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Clinical features and outcomes of orthopaedic ==

injuries after the kahramanmaras earthquake:
a retrospective study from a hospital located
in the affected region

Murat Gok'"® and Mehmet Ali Melik'

Abstract

Background The purpose of this retrospective, single-institutional study was to report the clinical features and
outcomes of orthopaedic injuries after the Kahramanmaras earthquake.

Methods An institutional database review was conducted to evaluate the results of patients who applied to our
hospital’s emergency department after the Kahramanmaras earthquake. Trauma patients referred to orthopaedics and
traumatology were identified. Patient records were checked for injury type, fracture site, treatment type (conservative
or surgical), surgical technique, and outcome. Diagnosis with crush syndrome and the need for haemodialysis were
also noted. Bedside fasciotomy was undertaken based on the urgency of the patient’s condition, number of patients
and the availability of the operating theatre. A team consisting of a trauma surgeon, a plastic surgeon, a board-
certified physician in infectious disease, a reanimation specialist, a general surgeon and a nephrologist followed up
with the patients.

Results Within the first 7 days following the earthquake, 265 patients were admitted to the emergency department,
and 112 (42.2%) of them were referred to orthopaedics and traumatology. There were 32 (28.5%) patients diagnosed
with acute compartment syndrome. Fasciotomy was performed on 43 extremities of 32 patients. Of these
extremities, 5 (11.6%) were upper and 38 (88.4%) were lower extremities.The surgeries of 16 (50%) of the patients
who underwent fasciotomy were performed in the emergency department. There was no significant difference in
terms of complications and outcomes between performing the fasciotomy at the bedside or in the operating theatre
(p=0.456).

Conclusions Fasciotomy appears to be a crucial surgical procedure for the care of earthquake causalities. Fasciotomy
can be safely performed as a bedside procedure based on the urgency of the patient’s condition as well as the
availability of the operating theatre.
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Introduction

Earthquakes are natural disasters that cannot be accu-
rately predicted in terms of location or time before they
occur. On average, approximately 15 destructive earth-
quakes with a magnitude of over 7 occur each year world-
wide [1].

On February 6th, 2023, at 04:17 local time, a devas-
tating earthquake with a magnitude of 7.8 occurred in
Kahramanmaras, Turkey (37.166°N 37.042°E) [2]. Forty-
two hospitals in the region suffered moderate to severe
damage [3]. Additionally, 448 health care workers lost
their lives because of the earthquake [4]. At the time of
this study, there were 50,096 deaths, and 107,204 people
were injured [5].

Extremity trauma is the most common type of injury
observed in individuals who are rescued alive from under
debris after an earthquake [6, 7]. Complications, such
as bleeding, infection, sepsis, and crush syndrome, can
result in the loss of rescued survivors [8]. A multidisci-
plinary approach is required for the treatment of the vic-
tims [9].

The purpose of this retrospective, single-centre study
was to report the clinical features and outcomes of ortho-
paedic injuries after the Kahramanmaras earthquake.

Methods

This retrospective study was carried out with approval
from the local ethics committee (approval number:
2023/70). An institutional database review was con-
ducted to determine individual causalities among
patients admitted to the emergency department of our
hospital after the Kahramanmaras earthquake. The hos-
pital where the study was conducted is a secondary
care facility with a capacity of 265 inpatient beds and
89 intensive care unit beds. Trauma patients referred to
orthopaedics and traumatology were identified. Patients
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whose medical records were not sufficient, who were
transferred to another center during treatment, or whose
follow-up could not be completed were excluded from
the study. Medical records of patients admitted in the
first 7 days were checked for age, gender, admission time,
injury type, fracture site, treatment type (conservative
or surgical), surgical technique, and outcome. Diagno-
sis with crush syndrome and the need for haemodialysis
were also noted.

A urinary catheter was placed in all patients rescued
from the wreckage and/or with crush injuries to their
extremities. Hourly Urine output and urine colour were
monitored. Baseline blood samples were collected and
complete blood count, urea, creatinine, bleeding time,
creatine kinase, aspartate aminotrensferase, alanine ami-
notransferase, sodium, potassium values were measured.
After physical examination, imaging procedures were
applied for patients with indication. The diagnosis of
acute compartment syndrome was made based on clini-
cal signs and symptoms. Patients were examined for typi-
cal findings of acute compartment syndrome, including
spontaneous pain, pain with passive extension, paralysis,
paraesthesia, and the presence of oedema [10]. However,
intracompartmental pressure measurement was not per-
formed for any of the patients. Plain radiography was
performed for all extremities diagnosed with compart-
ment syndrome (Fig. 1).

The diagnosis of crush syndrome was made in patients
with crush injuries by monitoring increased creatine
kinase levels, renal function, potassium levels and urine
output. A diagnosis of fracture was made based on clini-
cal and plain radiographic findings.

All surgical procedures were performed by two certi-
fied trauma surgeons. Bedside fasciotomy was under-
taken based on the urgency of the patient’s condition,
number of patients and as well as the availability of the
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operating theatre. However, the individual surgeon
decided whether to perform fasciotomy as a bedside pro-
cedure or in the operating theatre. Bedside fasciotomies
were performed in the emergency department by the sur-
gical team. Regarding anaesthesia, all patients received
2 mg/kg propofol (Diprivan®) whether the procedure was
performed at bedside or in the operating theatre. Before
the procedure, two grams of cefazolin was administered
intravenously for prophylaxis. A tourniquet was not used.
Lower extremity fasciotomies were performed by releas-
ing four compartments using a single incision on the lat-
eral side [11]. For the upper extremity, an incision was
created starting from the palmar side, passing through
the wrist in an inclined manner, and extending proxi-
mally to the elbow. The lacertus fibrosus was released in
all upper extremity fasciotomies [12]. No approximated
sutures were used after the surgery, and wound care was
provided with fusidic acid ointment. Soft tissue infection,
excessive bleeding after surgery, and sepsis were recorded
as surgical site-related complications. The diagnosis of
soft tissue infection was made based on clinical findings.
For fractures, surgical treatment, plate screws, tempo-
rary external fixators, intramedullary nails, k-wires, and
titanium elastic nails were used according to the require-
ments of the patients. Fractures in patients who were
deemed suitable for conservative treatment or for whom
surgery could be postponed were immobilized with casts.
In the conservative treatment of fractures, devices such
as casts, splints and slings were used. Skin laceration,
abrasion, muscle damage, tendon and ligament injuries
are considered soft tissue injuries. In the treatment of
soft tissue injuries; surgically repaired or conservatively;
compressive bandages, splints, dressings, and non-steroi-
dal anti-inflammatory drugs were used.

Fasciotomies performed within the first 24 h after
trauma were considered early, and those performed after
24 h were considered late. After fasciotomy, a team con-
sisting of a trauma surgeon, a plastic surgeon, a board-
certified physician in infectious disease, a reanimation
specialist, a general surgeon and a nephrologist followed

Table 1 Demographic characteristics of the orthopaedic

patients
Variable Number of Patients, n=112
Sex; n (%)
Female 58 (51.8%)
Male 54 (48.2%)
Age; Median (Range) 32(3-89)
Age; Mean+SD
Female 37.53+2027
Male 30.39+£15.89
Treatment; n (%)
Surgical 68 (60.7%)
Conservative 44 (39.3%)
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up with the patients. The outcome of the patients were
noted after a follow-up of two months.

We employed SPSS version 20.0 statistical software
(IBM Corp., Armonk, NY, USA) for statistical analyses.
Categorical variables are reported as numbers and per-
centages, whereas continuous variables are reported
as medians and ranges. The Kolmogorov-Smirnov test
was used to examine the normality of the distribution
of numerical variables. The chi-square test and Fisher’s
exact test were used to compare categorical variables,
and the Mann—Whitney and Kruskal-Wallis tests were
used for comparing intergroup distributions of continu-
ous variables. For all analyses, p<0.05 was considered
statistically significant.

Results

Within the first 7 days following the earthquake, 265
patients were admitted to the emergency department,
and 112 (42.2%) of them were referred to orthopae-
dics and traumatology. The median age of orthopaedic
patients was 32.0 years (range, 3—89 years). Fifty-eight
(51.8%) of the patients were female, whereas 54 (48.2%)
were male. Most of the admissions were on the first
(n=41 [36.6%]) and second day (n=33 [29.4%]) following
the earthquake. Sixty-eight (60.7%) of the orthopaedic
patients underwent surgery, and 44 (39.3%) underwent
conservative treatment (Table 1). Out of 91 surgeries per-
formed at our hospital in the first seven days following
the earthquake, 68 (74.7%) were carried out by the ortho-
paedics and traumatology team. There were 32 (28.5%)
patients diagnosed with acute compartment syndrome.
However, 22 (19.6%) patients had lower extremity frac-
tures, 20 (17.8%) had upper extremity fractures, one had
an elbow dislocation (0.8%), five (4.4%) had pelvic frac-
tures, 29 (25.8%) had soft tissue injuries, and three (2.6%)
patients underwent amputation due to severe trauma
(Fig. 2) (Table 2).

On the first day after the earthquake, 22 (32.4%) opera-
tions were performed, whereas 25 (36.8%) operations
were performed on the second day. Fasciotomy was per-
formed on 43 extremities of 32 patients. Of these extrem-
ities, 5 (11.6%) were upper and 38 (88.4%) were lower
extremities, and the risk of acute compartment syndrome
was significantly higher for lower extremities (5/43 vs.
38/43, respectively; p=0.001). One of the upper extrem-
ity compartent syndrome was localized in the forearm
and 4 of the upper extremity compartment syndrome
involved both the arm and forearm. In those diagnosed
with lower extremity compartment syndrome, both the
thigh and cruris were affected in 4 extremities, and only
the cruris was affected in 34 extremities.

When the patients were divided into two groups based
on median age, those<32 years and those>32 years old,
it was observed that fasciotomy was performed on 20
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Fig. 2 Traumatic amputation of foot

Table 2 Injury types of orthopaedic patients

Injury Type Upper Lower Total
Extremity Extremity n (%)
n (%) n (%)
Fracture* 20 (17.8%) 27** (24.1%) 47
(41.9%)
Dislocation 1 (0,8%) - 1 (0.8%)
Acute Compartment Syndrome* 5 (4.5%) 27 (24.1%) 32
(29.6%)
Traumatic Amputation 2 (1.8%) 1 (0.9%) 3(2.7%)
Soft Tissue Injury 6 (5.4%) 23 (20.5%) 29
(25.9%)

*Patients with both fracture and compartment syndrome were noted as
compartment syndrome

** Pelvic fracture included as lower extremity for the table

out of 58 patients (34.4%) <32 years and on 12 out of 54
patients (22.2%)>32 years old. No significant difference
was found in terms of the acute compartment syndrome
rate with regard to age (20/58 vs. 12/54, respectively;
p=0.151). The mean time to hospital admission for fas-
ciotomy patients was 34.511+26.13 h (range, 6-107 h)
(Fig. 3). Among patients undergoing fasciotomy, 18
(56.2%) were female and 14 (43.8%) were male, and
there was no sex-related risk factor for developing acute
compartment syndrome (18/32 vs. 14/32, respectively;

p=0.858). Out of the 32 patients who underwent fasci-
otomy, three (9.4%) underwent below-the-knee ampu-
tation due to circulatory disorders following the initial
surgery, and one of these amputee patients died. All cases
of amputation due to compartment syndrome were per-
formed on the lower extremity. Eight (25.0%) of the acute
compartment syndrome patients received haemodialy-
sis after fasciotomy. No cases of sepsis were diagnosed
after the fasciotomy procedures. No osteomyelitis was
observed in any patient who underwent fasciotomy dur-
ing the 2-month follow-up period. Nevertheless, seven
(21.9%) of the patients undergoing fasciotomy died due
to crush syndrome (Table 3).

In three extremities of two patients who had under-
gone fasciotomy at another centre and were referred to
our hospital for follow-up, the previous fasciotomies
were insufficient and needed to be expanded. In these
two patients, pallor and coldness persisted in the distal
extremity, and the capillary refill time was prolonged.
One of these patients was a 4-year-old girl, and although
widening of the fasciotomy provided improved circula-
tion in the right cruris, below-the-knee amputation was
performed for the left cruris during follow-up.

Primary closure was performed for 19 extremities,
whereas 14 extremities were closed with grafting (Fig. 4).
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Fig. 3 The patient who presented at the 107th hour: (a) upper extremity compartment syndrome, (b) intraoperative image after emergency fasciotomy
completion, (c) image after debridment and partial closure, (d) after skin grafting

Table 3 Comparison of complications between bedside
fasciotomy and operating room fasciotomy

Complication Bedside Operating P

(n=16) Theatre value
(n=16)

Soft Tissue Infection 7 (43.7%) 4 (25.0%) 0.264

Bleeding 2 (12.5%) 1(6.2%) 0.544

Sepsis - - 1.000

Death 3(18.7%) 4 (25.0%) 0.668

Total 12 (75.0%) 9 (56.2%) 0.456

The mean time to fasciotomy closure was 11.8+5.66 days
(range, 7-25 days).

The surgeries of 16 (50%) of the patients who under-
went fasciotomy were performed in the emergency
department considering hospital density, operating room
availability and patient urgency. One of these patients
had upper extremity acs and 15 had lower extremity acs.
There was no significant difference in terms of complica-
tions or outcomes between performing the fasciotomy
at the bedside or in the operating theatre (p=0.456)
(Table 3).

Twenty-two (46.8%) of the 47 patients who had frac-
tures were treated surgically, and 25 (53.2%) were treated
conservatively (Table 4). The surgery of four patients was
postponed due to a shortage of orthopaedic implants.

Discussion

The current study has presented a cohort of patients with
orthopaedic injuries after an earthquake. It was found in
this work that fasciotomy represented 47.0% of all opera-
tions performed by orthopaedic and trauma surgeons
after the earthquake. Fasciotomy appeared to be a crucial
surgical procedure for providing health care to the casu-
alties of the earthquake. We have shown that fasciotomy
can be safely performed as a bedside procedure based
on the urgency of the patient’s condition as well as the
availability of the operating theatre. However, the major
limitation of the current study was its retrospective, sin-
gle-institutional design, which might have caused poten-
tial selection bias. Absence of complete data in some of
these patients is another limitation of the study. In addi-
tion, the number of patients was relatively small and sta-
tistical methods cannot be used in some data.

The most frequent admissions to hospitals during the
first few days following an earthquake are referred to
orthopaedics and traumatology [6, 13, 14]. At our hos-
pital, 74.7% of the surgeries performed in the first seven
days were carried out by a two-person orthopaedic
and traumatology team. The first 36—48 h are the most
intense time period at a hospital after an earthquake [15,
16]. In line with the literature, the first two days were
the busiest in terms of patient admissions and surger-
ies at our hospital. Afterwards, the number of patient
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Fig. 4 Examples of primary closure and closure with skin grafting. (a) Fasciotomy closed with a graft taken from the anterior thigh on the 17th day. (b)
Primary closure applied on the 12th day of the patient who was in a position to have primary closure after fasciotomy

Table 4 Distribution of fracture types and treatment methods

Fracture N (%) Treatment
Conservative Surgical
n (%) n (%)
Clavicle 1(2.1%) 1 (100%) -
Proximal Humerus 3(6.4%) 3 (100%) -
Humeral Shaft 7(14.9%) 2 (28.6%) 5(71.4%)
Olecranon 1(2.1%) - 1 (100%)
Forearm Shaft 1(2.1%) - 1 (100%)
Forearm Distal 5(10.6%) 4 (80.0%) 1 (20.0%)
Hand (Phalanx and Metacarpal) 2 (4.3%) 1 (50.0%) 1 (50.0%)
Pelvis 5(10.6%) 5 (100%) -
Femoral Shaft 6(12.8%) - 6 (100%)
Tibial Eminence 1(2.1%) 1 (100%) -
Tibial Shaft 9(19.1%) 2 (22.2%) 7 (77.8%)
Isolated Fibular Shaft 1(2.1%) 1 (100%) -
Calcaneus 2(43%)  2(100%) -
Metatarsal 3 (6.4%) 3 (100%) -
Total 47 (100%) 25 (53.2%) 22 (46.8%)

admissions and surgical procedures decreased. How-
ever, we had to postpone four nonurgent surgeries due
to a shortage of orthopaedic implants. Although we were
unable to find any data on this matter in the literature,
there may be shortages in the number of orthopaedic
implants available due to sudden increases in trauma
cases after an earthquake. Therefore, postponing nonur-
gent surgeries and planning to use the available resources
effectively could be beneficial in the first few days after an
earthquake.

Extremity injuries are the most common injuries
encountered after an earthquake. In the current study,
42.2% of the patients who visited our hospital had
extremity injuries. Several studies revealed that most
injuries were associated with the lower extremities [6,
7, 14, 17]. In our study, most of the orthopaedic injuries
were located in the lower extremities, in accordance with
the literature.

Acute compartment syndrome is a surgical emer-
gency and one of the most common severe conditions
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diagnosed in causalities after an earthquake [13, 18]. The
diagnosis of acute compartment syndrome can be chal-
lenging and is based on a combination of clinical findings
and pressure measurements within the affected com-
partment [19]. However, after earthquakes, fasciotomy
has generally been carried out without pressure mea-
surements [20]. At our hospital, all acute compartment
syndrome diagnoses were made based on clinical find-
ings If there is an opportunity and sufficient time, intra-
compartmental pressure measurement can be utilized.
However, depending on the number of patients in such
disasters, diagnosis can be directly determined based on
clinical findings. Since clinical findings in compartment
syndrome may mask the clinical findings of a concurrent
fracture, we recommend that all patients diagnosed with
compartment syndrome undergo fracture investigation
with plain radiography. Although acute compartment
syndrome is more common in males [21, 22], several
studies have reported no sex-related difference in the rate
of acute compartment syndrome due to crush injuries
after an earthquake [23, 24]. Similarly, we did not find a
relationship between sex and acute compartment syn-
drome after earthquake.

The cut-off time for fasciotomy in the treatment of
acute compartment syndrome is controversial. However,
some studies have reported that muscle damage occurs
six hours after the onset of circulatory disorder and that
irreversible nerve damage occurs after 12 h [25, 26].
Some authors recommend that fasciotomy should not
be performed 2448 h after trauma since delayed fasci-
otomy can increase the risk of infection, sepsis, and death
[27-29]. However, studies on the outcomes of early and
late fasciotomy have shown that the time of fasciotomy
has no significant effect on complications such as sepsis
and death [30, 31]. We did not impose any time limit on
fasciotomy and performed fasciotomy in all acute com-
partment syndrome patients without findings indicating
necrosis. We found that there was a moderate increase
in the rate of soft tissue infection in patients who under-
went late fasciotomy. However, we observed that late fas-
ciotomy did not have a significant effect on sepsis, crush
syndrome, or mortality. The patient who was admitted
to our hospital at the 107th hour underwent fasciotomy,
which salvaged her upper extremity, and the fasciotomy
was closed on the 15th day. However, since we do not
have the opportunity to compare functional results, we
cannot comment on the functional results of early or late
fasciotomy.

Although fractures are known as the most common
cause of acute compartment syndrome or the most com-
mon accompanying pathology [18, 22], only three (6.9%)
of 43 extremities diagnosed with acute compartment
syndrome had accompanying fractures in our study.
Hope and McQueen [32] showed that patients with acute
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compartment syndrome without fractures had signifi-
cantly more muscle necrosis. In the current study, none
of the patients with crush syndrome undergoing haemo-
dialysis had any accompanying fractures. Our findings
are in line with those reported by Hope and McQueen
[32], suggesting that the risk of developing crush syn-
drome is higher in patients with acute compartment syn-
drome and no fractures.

Incomplete or inadequate fasciotomy has been related
to potentially fatal muscle necrosis [33]. We had two
patients who underwent inadequate fasciotomy at other
centres, and unfortunately, one of these patients required
below-the-knee amputation after we expanded her inad-
equate fasciotomy. We consider that it may be benefi-
cial to hold meetings for trauma surgeons with updated
information on postearthquake interventions, particu-
larly in countries located in earthquake zones.

There have been studies showing that bedside fasci-
otomy can be applied in emergent conditions, and the
outcome of bedside fasciotomy has been reported to be
successful [34, 35]. However, to the best of our knowl-
edge, no study has compared the outcomes of bedside
fasciotomy and fasciotomy in the operating theatre. In
our study, bedside fasciotomy was performed for 16
patients in the emergency department, and there was
no significant difference in terms of outcomes or com-
plications compared to fasciotomies performed in the
operating theatre (n=16). Thus, under crisis conditions,
such as after an earthquake disaster, resulting in a sudden
increase in the number of patients, bedside fasciotomy
can be performed safely at the time of admission to the
emergency department.

Conclusions

Fasciotomy appears to be a crucial surgical procedure
when providing health care for the causalities of an earth-
quake. Fasciotomy can be safely performed as a bedside
procedure based on the urgency of the patient’s condition
as well as the availability of the operating theatre. Shar-
ing knowledge and experience about injuries caused by
disasters can help to improve preparedness and response
plans for future disasters.
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