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Purpose: Open extremity fractures require prompt antibiotic medication and initial 
debridement surgery to reduce the infection rate and restore functional stabilization. 
We aimed to report the effects and positive outcomes of a trauma team approach on the 
management of open extremity fractures in polytrauma patients.
Methods: This retrospective review included all polytrauma patients with open ex-
tremity fractures admitted between March 2009 and December 2019. Patients were 
divided into two groups according to whether they were treated before or after the im-
plementation of the trauma team approach (March 2014). We analyzed the outcomes 
in each group with respect to the time interval until the doctor’s arrival, total length of 
stay in the emergency department, the time interval until initial antibiotic treatment 
and operation, whether the initial operation was performed within 24 hours, and the 
rate of deep infections.
Results: A total of 123 patients met the inclusion criteria. There were no statistically 
significant differences in demographic characteristics. The time interval until the doc-
tor’s arrival (64.12±49.2 minutes vs. 19.82±15.23 minutes; p=0.035) and initial antibi-
otic treatment (115.47±72.12 minutes vs. 48.78±30.12 minutes; p=0.023) significantly 
improved after implementing the trauma team approach. The union rate was not sig-
nificantly different. However, the time interval until initial debridement, opportunity 
for initial debridement within 24 hours, and the rate of deep infections demonstrated 
better results.
Conclusions: The reduced time interval until initial antibiotic treatment and debride-
ment could be attributed to the positive effect of the trauma team approach on the 
management of open extremity fractures in polytrauma patients.
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INTRODUCTION

More than 50% of patients with multiple trauma expe-

rience significant extremity injuries. Of these, 12% are 

diagnosed as open extremity fractures. These fractures are 

typically caused by high-energy blunt trauma and traffic 

accidents and include a combination of head, thorax, and 

abdomen trauma [1]. The risk of clinical infection from 

an open fracture depends on the severity of the injury and 

ranges from 0% to 2% for type I, 2% to 5% for type II, 

and 5% to 50% for type III [2]. Musculoskeletal infections 

impose a substantial financial burden in terms of total 

health care expenditures, as treatment costs for patients 

with infections were reported to be approximately 5 to 

6 times higher than those for uninfected patients [3]. 

Without prompt antibiotic treatment and initial surgical 

debridement, copious irrigation can increase the infec-

tion rate, impede fracture healing, and reverse functional 

stabilization. Therefore, the prompt administration of 

antibiotics and transfer of patients to the operating room 

on an urgent basis with a multidisciplinary approach are 

essential for managing open extremity fractures in poly-

trauma patients.

To promote quick and effective trauma management, 

in 2012, the Korean government established a trauma 

system and designated regional trauma centers; currently, 

17 such centers have been designated [4]. Several studies 

have reported that management by a trauma team can 

reduce both the mortality rate of trauma patients and the 

length of stay in the emergency department (ED) [5,6]. In 

March 2014, Korea University Guro Hospital established 

a specialized trauma team and initiated an urgent treat-

ment processing system (UTPS). The following year, Ko-

rea University Guro Hospital was designated as a focused 

training center for trauma with support provided by the 

government.

Before establishment of the trauma team, the initial 

evaluation of open extremity fractures in polytrauma 

patients was conducted by ED clinicians. In that system, 

junior residents from a related department initially saw 

the patient and then eventually notified the chief resi-

dents and on-duty staff members. Rather than providing 

a coordinated evaluation with other departments during 

the initial management, each department was consulted 

after admission. Furthermore, because anesthesiologists 

were not notified during the ED admission process, it was 

impossible to prepare the operating room in advance, 

making it more difficult to perform emergency surgery. 

Patient follow-up was similar to that of general university 

hospitals in Korea, which can delay initial management. 

There are still some hospitals that manage these patients 

in a single department. 

Korea University Guro Hospital reported positive ef-

fects of the trauma team approach for the management 

of hemodynamically unstable pelvic bone fractures in the 

orthopedic field. An overall positive improvement was 

shown in total length of ED stay, 24-hour mortality, and 

time interval until definitive fixation [7]. 

To date, no published studies have compared the trau-

ma team approach with department-specific manage-

ment of open extremity fractures in polytrauma patients. 

Therefore, we aimed to evaluate the effects of implement-

ing a trauma team approach on the management of open 

extremity fractures in polytrauma patients.

METHODS

Patients and Methods
A focused training center for trauma was established at Ko-

rea University Guro Hospital in March 2014. At that time, 

the specialized trauma team and trauma UTPS were im-

plemented. Patients were divided into two groups accord-

ing to when they were admitted by referring to their medi-

cal records. Patients in group A were admitted from March 

2009 to February 2014, and patients in group B were 

admitted from March 2014 to December 2019, after the 

launch of the UTPS. The inclusion criteria of the subjects 

were as follows: 1) patients older than 18 years with open 

extremity fractures; 2) polytrauma patients with an Inju-

ry Severity Score (ISS) of ≥15, based on the Abbreviated 

Injury Scale; and 3) treatment with an initial debridement 

operation with or without primary fracture stabilization 

for an open extremity fracture. The exclusion criteria were 

1) patients with insufficient data for analysis; 2) a mecha-

nism of injury that was either burn or penetrating trauma; 

3) fractures to the spine, pelvis, hands, or feet; 4) patients 

who underwent an initial amputation operation for treat-
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ment or who arrived at the ED in an amputated state; and  

5) patients who presented to the ED 6 hours or more after 

injury.

The following demographic variables were collected 

and evaluated in both groups: age, sex, open fracture clas-

sification (Gustilo–Anderson classification), ISS, Revised 

Trauma Scale, systolic blood pressure, mean arterial blood 

pressure, and injury mechanism. 

For each group, we evaluated the time interval until the 

doctor’s (attending’s) arrival, time interval until the ini-

tial antibiotic treatment order (minutes), total length of 

ED stay (minutes), the amount of packed red blood cells 

transfused within 24 hours (units), the time interval until 

the initial operation (hours), and the rate of deep infec-

tions after surgery (defined as infections of the bone and 

deep tissue necessitating unplanned operative irrigation 

and debridement). Planned repetitive debridement and 

superficial infections that did not require further surgery 

were not considered to be deep infections.

Imaging
Plain anteroposterior and lateral radiographs were ob-

tained postoperatively at 7-week intervals until the frac-

ture was healed. Radiographs were evaluated by three 

trained reviewers who were not involved in the patients’ 

care. Union was defined as the healing of at least three of 

four cortices on biplanar radiographs. Nonunion was de-

fined as a fracture at least 9 months old that did not show 

any signs of healing for 3 consecutive months.

Trauma team approach and activation    
The trauma team approach in Korea University Guro 

Hospital was initiated in March 2014 and involves expe-

rienced specialists from the ED, trauma surgery, ortho-

pedic, chest surgery, neurosurgery, plastic surgery, and 

urological surgery departments. 

The criteria for the trauma UTPS include the follow-

ing: 1) systolic blood pressure of <90 mmHg in adults, 

2) intubation requirement or transferred with intuba-

tion, 3) body trunk or extremity injuries with a Glasgow 

Coma Scale score of <13, 4) unstable pelvic bone fracture,  

5) degloving injuries, 6) multiple fractures, 7) penetrating 

neck or trunk injuries, and 8) fall from a height of >5 m 

in adults.

The UTPS is activated when a patient meets the spec-

ified criteria. These patients appear in red letters on the 

order communication system, and a pop-up text box dis-

plays the text “Trauma UTPS”. Labeling these patients in 

red enables them to be recognized in the X-ray, computed 

tomography, and magnetic resonance imaging rooms, 

angiography rooms, operating rooms, and intensive care 

units, so that patients can be prepared and receive diag-

nosis and treatment as soon as possible, reflecting their 

prioritization over ordinary patients. Brief information, 

including the patient’s ID, related inclusion criteria for 

UTPS designation, and diagnosis, is sent to the trauma 

team members’ cellular phones via SMS. Primary resusci-

tation is performed by the department of trauma surgery 

immediately after UTPS activation. Subsequently, a sec-

ondary survey by the corresponding departments should 

be performed within 30 minutes. 

Treatment protocol  
We initiate intravenous antibiotic treatment upon presen-

tation, and continue antibiotic treatment until 24 hours 

after the initial surgical intervention. Cefazolin (1 g intra-

venously) every 8 hours is administered for Gustilo–An-

derson grade I patients, and intravenous gentamicin (with 

weight-adjusted dosing) or levofloxacin (500 mg every  

24 hours) is added for patients with Gustilo–Anderson II 

and III fractures.

Initial debridement is undertaken urgently based on the 

availability of an operating theater. The timing of wound 

closure and the method of fixation are left to the discre-

tion of the surgeon.

Statistical analysis 
We used SPSS version 20.0 (IBM Corp., Armonk, NY, 

USA) for statistical analysis. The independent t-test, chi-

square test, and Fisher exact test were performed for com-

parisons between the two groups. For all tests, p-values 

<0.05 was considered to indicate statistical significance.

RESULTS

Demographic data 
A total of 123 patients met the inclusion criteria between 
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January 2009 and December 2019. In group A, 53 patients 

were enrolled (two with fractures of the humerus, three 

with fractures of the radius, one with a fracture of the 

ulna, 17 with fractures of the femur, and 30 with fractures 

of the tibia). In group B, 70 patients were enrolled (five 

with fractures of the humerus, four with fractures of the 

radius, two with fractures of the ulna, 22 with fractures 

of the femur, 33 with fractures of the tibia, and four with 

fractures of the femur and tibia). There were no statisti-

cally significant differences in demographic data includ-

ing mean age, sex, and open fracture classification (Gust-

ilo–Anderson system). Gustilo–Anderson type II was the 

most common type of open fracture in both groups, and 

traffic accidents were the most common cause of injury. 

No statistically significant differences were found between 

the groups in systolic blood pressure, mean arterial blood 

pressure, ISS, and Revised Trauma Scale scores (Table 1).

Outcome data
The time intervals until the doctor’s (attending’s) arrival 

(64.12±49.2 minutes vs. 19.82±15.23 minutes; p=0.035) 

and initial antibiotic medication order (115.47±72.12 

minutes vs. 48.78±30.12 minutes; p=0.023) were sig-

nificantly shorter in group B than in group A. The total 

length of ED stay (256.32±62.12 minutes vs. 114.34±48.28 

minutes; p=0.025) was also significantly shorter in group 

B. However, the amount of packed red blood cells trans-

fused within 24 hours was not significantly different be-

tween the two groups.

A significantly shorter time interval was found in 

Table 1. Demographic data and trauma scores

Before (n=53) After (n=70) p-value

Age (years) 57.24±18.21 58.31±20.73 0.375a

Sex (male/female) 38/15 53/17 0.324b

Open fracture type (G-A) 0.235c

1 6 8

2 27 34

3A 13 16

3B 5 7

3C 2 5

Injury of mechanism 0.508c

Traffic accident 42 60

Fall from >3 m  5 6

Fall from <3 m 1 1

Others 5 3

Initial SBP (mmHg) 87.57±30.8 86.58±31.3 0.685a

Initial MAP (mmHg) 70.38±25.5 68±23.7 0.712a

RTS 5.43±0.78 5.51±0.73 0.887a

ISS 22.84±12.34 23.92±13.37 0.875a

G–A: Gustilo–Anderson, SBP: systolic blood pressure, MAP: mean arterial 
pressure, RTS: Revised Trauma Score, ISS: Injury Severity Score.
aIndependent t-test.
bChi-square test.
cFisherman’s test.

Table 2. Comparison of outcomes

Before (n=53) After (n=70) p-value

Time interval for doctor’s arrival (min) 64.12±49.2 19.82±15.23 0.035a

Time interval for initial antibiotics medication’s order (min) 115.47±72.12 48.78±30.12 0.023a

Total length of staying in ED (min) 256.32±62.12 114.34±48.28 0.025a

24-hour transfusion of packed RBCs (unit) 3.78±2.34 4.21±2.18 0.859a

Time interval for initial debridement operation (hours) 32.32±10.21 23.87±7.17 0.002a

Initial debridement in 24 hours (n %) 49.1 (26/53) 77.1 (55/70) 0.001b

Union rate (%) 90.5 (48/53) 94.2 (66/70) 0.352b

Rate of deep infection after surgery (%) 13.2 (7/53) 2.8 (2/70) 0.031b

Rate of deep infection after surgery in G–A type 3 25 (5/20) 7.14 (2/28) 0.11b

ED: emergency department, RBC: red blood cell, G–A: Gustilo–Anderson.
aIndependent t-test.
bFisherman’s test.
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group B for the time interval until initial debridement 

(32.32±10.21 hours vs. 23.87±7.17 hours; p=0.002). The 

proportion of patients who underwent initial surgical 

debridement within 24 hours was significantly higher in 

group B (49.1% vs. 77.1%; p=0.001), whereas the propor-

tion of those with deep infections was significantly lower 

in group B (13.2% vs. 2.8%; p=0.031). The proportion of 

deep infections in patients with Gustilo-Anderson type 

III open fractures in group A was more than three times 

higher than that in group B (25% vs. 7.14%; p=0.11), but 

the difference was not statistically significant. The union 

rate was also not significantly different between the two 

groups (Table 2).

DISCUSSION

The most significant result of this study is that without 

additional medical devices or personnel, we were able to 

perform more effective and prompt treatment for poly-

trauma patients with open extremity fractures by modi-

fying the previous system and establishing a trauma team 

approach. As a result, the rate of deep infections has been 

reduced.

However, although the time interval until initial de-

bridement significantly decreased after UTPS application, 

it was still twice as long as has been reported in other 

countries’ trauma centers. Hull et al. [8] reported a much 

shorter time interval until initial debridement (10.6 

hours) in a level 1 trauma hospital in North America. A 

study from 3 level 1 Canadian trauma centers also report-

ed an interval of 9.1 hours until initial debridement [9]. 

Originally, without the UTPS system, the initial evalu-

ation for open extremity fractures in patients with mul-

tiple trauma was performed by on-duty junior residents 

following the intern’s notification. Unfortunately, those 

on-duty residents could not focus only on patients in the 

ED because they had many duties in wards, operating 

rooms, and outpatient clinics. Furthermore, more senior 

residents and specialists were usually notified after a full 

radiologic evaluation, which could further delay the final 

notification. 

Since the establishment of a specialized trauma team, 

the trauma coordinator has served as a direct contact with 

the trauma team including orthopedic attendings, instead 

of a complicated notification system; therefore, more 

prompt and accurate initial diagnosis and management 

for open extremity fractures in polytrauma patients could 

be achieved. 

The length of stay in the ED of patients with multiple 

injuries can be prolonged in many cases because of com-

plicated treatment processes and diagnoses [10,11]. Fur-

thermore, difficulty in deciding which department is pri-

marily responsible for the patient exacerbates this delay.

However, after implementing the trauma team ap-

proach, specialists from each department became in-

volved in the initial management of patients in the ED, 

which enabled direct communication with other related 

departments.

Antibiotic treatment has been considered the standard 

of care for managing open fractures since 1974, when first 

reported by Patzakis et al. [12], Gosselin et al. [13] showed 

that the administration of antibiotics after an open frac-

ture reduced the risk of infection by 59%. Many studies 

have suggested the necessity of rapid antibiotic adminis-

tration after injury in open fracture patients and demon-

strated its efficacy [14-16]. 

Antibiotic treatment previously tended to be delayed or 

ignored because of the junior residents’ lack of experience 

and focus on diagnosis and dressing. Upon admission to 

other departments, delayed orders for antibiotic medi-

cation can easily occur. After initiating the trauma team 

approach, the orthopedic attending was notified immedi-

ately upon the patient’s arrival, and antibiotic treatment 

was promptly initiated to reduce the risk of infection.     

Traditionally, debridement of an open fracture with-

in 6 hours of injury (i.e., the so-called 6-hour rule) has 

been recommended [17-19]. Hull et al. [8] reported that 

delayed debridement of severe open fractures (Gustilo–

Anderson grades II and III) was associated with a linear 

increase in the rate of deep infections (3% per hour of 

delay). Conversely, several studies have called the 6-hour 

rule into question [20-22]. However, those studies were 

not randomized and not adequately powered to detect 

clinically meaningful differences in infection rates, as 

they had small sample sizes [2]. Schenker et al. [23] iden-

tified there was no evidence to support the 6-hour rule. 

However, they also concluded that a purposeful delay of 
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treatment in patients with open fractures is not recom-

mended, and any delay should be minimized. Therefore, 

open fractures should be treated urgently with surgical 

debridement as a principle.

After initiating the trauma team approach, both pri-

mary resuscitation by specialists from related department 

and cooperation with anesthesiologists to request emer-

gency surgery became much more effective. When the 

UTPS is activated, this information is also shared with 

the anesthesia department, and the on-duty anesthesi-

ologist begins to prepare the operation room and scrub 

nurses for emergency surgery. Furthermore, the hospital 

is equipped with two dedicated surgery rooms for only 

trauma patients. As a result of these effective systems, we 

have been able to shorten the time interval until initial 

debridement to a remarkable extent, and more than 70% 

of patients now receive surgery within 24 hours, as com-

pared with fewer than 50% before UTPS activation.

For the treatment of open fractures, the surgeon’s ob-

jectives are to prevent infection and promote fracture 

healing. Infections after open fractures increase treatment 

complexity, affect patients’ outcomes, and increase mor-

bidity [24,25]. Deep infections are significantly associated 

with delayed healing and nonunion after long bone frac-

tures [9]. Increased numbers of unplanned debridement 

operations after an improper initial response for open 

fracture have considerable implications for the patient’s 

functional capacity and quality of life, as well as health 

care resource demands. Therefore, proper treatment to 

prevent infection and additional unplanned debridement 

operations are closely related to the prognosis.

Because more effective and rapid treatment for open 

extremity fractures could be delivered after initiating the 

trauma team approach, the rate of deep infections and 

the likelihood of unplanned debridement operations were 

reduced.

We expected more favorable results in terms of the rate 

of union. However, the data showed no significant differ-

ence between the two groups. Regardless of the improved 

time interval for initial antibiotic medication and debride-

ment, adequate surgical management with high-quality 

reduction is another important factor that can affect the 

rate of union. 

There are several limitations to our study. First, this was 

a retrospective study with a small sample size, meaning 

that the findings could be influenced by unexpected fac-

tors. Second, we could not evaluate whether functional 

scores revealed improvements in outcomes. Third, be-

cause of incomplete data, additional factors that had not 

been recorded systematically may have been omitted. 

Fourth, this study was limited to patients treated at a sin-

gle representative hospital.  

Our study is significant because of the following points. 

First, it is the first study to investigate the utility of a trau-

ma team approach for open extremity fractures in poly-

trauma patients. Second, the effectiveness of this system 

was clarified, suggesting the need for its active introduc-

tion in the field of orthopedics. Third, without additional 

in terms of medical resources or facilities, we were able to 

achieve these improvements only by modifying the treat-

ment pathway and implementing systemic cooperation 

with other departments. Fourth, because the time interval 

until the first debridement operation was still twice as 

long as reported for other countries’ trauma centers, more 

favorable results could be achieved by establishing a stan-

dardized trauma management protocol and expanding 

the operating range of the trauma team approach and fa-

cilities such as the intensive care unit and operating room 

with active support from the government.

CONCLUSION

The trauma team approach had positive effects on the 

management of open extremity fractures in multiple 

trauma patients. The introduction of the trauma team 

approach system resulted in improvements in initial 

resuscitation with multidisciplinary decision-making, a 

shorter time until initial antibiotic treatment and surgical 

debridement, and a decreased rate of deep infections as 

compared with the previous system.
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