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ÖZET

Etkin afet planlaması ve başarılı acil durum yardımı ile depremin 
zararı azaltılabilir. Deprem sonrası enkaz altında kalanların tıbbi 
bakımı için ilk yardım ve triyaj organizasyonu şarttır. Ortopedi 
ve travmatoloji pratiğinde görülen her yaralanma enkaz altında 
kalındığında da gözlemlenebilir, bunlar basit kas ezilmesinden 
damar yaralanmalı pelvis kırığına kadar uzanan bir yelpazede 
olabilir. Ortopedistin temel işlevi, hızlı teşhis ve doğru tedavi-
yi yaparak hayatı ve uzuvları kurtarmaktır. Ekstremite ve aksiyal 
iskelet yaralanmalarının yönetiminde ilk adım yaralı bölgenin 
doğru şekilde immobilizasyonudur; servikal spinal segment için 
boyunluk gibi. Güvenli bir hava yolunun sürdürülmesi ve he-
modinamik stabilizasyon için geniş çaplı intravenöz erişim de 
travma geçirmiş hastaların yönetiminin önceliğidir. Ortopedi ve 
travmatoloji ile ilgili olarak cerrahi işlemler şu şekilde sınıflan-
dırılabilir; acil bakım, acil ameliyatlar, gecikmiş ameliyatlar ve 
planlı ameliyatlar. Tüm bu cerrahi işlemler yapılırken hastanın 
genel durumunun takibi ve tedavisi için multidisipliner bir yak-
laşım uygulanmalıdır..

Anahtar Kelimeler: Afet, travma, ezilme yaralanması, 
amputasyon, ekstremite kurtarma

ABSTRACT

The harm of earthquakes can be decreased with operative ca-
tastrophe planning and successful emergency assistance. First 
aid and triage organization are essential for the medical care 
of those trapped under the rubble after the earthquake. Every 
injury seen in orthopedics and traumatology practice can be ob-
served with being under the rubble; these can be in a spectrum 
ranging from simple muscle crush to pelvis fracture with vascular 
injury. The main function of the orthopedist is to perform a quick 
diagnosis and accurate treatment to save the life and extremi-
ties. The first step in the management of limb and axial skeletal 
injuries is accurate immobilization of the injured region, such as 
a cervical collar for the cervical spinal segment. Maintaining a 
safe airway and large-bore intravenous access for hemodynam-
ic stabilization are also priorities in traumatized patients. Sur-
gical procedures related to orthopedics and traumatology can 
be classified as follows; emergency care, emergency surgeries, 
delayed surgeries, and planned surgeries. While performing all 
these surgical procedures, a multidisciplinary approach should 
be applied to monitor and treat the patient’s general condition.

Keywords: Disaster, trauma, crush injury, amputation, extremity 
salvage
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INTRODUCTION

Earthquakes have caused major morbidity and mortality 
in earthquake-prone countries worldwide (1). When we 
investigated the past decade, we encountered a series 
of dire earthquakes in Turkiye [(Muradiye/Van (1976); 
Gölcük/Kocaeli (1999) and Pazarcık/Kahramanmaraş 
(2023)]. Numerous researchers have estimated that the 
next earthquake is likely to happen in Istanbul, Turkiye’s 
most populous city (2). Turkiye has suffered a recent dev-
astating earthquake, therefore revisiting the literature 
and reviewing the practical approach may be useful for 
clinicians. Because an earthquake is a natural disaster, 
it is impossible to predict and prevent it with current 
technology. Nonetheless, the harm of earthquakes can 
be decreased with operative catastrophe planning and 
successful emergency assistance (3, 4). It is a major chal-
lenge for medical systems, especially when destruction 
is massive in large-scale earthquakes. One of the ways 
to overcome this challenge is to examine the practices 
made at the time of previous disasters together with their 
missing and faulty aspects (5, 6). For this reason, compre-
hensive evaluations should be made about the causes, 
characteristics, and treatment of injuries after each earth-
quake disaster.

Triage of patients
First aid and triage organization are essential for the 
medical care of those trapped under the rubble after an 
earthquake. The first step after an earthquake is the res-
cue of those who are under the rubble. Rescued patients 
should be transported quickly to safe areas for further 
management. Kuwagata et al. reported an analysis of the 
Hanshin-Awaji earthquake, which included 2702 trauma-
tized patients (7). In that population, one-third of the pa-
tients were treated in hospitals surrounding the area and 
had a mortality rate of 3%. The remaining patients were 
treated in the hospitals affected by the earthquake and 
faced a higher mortality rate of 8%. Patients should be 
evaluated by general surgeons, orthopedists, anesthe-
siologists, and internal medicine physicians as soon as 
they reach the health center. Orthopedic surgeons play a 
central role in the care provided to the patients trapped 
under the rubble because injuries in which patients have 
survived are mostly orthopedic. Kanchan et al. investigat-
ed an epidemiological outcome after the Nepal earth-
quake in 2015 (8). In that study, they reported on a series 
of 238 patients, the majority of which were related to or-
thopedic surgical procedures (77.7%). 

Surgical procedures related to orthopedics and trau-
matology can be classified as follows; emergency care, 
emergency surgeries, delayed surgeries, and planned 
surgeries. This surgical treatment algorithm’s success 
relies on the accuracy of indication, timing, and orderly 
practice. In the Pakistan earthquake in 2005, there were 

40,000 traumatized patients, including 55% major inju-
ries, 60% limb injuries, 20% cavity injuries, 2% spinal inju-
ries, and 1% head injuries (9). Oda et al. reported 372 cas-
es of crush syndrome, which can be partitioned into the 
lower extremities (74%), followed by the upper extrem-
ities (10%), and the trunk (9%) (10). Every injury seen in 
orthopedics and traumatology practice can be observed 
with being under the rubble; these can be in a spectrum 
ranging from simple muscle crush to pelvis fracture with 
vascular injury. The main function of the orthopedist is 
to perform a quick diagnosis and accurate treatment to 
save the life and extremities.

Management of orthopedic injury
Crush injuries, and bone and soft-tissue trauma are the 
most important injuries which can be seen after an earth-
quake. The first step in the management of limb and axial 
skeletal injuries is accurate immobilization of the injured 
region, such as a cervical collar for the cervical spinal 
segment. Maintaining a safe airway and large-bore in-
travenous access for hemodynamic stabilization are also 
priorities in traumatized patients. 

1. Emergency care: The primary intervention is to con-
trol the bleeding caused by penetrating injuries and 
to provide hemodynamic stabilization. If there is minor 
bleeding, applying direct pressure on the wound by us-
ing clean gauze will be sufficient to control it. If there is 
major bleeding, the patient should be stabilized imme-
diately with a multidisciplinary approach and vascular 
surgeons. Another emergency care resulting in trauma 
is an uncontrollable hemorrhagic pelvic fracture, a major 
cause of patient mortality (11).  Managing this life-threat-
ening situation is difficult and requires aggressive meth-
ods. Hemodynamic stabilization with blood transfusion 
and crystalloid solution via large-bore intravenous can-
nula is an effective protocol for improving hypovolemic 
shock.  The use of other supportive care measures, such 
as external fixations, angiography and embolization, and 
pelvic packing to stop or reduce bleeding may also be 
effective (12, 13).

2. Emergency surgery: Fasciotomy is one of the most 
critical emergency surgeries due to crush injuries after 
an earthquake, followed by open fracture debridement, 
amputation, simple suturing, and external fixation (14). 
Crush injury of a limb typically comprises closed crushes 
suffered by victims due to prolonged immobilization un-
der the rubble. In a patient with compartment syndrome 
after a crush injury, it should be considered that crush syn-
drome may develop which requires early diagnosis and 
a therapeutical approach. The decision for both medical 
and surgical treatment should be made quickly. Most pa-
tients who developed compartment syndrome have pain 
(especially by passive extension of the joint), loss of motor 
function, missing arterial pulse and capillary filling, pares-
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thesia, and parlor. It should be remembered that compart-
ment syndrome will not develop after every crush injury. It 
has been reported that 15% of patients with crush injuries 
develop compartment syndrome (15). However, fascioto-
my following clinical suspicion gives us the best chance 
to optimally save the extremities and is a critical factor in 
managing crush syndrome (16). Fasciotomy provides the 
maintenance of circulation and prevents the necrosis of 
muscles. There is still controversy regarding the proper 
timing of fasciotomy to avoid irreversible ischemic chang-
es. The ischemic necrosis of muscles can become perma-
nent in 8 hours (16). However, this procedure holds the risk 
of fluid loss from the wound, and the risk of the infections 
(Figures 1, 2). In one study, Michaelson emphasized that 
the fasciotomy procedure should not be performed and 
conservative treatment should be chosen in patients with 
crush injuries (17). Another study suggested that patients 
suffering closed crush injuries that are treated with late fas-
ciotomy (≥24 hours) faced worse outcomes than conserva-
tively treated ones (18). Fasciotomy areas require frequent 

inspection to check for signs of vascular deterioration, in-
adequate fasciotomy, or emerging infection. 

- Amputation: Acute renal failure and cardiac arrhyth-
mias may develop due to myoglobinuria and hyperka-
lemia after necrosis of large muscle masses in crushed 
patients after an earthquake. In earthquake victims who 
develop these clinical conditions despite preventive 
treatments such as medical treatment and fasciotomy, 
limb amputation may be required (19). Amputation of a 
limb with or without circulation but with tissue continui-

Figure 1: A 16-year-old boy who was trapped under the 
rubble in the Kahramanmaraş earthquake. Fasciotomy 
was performed on both cruris for the prevention of 
necrosis of muscles. The left distal crus developed 
necrosis and amputation was performed below the knee.

Figure 2: A 15-year-old patient who was trapped under 
the rubble in the Kahramanmaraş earthquake developed 
necrosis and infection after fasciotomy.

Table 1: Mangled Extremity Severity Score.

Points

Age, year

>30 0

30 – 50 1

>50 2

Shock

Systolic blood pressure >90mmHg 0

Transient hypotension 1

Persistent hypotension 2

Limb ischemia

Pulse reduced or absent, perfusion 
normal

1*

Pulseless; diminished capillary refill, 
paresthesias

2*

Cool, paralyzed, numb, no sensation 3*

Tissue injury 

Low-energy (simple fracture, stab 
wounds)

1

Medium-energy (open or chain fractures, 
dislocation)

2

High-energy (crush injury) 3

Very high-energy (high contamination 
and extensive)

4

*double the score if ischemia duration >6 hours
A score of 6 or less is associated with 100% limb salvage rate. 
A score of 7 or more is associated with 100% amputation rate. 
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ty is a crucial decision for orthopedics and traumatology 
specialists, patients, and their relatives (20). It is helpful to 
use specific scoring systems, Mangled Extremity Sever-
ity Score (MESS) (Table-1) (21) and Injury Severity Score 
(ISS), when making the difficult decision to preserve with 
conservative treatments, fasciotomy, and debridement 
or amputation of the crushed limb. If the extremity cir-
culation is insufficient and necrosis is increasing despite 
protective procedures such as fasciotomy, amputation 
should be performed without delay (Figure 3). In the Van 
earthquake, amputation was performed in one-third of 
the patients who underwent fasciotomy due to complica-
tions such as sepsis during the follow-up, and one-third 
died despite all efforts (22). Since the general condition 
of these patients can suddenly deteriorate, surgical pro-
cedures should be determined meticulously. 

- Debridement: It is a priority to intervene in patients with 
soft tissue injuries, especially with open fractures. According 
to Kanchan et al., open reduction and internal fixation were 
the most routinely performed surgeries, followed by de-
bridement in 238 cases (61.7% and 13.9%, respectively) (8).

3. Planned surgery: The above-mentioned surgical pro-
cedures can be performed under emergency conditions, 
perhaps in non-sterile environments. In patients with a 
crush injury with a bone fracture, a temporary external 
fixator can be applied to the injury condition (damage 
control orthopedics). Improving the physiological state is 
also an essential strategy of orthopedics damage control. 
Damage control orthopedics can delimitate the primary 
trauma, prevent further detriment and reduce morbidity 
and mortality (23). Patients with crush injuries and suit-
able soft tissue conditions can be included in planned 
surgeries and performed at the appropriate time. Finally, 
appropriate surgical management of spinal fractures and 
traumatic spinal cord injury, which carry high morbidity 
and mortality rates is also essential.

CONCLUSION

Although technology has advanced substantially, the 
essential skill of orthopedic surgeons in triaging many 
crushed patients to manage the available resources re-
mains a critical issue. The most crucial intervention point 
is evaluating those people trapped under the rubble af-
ter an earthquake. Patients should be triaged according 
to the priority order from saving lives to simple debride-
ment. While performing all these surgical procedures, a 
multidisciplinary approach should be applied to monitor 
and treat the patient’s general condition.
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