freq) 29.1 (23,128) 24.2 (2,675) 63.3 (509) 64.9 (434) 29.1 (26,746)

Severity of trauma
Head AIS ‡3, % (freq) 75.7 (60,109) 9.4 (1,044) 18.9 (152) 8.2 (55) 66.7 (61,360)
Face AIS ‡3, % (freq) 1.2 (968) 0.5 (54) 0.2 (2) 0.3 (2) 1.1 (1,026)
Cervical AIS ‡3, % (freq) 0.2 (125) 0.8 (92) 0.2 (2) 0.0 (0) 0.2 (219)
Chest AIS ‡3, % (freq) 22.4 (17,778) 6.7 (742) 47.3 (380) 29.6 (198) 20.8 (19,098)
Abdomen AIS ‡3, % (freq) 3.2 (2,559) 0.7 (74) 7.3 (59) 6.6 (44) 3.0 (2,736)
Upper Ext AIS ‡3, % (freq) 3.0 (2,345) 0.9 (105) 3.5 (28) 3.1 (21) 2.7 (2,499)
Lower Ext AIS ‡3, % (freq) 11.3 (8,944) 1.9 (212) 8.0 (64) 17.5 (117) 10.2 (9,337)
Cervical spine AIS ‡2, % (freq) 4.8 (3,846) 10.8 (1,193) 13.9 (112) 5.5 (37) 5.6 (5,188)
Thoracic spine AIS ‡2, % (freq) 4.3 (3,394) 4.4 (485) 27.4 (220) 17.5 (117) 4.6 (4,216)
Lumbar spine AIS ‡2, % (freq) 6.6 (5,212) 3.0 (337) 20.4 (164) 29.9 (200) 6.4 (5,913)
ISS (median [IQR]) 17 [10, 25] 16 [16, 21] 26 [20, 34] 25 [16, 34] 17 [10, 25]
RTS (median [IQR]) 7.84 [6.90, 7.84] 7.84 [7.84, 7.84] 7.84 [7.11, 7.84] 7.84 [7.55, 7.84] 7.84 [6.90, 7.84]
TRISS ps (median [IQR]) 0.94 [0.85, 0.98] 0.94 [0.91, 0.97] 0.92 [0.80, 0.97] 0.96 [0.89, 0.99] 0.94 [0.87, 0.98]
LOS (day) (median [IQR]) 11 [3, 29] 19 [6, 40] 35 [17, 55] 35 [15, 57] 12 [3, 31]
In-hospital death % (freq) 10.8 (8,609) 3.2 (353) 5.0 (40) 2.4 (16) 9.8 (9,018)

TBI, traumatic brain injury; t-SCI, traumatic spinal cord injury; IQR, interquartile range; RR, respiratory rate; HR, heart rate; bpm, beats per minute;
SBP, systolic blood pressure; GCS, Glasgow coma scale; BT, body temperature; ORIF, open reduction and internal fixation; AIS, Abbreviated Injury
Scale; Ext, extremities; SCI, spinal cord injury; ISS, injury severity scale; RTS, revised trauma score; TRISS, trauma and injury severity score; ps, proba-
bility of survival; LOS, length of stay.
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interaction term. In addition, the AOR of the interac-
tion term for cervical-SCI · head AIS was 0.87 (95%
CI: 0.84–0.90) in the multivariate logistic regression
analysis, with in-hospital death as an outcome in TBI
cases (Supplementary Table S4). Figure 6 shows how
the effect of cervical-SCI AIS severity on in-hospital
mortality was affected by head AIS, with a higher
severity of cervical-SCI tending to reduce the differ-
ence in in-hospital mortality between patients with less
and more severe TBI. The GCS score affected the
impact of cervical-SCI AIS severity on in-hospital
mortality, with a higher severity of cervical-SCI tend-
ing to reduce the difference in in-hospital mortality
between patients with lower and higher GCS scores
(Fig. 7).

Discussion
This National Trauma Database study presented the epide-
miological characteristics of cases of concomitant t-SCI
+TBI versus those of isolated t-SCI, including age distribu-
tion, injury history, and treatment, in Japan. Furthermore,
concomitant t-SCI+TBI was associated with increased in-
hospital mortality (AOR: 1.19, 95% CI: 1.09–1.29) com-
pared with that observed for isolated t-SCI. We identified a
negative interaction between cervical and head AIS.

The present study has several advantages over pre-
vious studies. First, it spanned a 13-year period and
analyzed a large dataset. Second, it evaluated the risk
factors associated with in-hospital mortality in cases of
concomitant t-SCI+TBI by considering the interactions
of these conditions. Previously, age, sex, GCS score at

FIG. 2. Age distribution by traumatic spinal cord injury category. Patient age distribution by dividing
t-SCI into cervical, thoracic, and lumbar spinal cord subgroups. The X-axis indicates age, and the Y-axis
indicates the number of patients. t-SCI, traumatic spinal cord injury; TBI, traumatic brain injury.
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presentation, hypotension, bradycardia, and severe TBI
have been associated with in-hospital mortality of patients
with t-SCI.26,30 We identified some common risk factors
in a model that accounted for interactions between TBI
and t-SCI. Furthermore, comorbidities and the presence of

severe torso trauma were identified as independent risk
factors for in-hospital mortality of these cases in the pres-
ent study.

Interestingly, the negative interaction between cervical
and head AIS for in-hospital mortality was unexpected.

FIG. 4. Distribution of GCS score on hospital arrival in patients with concomitant TBI and t-SCI.
Distribution of GCS score. The X-axis indicates GCS score, and the Y-axis indicates the number of
patients. t-SCI, traumatic spinal cord injury; GCS, Glasgow Coma Scale.

FIG. 3. Components of t-SCI and TBI shown in a Venn diagram. t-SCI, traumatic spinal cord injury; TBI,
traumatic brain injury.
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Pathophysiologically, the more severe the trauma, the
higher the mortality rate. Our study cohort’s distribution
of TBI cases showed that most concomitant injuries
occurred with mild TBI, and the incidence of t-SCI
decreased as the severity of TBI increased, with many
TBI patients having no concomitant t-SCI. Although
3.2% of the entire study population had concomitant
t-SCI and TBI, this proportion of concomitant injury is
lower in severe TBI, supporting the potential underesti-
mation of t-SCI in severe TBI. This underestimation
might be due to the trauma diagnosis process. In cases of
multiple trauma, CT scans are used to identify injury
sites. If a spinal fracture is present, it is easy to consider
the possibility of t-SCI. However, when accompanied by
impaired consciousness, diagnosing t-SCI based solely on
neurological findings becomes difficult. MRI is a defini-
tive tool for diagnosing t-SCI, but if the patient’s overall
condition is unstable, performing an MRI may pose a risk

to the patient. In clinical settings, spinal MRIs are per-
formed after the patient’s condition stabilizes.31 For
these clinically relevant reasons, we hypothesized that
patients with severe TBI and impaired consciousness
are less likely to be diagnosed with t-SCI, and thus, its
presence is underestimated, leading to lower predicted mor-
tality (with a negative interaction) when more severe t-SCI
occurs concomitantly with TBI. This phenomenon is not
unique to our cohort but is considered to be a general occur-
rence in the clinical diagnostic process that could also arise
in other trauma cohorts. This finding indicates the impor-
tance of considering the possibility of underlying t-SCI in
patients with severe TBI and also considering such interac-
tions, which may influence outcomes in clinical research on
neurotrauma.

Third, our epidemiological evaluation revealed char-
acteristics, such as the age distribution, injury mecha-
nism, and treatment, of cases of t-SCI compared with

FIG. 5. Distribution of all patients with TBI using an alluvial plot. The distribution of all TBI patients (n =
82,393) using an alluvial plot is shown, with the width of the bands representing the number of patients.
The green band represents survivors, whereas the pink band indicates deceased individuals. The majority of
cases with concomitant t-SCI and TBI were mild TBI. TBI-related deaths were predominantly found in severe
TBI cases without t-SCI. TBI, traumatic brain injury; t-SCI, traumatic spinal cord injury.
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those of concomitant t-SCI+TBI cases. In our cohort, the
distribution of cervical-SCI was unimodal, with a peak
among older people, similar to the epidemiological data
from countries with aging populations.5,32 Contrastingly,
thoracic- and lumbar-SCI was characterized by a greater
distribution among young people, particularly in the con-
text of crashes from heights and motorcycle accidents. In a
previous study,14 the prevalence of concomitant cervical-
SCI in patients with TBI was 6.5% (present study: 3.2%),
that of concomitant all t-SCI in patients with TBI was
12.4–12.5% (present study: 3.6%), that of concomitant
TBI in patients with cervical-SCI was 40.4% (present
study: 23.7%), and that of TBI in patients with all t-SCI
was 32.5% (present study: 23.5%). The lower rates in this
study may be due to differences in the selected patient

populations, which included patients with mild TBI in this
study. Concomitant injuries may also have been omitted
from the registry data because they did not affect the ISS
calculation, as described below.

Finally, our results may be generalizable to other set-
tings. As the JTDB includes many hospitals in Japan,
serving metropolitan, urban, and rural areas, and as our
results are consistent with those in other settings, such as
the TraumaRegister DGU�,33 our findings may be appli-
cable to different regions and hospitals, both inside and
outside Japan.

However, this study also has some limitations. First,
as a retrospective analysis utilizing secondary registry
data, this study has inherent limitations characteristic of
such research designs. Notably, some data elements,

Table 2. Demographics and Characteristics of Trauma Patients with Concomitant TBI and t-SCI

variables

Cervical t-SCI Thoracic t-SCI Lumbar t-SCI Overall

(n = 2,621) (n = 232) (n = 101) (n = 2,954)

Age (years) (median [IQR]) 66 [55, 75] 57 [35, 70] 41 [27, 56] 65 [52, 75]
Male patients, % (freq) 79.9 (2,095) 76.7 (178) 71.3 (72) 79.4 (2,345)
Total number of comorbidities (median [IQR]) 1 [0, 2] 0 [0, 1] 0 [0, 1] 1 [0, 1]
Accident type
Car accident, % (freq) 10.5 (276) 6.0 (14) 9.9 (10) 10.2 (300)
Motorcycle accident, % (freq) 7.0 (183) 15.5 (36) 2.0 (2) 7.5 (221)
Bicycle accident, % (freq) 10.5 (274) 4.3 (10) 3.0 (3) 9.7 (287)
Traffic accident (pedestrian), % (freq) 5.6 (148) 7.3 (17) 4.0 (4) 5.7 (169)
Crashes from heights, % (freq) 12.0 (315) 41.4 (96) 58.4 (59) 15.9 (470)
Fall from stairs, % (freq) 29.5 (774) 17.7 (41) 8.9 (9) 27.9 (824)
Falls on the ground, % (freq) 16.9 (442) 0.4 (1) 2.0 (2) 15.1 (445)
Other trauma, % (freq) 8.0 (209) 7.3 (17) 11.9 (12) 8.1 (238)

Vital signs
Arrival RR(/min) (median [IQR]) 20 [16, 24] 22 [19, 28] 23 [20, 28] 20 [17, 24]
Arrival HR (bpm) (median [IQR]) 76 [64, 88] 85 [70, 104] 96 [83, 110] 77 [65, 90]
Arrival SBP (mmHg) (median [IQR]) 130 [108, 155] 121 [94, 143] 128 [110, 142] 130 [107, 154]
Arrival BT (�C) (median [IQR]) 36.2 [35.7, 36.7] 36.0 [35.6, 36.5] 36.5 [35.7, 36.8] 36.2 [35.7, 36.7]
Arrival GCS score (median [IQR]) 15 [13, 15] 14 [12, 15] 14 [13, 15] 15 [13, 15]

Procedures
Blood transfusion <24 h % (freq) 6.6 (174) 38.8 (90) 37.6 (38) 10.2 (302)
Craniotomy (removal hematoma), % (freq) 0.9 (23) 4.7 (11) 4.0 (4) 1.3 (38)
External decompression, % (freq) 0.2 (5) 1.7 (4) 1.0 (1) 0.3 (10)
Internal decompression, % (freq) 0.0 (0) 1.3 (3) 0.0 (0) 0.1 (3)
Spine ORIF, % (freq) 14.4 (377) 43.5 (101) 34.7 (35) 17.4 (513)
Surgery, % (freq) 27.1 (711) 68.5 (159) 65.3 (66) 31.7 (936)

Severity of trauma
Head AIS ‡3, % (freq) 39.8 (1,044) 65.5 (152) 54.5 (55) 42.3 (1,251)
Face AIS ‡3, % (freq) 1.1 (28) 0.4 (1) 0.0 (0) 1.0 (29)
Cervical AIS ‡3, % (freq) 1.1 (28) 0.0 (0) 0.0 (0) 0.9 (28)
Chest AIS ‡3, % (freq) 11.9 (313) 59.9 (139) 39.6 (40) 16.7 (492)
Abdomen AIS ‡3, % (freq) 1.0 (26) 8.6 (20) 13.9 (14) 2.0 (60)
Upper Ext AIS ‡3, % (freq) 1.2 (31) 3.4 (8) 4.0 (4) 1.5 (43)
Lower Ext AIS ‡3, % (freq) 3.5 (92) 10.3 (24) 16.8 (17) 4.5 (133)
Cervical spine AIS ‡2, % (freq) 15.2 (399) 21.1 (49) 12.9 (13) 15.6 (461)
Thoracic spine AIS ‡2, % (freq) 6.6 (174) 31.9 (74) 23.8 (24) 9.2 (272)
Lumbar spine AIS ‡2, % (freq) 4.6 (120) 24.1 (56) 37.6 (38) 7.2 (214)
ISS (median [IQR]) 17 [16, 25] 35 [29, 43] 34 [26, 42] 18 [17, 26]
RTS (median [IQR]) 7.84 [7.55, 7.84] 7.55 [6.38, 7.84] 7.84 [6.90, 7.84] 7.84 [7.11, 7.84]
TRISS ps (median [IQR]) 0.94 [0.88, 0.96] 0.80 [0.53, 0.92] 0.91 [0.67, 0.97] 0.94 [0.85, 0.96]
LOS (day) (median [IQR]) 21 [7, 43] 39 [21, 63] 38 [15, 66] 23 [8, 45]
In-hospital death, % (freq) 4.9 (128) 9.1 (21) 6.9 (7) 5.3 (156)

TBI, traumatic brain injury; t-SCI, traumatic spinal cord injury; IQR, interquartile range; RR, respiratory rate; HR, heart rate; bpm, beats per minute;
SBP, systolic blood pressure; GCS, Glasgow coma scale; BT, body temperature; ORIF, open reduction and internal fixation; AIS, Abbreviated Injury
Scale; Ext, extremities; SCI, spinal cord injury; ISS, injury severity scale; RTS, revised trauma score; TRISS, trauma and injury severity score; ps, proba-
bility of survival; LOS, length of stay.
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such as the American Spinal Injury Association Impair-
ment Scale, timing of surgical interventions, patient
frailty index,34 and ADLs (activities of daily living) after

discharge, were not accessible. Furthermore, the exclu-
sion of patients due to missing data (such as age, sex,
GCS score upon presentation, or outcomes) may have

Table 3. Multivariate Logistic Regression Analysis with in-Hospital Mortality as the Objective Variable (in t-SCI Cases)

Variables

Univariable analyses Multivariable analyses

Crude or (95% CI) p value Adjusted or (95% CI) p value

Age (years)a 1.05 (1.04–1.06) <0.001 1.05 (1.04–1.06) <0.001
Sex (Male)a 1.52 (1.16–2.00) 0.002 1.68 (1.24–2.26) <0.001
Total number of comorbiditiesa 1.33 (1.23–1.43) <0.001 1.19 (1.09–1.30) <0.001
Arrival RR (/min) 1.00 (0.98–1.01) 0.676 0.99 (0.97–1.01) 0.156
Arrival HR (bpm) 1.00 (0.99–1.00) 0.336 1.00 (1.00–1.01) 0.678
Arrival SBP (mmHg)a 0.98 (0.98–0.98) <0.001 0.99 (0.99–0.99) <0.001
Arrival GCS scorea 0.98 (0.98–0.98) <0.001 0.84 (0.82–0.86) <0.001
Head AISa 1.42 (1.34–1.51) <0.001 1.19 (1.09–1.29) <0.001
Face AISa 0.97 (0.81–1.16) 0.712 0.81 (0.66–0.99) 0.039
Cervical AIS 1.35 (1.07–1.69) 0.010 1.23 (0.96–1.57) 0.102
Chest AISa 1.40 (1.32–1.49) <0.001 1.23 (1.13–1.35) <0.001
Abdomen AISa 1.66 (1.48–1.86) <0.001 1.45 (1.25–1.69) <0.001
Upper Ext AIS 1.18 (1.02–1.37) 0.028 0.97 (0.81–1.15) 0.725
Lower Ext AIS 1.36 (1.24–1.49) <0.001 1.10 (0.97–1.25) 0.128
Cervical-SCI AISa 1.23 (1.12–1.34) <0.001 2.34 (1.86–2.93) <0.001
Thoracic SCI AISa 1.12 (1.04–1.21) 0.002 2.15 (1.69–2.72) <0.001
Lumbar SCI AISa 0.93 (0.82–1.05) 0.240 2.24 (1.70–3.00) <0.001
Cervical spine AIS 1.31 (1.17–1.47) <0.001 1.12 (0.98–1.27) 0.090
Thoracic spine AIS 1.18 (1.02–1.38) 0.031 0.89 (0.74–1.08) 0.243
Lumbar spine AIS 1.16 (0.98–1.37) 0.085 0.88 (0.71–1.09) 0.232
Interaction between cervical-SCI AIS and head AIS — — 0.85 (0.77–0.95) 0.004
Interaction between thoracic SCI AIS and head AIS — — 0.88 (0.79–0.98) 0.019
Interaction between lumbar SCI AIS and head AIS — — 0.90 (0.79–1.01) 0.078

aindicates variables identified as statistically significant in a multivariate logistic analysis. Multivariate logistic regression analysis with cervical-
SCI AIS * head AIS, thoracic SCI AIS * head AIS, and lumbar SCI AIS * head AIS as interaction terms. Odds other than sex are shown as unit odds for
one unit or one score increase in each variable.

t-SCI, traumatic spinal cord injury; OR, odds ratio; CI, confidence interval; RR, respiratory rate; HR, heart rate; bpm, beats per minute; SBP, systolic
blood pressure; GCS, Glasgow coma scale; AIS, Abbreviated Injury Scale; Ext, extremities; SCI, spinal cord injury.

FIG. 6. Effect modification of association between cervical-SCI and in-hospital mortality by TBI. The val-
ues used in the logistic regression model are as follows: age = 61 years, sex = male, total number of
comorbidities = 0, arrival respiratory rate = 20, arrival systolic blood pressure = 139 mmHg, arrival heart
rate = 85 beats/min, arrival Glasgow coma scale score = 14, face AIS score = 0, cervical AIS score = 0,
chest AIS score = 0, abdominal AIS score = 0, upper extremity AIS score = 0, lower extremity AIS score = 0,
thoracic SCI AIS score = 0, lumbar SCI AIS score = 0, cervical spine AIS score = 0, thoracic spine AIS
score = 0, and lumbar spine AIS score = 0. SCI, spinal cord injury; TBI, traumatic brain injury; AIS,
Abbreviated Injury Scale.
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introduced selection bias. Nevertheless, imputation of
these missing values was not pursued as they represent
critical variables for the analysis, and the assumption of
random missingness could not be assumed. Second, the
baseline characteristics differed among the subgroups
defined by the injury mode. To address any imbalance
associated with such observational research, we per-
formed multivariate analyses; however, multiple unmeas-
ured variables may underlie differences in outcomes,
making it difficult to eliminate the influence of observed
confounding factors completely. Finally, t-SCI diagnosis
may have been underestimated; for example, concomitant
SCI may have gone undetected in patients with very
severe TBI and a high proportionate risk of death within
48 h. However, this hypothesis cannot be proven unless a
prospective observational study is conducted to verify the
presence of spinal injuries in the acute phase of severe
traumatic brain injury. In addition, the highest AIS in the
head and neck region is used to calculate the ISS. There-
fore, it is possible that the input for the less severe of the
concomitant injuries, either t-SCI or TBI, might be omit-
ted due to it not affecting the ISS calculation.

Conclusions
We evaluated epidemiological characteristics concerning
concomitant t-SCI+TBI. Nearly one-quarter of all patients
with t-SCI also experienced TBI. Such concomitant injury

doubled the in-hospital mortality rate, relative to that of
isolated t-SCI. TBI also increased in-hospital mortality rel-
ative to t-SCI. Age; sex; total number of comorbidities;
SBP at presentation; GCS score at presentation; and AIS
scores for head, face, chest, abdomen, cervical-SCI,
thoracic-SCI, and lumbar-SCI were associated with in-
hospital mortality in patients with t-SCI. We further found
an unexpected negative interaction between cervical t-SCI
and TBI with a higher severity of cervical-SCI, leading to
a reduction in in-hospital mortality between patients with
less and more severe TBI cases, suggesting that the occur-
rence of t-SCI is underestimated in patients with TBI.
This research underscores the importance of considering
the possibility of concomitant t-SCI in patients with TBI.

Transparency, Rigor, and Reproducibility
Summary
As this is a secondary retrospective analysis of the Japan
Trauma Data Bank (JTDB) registry data, no preregistra-
tion was conducted. The analysis plan was not formally
preregistered. Due to the lack of similar previous studies
and the inclusion of interactions, all available data were
used, and no sample size calculations were made. The
JTDB data used in this study are available to researchers
in Japan and have been approved by the Japanese Society
of Traumatology. Data sharing is not allowed for over-
seas researchers, as the purpose of the JTDB is to

FIG. 7. Effect modification by GCS on the association between cervical t-SCI and in-hospital mortality.
The following values were used in the logistic regression model: age = 64 years, sex = male, total num-
ber of comorbidities = 1, arrival respiratory rate = 20, arrival systolic blood pressure = 131 mmHg, arrival
heart rate = 75 beats/min, head AIS score = 0, face AIS score = 0, cervical AIS score = 0, chest AIS score = 0,
abdominal AIS score = 0, upper extremity AIS score = 0, lower extremity AIS score = 0, thoracic-SCI AIS
score = 0, lumbar SCI AIS score = 0, cervical spine AIS score = 0, thoracic spine AIS score = 0, and lumbar
spine AIS score = 0. t-SCI, traumatic spinal cord injury; AIS, Abbreviated Injury Scale.
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improve trauma care in Japan. This article will be pub-
lished under a Creative Commons Open Access license
and upon publication will be freely available at https://
www.liebertpub.com/loi/neu.
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