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ABSTRACT

Objective: This study aimed to analyze the clinical, demographic, and electroneuromyography data of patients with peripheral nerve injury who were followed up
in physical medicine and rehabilitation clinics following a large earthquake that occurred in February 2023.

Methods: The records of 57 patients diagnosed with peripheral nerve injury using electroneuromyography were reviewed. The electroneuromyography results of the
damaged peripheral nerves were assessed. The demographic information and the electromyographic data of the patients were recorded retrospectively.

Results: Fifty-seven patients with peripheral nerve injuries who were hospitalized due to earthquake injuries were included in the study. Thirty-two (56.1%) patients
had compartment syndrome, 27 (47.4%) had undergone fasciotomy, 18 (31.6%) had undergone phleb surgery, 19 (33.3%) had wound infection, 14 (24.6%) had
fractures, and 14 (24.6%) had amputations. According to the electroneuromyography findings, 3 patients had cervical root avulsion, 15 patients had brachial plexus
injury, 1 patient had lumbar root avulsion, 4 patients had lumbosacral plexus injury, and 44 patients had peripheral nerve injury. The most frequently affected
peripheral nerve was the peroneal nerve. Regeneration was observed in 19 patients who underwent control electroneuromyography. The peroneal nerve (n =7, 28%)
and the brachial plexus (n=7, 46.6%) were the most frequently regenerated nerves.

Conclusion: An earthquake-induced nerve injury may not be life-threatening, but it can affect the long-term quality of life. Effective treatment and rehabilitation
depend on careful observation and targeted intervention. We expect to share our long-term data regarding early rehabilitation in the future.
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Introduction

Earthquakes are geological disasters that affect many people around the world. Two earthquakes with magnitudes of 7.7 and 7.6 respectively
occurred in the Pazarcik and Elbistan districts of Kahramanmaras on February 6, 2023, at 04:17 and 13:24 Turkish time." Large disasters, such as
earthquakes, result in significant loss of life and a large number of victims with various disabilities.

Injuries are commonly caused by falls from heights, being trapped beneath debris, or persistent tissue compression. Psychosocial sequelae, such
as post-traumatic stress disorder, anxiety, and depression, as well as physical trauma, such as spinal cord injuries, traumatic brain injuries, limb
amputations, fractures, and soft tissue injuries, may also occur.> However, because many survivors have long-term disabilities, there is a high need
for both immediate and long-term rehabilitation following a disaster. Nearly 1500 patients were referred to our education and research hospital
and received surgical or medical interventions after the large earthquake in February 2023. The patients who required rehabilitation were trans-
ferred to our physical medicine and rehabilitation services.

Specifically, injuries involving soft tissues and the musculoskeletal system are the predominant categories of trauma that necessitate hospital
admission in the aftermath of an earthquake.* Among these, peripheral nerve injury (PNI) is one of the major causes of morbidity and disability
among various types of earthquake-associated injuries, and it may cause considerable handicap later in life.>” Peripheral nerve injuries lead
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to prolonged impairment in daily life activities, career advancement,
and educational pursuits.® Serious loss of limb function, gait distur-
bances, and impairment of fine motor skills can result from major
nerve injuries involving the lumbosacral and brachial plexuses, sciatic
nerve, peroneal nerve, and radial nerve. These injuries are significant
contributors to work loss, particularly in young adults. Early diagnosis
and appropriate rehabilitation techniques can effectively treat them;
therefore, they should not be neglected in disaster situations with
high mortality rates, such as earthquakes. Moriyama et al® indicated
that this condition leads to a reduction in the level of physical activ-
ity. Therefore, it is crucial to promptly identify and provide treatment
for earthquake victims who require rehabilitation at secure physical
therapy and rehabilitation facilities.

Earthquake-related PNIs are more likely to involve limb trauma than
PNIs caused by accidents. This is because earthquakes can cause crush
injuries and fractures in the extremities, which can damage peripheral
nerves.”’ In addition to wounds and fasciotomy, patients with earth-
quake-related PNIs often have multiple PNIs on multiple extremities.
This can make management challenging because it can be difficult to
assess and treat each injury.

Electroneuromyography (ENMG) is a valuable diagnostic tool for the
assessment of PNIs. It can provide information on the severity and
extent of nerve damage, which can help guide treatment decisions.
Additionally, it is useful in monitoring patients to demonstrate nerve
recovery.>® The disadvantage of ENMG is the difficulty in early diagno-
sis due to wounds and edema of the extremities.®

This study aimed to analyze the clinical, demographic, and electro-
neuromyography data of patients with PNI who were followed up in
a physical medicine and rehabilitation clinic following a large earth-
quake that occurred in February 2023.

Methods

Our study included patients who were injured in the February 6, 2023,
earthquake centered in Kahramanmaras and subsequently admitted
to our hospital for rehabilitation. These patients were referred to our
physical therapy and rehabilitation clinics for fractures, amputations,
spinal cord injuries, and brain injuries from general surgery, plastic
surgery, orthopedics, neurosurgery, intensive care, nephrology, inter-
nal medicine, and pediatrics. Related complications such as compart-
ment syndrome, infections, deep vein thrombosis, neurogenic bladder
or bowel, motor weakness, sensory loss, paresthesia, and pain were
evaluated.

We retrospectively analyzed the records of 57 earthquake survivors
with PNIs, who were admitted to the physical therapy rehabilitation
department. The records of 57 patients diagnosed with PNI using the
ENMG were reviewed. The demographic information and electromyo-
graphic data of the patients were recorded retrospectively. All patients’
medical files were examined to obtain a thorough history of trauma.
Clinical features such as fractures, amputations, diffuse soft tissue
damage, crush syndrome, compartment syndrome, and a history a of
fasciotomy and fixation procedures were also recorded. Locomotor sys-
tem and neurological examinations were performed in detail.

Patient files were examined in terms of pain characteristics, and pain
levels were monitored using the DN-4 questionnaire, and treatments
were noted. Douleur Neuropathique 4 Questions (DN-4) questionnaire
is a clinical screening tool used to diagnose the presence of neuro-
pathic pain. The document is a 4-question questionnaire used to esti-
mate the probability of neuropathic pain. It asks the patient questions
about the characteristics of their pain, associated symptoms, physical

exam findings in the painful area, and stimuli that cause or increase
their pain. The patient is given a score out of 10 possible points based
on their responses.” Electroneuromyography examinations were per-
formed to assess the peripheral nerve damage in each patient. Nihon
Kohden Neuropack 2-MEB 7102-K brand device was used for electro-
myographic examination. If nerve damage was found, nerve conduc-
tion studies and needle ENMG examinations were used to identify
the affected nerves, the severity of the injury, and the location of the
injury in the spinal root, plexus, or peripheral nerve. The results of
the diagnostic and control ENMGs were examined and recorded in
the patient files. Because of comorbidities and vital problems, ENMG
examinations were performed at different times for each patient.
Electroneuromyography findings from the early denervation and
regeneration stages were considered for each patient. Although the
timing of the ENMG examination was determined based on the patho-
physiologic nature of the injury, the first ENMG examinations were per-
formed within the first month and the control ENMGs were completed
within 3 months. Peripheral nerve injuries, which were graded as total
and partial axonal damage, and regeneration were recorded in control
ENMGs.

Statistical Analysis

The Statistical Package for Social Sciences version 25.0 software (IBM
Corp.; Armonk, NY, USA) was used for the statistical analysis. The nor-
mality of the distribution was assessed using the Kolmogorov-Smirnov
test. Mean and standard deviation were used for normally distributed
data, median and interquartile range (IQR) for ordinal and non-nor-
mally distributed variables, and number and percentage for nominal
variables to conduct descriptive analyses.

Ethical Considerations

Ethics committee approval was obtained from the Ankara City Hospital
Ethics Committee before starting the study (Approval no: E2-23-
4608, Date: August 9, 2023). This study adhered to the Declaration of
Helsinki on medical protocols and ethics. All patients provided written
informed consent for their practice and clinical knowledge to be used
in this study before enroliment in the physical therapy and rehabilita-
tion program as part of the admission process to our clinic.

Results

Demographic Data

Fifty-seven patients with PNI who were hospitalized for earthquake
injuries were included in the study. All injuries were confirmed using
ENMG examination. The demographic characteristics of the patients
are presented in Table 1. The mean age of the patients was 34.26 *
12.81 years. The sex distribution of the patients was as follows: 27
(47.4%) were male, and 30 (52.6%) were female. Of all the patients,
20 (35.1%) were unemployed. Nearly half of the patients had a high
school education, followed by a university education.

Clinical Types and Locations of Nerve Injury

All patients were injured by debris, and the median time under
debris was 20 (10.3-48) hours. The median hospitalization duration
was 49 (35-72) days. Physical examinations were initially performed
on patients, followed by an ENMG examination based on clinical
findings.

According to our records, 32 (56.1%) patients had compartment syn-
drome, 27 (47.4%) had undergone fasciotomy, 18 (31.6%) had under-
gone phleb surgery, 19 (33.3%) had wound infection, 14 (24.6%) had
fracture, and 14 (24.6%) had amputation. It should be noted that some
survivors had multiple injuries to various body parts (resulting in a
total percentage greater than 100). The types and causes of injury to
the peripheral nerves of the patients are shown in Table 2.



Bilir et al. Earthquake Related Peripheral Nerve Injuries

Table 1. Demographic Data of the Patients

Table 3. Peripheral Nerve Injury Localization

Variables Values Level of Lesion n (%)

Age (years)* 3431128 Cervical root avulsion 3(5.3)

Gender, n (%) Brachial plexus injury 15 (26.3)

Male 27 (47.4) Lumbar root avulsion 1(1.8)
Female 30 (52.6) Lumbosacral plexus injury 4(7)

Occupation, n (%) Peroneal nerve 25 (43.9)

Unemployed 20 (35.1) Sciatic nerve 15 (26.3)
Officer 21(36.8) Tibial nerve 13 (22.8)
Employee 6(10.5) Femoral nerve 4(7)
Student 8 (14) Ulnar nerve 3(5.3)
Retired 2(3.5) Radial nerve 1(1.8)

Education level, n (%) Median nerve 1(1.8)

Illiterate 2(3.5) Axillary nerve 1(1.8)

Primary school 7(12.3) Severity of nerve lesion

Secondary school 6(10.5) Total nerve injury 30 (52.6)
High school 25 (43.9) Partial nerve injury 27 (47.4
University 17 (29.8)

Marital status, n (%) medicine and rehabilitation inpatient clinics in a tertiary referral
Single 30(52.7) hospital. Most were post-operative patients admitted from other
Married 27 (47.4) surgical departments such as orthopedic surgery, plastic surgery, or

Duration of under debris (hour)** 20 (10.3-48) neurosurgery clinics. Rehabilitation clinics accept patients in the early

Duration of hospitalization (day)** 49 (35-72) stages of injury to plan an early rehabilitation program. A physical

Pain (presence), n (%) 41 (71) examination was performed on the patients initially, followed by an

DN-4 score** 5(3-6) ENMG examination based on clinical findings within the first month

*Values were presented as mean * standard deviation.
**Values are presented as median (interquartile range).

According to ENMG findings, 3 patients had cervical root avulsion, 15
patients had brachial plexus injury, 1 patient had lumbar root avul-
sion, 4 patients had lumbosacral plexus injury, and 44 patients had
PNI. The peroneal nerve (n=25, 43.9%) was the most affected nerve
in the PNI. This was followed by the sciatic nerve (n=15, 26.3%), tib-
ial nerve (n=13, 22.8%), and femoral nerve (n=4, 7%) injuries. The
PNI locations in the patients are presented in Table 3. Thirty (52.6%)
patients had total nerve injury, whereas 27 (47.4%) had partial nerve
damage (Table 3). Regeneration was found in 19 patients in the control
ENMGs; 33.3% of the patients had regeneration. The peroneal nerve
(n=7,28%) and brachial plexus (n =7, 46.6%) were the most frequently
regenerated nerves(Table 4).

When the presence of the pain was questioned, 41 (71%) patients indi-
cated that they had neuropathic pain, and the median DN-4 question-
naire value of the patients was 5 (3-6) (Table 1). Opioids were used in
25 (43.9%) patients, gabapentin in 20 (35.1%) patients, paracetamol in
19 (33.3%) patients, pregabalin in 7 (12.3%) patients, and non-steroidal
anti-inflammatory drugs in 5 (8.8%) patients. In most cases, these med-
ications were administered in combination.

Discussion

This study represents the demographic analysis of patients with PNIs
due to the 2023 earthquake in Turkey who were referred to physical

of injury. According to the results of this study, the most frequently
affected nerves were the peripheral nerves, and the most frequently
affected nerve was the peroneal nerve. Furthermore, the most fre-
quently regenerated nerves during follow-up were the peroneal nerve
and brachial plexus. Most patients experienced neuropathic pain.

Patients afflicted with PNIs frequently experience polytrauma or intri-
cate crush-related wounds during catastrophic events. Crush injuries
are the predominant subtype of PNIs. It is widely acknowledged that
mechanical compression and ischemia are the primary etiological
agents in the pathogenesis of these injuries. Tiwari et al. reported
that PNIs may occur secondary to crushing, ischemia, bone frac-
tures, and compartment syndromes." Crush injuries result in dam-
age to the body and limbs owing to prolonged pressure in addition
to direct harm to vital organs.” Diffuse external mechanical force is
applied directly to the nerves in these patients, resulting in a variety
of nerve injuries. In a similar study, He et al'* obtained similar results
for earthquake injury mechanisms. According to computed tomog-
raphy evaluations by Dong et al” and Tang et al'® of their patients
with PNIs following an earthquake, nerve injuries may result from
direct injury, ischemia/reperfusion injury, or compartment syndrome
caused by primary compression and subsequent muscle swelling.
Similarly, our analysis showed that direct compression of the nerve,
which causes nerve deformation, is the primary cause of earthquake
compression injuries. Injuries to this group of patients can occur
anywhere along the nerve and can result from either direct foreign

Table 4. Nerves with Regeneration in Control ENMG

Table 2. Types of Injuries and Causes of Injury of Peripheral Nerve Nerves with Regeneration n (%)
Diagnosis n (%) Brachial plexus 7 (46.6)
Compartment syndrome 32 (56.1) Peroneal nerve 7(28)

Crush syndrome 31(54.4) Sciatic nerve 4(26.6)
Fasciotomy 27 (47.4) Tibial nerve 4(30.7)

Flap 18 (31.6) Ulnar nerve 1(33.3)
Abrasion/superficial wound 19 (33.3) Radial nerve 1(100)
Amputation 14 (24.6) Median nerve 1(100)
Fracture 14 (24.6) The percentage of damaged nerves that show regeneration is shown as n (%).
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object compression on the local nerve, bone fractures or fasciotomy
compressing or damaging the nerve. We discovered many patients
with crush syndrome and compartment syndrome at the earthquake
site, in addition to localized compression injuries from direct nerve
compression.

In a previous study, Bilecik et al reported that patients with PNIs after
an earthquake had a history of fasciotomy, bone fracture, and crush
injuries. They reported that the most common sites of PNI were the
legs, and according to the EMG results, brachial plexus neuropathy/
lesion was present in 12% of cases, followed by the sciatic neuropathy
with 7.5%.% In the aftermath of the 1999 Marmara Earthquake, Uzun
et al. also reported that the lower extremities of 80 patients were more
severely injured than the upper extremities.® In our study, according
to electrophysiological results, the incidence of PNIs in the lower limb
was higher than that of upper limb injuries. The common peroneal
nerve was the most frequently injured nerve, followed by the brachial
plexus and sciatic nerve. Previous research has also shown that lower
limb trauma during earthquake disasters has the highest incidence of
PNIS.3’17’18

In high-intensity injuries such as earthquakes, PNIs may be over-
looked because patients may have multiple life-threatening injuries
that may cause major disabilities. PNIs cause a series of symptoms
such as muscle weakness, loss of sensation, and decreased reflexes.”
These symptoms are also observed in other injuries such as spinal cord
injury, fractures, and brain injury. Early detection of injuries and ini-
tiation of rehabilitation programs are important for prognosis. A few
papers on PNI during earthquake disasters have been published in
the literature.*?2 However, there is insufficient information available
regarding the electrophysiological findings of PNI following an earth-
quake. Electroneuromyography is a cornerstone of the comprehensive
assessment of peripheral nerve function. This diagnostic modality is
indispensable for establishing accurate diagnoses, prognostication,
therapeutic decision-making, and monitoring treatment efficacy.?

Early-stage: within first month of injury, electrophysiologic methods
can have the benefit of identifying the extent and distribution of nerve
damage; however, due to tissue edema, hematomas, and bone frac-
tures, a neurologic examination may not always be able to fully assess
the motor, sensory, and autonomic functions of the nerve, nor can
the precise location of the lesion be determined.® In our study some
patients had several amputations and combined PNIs. Most of our
patients with PNIs were diagnosed with accompanying fractures, com-
partment syndrome, or related fasciotomy and amputation. Therefore,
it iswidely believed that one of the factors that makes it challenging to
use an extremely painful method such as ENMG is diffuse soft tissue,
bone, and peripheral nerve damage, as well as pain resulting from
these.

According to the study by Uzun et al,® most patients experienced the
onset of regeneration, with ENMG examination. In this study, all bra-
chial plexus injury patients had regeneration after an average follow-
up of 3.5 months. In this study, we examined the ENMG in the third
month. In our study, the highest regeneration rate was observed in
brachial plexus injuries. According to our ENMG results, the regenera-
tion rate was lower because of the short scanning time in our study.

Pain is frequently observed in PNIs, and its control is crucial for com-
pliance with rehabilitation and important for quality of life. Unlike
previous studies, we also examined patients’ pain levels and charac-
teristics in our retrospective study. The most common type of pain
observed in these patients is neuropathic pain, followed by somatic
pain. The neuropathic pain level was assessed in patients with pain for
more than 3 months using the DN-4 questionnaire.

Limitations

Three months after the earthquake, data were gathered, most of
which concerned patients receiving care at the physical medicine and
rehabilitation clinics of tertiary hospitals. It is well known that patient
demographics can vary depending on the type of medical facility
used. The patients in our study were from a hospital that provided
tertiary care referral services and admitted serious and complicated
cases. Consequently, it’s possible that our patient group did not reflect
the demographics of survivors in general during this earthquake
disaster.

As a result, our information regarding nerve damage following
an earthquake may not be comprehensive for the entire event.
Furthermore, not every survivor of the disaster may be covered by the
observation and analysis of nerve recovery due to the complexity of
the injury types and locations brought on by the earthquake.

However, our study indicates a group of patients’ perspectives regard-
ing PNI by injury after a large earthquake, from a tertiary hospital for
earthquake survivors. We also evaluated the pain intensity and the
presence of neuropathic pain in our survivors.

This study retrospectively analyzed the data of a group of patients
with PNIs from the Kahramanmaras earthquake in Turkey and deter-
mined the demographic, clinical, and electromyographic characteris-
tics of the survivors. An additional diagnostic method for determining
whether or not there is nerve muscle damage is electrophysiological
examination. Electrophysiological methods used in the early stages,
following a thorough clinical and physical assessment, can detect
the extent and distribution of nerve damage, predict prognosis in
subsequent serial examinations, identify the first preclinical signs of
improvement, and estimate the recovery rate. In addition, our data
demonstrated that common neuropathic pain occurred during the
initial stages of rehabilitation. Our study focused on the influence
of earthquake damage on PNIs in major disasters, the significance
of ENMG, and the identification of pain characteristics in the reha-
bilitation plan for PNIs in earthquake survivors. Earthquake-induced
nerve injury can be overlooked and can cause significant functional
and quality of life impairments. Early and targeted interventions are
essential for optimizing recovery. In the future, we hope to share long-
term data on early rehabilitation.
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