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ABSTRACT

Objective: This study aimed to describe the type and number of traumatic injuries seen after devastating earthquakes and to evaluate the
difficulties experienced in the treatment process in a primary affected center.

Methods: Out of the 2176 patients who were treated in the emergency department, 372 (199 male and 173 female) patients with complete
data were included in this single-center retrospective study. In addition to the demographic characteristics of the patients, orthopedic
injuries, other organ system injuries, type of injury, treatments, mechanisms of injury, and time of presentation to the emergency depart-
ment were recorded.

Results: The most common age group for injury was 20-30 years old, consisting of 73 patients (19.62%), and the second most common age
group was between 40 and 50, with 72 patients (19.35%). Injury after being trapped under rubble was seen in 152 (40.86%) patients, while
non-debris causes were more common in 220 patients (59.14%). The most common site of injury was in the lower extremities, with 111
patients (29.84%), while multiple injuries were seen in 109 patients (29.3%). Lower extremity fractures were mostly seen in long bones
such as the femur (12.28%) and tibia (11.4%). Upper extremity fractures, especially those due to falls, were most frequently in the distal
radius (8.77%). After triage, 117 patients (31.45%) were hospitalized, whereas the majority of patients (58.33%) were discharged from the
emergency department.

Conclusion: This study has shown us that injuries following major earthquakes are of a wide spectrum and occur in large numbers and
in a very short time. Even in a well-equipped hospital that is not affected by an earthquake, there are many barriers to appropriate man-
agement. The first 24 hours after an earthquake are critical. This period should be kept in mind while organizing and taking necessary

precautions, and early responses to earthquakes should be meticulously planned.

Level of Evidence: Level IV, Diagnostic Study.

Introduction

Earthquakes are unpredictable natural disasters.
After severe earthquakes, many deaths and injuries
occur due to the destruction.* According to official
records, after the February 6, 2023, Kahramanmarasg
earthquakes, over 50,000 deaths and over 100,000
injuries were reported.*® The most common etiology
of injury is crush injuries caused by being trapped
under debris due to destruction. Crush syndrome
after crush injuries is a well-defined clinical entity.®
However, not only crush syndrome but also all kinds
of orthopedic injuries and life-threatening multiple
injuries such as head, abdomen, and chest injuries are
seen in high numbers after earthquakes.™

Many factors prevent or limit the optimal manage-
ment of injuries after devastating earthquakes, espe-
cially in the earthquake zone. These factors include
communication problems and lack of coordination,
transportation problems, ongoing earthquakes, over-
crowded hospitals exceeding hospital capacities, low
numbers of health personnel, and the fact that the

personnel and buildings that provide health-care ser-
vices are also victims of earthquakes.'*"

In this study, we presented the initial response of
In6nii University Turgut Ozal Medical Center , the
largest hospital in Malatya province, which is located
in the earthquake zone and primarily affected by
the earthquakes centered in Kahramanmaras on
February 6, 2023, to the earthquake. By recording
the demographic characteristics of patients admit-
ted to the emergency department and the time, type,
and management of injuries, we aimed to show what
can develop after a major earthquake. Furthermore,
despite the large number of patients and injuries in
such catastrophic disasters, there are many obstacles
to providing appropriate treatment. We investigated
the shortcomings and their solutions in a chaotic
environment.

Materials and methods

This single-center retrospective study was conducted
at Malatya inénii University Turgut Ozal Medical
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2176 patients admitted to the emergency

department in one week

A total of 372 patients with
complete medical records and
earthquake as the etiology of

injury were included

Figure 1. Included and excluded patients.

Center after ethical committee approval was obtained (Number:
2023/4607). Between February 6, 2023, and February 12, 2023, it
included earthquake victims who came to the emergency depart-
ment of Inénii University Turgut Ozal Medical Center by ambulance
or ambulatory patients from the moment of the earthquake. Verbal
informed consent was obtained from the patients who agreed to take
part in the study (Figure 1).

The number of patients admitted to the emergency department of
our hospital within 7 days within the scope of our study was 2176.
However, since our hospital is located in the primary earthquake
zone, the chaotic environment, especially in the first hours of the
earthquake, caused serious problems in patient records, but our hos-
pital managed to record every patient who was admitted to an emer-
gency department.

Our hospital has a capacity of 800 beds. The elevators were not in use
after the earthquakes and due to the ongoing aftershocks. For this
reason, the first 3 floors of our hospital and the intensive care units
on the ground floors were reserved for earthquake victims. Patients
who had been hospitalized and were stable before the earthquakes
were discharged. Many patients who were not suitable for discharge
left voluntarily for safety reasons. The registration system of the
other 2 major hospitals in our region was completely disabled. All
private hospitals were emptied after the earthquakes and did not pro-
vide services. Therefore, it would be wrong to give information about
the general distribution of patients in our region.

From the moment of the earthquake, the treatment and triage of
patients started in the emergency department. The orthopedics
team of our center was divided into 3 groups from the first moment:
one team worked in the emergency room (triage and intervention
together with emergency doctors), another team worked in the

HIGHLIGHTS

+  Crush syndrome and severe extremity injuries are seen in large numbers after
devastating earthquakes. Triage in hospitals in the primary earthquake zone
is essential for management.

The first 24 hours are critical both in terms of response time to the injury and
the number of patients.

A referral chain for future disasters should be planned for timely treatment
of patients.

Excluded patients
-1653 patients with incomplete chart records

-104 patients with non-traumatic non-
earthquake emergency admissions

47 patients with traumatic injuries not related
to earthquakes

operating room (for surgical interventions), and the last team worked
in the orthopedics service responsible for patient follow-up and coor-
dination. The active orthopedics and traumatology team consisted
of 16 surgeons for the first 3 days. After the third day of the earth-
quake, 1 volunteer orthopedic surgeon joined the team from a non-
earthquake region.

Orthopedic emergencies were prioritized during patient triage. In
the first earthquake, which occurred at 04:00 am, hospitalizations
were made for non-urgent orthopedic fractures since the area where
our hospital is located was less affected, while in the second earth-
quake, which occurred at 1:00 pm, with the development of the main
destructive effect in the region, hospitalizations were planned to
undertake the primary treatment of orthopedic emergencies such
as crush syndrome, open fractures, compartment syndrome, and
traumatic amputation (Figure 2-3). Patients with crush syndrome, a
condition seen after earthquakes, were evaluated multidisciplinarily
and hospitalized in departments and intensive care units. They were
regularly followed up by the orthopedic service team. They were
closely observed for the necessity of amputation.

Non-life-threatening cuts, bruises, and soft tissue injuries were irri-
gated with saline, primary suturing was performed, and they were
discharged with medical treatment. For fractures, radiographs were
taken for the initial evaluation, casts and splints were applied, and
the patient was discharged or referred to non-earthquake regions
regarding the patient’s clinical condition.

The mechanism of injury was divided into 2 categories. The first
were caused by being trapped under the rubble of a collapsed build-
ing during an earthquake, and the second were injuries not related to
being trapped under the rubble during the earthquake, such as panic
jumping from heights, falls, bumps, cuts, and even traffic accidents
due to earthquakes.

In this study, demographic characteristics of the patients, such as
age, gender, orthopedic injuries, other organ system injuries, type of
injury, and treatments applied, were recorded. In addition, the time
of admission of the patients to the hospital after the earthquake, the
initial response to the earthquake of a level 1 fully-equipped hospi-
tal working as a primary hospital in the earthquake zone, and the
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Figure 2. A 6-year-old male patient with obvious ischemic necrosis of the right
lower extremity after exposure to debris for 24 hours. Amputation was performed
immediately.

management of the treatment of the patients (referral, hospitaliza-
tion, discharge) were discussed.

Statistical analysis

In summarizing the data obtained from the study, descriptive statis-
tics were presented as mean + standard deviation or median, mini-
mum, and maximum depending on the distribution for continuous
(numerical) variables. Categorical variables were summarized as

Figure 3. A 30-year-old female patient, traumatic injury of the right foot with severe
soft tissue involvement and multiple bone fracture pattern.

numbers and percentages. In this study, Statistical Package for the
Social Sciences Statistics software for Windows, version 26.0 (IBM
SPSS Corp.; Armonk, NY, USA), was used for data analysis.

Results

Three hundred seventy-two patients with complete records were
included in the study. Of these patients, 199 (53.5%) were male and
173 (46.5%) were female. The mean age of the patients was 40.45 +
20.05 years (range: 1-94).

The demographic data, day of arrival to the emergency room, and
mechanisms of injury of the patients in our study are given in Table 1.

Hospitalization was recommended in patients with multiple injuries
involving the head, chest, abdomen, pelvic-extremity regions, crush
syndrome, and compartment syndrome after exposure to debris. The
complaints and management of the patients admitted to the emer-
gency room are given in Table 2.

Triage for fractures requiring surgery and other pathologies was
practiced, especially on the first day of the earthquake. The most
common injuries were lower-extremity fractures (Figure 4). While
isolated extremity injuries may occur, earthquake-related orthope-
dic injuries have a wide spectrum, and multiple fractures are more
common. Generally, long and large bone fractures, such as pelvis and
femur are the most frequently seen injuries. Distal radius fractures
are also common orthopedic injuries after a fall during a panic flight
during an earthquake. The fractures seen in the patients are given
in Table 3.

In addition to orthopedic injuries, life-threatening and serious
earthquake-related injuries requiring follow-up were also found.
Additional organ system pathologies are shown in Table 4.

There were 114 fractures in 372 patients included in our study. In
addition to fractures, there were 152 additional organ system inju-
ries. 102 patients were evaluated in the emergency room due to
earthquakes, and no additional findings other than soft tissue inju-
ries were detected.

Table 1. Demographic data and initial presentation characteristics of the patients

Gender n %
Male 199 53.5
Female 173 46.5
Age (years)

0-10 22 5.91
10-20 36 9.68
20-30 73 19.62
30-40 55 14.78
40-50 72 19.35
50-60 53 14.25
60-70 29 7.8
70-80 19 5.11
80-90 12 3.23
> 90 1 0.27
Type of injury

Trapped under rubble 152 40.86
Other reasons 220 59.14
Initial application time

Day 1 220 59.14
Day 2 49 13.17
Day 3 43 11.56
Day 4 26 6.99
Day 5 20 5.38
Day 6 8 2.15
Day 7 6 1.61
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Table 2. Presenting complaint and management

Complaints n %
Pelvic region and lower extremity 111 29.84
Upper extremity 83 22.31
Head 49 13.17
Chest 14 3.76
Abdomen 6 1.61
Multiple 109 29.3
Management of patients

Discharged from emergency 217 58.33
Intensive care hospitalization 48 12.9
Service hospitalization 69 18.55
Referral 16 4.3
Refusal of treatment - discharged 22 5.91

For the fractures of the patients, 34 were treated with internal fixa-
tion in our center. External fixation was performed in seven cases
where open fractures were present and soft tissue was not suitable
for internal fixation. Amputation was performed in 9 of 43 patients
with crush syndrome who were followed up in the service or inten-
sive care unit. In 3 of these patients, amputation was performed
immediately after evaluation in the emergency department. The
other 6 patients, including 1 with a right upper extremity amputa-
tion, were intensive care unit patients. Amputations were performed
after evaluation by the anesthesia intensive care team and orthope-
dics team in follow-ups after a deterioration in blood values and gen-
eral condition.

In 6 patients with compartment syndrome, 1 patient had bilateral
lower extremity involvement, and fasciotomies were performed. All
of the patients with compartment syndrome were brought to the hos-
pital in the first 24 hours of the earthquake, and the fasciotomies
were performed emergently after administration to the emergency
department. Six patients with injuries due to multiple traumas and
follow-ups in the intensive care unit died. The cause of death in 3 of
these 6 patients was crush syndrome. One patient died after amputa-
tion, 1 patient died after receiving dialysis, and the other patient died
after signing a refusal of treatment despite being offered amputation.
The time of death was within 5 days of hospitalization. In the other 3
patients who died, the etiology of death was head trauma and intra-
cranial hemorrhages.

Discussion

Serious injuries and deaths occur after severe earthquakes. The most
common of these injuries are extremity injuries, especially involving
long bones, and crush syndrome due to being trapped under debris.
Under normal circumstances, the treatment and management of
these injuries can be handled with good organization, but in an earth-
quake-exposed hospital, this management is very difficult because
health-care workers are also victims of the earthquake. Therefore, in
the initial hours and days after an earthquake in a local hospital, it is
crucial to be well organized to provide care to patients.

Figure 4. A 21-year-old female patient suffered a crushed injury due to being
trapped under debris for 13 hours. Paleness, pulselessness, ecchymosis, and
multiple skin lacerations on the right lower extremity.

The quality of the structures in the earthquake zone, the structure
of the soil in the settlement area, and the length and intensity of the
earthquake are the main factors affecting the destruction and inju-
ries as a result of the destruction. Epidemiologic studies have been
done for injuries that occur after destruction, according to the lit-
erature. It was mentioned that injury rates were equal in terms of
gender but increased significantly with increasing age.'*** In a study
conducted after the 1994 Los Angeles earthquake, it was emphasized
that the risk of injury was higher in individuals over 65 years of age

Table 3. Osseous fracture areas of the patients

Pelvic region and lower extremity n % Upper extremity n %
Acetabulum 4 3.51 Scapula 6 5.26
Pelvic 12 10.53 Clavicle 3 2.63
Femur 14 12.28 Humerus 7 6.14
Tibia 13 11.4 Radius 10 8.77
Fibula 12 10.53 Ulna 4 3.51
Talus 1 0.88 Metacarpal 3 2.63
Calcaneus 6 5.26 Shoulder dislocation 5 4.39
Navicula 2 1.75

Cuneiform 1 0.88

Cuboid 2 1.75

Metatarsus 6 5.26

Phalanx 3 2.63
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Table 4. Additional organ system pathologies other than injuries

Additional injuries n %

Crush syndrome 43 28.29
Compartment syndrome 6 3.95
Intracranial hemorrhage 15 9.87
Maxillofacial injuries (requiring surgery) 7 4,61
Eye injuries 7 4.61
Hemothorax 22 14.47
Pneumothorax 17 11.18
Pulmonary embolism 1 0.66
Costal fractures 17 11.18
Liver laceration 4 2.63
Kidney laceration 1 0.66
Spleen laceration 1 0.66
Hand injuries (requiring exploration) 11 7.24

compared to younger people and in women compared to men." In
our series, the number of male patients was moderately higher. The
number of young adult patients aged 20-60 years is 68%. These rates
may vary from region to region and according to the population char-
acteristics of the affected area. It may be possible to talk about indi-
vidual characteristics after earthquakes with poor destruction and
evacuation opportunities, but injuries and deaths in severe destruc-
tion are independent of age and gender.

The main mechanism of injury after large earthquakes is building
collapses, and earthquake victims are trapped under collapsed build-
ings.” In addition to this, there are a considerable number of traffic
accidents, falls while escaping from the earthquake, or panic during
or after the earthquake. In a study conducted after the 2020 Elazig
earthquake, in parallel to the injuries caused by earthquake-related
destruction, attention was drawn to earthquake-related panic-related
injuries.” In our study, in 59.14% of our patients, traumas such as
soft tissue injuries, severe head trauma, and extremity fractures
developed after panic-induced behaviors without earthquake-related
destruction. We think that earthquake-related behavioral pieces of
training should be increased in order to prevent or reduce these
injuries.

The problems that can be seen after a major earthquake start from
the first moment. In addition to injuries and deaths after the destruc-
tion, there was panic and chaos in the affected area. To provide
appropriate health services, hospital conditions and staff must be
appropriate and sufficient in number. It is very important to prepare
and organize in advance.'”'®* However, while planning the organiza-
tion, it is necessary to know the importance of the first 24 hours in a
devastating earthquake. In our series, the number of patients evalu-
ated in the first 24 hours was 59.14%, and we know that this does
not fully reflect the reality due to the inadequacy of the recording
system. Considering many factors, such as the ongoing follow-up
earthquakes after major earthquakes, the fact that hospital personnel
are also victims of earthquakes, and the time of earthquake occur-
rence, preparations should be made before earthquakes, not after
them. While planning, policies should be determined to provide
rapid responses for the first 24 hours.

The most common injuries in earthquakes are extremity injuries.
Lower-extremity injuries are more common than upper-extremity
injuries, and long bones are affected.®** For this reason, orthopedic
surgeons are of critical importance. Another important earthquake-
related clinical entity is crush syndrome. Crush syndrome, which has
muscle destruction and kidney damage in its pathophysiology, is a
systemic disease that occurs in crush injuries and is seen between
3% and 20% after earthquakes.* Since Turkey is an earthquake zone,

amputations and fasciotomies performed after crush syndrome in
the Great Marmara and Van earthquakes have been reported in the
literature.?*® These studies show that amputation due to crush syn-
drome and fasciotomies after compartment syndrome are character-
istic of destructive earthquakes.

We performed fasciotomies in 6 patients due to compartment syn-
drome and amputations in 9 patients due to crush syndrome.
Fasciotomies of patients diagnosed with compartment syndrome
were performed immediately without waiting. Although the number
of fasciotomies is low compared to the literature, we think that the
reason for this is the wrong and unnecessary fasciotomies performed
due to crush syndrome after the Marmara earthquake.* Therefore,
the mortality rates of previous studies were relatively higher than
ours.”* Sever et al* reported that fasciotomies increased the sep-
sis rate and mortality. We followed patients with crush syndrome
closely and gave appropriate treatment by avoiding unnecessary fas-
ciotomy applications. The cause of death in only 3 of our patients was
crush syndrome. Even one of these patients died due to a refusal of
treatment.

In an epidemiologic study of earthquake-related extremity injuries,
upper extremity fractures were found in 20.3% of the cases.”” In a
literature review, it was reported that fractures were more common
in long bones such as the tibia and femur, and large bones such as the
pelvis were more frequently affected by earthquakes compared to the
upper extremities.?

In our study, lower extremity fractures were more common than
upper extremity fractures, and femur, tibia, and pelvic fractures were
the most common fractures. In the management of these fractures,
internal and external fixation were applied after a patient-based eval-
uation. However, the biggest problem at this point was the number
and supply of medical materials. Although sterile conditions may be
sufficient to perform a fasciotomy due to compartment syndrome,
the number and supply of orthopedic implants used for fracture fixa-
tion were very difficult in the early period when the patient load was
excessive in the earthquake zone.

Even if isolated extremity injuries require surgery, they can wait until
the conditions are met, depending on the urgency, but the number of
earthquake-related injuries, especially those that are life-threatening
or require emergency intervention, is quite high. The variety of inju-
ries seen after earthquakes spans quite a wide spectrum. In multiple
injuries, many pathologies with head, abdomen, and chest compo-
nents are combined. In a study analyzing earthquakes between 1985
and 2018, head trauma was found to be the most common anatomi-
cal region with trauma after lower and upper extremity injuries, and
bleeding with high mortality was mentioned.* In the literature, stud-
ies show the incidence of chest, abdomen, and spine injuries after
earthquakes.?*

In our series, in addition to intracranial hemorrhages requiring emer-
gency intervention, serious injuries such as internal organ lacera-
tions, hand injuries requiring exploration, maxillofacial injuries, and
hemopneumothorax with an indication for an emergency chest tube
are also seen. It may be isolated or associated with extremity frac-
tures, especially after crush injuries. As a result of multiple injuries, 6
of our patients died after hospitalization. After earthquakes, interven-
tions should be performed immediately and simultaneously for many
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patients, which shows the importance of multidisciplinary work, not
only orthopedic surgeons’ endeavors, in such major disasters.

About 58.33% of our patients were discharged after the first inter-
vention in the emergency department. These included ankle sprains,
soft tissue injuries, sutured open injuries, and fractures of the upper
extremities requiring surgical intervention. Patients with indications
for hospitalization under normal circumstances were left for second-
ary evaluation to reduce the hospital load. The number of patients
followed up in the trauma service and intensive care units were 69
(18.55%) and 48 (12.9%), respectively. Approximately one-third of the
patients received hospitalization. The significant point here is that
22 patients (5.91%) with life-threatening conditions and an absolute
indication for hospitalization refused treatment and left the hospital.
These patients included patients with major fractures, such as pelvic
fractures, and patients who were being followed up for crush syn-
drome. The reason for this is the ongoing earthquakes and the search
for safe areas.

The establishment of field and tent hospitals has been recommended
for early intervention and safe health services after earthquakes.
There is a study in which experiences were shared by establishing a
tent hospital after the Kahramanmaras earthquake.”* However, this
field hospital was able to serve only 2 days after the earthquake due
to transportation to the region and the installation phase. In another
study, precautions and difficulties to be taken in field hospitals were
mentioned.* The establishment and service of field hospitals can be
very useful after the first 24 hours, which is critical in terms of secu-
rity. We think that a vital factor in the early period is a very well-func-
tioning referral chain. We were able to refer only 16 patients (4.3%)
in the early period of the great disaster we experienced. Apart from
this, we know that many earthquake victims left the earthquake zone
through their own efforts.

Earthquakes create a national health problem with serious destruc-
tion not only in the region where they occur but also by affecting
the country. Measures should be taken to minimize the devastating
impact of such natural disasters, which are unpredictable in time,
and these measures should be supported by laws and policies devel-
oped for earthquakes. In particular, a measure for the first 24 hours
and beyond requires the development of an intra-country referral
chain and matching between regions, provinces, districts, or even
hospitals.

This study has some limitations. Retrospective design, a relatively
small number of patients, and a single-center study design were the
main limitations. We were not able to collaborate with other hospi-
tals in Malatya because they did not have complete patient data. The
main strength of our study was reporting the data from the earth-
quake zone starting from the first hours of the earthquake.
Earthquakes are the most serious natural disasters that cannot be
prevented. They have a very high number of consequences in a
very short period of time, ranging from serious traumatic injuries
to deaths. Crush syndrome and long bone fractures are the main
orthopedic injuries. The first 24 hours are critical both in terms of
response time to the injury and the number of patients. Necessary
measures should be taken and policies should be developed for the
management of these crises.
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