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INTRODUCTION 

The incidence of spinal cord injury (SCI) and concomitant trau-
matic brain injury (TBI) varies from 25% to more than 60%, de-
pending on the criteria used [1]. Physical, cognitive, and emotional 
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impairments caused by TBI impede patient rehabilitation [2].  
Prompt diagnosis of concomitant TBI in patients with SCI is 

vital for appropriate rehabilitation to manage TBI-related med-
ical complications and maximize functional recovery [3,4]. In 
addition to having TBI affect the patient’s prognosis, problems 
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such as consciousness, cognitive deficits, and agitation impact 
the initial neurological examination of patients with SCI. Ac-
companied by mechanical ventilators, sedation, and psychiatric 
illness also affect the initial neurological examination of pa-
tients with SCI [5]. Among them, TBI is more concerned with 
being underdiagnosed than other factors. The initial imaging 
evaluation of the brain might be normal; however, accompany-
ing head trauma should always be considered when there are 
symptoms of loss of consciousness or cognitive impairment 
[6,7]. This study aimed to summarize the epidemiology of pa-
tients with SCI and concomitant TBI at a regional level I trauma 
center and suggest considerations for the initial evaluation. 

METHODS 

Ethical approval 
This study was conducted in accordance with the ethical stan-
dards of the Declaration of Helsinki and was approved by the 
Institutional Review Board (IRB) of Pusan National University 
Hospital (IRB No. 2302-013-124). The informed consent re-
quirement was waived due to the study’s retrospective nature. 

Study design, data collection, and definitions 
This retrospective observational study was conducted at Pusan 
National University Hospital, Regional Trauma Center. All re-
cords of individuals diagnosed with traumatic-spinal cord inju-
ry (T-SCI) between 2016 and 2020 were reviewed. In total, 627 
patients with confirmed T-SCI were hospitalized. A retrospec-
tive study was conducted on 363 individuals, excluding those 
with insufficient SCI documentation, such as the International 
Standards for Neurological Classification of Spinal Cord Injury 
(ISNCSCI), nontraumatic etiology, or old SCI. Patients who un-
derwent at least two ISNCSCI evaluations were included in this 
study (Fig. 1). The institutional ethics review board approved 
this study. 

The TBI diagnostic criteria by the American Congress of Re-
habilitation Medicine applied [8]. Based on the degree of loss of 
consciousness posttraumatic amnesia (PTA), imaging findings, 
and neuropsychological findings [7,9-12], the TBI severity was 
classified as mild, moderate, or severe. The highest rating of se-
verity received was used to define each patient’s TBI severity. 

Typical areas of cognitive decline in people with TBI involve 
visuospatial, delayed recall, attention, and language [13]. The 
Montreal Cognitive Assessment (MoCA) is an excellent tool 
for evaluating this. The average MoCA score was 19, 18, and 13 
points for patients with mild, moderate, and severe TBI, respec-
tively (Table 1). Based on this, a Korean version of MoCA score 
of 19 or higher was considered mild TBI, 14–18 as moderate, 
and 13 or less as severe TBI. 

The neurological examinations analyzed retrospectively in 
this study were performed only by skilled rehabilitation physi-
cians who completed online training at the American Spinal In-
jury Association (ASIA) e-learning center; therefore, the physi-
cal examinations performed were reliable. After the accident, an 

627 Patients with confirmed T-SCI from
2016–2020

363 Patients with T-SCI were analysed

74 Patients were confirmed T-SCI with 
concomitant TBI

264 Patients excluded: 
- Not T-SCI
- Old SCI
- Insufficient SCI documentation

Fig. 1. Flow diagram of finding patients with traumatic spinal 
cord injury (T-SCI) and concomitant traumatic brain injury 
(TBI).

Table 1. Diagnostic criteria for the classification of TBI severity 

Diagnostic criteria Mild Moderate Severe
Altered level or loss of  

consciousness
GCS 13–15 and/or any LOC<30 min GCS 9–12 and/or 30 min≤LOC≤6 h GCS 3–8 and/or LOC>6 h

PTA Any PTA<24 h 24 h≤PTA≤7 day PTA>7 day
Neuroradiological findings due to 

TBI
No findings Neuroradiological TBI findings Neuroradiological TBI findings and 

neurosurgical operation
Neuropsychological findngs due to 

TBI
MoCA>18 14≤MoCA≤18 MoCA<14

TBI, traumatic brain injury; GCS, Glasgow Coma Scale; LOC, loss of consciousness; PTA, posttraumatic amnesia; MoCA, Montreal Cognitive Assessment.
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initial assessment was quickly conducted when cooperation was 
possible, and a follow-up examination was carried out before 
discharge. 

Statistical analysis 
Statistical analysis were performed using R version 4.2.1 (R 
Foundation). An independent t-test or Wilcoxon rank-sum test 
was conducted for continuous variables based on normality. 
The chi-square test or Fisher’s exact test was used for categorical 
variables. Statistical significance was set at a two-tailed p-val-
ue<0.05.  

RESULTS

Overall incidence 
Table 2 summarizes the epidemiology of 363 patients. Sex, age, 
neurologic level of injury (NLI), American Spinal Injury Asso-

ciation Impairment Scale (AIS) score, and traumatic etiology 
information of 363 patients with confirmed T-SCI were clas-
sified. In addition, differences in characteristics were analyzed 
by categorizing only the SCI patient group and the SCI with the 
concomitant TBI patient group. 

Among 363 patients with T-SCI, 296 (81.5%) were males, 
and 67 (18.5%) were females. The average age was 57.1 years. 
C1–4 injuries accounted for 54.8% of the patients. This was 
followed by affected C5–8 at 20.4%, T1–12 at 14.0%, and L1–S5 
at 8.0%. AIS A, B, C, and D accounted for 25.1%, 7.7%, 26.7%, 
and 37.2%, respectively. T-SCI etiology was classified as fall, 
transport, sports and leisure, assault, and other traumatic causes 
[14]. Among 363 patients, fall was the most common cause (205, 
56.5%), followed by transport (113, 31.1%). When calculating 
the p-value, the unknown initial NLI or AIS scores were regard-
ed as missing data. Supplementary Table S1 describes the epide-
miological information reviewed above by subdividing patients 

Table 2. Study characteristics 

Variable All (n=363) Only SCI (n=289) SCI+TBI (n=74) p-value
Sex 0.536
  Male 296 (81.5) 238 (82.4) 58 (78.4)
  Female 67 (18.5) 51 (17.6) 16 (21.6)
Age (yr) 0.329
  0–15 1 (0.3) 0 (0) 1 (1.3)
  16–30 28 (7.7) 22 (7.6) 6 (8.1)
  31–45 45 (12.4) 38 (13.1) 7 (9.5)
  46–60 114 (31.4) 91 (31.5) 23 (31.1)
  61–75 133 (36.6) 108 (37.4) 25 (33.8)
  >75 42 (11.6) 30 (10.4) 12 (16.2)
Initial NLI 0.122
  C1–4 199 (54.8) 167 (57.8) 32 (43.2)
  C5–8 74 (20.4) 60 (20.8) 14 (18.9)
  T1–12 51 (14.0) 36 (12.4) 15 (20.3)
  L1–S5 29 (8.0) 26 (9.0) 3 (4.1)
  Unknown 10 (2.8) 0 (0) 10 (13.5)
Initial AIS 0.009
  A 91 (25.1) 66 (22.8) 25 (33.8)
  B 28 (7.7) 25 (8.7) 3 (4.0)
  C 97 (26.7) 76 (26.3) 21 (28.4)
  D 135 (37.2) 120 (41.5) 15 (20.3)
  Unknown 12 (3.3) 2 (0.7) 10 (13.5)
Traumatic etiology
  Fall 205 (56.5) 164 (56.8) 41 (55.4)
  Transport 113 (31.1) 81 (28.0) 32 (43.2)
  Sports and leisure 15 (4.1) 15 (5.2) 0 (0)
  Assault 2 (0.6) 2 (0.7) 0 (0)
  Others 28 (7.7) 27 (9.3) 1 (1.4)

Values are presented as number (%).
SCI, spinal cord injury; TBI, traumatic brain injury; NLI, neurologic level of injury; AIS, American Spinal Injury Association Impairment Scale.
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with SCI and concomitant TBI according to the TBI severity 
criteria. 

AIS conversion rate 
Table 3 shows the changes in the AIS changes in patients with 
SCI only and those in SCI patients with concomitant TBI (SCI 
+TBI). AIS conversion was examined by classifying the SCI-on-
ly patient groups and SCI+TBI. In addition, the subgroups were 
divided according to the TBI severity. In total, 318 patients had 
ISNCSCI follow-up records. The initial evaluation was per-
formed 11 days (average) after the injury, and a follow-up was 
performed 43 days after. 

In this study, ISNCSCI was performed in some patients, even 
in those with severe TBI. Since the initial evaluation of the in-
jury determined TBI severity, the Glasgow Coma Scale (GCS) 
score was 3–8 during the trauma emergency room admission; 
however, the level of consciousness recovered subsequently, and 
ISNCSCI could be performed. 

Fourteen of the 24 patients diagnosed with SCI+TBI and 
identified as AIS A in the initial evaluation showed neurologic 
recovery compared with AIS B or higher (Table 3). In contrast, 
in those with T-SCI without head injury, neurological recovery 
was confirmed in only 16 of 62 patients initially evaluated as 
AIS A (Fig. 2). In only patients with SCI, the conversion rate 
was 0.258 (95% confidence interval [CI], 0.149–0.367), whereas, 
in SCI+TBI, it was 0.583 (95% CI, 0.386–0.781). The conversion 
rate was statistically significant (p=0.010) between the SCI and 
the SCI+TBI groups. 

Supplementary Table S2 summarizes the sex, age, TBI sever-
ity, NLI, and AIS conversion of patients with SCI+TBI whose 
AIS conversion was confirmed from initial AIS A to AIS B or 
higher. 

DISCUSSION 

This study investigated the epidemiology of patients with SCI 
alone and those with SCI+TBI. In Korea, regional trauma cen-
ters were opened in 2014, and 16 centers are currently opera-

Table 3. Change of AIS 

Variable All (n=318) Only SCI (n=256) SCI+TBI (n=62)
Concomitant TBI severity

p-value
Mild (n=12) Moderate (n=30) Severe (n=20)

AIS (initial)
  A 86 (27.1) 62 (24.2) 24 (38.7) 5 (41.7) 10 (33.3) 9 (45.0)
  B 28 (8.8) 25 (9.8) 3 (4.8) 0 (0) 1 (3.3) 2 (10.0)
  C 91 (28.6) 70 (27.3) 21 (33.9) 3 (25.0) 13 (43.4) 5 (25.0)
  D 113 (35.5) 99 (38.7) 14 (22.6) 4 (33.3) 6 (20.0) 4 (20.0)
AIS (follow up)
  A 56 (17.6) 46 (18.0) 10 (16.1) 1 (8.3) 5 (16.7) 4 (20.0)
  B 30 (9.4) 22 (8.6) 8 (12.9) 2 (16.7) 2 (6.7) 4 (20.0)
  C 83 (26.1) 61 (23.8) 22 (35.5) 4 (33.3) 13 (43.3) 5 (25.0)
  D 149 (46.9) 127 (49.6) 22 (35.5) 5 (41.7) 10 (33.3) 7 (35.0)
AIS conversion
  AIS A → A 56 (65.1) 46 (74.2) 10 (41.7)
  AIS A → not A 30 (34.9) 16 (25.8) 14 (58.3) 0.010

Values are presented as number (%).
AIS, American Spinal Injury Association Impairment Scale; SCI, spinal cord injury; TBI, traumatic brain injury.

AA

CC

BB

DD EE

■ AIS A → not A
■ AIS A → A

46, 74.2%

16, 25.8%
10, 41.7% 14, 58.3%

4, 44.4%5, 50%

1, 20%

4, 80%
5, 50% 5, 55.6%

Fig. 2. Changes in American Spinal Injury Association 
Impairment Scale (AIS) scores (A) only spinal cord injury 
(SCI), (B) SCI+traumatic brain injury (TBI), (C) mild TBI, (D) 
moderate TBI, (E) severe TBI.
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tional. This was a detailed retrospective analysis of T-SCI in a 
single institution after establishing a systematic regional trauma 
center in Korea. There is a lack of data worldwide, and this is 
the first study in Korea to investigate patients with SCI+TBI. 
A significant difference in the AIS conversion rate between the 
two groups was found. 

Since there is a lack of consensus on evaluating patients with 
SCI+TBI, this study aimed to suggest considerations for initial 
evaluation, including ISNCSCI.  

Sex 
Among 363 patients with T-SCI, 296 (81.5%) were males, sim-
ilar to the global 4:1 male-to-female ratio of T-SCI [15]. Simi-
larly, according to spine epidemiological studies conducted in 
Korea, the ratio was 3.6:1 in the 2010s [16]. 

According to Asian studies, males were at a higher risk of 
T-SCI; the sex ratio ranged from 0.99:1 in Taiwan to 13.5:1 in 
India [17,18]. This inconsistency may be due to socioeconomic 
status and cultural background differences. Males are more 
likely to participate in trauma-related physical activities [19]. 

Age 
The average age was 57.1 years, higher than the average age of 
T-SCI patients in the USA according to the 2021 National Spi-
nal Cord Injury Statistical Center (NSCISC) annual report (42.2 
years) [20]. Asian studies reported a range of 26.8–56.6 years 
[19]. A previous Korean study showed that the mean age at the 
time of injury increased from 32.4 years in the 1990s to 47.1 
years in the 2010s [16]. 

This study’s proportion of older adults aged >reached 48.2%. 
The increasing proportion of older adults will cause changes in 
epidemiology, such as changes in traumatic etiology. 

 
NLI 
Considering this study’s initial NLI, affected C1–4 accounted 
for 54.8% of all patients with SCI, followed by affected C5–8 
(20.4%). Cervical-level injuries accounted for 75.2% of the pa-
tients. This was followed by affected T1–12 at 14.0% and L1–S5 
at 8.0%. In Korea, cervical-level injury accounted for 57.2% of all 
T-SCIs in the 2010s, of which NLI C4–6 accounted for the largest 
proportion over 30 years [16]. The proportion of cervical injuries 
was much higher than that in the current statistics. The high-
er-level cervical cord injuries above the meaning NLI C1–4 level 
accounted for 54.8%. This may be related to the characteristics of 
the regional trauma centers where patients with severe T-SCI visit. 

Among the 74 patients with SCI+TBI, the affected C1–4 
accounted for 43.2%, C5–8 for 18.9%, thoracic level for 20.3%, 
and lumbar level for 4.1%. There was no statistically signif-
icant difference in the initial NLI between the only SCI and 
the SCI+TBI groups. Macciocchi et al. [10] reported that the 
TBI co-occurrence rate is 70%–77% when the NLI is C1–4, 
59%–67% for C5–8, and 11%–59% for levels below T1; there-
fore, higher-level cervical cord injury was shown to be common 
in patients with T-SCI and concomitant TBI [21]. Contrary to 
previous studies, the cervical-level injury rate in patients with 
SCI+TBI in this study was lower than that in patients with SCI 
alone. This may be due to the high severity of the patient group 
with cervical SCI +TBI who visited the regional trauma center. 
There may have been selection bias since ISNCSCI could not 
be performed for reasons such as death, critically ill medical 
condition, and persistent unconsciousness. In addition, the pos-
sibility of a certain number of undiagnosed TBIs due to another 
urgent trauma issue is considered cautiously. 

AIS 
When divided based on this study’s initial AIS, AIS A, B, C, 
and D accounted for 25.1%, 7.7%, 26.7%, and 37.2%, respec-
tively. In existing USA statistics, AIS A, B, C, and D account for 
41.9%, 10.7%, 12.4%, and 29.4% of the cases, respectively [20]. 
It is characteristic that the ratio of AIS A is minute, and that 
of AIS C is larger than previously known values. According to 
the 2021 NSCISC annual report, gunshot wounds account for 
15.3% of all SCI etiologies, and there are few other penetrating 
injuries, such as stab wounds, in other countries [20,22,23]. 
However, in Korea, most injuries involve blunt trauma since 
penetrating injuries are infrequent and personal gun posses-
sion is prohibited under Korean law. Hence, it was estimated 
that the rate of AIS A was lower than that reported in previous 
studies in other Western countries or registry collection results. 
In addition, one of the primary etiologies of SCI is transport, 
and Korea’s highest seat belt-wearing rate may have contribut-
ed to this [23]. 

The rate of AIS A was relatively high in patients with double 
injuries. AIS A accounted for 22.8% of patients with SCI alone 
and 33.8% with double injuries. Hagen et al. [6] reported that 
completeness of T-SCI was strongly associated with clinical 
TBI. The complete injury rate among 179 individuals with SCI 
without TBI was only 34.6%. However, the complete injury rate 
reached 78.9% in individuals with SCI+severe TBI. The com-
pleteness of the T-SCI indicates high-energy trauma with an in-
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creased risk of concomitant TBI. This study was also consistent 
with previous studies. 

Traumatic etiology 
Globally, transport is the most common cause of SCI, followed 
by falls [15]. In a Korean study, transport-based SCI decreased 
from 65% of all injuries in 1990–1999 to 41.9% in 2010–2019, 
while fall-based SCI increased from 24.9% in 1990– 1999 to 
46.3% in 2010–2019 [16]. Falls were the most common cause 
of injury in the >60 age group, resulting in 59.1% T-SCI in the 
2010s [16]. 

In this study, among 363 patients, fall was the most common 
cause (205, 56.5%), followed by transport (113, 31.1%). This is 
presumed to be related to the high proportion of older adults, 
and many cases have occurred due to slipping [24]. Older adults 
are vulnerable to falls due to deterioration of physical functions, 
including balance function, musculoskeletal system, visual 
perception, and cognitive function problems [25]. Besides, de-
generation of various components of the vertebra is common 
in the elderly population. Spinal degenerative changes such as 
ossification of the posterior longitudinal ligament, disc disease, 
stenosis, and spondylolisthesis cause a higher risk of suffering 
SCI following a fall or another traumatic event in older adults 
[26]. Also, attempts to socially reduce traffic accidents, such as 
wearing seat belts and regulating the speed limit, could explain 
this change in etiology [27,28]. Other traumatic causes identi-
fied in this study included falling objects and industrial acci-
dents, which accounted for 7.7% of the total, with 28 cases. 

Among the 113 patients with transport in this study, 32 
(28.3%) had TBI. Among the 205 patients with falls, 41 (20.0%) 
had TBI. There was no significant difference in TBI comorbidi-
ties between the two major etiology groups. 

AIS conversion 
Most importantly, as shown in Table 3, the initial AIS was A in 
patients with only SCI; however, the conversion rate to AIS B, 
C, or D in the follow-up examination was 25.8%. In contrast, 
in patients with SCI+TBI, AIS conversion was 58.3% (p-value 
0.010). In a previous study, 20%–30% of individuals with AIS A 
SCI at baseline examination (within 30 days of injury) convert-
ed to an incomplete status [29-31]. However, existing studies re-
garding AIS conversion do not accurately identify whether TBI 
accompanies SCI. Besides, neurological conversion is rare after 
complete paraplegia (~15%–20%) relative to tetraplegia [29]. 
The higher neurological conversion in patients with tetraplegia 

than in those with paraplegia in a previous study is thought to 
be partly influenced by differences in the TBI frequency. 

This was a single-center evaluation; however, the AIS conver-
sion rate in SCI patients with TBI was significantly higher than 
that in patients with SCI alone. The patient might have been 
initially evaluated as AIS A due to decreased cognition and co-
operation, resulting in high AIS conversion. 

Supplementary Table S2 shows the patients who had AIS A at 
the initial evaluation but deviated from AIS A at the follow-up 
evaluation. Even if not accompanied by moderate or severe TBI, 
four patients with SCI concomitant with mild TBI were con-
verted to AIS B or C. The two persons who were accompanied 
by mild TBI but converted from AIS A to C were intubated 
during evaluation or lightly sedated with a score of -1 on the 
Richmond Agitation-Sedation Scale (RASS).  

In the intensive care unit, the degree of sedation and agitation 
was objectively indicated using the RASS [32]. The RASS score 
was classified from -5 to +5 points, and patients with a score 
between -1 and +1 points were considered eligible for reliable 
physical examination in this study. Since complete injury judg-
ment is crucial in the initial evaluation, it was possible to iden-
tify deep anal pressure and voluntary anal contraction between 
RASS -1 and +1. In addition to accompanying TBI, other fac-
tors that may affect physical examination findings, such as en-
dotracheal intubation, sedation, and delirium, should be closely 
considered. The initial AIS assessment could be incorrect owing 
to the influence of concomitant TBI lesions or decreased con-
sciousness/cognitive state due to the factors mentioned above. 

There are no clear standards for the arousal, awareness, or 
cooperation required to implement ISNCSCI. Even if ISNCSCI 
evaluation is possible, it is desirable to record the GCS score 
during evaluation and include cognitive evaluation results such 
as the mini-mental state examination (MMSE), MoCA, RASS 
score, and Confusion Assessment Method for the Intensive 
Care Unit (CAM-ICU) indicating arousal, awareness, and co-
operation (Supplementary Table S3). Moreover, interpreting 
ISNCSCI will be easier if the examiner records the presence of 
severe pain that may limit the physical examination, endotra-
cheal intubation status, and level of cognitive decline due to the 
underlying disease. 

ISNCSCI is known to show discrepancies among experienced 
examiners [33]. The evaluation and scoring are challenging. In 
the SCI+TBI group, there were many restrictions on the im-
plementation of reliable ISNCSCI due to the reasons discussed 
above. Therefore, commenting regarding consciousness and 
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cognition during evaluation is crucial. 
Furthermore, patients with an initial decline in conscious-

ness and cognition need close follow-up since the possibility of 
neurological alterations in ISNCSCI may be high. Regarding 
the minimum requirements to properly perform ISNCSCI eval-
uation, further prospective studies are required on the arousal, 
awareness, and cooperation criteria. 

In this study, serial cognitive function tests were rarely per-
formed in patients with AIS conversion. There are limitations 
to performing serial cognitive function tests during the acute 
treatment period in patients with trauma. A series of cognitive 
evaluation tests are recommended in patients initially evaluated 
as having AIS A but whose neurologic recovery was beyond 
AIS B in the follow-up evaluation. Suppose AIS conversion 
is confirmed along with cognitive improvement in a series of 
evaluations. In that case, it can be inferred that the inaccurate 
ISNCSCI assessment is due to cognitive decline in the early 
phase of the injury. 

The study has certain limitations. Since it was a retrospec-
tive study, the timing of initial and follow-up evaluations was 
inconsistent. The small sample size was not representative of 
the characteristics of Korea. The data were limited to a single 
university hospital. Considering the selection bias of a single 
institution, building a registry that includes the evaluation items 
that were limited in this study is necessary. 

In conclusion, the study presents the epidemiology of SCI 
with concomitant TBI, lacking in research worldwide, and is the 
first study in Korea. Identifying the coexistence of TBI through 
the current national SCI registry is challenging. Hence, this is 
a relevant study. Establishing a global SCI patient registry and 
checking the medical records necessary for evaluation and fol-
low-up is needed. In particular, when ISNCSCI is accompanied 
by TBI, a specific global consensus on the evaluation must be 
reached through further studies. The key issue is when a reliable 
physical examination can be performed. 
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