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Objective We conducted a study to validate the effectiveness of the Korean criteria for trauma 
team activation (TTA) and compared its results with a two-tiered system. 

Methods This observational study was based on data from the Korean Trauma Data Bank. With-
in the study period, 1,628 trauma patients visited our emergency department, and 739 satisfied 
the criteria for TTA. The rates of overtriage and undertriage in the Korean one-tiered system were 
compared with the two-tiered system recommended by the American College of Surgery-Com-
mittee on Trauma.

Results Most of the patient’s physiologic factors reflected trauma severity levels, but anatomical 
factors and mechanism of injury did not show consistent results. In addition, while the rate of 
overtriage (64.4%) was above the recommended range according to the Korean criteria, the rate 
of undertriage (4.0%) was within the recommended range. In the simulated two-tiered system, 
the rate of overtriage was reduced by 5.5%, while undertriage was increased by 1.8% compared 
to the Korean activation system. 

Conclusion The Korean criteria for TTA showed higher rates of overtriage and similar undertriage 
rates compared to the simulated two-tier system. Modification of the current criteria to a two-
tier system with special considerations would be more effective for providing optimum patient 
care and medical resource utilization.
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What is already known
Multidisciplinary care for trauma patients is the best way to increase the sur-
vival rate and reduce the disability rate and trauma team activation (TTA) is the 
starting line for its success. Developed countries have validated and modified 
the criteria for TTA for securing patient safety and minimizing overuse of medi-
cal resources. 

What is new in the current study
Korean criteria for TTA showed lower overtriage rates and similar undertriage 
rates compared with those of other countries. Modification of the current crite-
ria to a two-tier system with special considerations would be more effective for 
providing optimum patient care and medical resource utilization.
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INTRODUCTION

Traumatic injury is a major cause of death in many countries.1-5 It 
is important to consider that many young and productive people 
are included in trauma-related mortalities, which can have a neg-
ative effect on society and increase medical-care costs.6 There-
fore, many developed countries are trying to prevent severe trau-
ma with social safety systems and reduce injury-related mortali-
ties using specialized care systems for trauma patients. Imple-
menting multidisciplinary care for trauma patients is one of the 
most well-known systems to increase the survival rate and reduce 

the disability rate.7-11 This system requires the immediate assem-
bly of the trauma team at the time of patient arrival at the emer-
gency department (ED), so most trauma centers have a set of cri-
teria for trauma team activation (TTA). The most important aspect 
of having such criteria for TTA is to minimize undertriage, to se-
cure patient safety and minimize overtriage to prevent the over-
use of medical resources.12-16 The American College of Surgeons-
Committee on Trauma (ACS-COT) recommends that the rate of 
undertriage should be less than 5% and overtriage less than 25% 
to 35%.17

 In South Korea, seven level I trauma centers have been in op-

Table 1. General characteristics and Korean criteria for trauma team activation in severe trauma (ISS>15) and non-severe trauma (ISS≤15) group 

Severe trauma (n=263) Non-severe trauma (n=476) P-value

Age (yr) 57 (44–66) 53 (33–64) 0.003

Sex, male 188 (71.5) 344 (72.3) 0.864

Outcome

Type of disposition from emergency department <0.001

   Admission to intensive care unit 210 (79.8) 105 (22.1)

   Admission to ward 53 (20.2) 359 (75.4)

   Discharge 0 (0) 12 (2.5)

Emergency operation 84 (31.9) 67 (14.1) <0.001

In-hospital mortalitya) 44 (16.7) 5 (1.1) <0.001

Criteria for trauma team activation

Airway obstruction/respiratory distress 19 (7.2) 1 (0.2) <0.001

Intubated trauma patient 29 (11.0) 2 (0.4) <0.001

Respiratory rate <10/min or >29/min in adult 15 (5.7) 2 (0.4) <0.001

Systolic blood pressure <90 mmHg in an adult 46 (17.5) 13 (2.7) <0.001

Heart rate >100 bpm in an adult 65 (24.7) 74 (15.6) 0.002

Glasgow coma score <13 87 (33.1) 27 (5.7) <0.001

Trauma patient receiving blood or blood product(s) 9 (3.4) 4 (0.8) 0.017

Worsening of patient’s condition 2 (0.8) 0 (0) 0.126

Penetrating trauma to the head, neck or torso 4 (1.5) 18 (3.8) 0.112

Penetrating trauma proximal to the elbow or knee 0 (0) 1 (0.2) 1.000

Flail chest 12 (4.6) 2 (0.4) <0.001

Open/depressed skull fracture 9 (3.4) 4 (0.8) 0.017

Paralysis or spinal injury 66 (25.1) 123 (25.8) 0.860

Pelvic bone fracture 43 (16.4) 29 (6.1) <0.001

≥2 proximal long bone fractures 2 (0.8) 5 (1.1) 1.000

Mangled, pulseless, or crushed extremity injury 10 (3.8) 19 (4.0) 1.000

Amputation at the proximal wrist or ankle 0 (0) 0 (0) -

Death in the same passenger compartment 3 (1.1) 5 (1.1) 1.000

Ejection from automobile 3 (1.1) 1 (0.2) 0.132

Automobiles crash at a speed of ≥60 km/hr 9 (3.4) 57 (12.0) <0.001

Pedestrian struck by automobile at a speed of ≥30 km/hr 41 (15.6) 48 (10.1) 0.033

Extrication time ≥20 min (vehicular intrusion ≥30 cm) 1 (0.4) 1 (0.2) 1.000

Motorcycle, bicycle, other vehicle crash ≥30 km/hr or roll over 47 (17.9) 132 (27.7) 0.003

Fall; adult ≥6 m, children ≥3 m 16 (6.1) 15 (3.2) 0.083

Explosion 0 (0) 0 (0) -

Values are presented as median (interquartile range) or number (%). 
ISS, injury severity score.
a)Emergency department mortality was also included in in-hospital mortality.
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eration since 2011, and they have been using a common set of 
criteria for TTA (Table 1). These criteria are based on the ACS-COT 
field triage criteria for trauma patients, but unlike that criteria, 
any of the factors (physiological, anatomical and mechanism of 
injury) could be considered for activating the trauma team.7 These 
newly modified criteria have never been evaluated for their ef-
fects on patient safety and appropriateness for application in our 
country. We conducted a study to validate the effectiveness of 
the Korean criteria for TTA and compared the results with a two-
tiered system.

METHODS

Study design and hospital setting
This was a registry-based observational study of trauma patients 
who were admitted to the ED of a level I trauma center during the 
study period of June 2016 to November 2016. The study protocol 
was approved by the Institutional Review Board of Wonju Sever-
ance Christian Hospital where the research took place (CR317034) 
and informed consent was waived. In addition, this observational 
study was completed in accordance with the STROBE reporting 
guidelines for conducting original research.
 Every year, more than 44,000 patients visit our ED, about 7%  
of whom are trauma patients. The trauma team consists of emer-
gency physicians, general surgeons, thoracic surgeons, neurosur-
geons, orthopedic surgeons, and anesthesiologists. When a pa-
tient satisfies the criteria for TTA, the emergency medicine board-
certified physician (EP) on duty notifies the team via a short mes-
sage service with relevant patient information including age, sex, 
mechanism of injury, and clinical impression. All assembled mem-
bers of the trauma team then have to decide on the treatment 
plan for the patient, determine whether emergency surgery is 
needed, and assess whether admission to the intensive care unit 
(ICU) or general ward, transferring out, or discharge is required. 
All trauma patients can be managed in our trauma center, but 
those who need specialized burn care or emergency microsurgery 
of the hands or feet are usually transferred to another hospital.

Data sources
All trauma patients that visit or are referred to our hospital have 
been registered in the national trauma database, the Korean Trau-
ma Data Bank. For these patients, information entered into the 
database includes patient characteristics, injury mechanism, inju-
ry severity, treatment modality and outcomes; age, gender, status 
of TTA, abbreviated injury scale score, injury severity score (ISS), 
blood pressure, heart rate, respiratory rate, Glasgow coma score 
(GCS), the type of ED disposition, ICU admission, and in-hospital 

mortality. In our hospital, variables in the Korean Trauma Data 
Bank have been collected by trauma center coordinators who 
oversee medical records at the time of patients discharge.

Validation and simulation of criteria for TTA
Severe trauma was defined as an ISS over 15.18 Correct triage 
was defined as severe trauma in a patient for whom the trauma 
team was activated or non-severe trauma in patients for whom 
the trauma team was not activated. Overtriage was defined as an 
ISS of 15 and below in a patient for whom the trauma team was 
activated. Undertriage was defined as an ISS above 15 in a pa-
tient for whom the trauma team was not activated.19 Validation 
of each factor in the criteria for TTA was presented as an odds ra-
tio (OR) of a correct triage compared with an overtriage or un-
dertriage. Prehospital and in-hospital factors among patients clas-
sified as undertriaged were analyzed separately to ascertain the 
cause of the undertriage.
 We performed overtriage and undertriage simulations for pa-
tients with physiological and anatomic factors associated with 
injury and trauma to compare the Korean single-tier TTA system 
with the ACS-COT recommendation, which is a two-tiered system 
used in many countries.13,15,20,21 These criteria recommend that 
patients with anatomical or physiological factor(s) should be tri-
aged to level I trauma centers while other patients should be tri-
aged to the nearest trauma center regardless of the facility’s des-
ignated trauma level.7 In South Korea, only the level I trauma 
centers were designated so that it might be reasonable to com-
pare the accuracy of triage for the patients compatible to the 
level I trauma center. Therefore, we only included patients with 
physiological factor(s) or anatomical factor(s) from the data sourc-
es, as mentioned in the AST-COT recommendation, and calculated 
the rates of overtriage and undertriage in this simulation. We 
compared the rates of overtriage and undertriage between the 
original Korean criteria and the simulated two-tiered system cri-
teria.

Evaluation of parameters related to undertriage
A history of anticoagulant medication use, bleeding disorders, 
open fractures, neurovascular compromise, end-stage renal dis-
ease and pregnancy >20 weeks of gestation were defined as 
“potentially serious injuries” according to the ACS-COT recom-
mendation even though they were excluded in the Korean criteria 
for TTA.7 Therefore, these variables were searched for in the medi-
cal records when a patient was classified as undertriaged and any 
of these factors were defined as the cause of undertriage.
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Data analysis
Continuous data were presented as medians and interquartile 
ranges (IQRs) and compared using the Mann-Whitney U-test or 
the Kruskal-Wallis test as appropriate. Nominal data were pre-
sented as their frequencies of occurrence and compared using 
the chi-square or Fisher exact test as appropriate. Univariate anal-
ysis was performed to evaluate the association between each of 
the factors based on the Korean criteria for TTA and development 
of severe trauma. Multivariate logistic regression analysis was 
performed to verify factors related to the development of severe 
trauma. All variables with a two-sided P-value less than 0.05 in 
the univariate analysis were included in this analysis. The result-
ing ORs were presented together with their 95% confidence in-
tervals (CIs) in univariate and multivariate analyses. The ORs with 
a CI above one and a two-sided P-value less than 0.05 were con-
sidered statistically significant. The Bonferroni correction method 
was used for the post hoc analysis after the Kruskal-Wallis test, 

Fig. 1. Study population and rates of triage. DOA, death on arrival; TTA, 
trauma team activation; ISS, injury severity score.

886  
No TTA

1,628  
Trauma patients

3 excluded;  
DOA

739  
TTA

476  
ISS≤15

263  
ISS>15

35  
ISS>15

851  
ISS≤15

Correct triage
(68.6%)

Over-triage
(64.4%)

Under-triage
(4.0%)

Table 2. Univariate analysis of factors in Korean criteria for predicting severe trauma

Odds ratio 95% confidence interval P-value

Physiology

Airway obstruction/respiratory distress 36.988 4.922–277.934 <0.001

Intubated trauma patient 29.372 6.949–124.147 <0.001

Respiratory rate <10 or >29/min (adult) 14.335 3.252–63.185 <0.001

Systolic blood pressure <90 mmHg (adult) 7.550 3.995–14.267 <0.001

Heart rate >100/min (adult) 1.783 1.227–2.593 0.002

Glasgow coma score <13 8.220 5.160–13.095 <0.001

Trauma patient receiving blood or blood product(s) 4.181 1.275–13.711 0.018

Worsening of patient’s condition 1.008 0.997–1.018 0.126

Any physiological factor 4.151 2.992–5.759 <0.001

Anatomy

Penetrating trauma to the head, neck, or torso 0.393 0.132–1.174 0.094

Penetrating trauma proximal to the elbow or knee 1 case

Flail chest 11.331 2.516–51.022 0.002

Open/depressed skull fracture 4.181 1.275–13.711 0.018

Paralysis or spinal injury 0.961 0.680–1.359 0.824

Pelvic bone fracture 3.013 1.831–4.956 <0.001

≥2 proximal long bone fractures 0.722 0.139–3.747 0.698

Mangled, pulseless, or crushed extremity injury 0.951 0.435–2.076 0.899

Amputation at the proximal wrist or ankle No case

Any anatomical factor 1.297 0.957–1.756 0.093

Mechanism of injury

Death in the same passenger compartment 1.087 0.258–4.585 0.910

Ejection from automobile 5.481 0.567–52.956 0.142

Automobiles crash at a speed of ≥60 km/hr 0.260 0.127–0.535 <0.001

Pedestrian struck by automobile at a speed of ≥30 km/hr 1.647 1.053–2.575 0.029

Extrication time ≥20 min (vehicular intrusion ≥30 cm) 1.813 0.113–29.104 0.674

Motorcycle, bicycle, other vehicle crash ≥30 km/hr or roll over 0.567 0.390–0.824 0.003

Fall; adult ≥6 m, children ≥3 m 1.991 0.968–4.095 0.061

Explosion None

Any mechanism of injury 0.722 0.534–0.977 0.035
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and P-values less than 0.0167 were regarded as significant. All 
statistical analyses were performed using the PASW Statistics ver. 
18.0 (SPSS, Chicago, IL, USA).

RESULTS

General characteristics
Within the study period, 1,628 trauma patients visited our ED, 
and 739 of them satisfied the criteria for TTA (Fig. 1). Two hun-
dred and sixty-three patients were put into the severe trauma 
group and their median age was higher than the non-severe trau-
ma group (P=0.003). There were more emergency operations, 
ICU admissions and in-hospital deaths in the severe trauma 
group (P<0.001, respectively); ward admission was more frequent 
in the non-severe group (P<0.001). The criteria for TTA and the 
difference between groups is shown in Table 1.

Validation of Korean criteria for TTA
In the univariate analysis, all the physiological factors except ‘wors-
ening of patient’s condition’ were related to severe trauma. Flail 
chest, open/depressed skull fracture, and pelvic bone fractures 
were the anatomical factors related to severe trauma. Under the 
criteria for the mechanism of injury, ‘pedestrian struck by auto-
mobile at a speed of ≥30 km/hr’ and ‘motorcycle, bicycle, other 
vehicle crash ≥30 km/hr or roll over’ were inversely related to 
severe trauma. Automobile crashes at a speed of over 60 km/hr 
were inversely related to severe trauma (Table 2).
 Under the multivariate analysis, intubated trauma patients (OR, 
6.901; 95% CI, 1.507 to 31.604; P=0.013), a systolic blood pres-
sure below 90 mmHg (OR, 2.807; 95% CI, 1.340 to 5.880; P=0.006), 
a GCS below 13 (OR, 4.456; 95% CI, 2.611 to 7.607; P<0.001), 
flail chest (OR, 9.227; 95% CI, 1.926 to 44.198; P=0.005), and 
pelvic bone fracture (OR, 2.854; 95% CI, 1.660 to 4.909; P<0.001) 
were significantly associated with severe trauma. Automobile crash 
at a speed of 60 km/hr or over was inversely related to severe 
trauma (OR, 0.421; 95% CI, 0.202 to 0.878; P=0.021) (Table 3).

 The rate of correct triage was 68.6% for the Korean criteria 
even though the rates of overtriage and undertriage were 64.4% 
and 4.0%, respectively (Fig. 1). The median age was lowest in the 
overtriaged group (P=0.006) even though there was no significant 
difference in terms of gender (P=0.675). The ISS, the frequency 
of emergency operations and the rate of ICU admission were low-
est in the overtriaged group (P<0.001). The in-hospital mortality 
rate was highest in the correctly triaged group (P<0.001) (Table 4).
 A total of 35 patients were classified as the undertriaged group. 
Twenty-three patients (65.7%) were male and the median ISS 
was 17 (IQR, 16 to 23). Twenty-one patients (60%) were trans-
ferred from other hospitals after stabilization and the diagnostic 
process and their mean elapsed time from injury to presentation 
at our hospital was 31.3±86.5 hours. The types of injuries includ-

Table 3. Multivariate analysis of factors in Korean criteria for predicting severe trauma

Factors relating to severe trauma Odds ratio 95% confidence interval P-value

Intubated trauma patient 6.901 1.507–31.604 0.013

Systolic blood pressure <90 mmHg (adult) 2.807 1.340–5.880 0.006

Heart rate >100/min (adult) 1.445 0.947–2.207 0.088

Glasgow coma scale score <13 4.456 2.611–7.607 <0.001

Flail chest 9.227 1.926–44.198 0.005

Pelvic bone fracture 2.854 1.660–4.909 <0.001

Automobile crash at a speed of ≥60 km/hr 0.421 0.202–0.878 0.021

Pedestrian struck by automobile at a speed of ≥30 km/hr 0.904 0.528–1.545 0.711

Table 4. Comparison of triage groups by current trauma team activation

Undertriage 
(n=35)

Overtriage 
(n=476)

Correct triage 
(n=263)

P-value

Age (yr) 58 (42–69) 53 (33–64) 57 (44–66) 0.006

a,b a b

Sex, male 23 (65.7) 344 (72.3) 188 (71.5) 0.675

a a a

Emergency operation 7 (23.3) 67 (14.1) 84 (31.9) <0.001

a b a

Patients ED disposition

Ward 15 (42.9) 359 (75.4) 53 (20.2) <0.001

a b c

ICU 20 (57.1) 105 (22.1) 210 (79.8) <0.001

a b c

Discharge 0 (0) 12 (2.5) 0 (0) <0.001

a a a

In-hospital mortalitya) 1 (2.9) 5 (1.1) 44(16.7) <0.001

a b c

Values are presented as median (interquartile range) or frequency (%). The dif-
ferent letters (a,b,c) indicate significantly different groups based on the Kruskal-
Wallis test using the Bonferroni correction method.
ED, emergency department; ICU, intensive care unit.
a)Emergency department mortality was also included in in-hospital mortality.
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ed the following: single body part (n=10, 28.6%), head injuries 
(n=5, 14.3%), thoracic injury (n=1, 2.9%), abdominal injury 
(n=1, 2.9%), spinal injury (n=1, 2.9%), pelvic injury (n=1, 2.9%) 
and hanging (n=1, 2.9%). These patients were assessed and re-
ferred to the appropriate departments. Two patients (5.7%) were 
on anticoagulant medication, and two others (5.7%) were classi-
fied as decision errors by the EP on duty.

Simulation of two-tiered system for TTA 
In the simulated two-tiered system, the rate of overtriage was 
reduced by 5.5%, and the rate of undertriage was increased by 
1.8% compared to the Korean activation system. However the 
frequencies of ICU admission, emergency operation, and in-hos-
pital mortality were similar in the two groups (Table 5).
 Patients excluded from the simulation had a lower median ISS 
of 9 (IQR, 5 to 14), a lower frequency of ICU admission (21.6%) 
and emergency operations (10.5%) than patients in the two-
tiered system. There was no in-hospital mortality in this group.

DISCUSSION

In the Korean criteria for TTA, physiological factors were promising 
criteria for anticipating severe trauma, but anatomical factors, 
mechanism of injury and the discretion of the attending EP did not 
show consistent results. Since most physiological factors objec-
tively represent the patient’s condition and can be defined clearly 
and easily, there is little chance of misunderstanding the patient’s 
status or hesitating decisions when implementing TTA.22-25 On the 
other hand, since the anatomical factors and mechanisms of injury 
are more subjective, it is difficult to judge whether each factor 
corresponds correctly within a short time because it is hard to de-
termine the severity of injury with anatomical factors based solely 
on the physical examination. It is also challenging to deduce the 
exact mechanism of injury through history taking from patients or 
from emergency medical technicians. The establishment of social 
safety systems, such as the generalization of automobile safety 

systems, the obligation of fastening seat belts, and the mandatory 
safety management of workplaces may have changed the previously 
established relationship between the mechanism of injury and the 
severity of trauma.26-28 The inverse relationship between automo-
biles crashing at a speed of 60 km/hr or over and severe trauma in 
this study might be an example of this consideration. Therefore, 
newly modified criteria based on recent trauma databases are 
needed to promote the predictability of criteria for TTA.
 Using the Korean criteria for the analysis showed a rate of over-
triage above the recommended range even though the rate of 
undertriage was within the recommended range.17 These results 
were affected by strictly defined physiological factors such as 
heart rate, respiratory rate, and GCS, which differed from the cri-
teria of other countries.29-32 Physiological factors are very sensi-
tive, but not specific, for identifying patients with severe trauma 
so overtriage would evidently be increased and undertriage would 
be decreased.33 This could be another reason for the high rate of 
overtriage since triage is performed first in the ED, not on the field, 
unlike other countries.34

 The simulated validation, excluding mechanisms of injury only, 
showed a lower rate of overtriage and a higher rate of undertri-
age compared to results from the original Korean criteria. Mini-
mizing overtriage is essential for reducing overuse of medical re-
sources, but minimizing undertriage is more important for ensur-
ing a patient’s safety.35,36 Therefore, assembling physicians and 
surgeons with a single-tier TTA system rather than in a systematic 
fashion would be better for caring for patients with severe trau-
ma. However, it would be inefficient to assemble the entire trau-
ma team, regardless of the severity of the patient’s condition. Some 
countries have used a two-tier system for TTA to promote patient 
safety and reduce the inefficient use of medical resources.15,16,20 
They have separate options which may include activating the en-
tire trauma team or only some physicians and surgeons as first re-
sponders depending on the severity of the patient’s condition.15,16,20,21,32 
We could apply this ‘reduced TTA’ for patients with certain kinds 
of mechanisms of injury only. In our study, a patient’s condition 

Table 5. Comparison of two models simulation for trauma team activation

Korean criteria Two-tiered system model 95% CI difference P-valuea)

Trauma team activation 739 (45.4) 577 (35.5) 0.066 to 0.134 <0.001

Overtriage 476 (64.4) 340 (58.9)  0.002 to 0.108 0.044

Undertriage 35 (4.0) 61 (5.8) -0.038 to -0.001 0.396

Admission to the ICU 298 (40.3) 263 (45.6) -0.107 to 0.001 0.052

Emergency operation 151 (20.4) 134 (23.2) -0.073 to 0.017 0.304

In-hospital mortalityb) 49 (6.6) 49 (8.5)  0.048 to 0.010 0.486

Values are presented as number (%).
CI, confidence interval; ICU, intensive care unit.
a)Two samples for proportion test. b)Emergency department mortality was also included in in-hospital mortality.
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with respect to the mechanism of injury only showed a lower ISS 
and a lower frequency of ICU admission and emergency opera-
tion when compared to the other patients and there was no in-
hospital mortality. Reduced TTA might minimize medical resource 
overuse and the rate of undertriage in this situation.
 Many undertriaged patients were transferred to our trauma 
center after 24 hours following the injury in our study. Inter-hos-
pital transfer after stabilization and the diagnostic process were 
the major factors associated with the long transport time in these 
patients. In these cases, the physician or surgeon responsible for 
the patient’s care might be decided upon arrival at the ED. For 
this reason, the entire trauma team may not need to be activated 
in this situation. In some other countries’ criteria, special consid-
erations for the possible overuse of medical resources are defined 
separately. For example, they only include patients who visit the 
ED within 24 hours after injury.20,30 Furthermore, patients with a 
high probability of deterioration, such as those on anticoagulant 
medication, those with bleeding disorders and liver cirrhosis are 
given special consideration.7,20,29 It was also noticed that patients 
on anticoagulant medication were undertriaged in our study. Add-
ing these special considerations as reference details to the criteria 
of the attending EP’s discretion and the criteria for reduced TTA 
would effectively modify the current Korean criteria for TTA.
 This study has several limitations. First, this was a single-center 
observational study even though a relatively large sample size 
was used. We expect that validation and modification of the Ko-
rean criteria for TTA, based on the national trauma database, will 
be performed to ensure its predictability and effectiveness in the 
near future. Second, the mechanism of injury might be entered 
incorrectly depending on the judgment of the inputter even though 
we used a coding system to minimize interpersonal variation. Third, 
personal variations in the accuracy of each EP’s clinical judgment 
could affect the rates of overtriage and undertriage. Fourth, it is 
hard to interpret the cause of an inverse relationship between 
high speed automobile accidents and severe trauma because in-
formation about safety systems (e.g., seat belt use in automobile 
accidents or helmet use in motorcycle accidents) was not secure-
ly collected in our registry.
 In conclusion, the Korean criteria for TTA showed a higher rate 
of overtriage than the recommended range even though the rate 
of undertriage was within the recommended range. The lower 
overtriage and similar undertriage rates than current Korean cri-
teria were noticed in simulated two-tiered system. Modification 
of the current criteria to a two-tier system with addition of spe-
cial considerations that facilitate an emergency physician’s deci-
sion would be more effective for providing optimum patient care 
and medical resource utilization.
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