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Abstract

Background: Traumatic brain injury (TBI) is a major cause of death and disability in Thailand,
primarily due to motorcycle accidents.

Objectives: This study examines the characteristics, incidence, cranial CT abnormalities,
complications, and outcomes of mild TBI (mTBI) patients

Materials and Methods: This retrospective cross-sectional study analyzed mTBI patients treated
at Burapha University Hospital from June 2020 to August 2021. Data on patient demographics,
injury mechanisms, cranial CT findings, outcomes, and complications were collected and
analyzed. The study aimed to determine the incidence of cranial CT abnormalities, clinical
outcomes, and risk factors for cranial CT abnormality in mTBI patients with Canadian CT head
rule combined with New Orleans Criteria.

Results: Analyzed 665 mTBI patients. Cranial CT abnormalities were found in 15.80% of
patients, with subarachnoid hemorrhage (46.70%) and subdural hematoma (33.30%) being the
most common findings. Risk factors significantly associated with abnormal cranial CT included
motorcycle accidents (p = 0.0002), falls (p = 0.0002), loss of consciousness (p = 0.00003), amnesia
(p < 0.00001), and lower GCS scores (p < 0.00001). Three patients (0.45%) required neurosurgical
intervention, all of whom were young males involved in motorcycle accidents with alcohol
intoxication. The overall favorable outcome rate was 99.85%, with only one mortality (0.15%)
due to associated thoracoabdominal injuries with hypotension.

Conclusion: This study highlights key risk factors for intracranial abnormalities in mTBI patients
and underscores the importance of targeted cranial CT criteria, preventive measures, and timely
management of associated injuries. Further research is needed to explore long-term outcomes

and optimize management strategies for mTBI patients.

Keywords: Cranial computed tomography, CT brain scan, mild traumatic brain injury, cranial
CT abnormalities, CT brain abnormality, clinical outcomes of mild traumatic brain

injury patients.
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Introduction

Traumatic brain injury (TBI) is a major
global public health problem, representing
one of the leading causes of death and
disability among all trauma-related conditions.
It is defined as a disruption of normal brain
function or the presence of brain pathology
caused by an external mechanical force.
This disruption may manifest as a decreased
level of consciousness, anterograde or
retrograde amnesia, neurological deficit, or
changes in mental status. Evidence of brain
pathology can be confirmed through direct
observation, neuroimaging, or histopathological
examination. According to the International
Statistical Classification of Diseases and Related
Health Problems, 10" Revision (ICD-10), TBI is
recorded under codes S00-S09 (Injuries to the
head)"”.

Globally, TBI imposes a substantial
burden on healthcare systems and societies,
especially in low- and middle-income
countries where road traffic accidents are
the predominant cause. The World Health
Organization (WHQO) estimates that TBI
contributes significantly to years of life lost
due to disability and premature death.

In Thailand, TBI is a leading cause of
death and disability among noncommunicable
diseases, with traffic accidents being the
most common cause. National data report
approximately 15,000 deaths per year (21-
23.77 per 100,000 population)®*. Notably,
almost 80% of traffic accident-related TBIs

result from motorcycle crashes, with an

estimated 60,000 new cases annually, a rate
of 100 per 100,000 population, representing
42.53-43.37% of all motorcycle-related injuries.

The epidemiology of TBI in Thailand
mirrors that of other developing nations, where
the majority of victims are young adult males,
approximately three times more frequent than
females, with the highest incidence among
individuals aged 15-34 years®”. Head injury
accounts for 29.60% of all severe injuries
from motorcycle accidents and rises to 50%
among non-helmet users. The majority of TBIs
are mild (86.10%), followed by severe (8.80%)
and moderate (5.10%) injuries. Helmet use
significantly reduces severity: severe TBI occurs
in only 3.04% of helmeted riders, compared to
7.10% of non-helmeted riders’. These statistics
emphasize the critical role of preventive
measures, such as helmet compliance, and
standard of care in reducing the burden of TBI.

Although road traffic accidents
remain the major cause, falls also contribute
substantially to TBI cases, particularly among
the elderly and children. Falls are the most
frequent mechanism of head injury among
non-traffic causes, representing 26.85% of
all fall-related injuries, and are associated
with the highest mortality rate (62.77%) and
an injury-related mortality of 8.23%’. These
findings demonstrate that TBI is not limited
to young, active populations but also affects
vulnerable groups, highlighting its broad social
and healthcare impact.

TBI severity is commonly classified

based on the Glasgow Coma Scale (GCS),
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where mild TBI corresponds to scores of 13-
15, moderate TBI to 9-12, and severe TBI to
3-8°. Among these, mild traumatic brain injury
(MTBI) constitutes more than 80% of all TBI
cases”. Despite being considered “mild,”
mTBI still requires careful assessment to
detect potential intracranial injuries that may
not initially present with severe symptoms
but can lead to delayed complications. The
primary diagnostic tool for evaluating mTBI
is cranial computed tomography (CT), which
aids in ruling out intracranial bleeding or skull
fractures.

At Burapha University Hospital, the
standard of care for mTBI patients follows the
Canadian CT Head Rule (CCHR)’ [High risk; one
of following: GCS<15 after 2 hours, open or
depressed skull fracture, sign of base of skull
fracture, vomiting > 2 times or age > 65 years.
Moderate risk; one of following: amnesia before
impact > 30 minutes, dangerous mechanism
(pedestrian, ejected from motor vehicle, fall
from > 3 feet or 5 stairs)] to determine CT
indications, categorizing patients into high- and
moderate-risk groups based on clinical features.
For those who do not meet CCHR criteria but
still present with concerning symptoms, the
New Orleans Criteria (NOC)™ (one of following:
headache, vomiting, age > 60 years, alcohol
or intoxication, amnesia, visible injury above
clavicle or seizure) are additionally applied
to enhance detection sensitivity of screening,
ensuring coverage of patients with subtle or
hidden risks. This modification also aimed to

adapt the clinical decision-making process to

the injury patterns commonly observed in
Thailand, where motorcycle-related trauma
is highly prevalent. Patients not undergoing
immediate cranial CT are admitted for 24-
hour neurological observation to monitor for
deterioration or complications.

The authors conducted a study to
investigate the characteristics, incidence, cranial
CT abnormalities, complications, and clinical
outcomes of mTBI patients treated at Burapha
University Hospital between June 27" 2020,
and August 1%, 2021. Since the mechanism of
injury in Thailand, predominantly motorcycle
accidents differs from the leading cause
of mTBI in Western countries (commonly
falls)'**, this study aims to provide localized
epidemiological data that reflect Thailand’s
unique circumstances. The findings will
contribute to better clinical decision-making,
improve diagnostic protocols, and strengthen
public health strategies aimed at reducing the

burden of TBI nationwide.

Material and Method

A retrospective cross-sectional study,
population comprised all patients with mTBI
who presented to Burapha University Hospital,
a tertiary trauma center, between 27" June
2020 and 1* August 2021 (400 days). The study
sample included all mTBI patients within this
period who underwent cranial CT.

Inclusion criteria:

1. All the patient who was diagnosis
head injury (ICD-10: S00-S09” at all age,
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race, and sex at Burapha University Hospital
between 27" June 2020 to 1% August 2021.

2. mTBI which Glasgow Coma Scale
(GCS)” = 13-15.

3. Obtained cranial CT and recorded in
Burapha University Hospital’s database.

4. Provided electronic medical record
in Burapha University Hospital’s database.

Exclusion criteria:

1. Inadequate medical record or

2. Incomplete or unavailable cranial CT
data in Burapha University Hospital’s database.

The authors collect patients’ data and
cranial CT results from Burapha University
Hospital’s database in diagnosis of head injury
ICD-10: S00-S09 in case record form included
the general data (sex, age, anticoagulant
or antiplatelet usage, thrombocytopenia,
coagulopathy and other bleeding disorder, and
neurocognitive disorder)

TBI data: mechanism of injury,
Glasgow Coma Scale score, history of loss of
consciousness, amnesia, vomiting, headache,
seizure and other neurological abnormality,
external cranial wound, intoxication, helmet
protection, associated extracranial injury.

Cranial CT abnormality data are
categorized as skull fracture, base of skull
fracture, epidural hematoma, subdural
hematoma, subarachnoid hematoma,
brain contusion, intracerebral hematoma,

intraventricular hemorrhage, and brain

herniation by the radiologist’s reports and
reviewed by the authors.

The patient with coagulopathy
(underlying condition, anticoagulant and/or
antiplatelet usage) will be corrected in all
case with intracranial hemorrhage (ICH) on
cranial CT.

Outcome data: duration of follow up,
Glasgow Outcome Scale (GOS) Score after
treatment, 5 = good recovery: return to normal
occupation and social life, 4 = moderate
disability: able to take care themselves at
home, public transport but cannot return to
normal occupation and social life, 3 = severe
disability: conscious but needs assistance for
some daily activities every day, 2 = vegetative
state: unresponsive and speechless, 1 =
dead'. The author categorized GOS 4 and
5 as favorable outcome and GOS 1- 3 as
unfavorable outcome.

Complication data: headache, dizziness
and vertigo, neurological abnormality,
electrolyte abnormality, newly diagnosed
seizure, infection, delayed or missed diagnosis,
mortality.

Collect all raw data from case record
form, check for correctness and record
in Microsoft Excel program. Descriptive
statistics: frequency, percentage, mean,
standard deviation, t-test, and One-way
ANOVA. Analytical statistics analysis Chi-
square and Fisher exact test, Odds ratio and
95% confidence interval with Program R for

Macintosh.
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Results

Six hundred and sixty-five mTBI
patients with cranial CT were enrolled in the
present study. The demographic characteristics

between normal cranial CT group and abnormal

cranial CT group are summarized in table 1.
There were 391 males and 274 females (a ratio
of 1.4:1), age ranging from 1 month to 98 years
(mean 44.7 years), the peak age range was 15-
59 years (59.20%). The usage of antiplatelet

and/or anticoagulant was 38 patients (5.70%).

Table 1 Demographic characteristics of the mTBI patients comparison between normal cranial

CT group (n = 560) and abnormal cranial CT group (n = 105)

Demographic characteristic Total  Normal cranial Abnormal cranial p-value
n=665  CT n=560(%) CT n=105(%)  (F=Fisher Exact Test)
Gender 0.87
Male 391 330(84.40) 61(15.60)
Female 274 230(83.90) 44(16.10)
Age
< 15 years 36 32(88.90) 4(11.10) 0.43
15-59 years 394 316(80.20) 78(19.80) < 0.001
> 60 years 235 212(90.20) 23(9.80) 0.002
Antiplatelet/anticoagulant use
No 627 526(83.90) 101(16.10) 0.36
Antiplatelet 26 24(92.30) 2(7.70) 0.23
Anticoagulant 11 9(81.80) 2(18.20) 0.83
Antiplatelet+ anticoagulant 1 1(100) 0 1(F)

The most common mechanism of
injury was motorcycle accident (40.90%)
then simple fall (28.10%), and syncope/near
syncope related mTBI (8.70%) (table 2). Overall

intoxication was 28.30% and in motorcycle
accident group was 51.50% (140 from 272
patients), car accident group was 34.60% (9

from 26 patients).
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Table 2 Mechanism of injuries of the mTBI patients comparison between normal cranial CT

group (n =560) and abnormal cranial CT group (n = 105)

Mechanism of injury Total  Normal cranial CT Abnormal cranial CT p-value
n=665 n=560(%) n=105(%) (F=Fisher Exact Test)

Motorcycle 272 212(77.90) 60(22.10) < 0.001
Car 26 22(84.60) 4(15.40) 0.95
Pedestrian 19 14(73.70) 5(26.30) 0.20
Bike 9 7(77.80) 2(22.20) 0.59
Simple fall 187 173(92.50) 14(7.50) < 0.001
Fall from height < 6 meters 30 23(76.70) 7(23.30) 0.25
Fall from height > 6 meters 3 3(100) 0 1(F)
Syncope/near syncope 58 54(93.10) 4(6.90) 0.05
Seizure/epilepsy 10 9(90) 1(10) 0.61
Body assault 28 24(85.70) 4(14.30) 0.82
Extreme sport 11 7(63.60) 4(36.40) 0.06
Hit solid object 9 9(100) 0 0.37(F)
Electrical shock 3 3(100) 0 1(F)

The history of loss of consciousness was — presentation was 14%, all vomiting was 6.20%,
44.20% and amnesia was 39.50%. Headache at  the presence of cranial wound was 92.90%
(table 3).

Table 3 Clinical symptoms and signs of the mTBI patients comparison between normal cranial

CT group (n =560) and abnormal cranial CT group (n = 105)

Clinical symptom Total Normal cranial CT  Abnormal cranial p-value
and sign n=665 n=560(%) CT n=105(%) (F=Fisher Exact Test)
Intoxication 0.08
No ar7 409(85.70) 68(14.30)
Yes 188 151(80.30) 37(19.70)
Loss of consciousness < 0.001
No 371 332(89.50) 39(10.50)
Yes 294 228(77.60) 66(22.40)
Amnesia < 0.001
No 402 360(89.60) 42(10.40)

Yes 263 200(76) 63(24)




9
Bu J Med Vol.13 No.1 January — April 2026

Table 3 Clinical symptoms and signs of the mTBI patients comparison between normal cranial
CT group (n =560) and abnormal cranial CT group (n = 105) (Part 2)

Clinical symptom Total  Normal cranial CT ~ Abnormal cranial p-value
and sign n=665 n=560(%) CT n=105(%) (F=Fisher Exact Test)

Headache 0.92

No 572 482(84.30) 90(15.70)

Yes 93 78(83.90) 15(16.10)
Vomiting

No 624 527(84.50) 97(15.50) 0.50

1 time 19 16(84.20) 3(15.80) 1

2 times 12 9(75) 3(25) 0.38

> 3 times 10 8(80) 2(20) 0.71
Cranial wound 0.56

No a7 41(87.20) 6(12.80)

Yes 618 519(84) 99(16)

The GCS score 15 was the most common associated injury was extremity injury
common (91.90%), GCS score 14 was 5.70% (overall 91 patients, 13.70%) then maxillofacial
and GCS score 13 was 2.40% (table 4). Most injury (overall 72 patients, 10.80%) (table 5).

Table 4 Glasgow Coma Scale (GCS) of the mTBI patients comparison between normal cranial

CT group (n = 560) and abnormal cranial CT group (n = 105)

Total Normal cranial CT Abnormal cranial CT p-value
Glasgow Coma Scale
n=665 n=560(%) n=105(%) (F=Fisher Exact Test)
15 611 531(86.90) 80(13.10) < 0.001
14 38 26(68.40) 12(31.60) 0.006

13 16 3(18.70) 13(81.30) < 0.001
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Table 5 Associated injuries of the mTBI patients comparison between normal cranial CT group

(n = 560) and abnormal cranial CT group (n = 105)

Associated injury Total Normal cranial CT Abnormal cranial CT p-value
n=665 n=560(%) n=105(%) (F=Fisher Exact Test)

No 483 421(87.20) 62(12.80) < 0.001
Maxillofacial 59 41(69.50) 18(30.50) 0.001
Cervical spine 10 10(100) 0 0.38(F)
Thoracoabdominal 15 10(66.70) 5(33.30) 0.06
Extremity 73 62(84.90) 11(15.10) 0.86
Maxillofacial + cervical spine 3 1(33.30) 2(66.70) 0.02
Maxillofacial + thoracoabdominal 2 0 2(100) 0.02(F)
Maxillofacial + extremity 8 6(75) 2(25) 0.47
Cervical spine + 2 1(50) 1(50) 0.18
thoracoabdominal
Cervical spine + extremity 2 1(50) 1(50) 0.18
Thoracoabdominal + 8 7(87.50) 1(12.50) 0.80

extremity

Cranial CT abnormalities

Cranial CT abnormalities were found
in 105 mTBI patients (15.80%). The most
common lesion was subarachnoid hemorrhage
(49 patients, 46.70%) then acute subdural
hematoma (35 patients, 33.30%), cranial
vault skull fracture (32 patients, 30.50%),
brain contusion (20 patients, 19%), base
of skull fracture (19 patients, 18.10%) and
acute epidural hematoma (16 patients,
15.20%). Eleven from thirty-two cranial vault
skull fracture patients associated with acute
epidural hematoma (34.40%).

Patients aged 60 years and older
were more likely to have normal cranial CT
(90.20%) (p = 0.002). Motorcycle accidents
(p < 0.001) and simple falls (p < 0.001) were

more common mechanisms of injury in the
abnormal cranial CT group. Additionally, loss
of consciousness (p < 0.001) and amnesia (p
< 0.001) were more frequent in patients with
abnormal cranial CT.

Patients with abnormal cranial CT
had lower Glasgow Coma Scale (GCS) scores
(p < 0.00001), with a notable proportion of
patients having GCS scores of 13 (81.30%).
Furthermore, associated injuries were more
common in patients with abnormal cranial CT,
particularly maxillofacial injuries (p = 0.001)
and combinations of maxillofacial with cervical
spine injuries (p = 0.02) and thoracoabdominal
injuries (p = 0.02 F).

In contrast, no significant differences

were observed between the two groups in
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terms of gender, antiplatelet/anticoagulant
use, other mechanisms of injury, intoxication,
headache, vomiting, cranial wound, and other
associated injuries.

These findings highlight the importance
of considering age, mechanism of injury, loss
of consciousness, amnesia, GCS scores and
associated injuries when evaluating mTBI
patients with abnormal cranial CT.

Seventy-nine patients were performed
following cranial CT within 24 hours after
initial cranial CT with intracranial hemorrhage,
without neurological deterioration, none of the
patients needed neurological intervention for

significant expansion of hematoma.

Outcomes

The overall favorable outcome was
99.85% (664 patients). The mortality in 1
patient (0.15%) presented with car accident.
The cranial CT revealed a small amount of
subarachnoid hemorrhage. The cause of dead
due to thoracoabdominal injury with severe
hypotension, but the patient’s relatives
refused aggressive treatment due to advanced
age (96 years) and according to the patient’s
will before the accident.

Three neurological surgeries were
needed in 3 patients (0.45%) after immediate
cranial CT. All were males age between 21-30
years, presented with motorcycle accident and
alcohol intoxicated. GCS score was 13, 13 and
14 at presentation. The diagnoses were acute

subdural hematoma, brain contusion and

acute epidural hematoma. All patients have
favorable outcome (GOS 5) after discharge.
The authors corrected all coagulopathy,
the usage of antiplatelet corrected with
platelet transfusion and/or anticoagulant
corrected with fresh frozen plasma transfusion
in all case with intracranial hemorrhage on
cranial CT (4 patients), all favorable outcome
(GOS 5) without any complication from the

transfusions.

Discussion

Mild traumatic brain injury (mTBI)
is a significant public health concern,
accounting for a substantial proportion of
emergency department visits. This study
aimed to characterize the demographics,
injury mechanisms, clinical presentations,
and outcomes of patients with mTBI who
underwent cranial CT.

The present study found that patients
aged 60 years and older were more likely to
have normal cranial CT (90.20%) (p = 0.002).
This finding appears to contradict the Canadian
CT Head Rule guideline, which recommends
cranial CT for patients aged 65 years and older,
and the New Orleans Criteria, which suggest
cranial CT for patients aged 60 years and older.

However, it is essential to consider the
context and population of the present study.
Our findings may suggest that, in our cohort,
patients aged 60 years and older with mTBI
may have a lower likelihood of significant
intracranial injuries. This could be attributed

to various factors, such as differences in
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injury mechanisms, comorbidities, or other
underlying health conditions.

Nonetheless, it is crucial to emphasize
that our findings do not necessarily imply that
cranial CT can be omitted in patients aged 60
years and older. Rather, our results highlight
the need for careful consideration of individual
patient factors, such as clinical presentation,
injury mechanism, and medical history, when
deciding whether to perform a cranial CT.

Future studies are warranted to further
investigate the optimal imaging strategies
for patients with mTBI, particularly in older
adults. By refining our understanding of the
relationships between age, injury severity,
and imaging findings, we can work towards
developing more targeted and effective
diagnostic protocols.

The study’s findings highlight the
importance of considering the mechanisms
of injury and clinical presentations when
evaluating patients with mTBI. Motorcycle
accidents were the most common mechanism
of injury, accounting for 40.90% of cases. This
underscores the need for targeted prevention
strategies, such as helmet use and impaired
driving prevention programs.

The study also found that cranial
CT abnormalities were present in 15.80%
of patients that higher incidence than the
previous studies was found 8% in Stiell et al,,
Canadian CT Head Rule Study 2001° and 6.90%
in Haydel et al. New Orleans Criteria 2000"°
may be from the high incidence of motorcycle

injury in the patients of the present study

that has incidence up to 22.10% cranial CT
abnormalities. This highlights the importance
of routine cranial CT in evaluating patients with
mTBI in Thai population, particularly those
with a history of motorcycle accident, loss of
consciousness or amnesia.

The study’s outcomes were generally
favorable, with 99.85% of patients having a good
outcome (GOS 5). However, one patient died
due to thoracoabdominal injury and severe
hypotension, highlighting the importance
of prompt recognition and management of
associated injuries.

The study’s findings also highlight the
importance of correcting coagulopathy in
patients with mTBI and intracranial hemorrhage.
The authors’ use of platelet transfusion and/
or fresh frozen plasma transfusion resulted
in favorable outcomes (GOS 5) without any
complications.

Comorbidities and medications
significantly influence the management and
treatment of patients with mTBI. Specifically,
pre-existing conditions or chronic medications
that compromise blood coagulation can
increase the risk of ICH and result in poor
clinical outcomes'. Conversely, routine
repetition of cranial CT in patients with initially
normal findings is unnecessary and wasteful .
Furthermore, discontinuation of essential
medications following diagnosis of intracranial
hemorrhage may exacerbate underlying
conditions.

Patients presenting with ICH on

initial cranial CT who demonstrate stable or
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improved neurological status pose a clinical
dilemma regarding the necessity of routine
follow-up cranial CT within 24 hours. While the
benefits of repeat imaging in this context are
unclear, it may be justified in select cases to
monitor impending surgical lesions or provide
psychological reassurance to patients and their
families prior to discharge, particularly in cases
of smaller ICH.

However, prompt neurological surgical
intervention remains the critical factor
determining survival and favorable outcomes
in patients with emergency surgical lesions.
Timely recognition and management of
these lesions are essential to prevent further
neurological deterioration and optimize patient

outcomes.

Limitations

This study has several limitations.
Firstly, the study’s sample size was relatively
small, which may limit the generalizability of
the findings. Secondly, the study’s follow-up
period was relatively short, which may not
capture long-term outcomes in patients with
mTBI. Finally, the study’s findings may be
influenced by selection bias, as the study only

included patients who underwent cranial CT.

Conclusion

In conclusion, this study provides
valuable insights into the demographics,
injury mechanisms, clinical presentations,
and outcomes of patients with mTBI who

underwent cranial CT. The study’s findings

underscore the importance of individualized
patient assessment, considering factors
such as age, injury mechanism, and clinical
presentation, when evaluating patients with
mTBI. While patients aged 60 years and older
were more likely to have normal cranial CT,
this finding should not be interpreted as a
justification for omitting cranial CT in this
age group. The study’s findings highlight the
importance of targeted prevention strategies,
routine cranial CT, and prompt recognition and
management of associated injuries. Further
research is needed to better understand the
long-term outcomes and optimal management

strategies for patients with mTBI.
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