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Purpose: The Armed Forces Trauma Center of Korea was established in April 2022. This study was con-
ducted to report our 1-year experience of treating soldiers with open fractures of the lower extremity.
Methods: In this case series, we reviewed the medical records of 51 Korean soldiers with open frac-
tures of the lower extremity between April 2022 and March 2023 at a trauma center. We analyzed
patients with Gustilo-Anderson type II and III fractures and reported the duration of transporta-
tion, injury mechanisms, injured sites, and associated injuries. We also presented laboratory find-
ings, surgery types, intensive care unit stays, hospital stays, rehabilitation results, and reasons for
psychiatric consultation. Additionally, we described patients’ mode of transport.
Results: This study enrolled nine male patients who were between 21 and 26 years old. Six patients
had type II and three had type III fractures. Transport from the accident scene to the emergency
room ranged from 75 to 455 minutes, and from the emergency room to the operating room ranged
from 35 to 200 minutes. Injury mechanisms included gunshot wounds, landmine explosions, gre-
nade explosions, and entrapment by ship mooring ropes. One case had serious associated injuries
(inhalation burn, open facial bone fractures, and hemopneumothorax). No cases with serious blood
Received: June 14, 2023 loss or coagulopathies were found, but most cases had a significant elevation of creatinine kinase.
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INTRODUCTION

Background

Korea has been in a state of ceasefire for 70 years since the end of
the Korean War in 1953. The Korean military maintains 500,000
soldiers, accounting for about 1% of the Korean population in
the present day [1]. Accidents such as landmine explosions, gun-
shots, and falls during training can occur in the military. Lower
extremity injuries are especially common in the military due to
soldiers’ training and exercise to maintain their physical condi-
tion. Patients with lower extremity injuries are usually hospital-
ized for a long time because their activity level is limited [2]. In
addition, severe lower extremity injuries occasionally occur.
Those with multiple severe injuries often show unstable vital
signs and undergo repeated operations with considerable com-
plications and psychological problems [3].

Objectives

The Armed Forces Trauma Center (AFTC; Seongnam, Korea)
was established in April 2022. This study was conducted to re-
port our 1-year experience of treating patients (soldiers) with
open fractures of the lower extremity. In addition, the clinical
processes of treating these patients were described in detail.

METHODS

Ethics statement

This study was approved by the Institutional Review Board of
Armed Forces Capital Hospital (No. AFCH 2023-04-001). The
requirement for informed consent was waived due to the retro-
spective nature of the study.

Study design

Data collection

In this observational study (case series), we reviewed the medical
records of 51 Korean soldiers with open fractures of the lower ex-
tremity between April 2022 and March 2023 at a single trauma
center.

Criteria and variables

After categorizing the severity using the Gustilo-Anderson classi-
fication, we analyzed patients with type II and III fractures (Fig.
1) [4]. The process of transporting patients was described as time
elapsed from the accident scene to the emergency room (ER) and
from the ER to the operating room (OR). We analyzed the pa-
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tients” injury mechanisms, injured sites, types of surgery per-
formed, associated injuries, and clinical processes. The injury
mechanisms included gunshot wounds, landmine explosions,
grenade explosions, being crushed under a vehicle wheel, being
trapped by mooring ropes, and falls. We classified the injured
sites as pelvis, thigh (femur), knee, calf (tibiofibular), ankle, and
foot. The surgeries performed were bony fixation, vascular re-
construction, and performing flap. We also reported the associat-
ed injuries of these patients and calculated the Injury Severity
Score (ISS), Revised Trauma Score (RTS), and Trauma and Inju-
ry Severity Score (TRISS) for each case. We presented the initial
laboratory findings upon arrival at the ER and clinical processes
such as intensive care unit (ICU) stays, hospital stays, rehabilita-
tion results, and reasons for referral to the psychiatry department
for consultation.

Processes for responding to military trauma patients

Transportation system for trauma patients in the Korean
military

Almost all military servicepersons who require transportation to
a hospital are immediately reported to the Medical Emergency
Operation Center (MEOC) under the Korean Armed Forces
Medical Command (Fig. 2). The MEOC offers on-site counsel-
ing and treatment, determines the appropriate hospital (military
or civilian) for patients, and prepares a transport strategy using
military or civilian vehicles or helicopters. Among them, patients
with traumatic injuries requiring surgical or intensive manage-
ment are usually transported to the AFTC after discussion with
the MEOC.

Fig. 3. shows the field triage protocol for trauma patients. Pa-
tients with minor injuries are transported to military hospitals
under corps. Ultra-emergency patients who have an unstable air-
way, severe shock, and traumatic arrest (Fig. 4) are transported to
the nearest military hospital for initial resuscitation. The helicop-
ters depart at the same time, and then patients are re-transported

A total 51 cases underwent surgery due to lower extremity injury in
military from April 2022 to March 2023

42 Cases (patients with closed fractures or
type | fractures according to the Gustilo-Anderson
classification

A 4

A 4

9 Cases of open fractures with type Il and Ill of the lower extremity
according to the Gustilo-Anderson classification

Fig. 1. Flow diagram of the patient selection and exclusion process.
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Fig. 2. The Medical Emergency Operation Center under the Korean
Armed Forces Medical Command.

Minor injury
« Military hospital
under corps

Ultra-emergency

« The nearest military
hospital

« Departs military helicopter
at the same time

Need furtherevaluation
and treatqent v /—\fterinitialassessment

Military Trauma Center and treatment

Fig. 3. Field triage protocol in the Korean military.

Transport to the nearest military hospital for resuscitation, with the
helicopter department for re-transport to the Armed Forces Trauma
Center (Seongnam, Korea) at the same time

Severe shock Traumatic arrest
« SBP: <70 mmHg

« Capillary refill time: >2 sec

Unstable airway
« GCS score! <9
« AVPU: unresponsive

Fig. 4. Field triage protocol: ultra-emergency. The Medical Emergen-
cy Operation Center evaluates patients’ severity and decides where
to direct them. GCS, Glasgow Coma Scale; AVPU, alert, voice, pain,
unresponsive; SBP, systolic blood pressure.

to the AFTC after resuscitation. Exceptionally, by the MEOC de-
cision, patients are sometimes transported to the nearest civilian
trauma center. Patients with major injuries (Fig. 5) are also trans-
ported to the AFTC.

AFTC workforce and building structure

A total of 11 trauma surgeons work in the AFTC. Four are mili-
tary officers, six are civilians who were dispatched from a cooper-
ative hospital, and one is a civilian surgeon employed by the mili-
tary. This center is part of the biggest military hospital in Korea,
with 666 beds and 130 doctors (excluding residents). Physicians
affiliated with this military hospital support the AFTC, including
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Transport to Armed Forces Trauma Center (Seongnam, Korea)

Major Minor

Penetrating injury: head, neck, High-risk traffic accident: rollover
torso, proximal part of elbow, or of vehicle, bounce out of the car,
knee expiration of fellow passenger

Suspected fracture or depressed Pedestrian: traffic accident by car
fracture of skull or motorcycle

Suspected spinal injury with motor | Fall from more than 3 m

or sensory disturbance Trauma-related burn

Two or more fractures of humerus | pefinitive loss of consciousness
or femur

Crashed, degloved, mangled,
pulseless extremity

Amputation of proximal part of
wrist or ankle

SBP: <90 mmHg

Heart rate > SBP

GCS score: <6

Respiratory rate: <10 or 29 breaths/min

Decision of on-site physician in
charge or MEOC

Fig. 5. Field triage protocol: major injury. The Medical Emergency
Operation Center (MEOC) evaluates patients’ severity and decides
where to direct them. SBP, systolic blood pressure; GCS, Glasgow
Coma Scale.

surgeons (thoracic, orthopedic, plastic, vascular, hepatobiliary,
and neurosurgeons), interventionists, anesthesiologists, cardiolo-
gists, pulmonologists, neurologists, physiatrists, psychiatrists, and
SO on.

The AFTC is a three-story building with a helipad on the roof,
which is designated as the shortest distance by foot (Fig. 6A). The
ground floor includes a trauma ER with two resuscitation rooms
(Fig. 6B), a computed tomography (CT) room, a magnetic reso-
nance room, and an intervention room. The first floor includes
offices and educational rooms. The second floor includes a trau-
ma OR (Fig. 6C), a general ward for trauma patients with 60
beds, and a trauma ICU (TICU) with 20 beds (Fig. 6D).

AFTC treatment protocols

One or more trauma surgeons are on duty all the times in the
AFTC. Trauma surgeons respond to patients’ arrival at the trau-
ma ER, apply critical care in the TICU, participate in surgery, and
operate the trauma general ward. When the MEOC contacts the
AFTC trauma team leader (a trauma surgeon) for patient trans-
portation, the team leader decides whether to accept the patient,
and then whether to activate the trauma team following standard
criteria (Fig. 7). The trauma team consists of trauma surgeons
(including the trauma team leader), trauma ER nurses, emergen-
cy medical technicians, radiology technicians, and security
guards. The trauma team leader can also call for additional staff
affiliated with the supporting military hospital, such as surgeons
from other departments, anesthesiologists, and interventionists.

https://doi.org/10.20408/jti.2023.0041
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Fig. 6. The Armed Forces Trauma Center (Seongnam, Korea). (A) Three-story building with a helipad on the roof, which is designated as the
shortest line of foot. (B) The ground floor includes two resuscitation rooms in trauma emergency room. (C, D) The second floor includes a trau-

ma operation room and a trauma intensive care unit.

Trauma team activation criteria

Systolic blood pressure: <90 mmHg
Arrest state (or ROSC state), tracheal intubation required or intubated state
Initial GCS score: <12

Unstable pelvic fracture, two or more fractures in long bones, or
amputation/near-amputation above elbow/knee

Penetrating injury of cervix, thorax, abdomen, and above elbow/knee
Fall from more than 3 m

Traffic accident

Driver or passenger: bounced out of the car

Pedestrian: torso crushed under vehicle

Three or more patients arrived at trauma emergency room simultaneously

Trauma team leader’s decision

Fig. 7. Trauma team activation criteria. ROSC, return of spontaneous
circulation; GCS, Glasgow Coma Scale.

When trauma patients arrive at the AFTC, trauma surgeons as-
sess and resuscitate them if needed, together with trained nurses
assigned to the trauma ER. They then discuss the treatment plan
with supporting staff members. In the trauma ER, protocols are
in place for CT scans, transfusion, laboratory studies, and per-
forming necessary procedures.

RESULTS

Table 1 shows the transportation processes of patients from the
accident site to the AFTC ER, along with their demographics.
This study included nine male patients aged between 21 and 26
years old. Five patients were transported directly to the AFTC
(cases 1, 2,4, 5,7), and four patients (cases 3, 6, 8, 9) were trans-
ferred to the center through another hospital. Military trauma
patients can be transported in four ways: military helicopter, mil-
itary ambulance, public helicopter, public ambulance. In this
study, four patients were transported by military helicopter, four
patients by military ambulance, and one patient by public heli-
copter. The time it took to transport patients from the accident
scene to the AFTC ER ranged from 75 minutes (case 4) to 455

https://doi.org/10.20408/jti.2023.0041

minutes (case 9), and from the ER to the OR ranged from 35
minutes (case 4) to 200 minutes (case 6). Cases that went
through another hospital (cases 4, 6, 8, 9) took more time to
transport. Among them, military-specific injuries included gun-
shot wounds (cases 1, 3), landmine explosions (cases 2, 5) (Fig.
8A-C), a grenade explosion (case 4), and entrapment by a war-
ships mooring ropes (case 7) (Fig. 8D-F). The foot was the most
common site of injury, and only one patient (case 4) had serious
associated injuries (namely, an inhalation burn, open facial bone
fractures, and hemopneumothorax with multiple rib fractures).
Systolic blood pressure, ISS, Revised Trauma Score, and TRISS
were not unusually low except in one case (case 4).

Table 2 displays the initial laboratory findings upon arrival at
the ER. No cases with serious blood loss (hemoglobin, <7.0 g/
dL) or coagulopathies were found. Most cases showed a signifi-
cant elevation of creatinine kinase (316-2,876 IU/L), except for
cases 3 and 5, which were within normal range.

Table 3 shows the operative methods used. The patients in cases
4 and 7 underwent vascular reconstruction, and the patients in
cases 2, 4, 5, and 7 received external fixation during their initial
surgery. The patients in cases 4, 5, 7, and 8 underwent flap surgery.

Table 4 shows hospitalization-related variables. Case 4, a pa-
tient with multiple injuries, remained in the ICU for 169 days
due to requiring long-term ventilator care and management of
serious infections. Patients who required rehabilitation for an ex-
tended period were hospitalized for more than 16 weeks (cases 1,
2,4,5,7,8,9). The results of rehabilitation were as follows: the
patients in cases 1, 2, 3, 6, 8, and 9 were able to walk; the patient
in case 5 was able to perform active joint movements; and the pa-
tients in cases 4 and 7 were able to perform active assistive joint
movements. Eight patients in this study required referral to the psy-
chiatry department. Four of these patients had suicidal ideation;
those patients had injuries caused by suicide attempts (cases 3, 4, 8,
and 9). Their suicidal ideation were addressed following the acci-
dents. All eight patients had posttraumatic stress disorder (PTSD).
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Fig. 8. Images of cases 5 and 7. (A-C) Case 5. (A) Injury causing by entrapment by mooring ropes of warship. (B) Fixation during the first sur-
gery. (C) After performing flap surgery. (D-F) Case 7. (D) Leg injury causing by entrapment by mooring ropes of warship. (E) Fixation. (F) After

performing flap surgery.

Table 2. Initial laboratory findings in the emergency room

Caseno. WBC (10°/uL)  Hemoglobin (g/dL)  Platelet (10’/uL)  Prothrombin time (INR) Lactate (mmol/L) Creatinine kinase (TU/L)
1 17.59 13.2 261 1.01 1.5 348
2 10.17 12.5 228 1.15 1.8 316
3 6.73 13.5 361 1.00 14 99
4 42.99 11.3 295 1.17 9.0 2,836
5 13.29 12.3 167 1.08 4.8 93
6 11.19 15.3 268 1.03 1.1 690
7 9.55 9.6 60 1.32 39 572
8 23.33 13.3 247 1.11 3.2 1,039
9 18.11 11.9 215 1.15 1.7 759

WBC, white blood cell; INR, international normalized ratio.

DISCUSSION

Transportation processes

When a patient with traumatic injuries (or other serious illness)
occurs, the military tries to choose the fastest transportation
method. Helicopters are very useful for the military because mili-
tary camps are scattered throughout the country. However, heli-
copter operations are limited by inclement weather, including

https://doi.org/10.20408/jti.2023.0041

rainy, snowy, severely windy, and foggy conditions. Additionally,
military helicopters are not able to operate near the ceasefire line,
since it could cause military tension. When it is difficult for the
MEOC to operate a helicopter and when they suspect that a pa-
tient’s injury is serious, they arrange transportation to a nearby
military or civilian hospital. After evaluation and (if needed) re-
suscitation, MEOC discusses the situation with AFTC medical
staff and decides whether to transfer the patient to the AFTC.

www.jtraumainj.org 381
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Table 3. Operative methods

External fixation during

Case Open fractured site Cause of injury Vascular reconstruction s Internal fixation Flap
initial surgery

1 Right foot Gunshot wound No No Yes No

2 Left ankle and foot Landmine explosion No Yes Yes No

3 Left foot Gunshot wound No No Yes No

4 Both feet Grenade explosion Yes (PTA, right) Yes Yes Yes

5 Right ankle and foot Landmine explosion No Yes Yes Yes

6 Left foot Crushed under vehicle No No Yes No
wheel

7 Right calf (tibiofibular) ~ Trapped by warship’s Yes (ATA) Yes Yes Yes
mooring ropes

8 Left thigh (femur), ankle, Fall No No Yes Yes (foot)

and foot
9 Right foot Fall No No Yes No

PTA, posterior tibial artery; ATA, anterior tibial artery.

Table 4. Hospitalization-related variables

Case no. . Lenth RECE) ) Results of rehabilitation Reason for psychiatric consultation
Intensive care unit Hospital

1 13 216 Able to walk PTSD

2 4 243 Able to walk PTSD

3 4 46 Able to walk Suicide attempt, PTSD

4 169 335 Active assistive joint movement Suicide attempt, PTSD

5 29 >271” Active joint movement PTSD

6 0 70 Able to walk None

7 13 >181" Active assistive joint movement PTSD

8 13 >132” Able to walk Suicide attempts, PTSD

9 11 130 Able to walk Suicide attempts, PTSD

PTSD, posttraumatic stress disorder.

YHospital stays were recorded until August 20, 2023. “Still hospitalized.

Characteristics of military trauma

Several cases in this study included military-specific injuries un-
usual in civilian society, such as gunshot wounds, landmine ex-
plosions, grenade explosions, and entrapment by a warship’s
mooring ropes. Additionally, there were cases of military-specific
injuries caused by pinching a foot between a cannon and a can-
nonball, crashing a parachute, and falling from a military heli-
copter. These cases occurred during the study period but were
excluded since they involved closed fractures of the lower ex-
tremity. Crashing injuries caused by heavy military equipment,
such as moving tanks, cannons, helicopters, and warships, should
be taken seriously. In addition, the medical staff of a military
trauma center should understand the characteristics of various
weapons. For example, even blank cartridge shot can cause se-
vere injury due to the gunpowder blast and projectile gas [5,6].
Grenade explosions can cause whole-body injury by countless
fragments with burns, including to the airway [7].

382 www.jtraumainj.org

No case of serious blood loss (hemoglobin, <7.0 g/dL) and co-
agulopathy was observed in this study because military medical
officers were able to control bleeding well at the accident scenes.
Additionally, the AFTC ICU, which is separated into single-occu-
pancy rooms, could help patients maintain a comfortable state
and enable monitoring of possible self-injury and abnormal be-
haviors. Patients with suicidal attempts or a concerning level of
PTSD who require repeated surgery are admitted to the ICU un-
til ready for a closed psychiatric ward or until their psychiatric

problems become less concerning.

Treatment strategies for open fractures in lower extremities
Trauma patients should be considered in two aspects: (1) the se-
verity of the injured site; and (2) possible life-threatening associ-
ated injuries. Aspects of the military context contribute to frac-
tures in many patients. This is natural because soldiers undergo
high-intensity training, exercise regularly, and often participate in

https://doi.org/10.20408/jti.2023.0041
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hazardous tasks such as landmine removal. Most patients experi-
ence minor injuries, but some cases are very serious, such as limb
injuries with degloving, severe associated injuries, or both [8,9].
Many cases involve injuries from which patients find it difficult
to achieve a full recovery. The treatment of these patients requires
a strategy consisting of several steps.

The first step is to decide whether to salvage or sacrifice the in-
jured leg. Trying to salvage the injured limb may require repeated
operations, cause serious complications (such as infection,
thrombosis, and chronic pain), impose a huge financial burden,
and delay rehabilitation. For many patients with severe leg inju-
ries, amputation might be a better option [10,11]. Patients admit-
ted to the AFTC have their medical expenses covered by the mili-
tary, and most soldiers, such as military officers and sergeants
who suffered disabilities from accidents on duty, can keep their
jobs postinjury and are paid during the treatment period. There-
fore, we tried our best to salvage the leg in each case, since we
could focus on saving the leg without worrying about time or
cost [12]. In this study, no cases involved amputation of a lower
limb.

The second step is to manage concurrent injuries that could
have adverse effects. Life-threatening injuries such as those af-
fecting the brain, heart, lungs, liver, and large vessels are treated
with priority.

The third step is to perform surgery. OR decisions were made
according to the injury mechanism, injured site, general condi-
tion, and the surgeon’s experience, including their skill level
[13,14]. During operations, surgeons must solve problems such
as vascular reconstruction, muscle repairing, and overlapping
skin defects. The most crucial point for surgeons is planning.
Surgeons should plan what may be feasible, up to a certain limit
of reconstruction, if the injury is too serious to permit a full re-
covery. In particular, landmine explosions can cause serious inti-
mal injuries that make it difficult to reconstruct vascular struc-
tures and create flaps for covering defective tissue. We tried to
salvage limbs as much as possible, since most patients in this
study were young, otherwise healthy soldiers.

The fourth step is to perform rehabilitation, which may take a
long time [15,16]. The timing for initiating rehabilitation de-
pends on many factors such as how the fracture heals, the fixa-
tion method, and how related ligaments heal. The rehabilitation
process typically begins with restrictive weight bearing, followed
by a range of motion evaluation, continuous passive motion, and
finally muscle strengthening exercises [17]. Appropriate pain
control is needed across the rehabilitation period. Moreover, ad-
dressing psychological problems is the most difficult part of re-
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covery [18-20]. Many patients have PTSD, and a psychiatrists
active involvement is required if the cause of injury is self-harm
or a suicidal attempt. In conclusion, management of lower ex-
tremity injuries requires complex processes. This study has
shown our experiences and management policy for lower ex-
tremity injuries in a new military trauma center, which could be
useful for other trauma centers that manage lower extremity in-
juries.

Strengths and limitations

The strengths of this study include its analysis of data based on a
specialized transporting system and treatment strategies for mili-
tary trauma patients. We were able to observe the entire period of
treatment from initial ER management to rehabilitation. Howev-
er, this study has several limitations. First, the volume of the data
was small because the AFT'C was established only 1 year ago.
Second, it is difficult to evaluate the relevance of intensive care,
since there was only one case (case 4) with life-threatening asso-
ciated injuries.

Conclusions

This study showed the experiences of treatment in patients with
lower extremity injuries in the military. We hope that the study
may help improve treatment in patients with military trauma, as
well as improve military medical services such as the transport
system, in order to revise treatment protocols and systematize
treatment during hospitalization.
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