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ABSTRACT

BACKGROUND: With the changing conditions of terrorism, particularly in urban areas, high-energy explosive devices such as im-
provised explosive devices (IEDs) and projectile missiles (PMs) are frequently used. Traumas caused by these devices particularly affect
the maxillofacial region and typically lead to otologic problems. In this study, we aimed to evaluate otologic complaints, otoscopic and
auricular examinations, and tuning-fork tests of patients who were exposed to high-energy blast-related injuries and perform a com-
parison between trauma patients injured by IEDs and PMs.

METHODS: The medical data of patients admitted to an operational field hospital emergency room with injuries related to high-
energy explosive devices such as IEDs and PMs between July 27, 2015 and July 22, 2016 was reviewed. The hearing impairment, tinni-
tus, otologic examination, auricular region examination, and tuning-fork tests of all patients were evaluated. The otologic evaluation
records of the patients (n=86) were evaluated using a scoring system established by the authors. The patients were categorized into
two groups according to the device causing the injury: IEDs in group | and PMs in group II.

RESULTS: A total of 24| combatants were injured by high-energy explosive devices. All patients were male with a mean age of 30.2
years (range, 20-54). Of these, 86 had hearing impairments that were detected by tuning-fork tests. Of those, 50 were injured by
IEDs and 36 by PMs. Of the 86 patients, 18 had traumatic tympanic membrane perforation, and of those, 6 patients were injured by
IEDs and 12 by PMs. Further, 68 of the 86 patients had sensorineural hearing loss, and of those, 44 were injured by IEDs and 24 by
PMs. There was a statistically significant difference between the IED and PM groups according to otologic evaluation score (p=0.044).

CONCLUSION: This study demonstrates that PMs can have a large impact on the human ear and may cause more severe otologic

manifestations among combatants than those caused by IEDs. The early and accurate evaluation of patients exposed to high-energy
explosive devices in an operational field is important for the appropriate management of these patients.
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IEDs are occasionally used by terrorists and suicide bombers.
A PM is a self-propelled rocket that is fired from a weapon
and cannot be adjusted after launch. Both devices particularly

INTRODUCTION

With the changing nature of asymmetrical warfare, high-en-

ergy explosive device traumas are increasingly being seen.!!
High-energy explosive devices such as improvised explosive
devices (IEDs) and projectile missiles (PMs) are commonly
employed by terrorist groups in urban areas, particularly at
close range.l" An IED is a “homemade” bomb and destruc-
tive device that is used to destroy and distract; therefore,

cause maxillofacial region traumas and can lead to ear prob-
lems because of their high acoustic energy. Therefore, com-
batants exposed to close range explosives may have otologic
problems as well as other systemic morbidities. Most of the
injuries observed after high-explosive detonations comprise
conventional blunt, penetrating, and thermal trauma.l?
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Depending on the duration and strength of the sound pres-
sure affecting the human ear, isolated or combined otologic
manifestations, such as ear drum perforation, interruption
of the middle ear ossicle chain, and inner ear damage, may
occur.>¥ Otoscopy, pure tone audiometry, measurement of
otoacoustic emissions, radiological assessment, and neuroto-
logic evaluation are used to determine the severity of the
trauma. With prompt and adequate therapy, permanent hear-
ing loss can be minimized.*® However, many combat areas
are far away from tertiary hospitals, and nowadays, health
care is provided by operational field hospitals in most coun-
tries. Although the transportation of patients can be easily
arranged, the first doctor in charge at an operational field
hospital is responsible for the evaluation and management of
the patients.

The early and accurate assessment of injured patients in an
operational field hospital is a vital part of the care for patients
with otologic trauma. Audiological assessment is critical in
the evaluation of acoustic trauma patients, but there may not
be an audiological unit in operation field hospitals. Therefore,
only two methods exist for the evaluation of such patients in
these hospitals: otologic examination and tuning-fork tests.

In this study, we aimed to evaluate otologic complaints, oto-
scopic and auricular examinations, and tuning-fork tests of
combatants who were exposed to high-energy blast-related
injuries in the operational field. Ve also aimed to share our
experience that was gained in the operational field hospital.
We performed a comparison between trauma patients in-
jured by IEDs and PMs based on otologic assessment.

MATERIALS AND METHODS

Patient Selection

Review board approval was obtained for this retrospective
study (KAEK-15-1103/13.04.2016). Patients who had been
admitted to an operational field emergency room because
of exposure to and injury by high-energy explosive devices
between July 2015 and July 2016 were retrospectively en-
rolled. Patients were excluded if they had more severe sys-
temic morbidities other than ear problems or had undergone
emergency surgical intervention because of other fatal rea-
sons. Based on their exposure to different explosive devices,
the study population was divided into two subgroups: the
IED group and the PM group. All patients were asked if they
had any otologic complaints such as hearing loss and tinnitus.
Additionally, they were asked if they had further complaints
such as vertigo. However, none of them had vertigo.

Tuning Fork Tests

After otoscopic examination and temporal region evalua-
tion, tuning-fork tests (Weber and Rinne tests) were per-
formed in the frequency range of 256-512 Hz (We had only
two kinds of tuning-fork instruments in the operational field
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hospital, which were at 256 and 512 Hz). All the tuning
tests were performed by the author (M.B.A.) who was an
otolaryngologist and head-neck surgeon in an operational
field hospital. The Weber test was used to detect unilat-
eral conductive and unilateral sensorineural hearing loss. A
vibrating fork was placed over the forehead/vertex/chin of
the patient, and the patient was instructed to indicate the
ear in which sound could be better heard. In normal ear and
in bilateral equally hearing loss, the sound would be heard
at the midline. A patient with a unilateral (one-sided) con-
ductive hearing loss would hear the tuning fork loudest in
the affected ear. This is because the conduction problem
masks the ambient noise of the environment, while the well-
functioning inner ear detects the sound via the bones of the
skull, causing it to be perceived as a louder sound than in
the unaffected ear. In unilateral sensorineural hearing loss or
unilateral total hearing loss, the sound would be heard best
in the unaffected ear. Therefore, this test is very useful in pa-
tients with hearing that is different between the two ears. It
cannot confirm normal hearing because it does not measure
sound sensitivity in a quantitative manner. Hearing defects
affecting both ears equally, e.g., bilateral equally hearing loss,
would produce an apparently normal test result. Following
the Weber test, the Rinne test was applied. The Rinne test
is used to compare air conduction with bone conduction
thresholds. Under normal circumstances, air conduction is
better than bone conduction. The tuning fork should be
struck against the elbow or knee of the patient to vibrate.
While striking, care must be taken that the strike is made
at the junction of the upper 1/3 and lower 2/3 of the fork.
This is the maximum vibratory area of the tuning fork. It
should not be struck against a metallic object because it can
cause overtones. As soon as the fork begins to vibrate, it
is placed at the mastoid process of the patient. The patient
is advised to signal when he (she) stops hearing the sound.
As soon as the patient signals that he is unable to hear the
sound anymore, the vibrating fork is immediately transferred
close to the external auditory canal. In patients with normal
hearing, he (she) should be able to hear the fork as soon as
it is transferred to the front of the ear. This result is known
as positive Rinne test (air conduction is better than bone
conduction). In case of conductive hearing loss, the patient
will not be able to hear the fork sufficiently as soon as it
is transferred to the front of the ear (bone conduction is
better than air conduction). This is known as negative Rinne
test. If the patient is suffering from profound or total uni-
lateral hearing loss (i.e., a “dead” ear), the sound would still
be heard through the bone conduction of opposite ear, but
will not be heard when the tuning fork is transferred to the
external auditory canal of affected ear. This condition leads
to a false negative Rinne. If sensorineural hearing loss exists,
both bone and air conduction time decreases, so the ratio
of air/bone conduction time remains the same. This is called
pathological positive Rinne. Tuning-fork test results are sum-
marized in Table |. Based on these tests, the type of hearing
loss was determined.
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Table |I. Explanations of tuning-fork tests
Test Normal hearing Conductive hearing loss Sensorineural hearing loss Total hearing loss
Rinne AC time > BC time AC time < BC time AC time > BC time; BC+ (heard from opposite ear)
(positive Rinne) (negative Rinne) but both decrease AC- (sound cannot be heard)
(pathological positive Rinne) (false negative Rinne)
Weber Sound is heard Sound is heard better Sound is heard better Sound is heard in good ear
at midline in bad ear in good ear
0t010gic Examination and Scoring System Table 2. The complaints and examination findings in the
According to the otoscopic examinations and tuning-fork groups
tests, the severity of the otologic situation of the patients IED (n=50)  PM (n=36)
was assessed via a scoring system described as follows: com-
plaint of hearing loss (I point), complaint of tinnitus (I point), n (%) n (%)
conductive or sensorineural hearing loss detected by tun-
ing-fork tests (I point), tympanic membrane perforation (| Complaints of hearing loss 50 (100) 36 (100)
point), and auricula defect (I point). As a result of this scoring Complaints of tinnitus 42 (84) 30 (83)
system, a patient could be given a maximum of 5 points. A Hearing loss (tuning-fork tests) 50 (100) 36 (100)
comparison was made between the |IED and the PM groups. Tympanic membrane perforation 6(12) 12 (33)
After the appropriate first treatment application, the patients Auricula defects 2 (4) 10 (28)

were referred to a tertiary center for audiological tests, ra-
diologic assessment, and possible medical/surgical treatment,
due to lack of an audiological unit in the operation field hos-
pital. A patient exposed to |ED trauma is shown in Figure 1.

Statistical Analysis

Statistical analyses were performed using SPSS for Win.
Ver.15.0 (SPSS Inc., Chicago, IL., USA). After the variables
were investigated to determine whether they were normally
distributed, the Mann—Whitney U test was used for the com-
parison of continuous variables between two groups. Signifi-
cance was defined as p<0.05.

RESULTS

A total of 281 combatants were injured by high-energy explo-
sive devices. All patients were male, with a mean age of 30.2
years (range, 20-54). Of those, 40 combatants could not be

Figure 1. Auricular defect due to IED trauma.
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IED: Improvised explosive device; PM: Projectile missile.

examined owing to their critical vital and clinical conditions
in the emergency room. Of the remaining 24| patients with
otologic complaints, 133 were IED-injured combatants and
108 were PM-injured combatants. Of 241, 86 had both hear-
ing impairment complaint and otologic findings. Of those, 50
were injured by IEDs and 36 were injured by PMs. The flow-
chart showing the management of the patients is shown in
Figure 2.

After brief anamnesis and recording hearing impairment and
tinnitus complaints, all patients underwent otoscopic exami-
nation. Eighteen patients had traumatic tympanic membrane
perforation, and of those, 6 patients were injured by IEDs
and 12 by PMs. Twelve patients had auricular defects, and of
those, 2 patients were injured by IEDs and 10 by PMs. All the
patients with auricula defects were injured partially and none
of them had external auditory canal defect. In all patients with
traumatic tympanic membrane perforation (n=18), conduc-
tive hearing loss was also detected by tuning-fork tests. Of
those, 6 patients were injured by IEDs and 12 by PMs. Sixty-
eight out of 86 had sensorineural hearing loss that was de-
tected by tuning-fork tests. Of those, 44 had IED injury and
24 had PM injury (Table 2).

The mean IED (n=50) otologic evaluation score was 3+0.69,
and the median was 3. The mean PM (n=36) otologic eval-
uation score was 3.44%1.02, and the median was 3. There
was a statistically significant difference between the IED and
PM groups based on the otologic evaluation score (p=0.044).
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Patinets admitted to operational field emergency
room due to be exposed by high-emergy
explosives (n=281)

\

- Patinets with more severe
systemic morbidities other
than ear problems (n=18)

- Patients undergoing
emengency surgical
interventation due to other
fatal reasons (n=22)

/

otologic

Remaning patients having

(n=

complaints

S

241)

| Improvised explosive devices (n=133)

Projectile missiles (n=108) |

— \
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Otologic finding and
symtoms (+) (n=50)

Otologic finding and
symtoms (—) (n=83)

Otologic finding and
symtoms (+) (n=36)

Otologic finding and
symtoms (—) (n=72)

SNHL (n=44)

SNHL (n=24)

Figure 2. Flowchart of enrolled patients according to otologic examination and tuning-fork tests. SNHL:
Sensorineural hearing loss; CHL: Conductive hearing loss.

The findings of tympanic membrane perforation and auricula
defect were more common in the PM than in the IED group
(Table 2).

DISCUSSION

Given the outcomes of this study, high-energy explosive de-
vices such as |[EDs and PMs can cause various degrees of oto-
logic injuries among combatants. Moreover, otologic trauma
caused by PMs appears to be more severe compared with
that caused by |IEDs. Although both PMs and IEDs are cate-
gorized as high-energy explosives, their use in urban terrorist
attacks varies from each other. IED detonations occur fre-
quently when combatants are deployed in a military vehicle
or behind a defilade position.[*) Moreover, these two high-en-
ergy explosives are frequently used in urban areas by terrorist
groups.B4

IEDs that are trapped on the roadside or in a wall are deto-
nated while combatants are walking or entering a building, or
while their vehicles are crossing. Therefore, a combatant is
exposed to a blast behind a protected area or in an armored
vehicle.”? Most of the time, mortal injuries occur when a
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combatant is exposed directly to the detonation.*® PMs are
frequently used in two different ways; toward the area where
combatants typically exist or directly to combatants during
planned terrorist attacks. Therefore, there may be more
detonation effects on combatants and their surroundings.
Although PMs create lower detonation energies than IEDs,
the detonation of a PM directly affects the combatant.®%) As
expected from the given information, the statistical analysis
also revealed that more otologic morbidity was observed by
PM detonation among the combatants.

According to outcomes of this study, the number of patients
experiencing sensorineural hearing loss due to the effect of
acoustic trauma after detonation was higher than those ex-
periencing conductive hearing loss. Hearing impairment and
tinnitus complaints due to IED injuries were observed much
more compared with PMs. However, in injuries caused by
PMs, there were more findings in the otoscopic and auricu-
lar examinations. Although it was not confirmed statistically,
we also observed that tympanic membrane perforations and
auricular defects occurred more frequently in combatants in-
jured by PM explosions.
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Emergency service assessment is always the most critical step
in the evaluation of trauma patients, and morbidity is signifi-
cantly reduced in these patients, who are evaluated correctly
without wasting time.®?! In the literature search, we found
several studies that evaluated trauma patients exposed to blas-
tic traumas using audiological assessment.>!%!'l Because of the
absence of audiological units in the operation field hospital,
we were unable to evaluate the patients with pure tone audio-
gram. Therefore, we were able to investigate the pre-diagnosis
of patients with or without the findings of otoscopic examina-
tion and tuning-fork tests. Transportation to tertiary hospitals
was promptly performed to provide appropriate treatment
and audiological assessment for these patients. The use of
tuning-fork tests as a first-step instrument for detection of
hearing levels is fairly limited nowadays owing to the easy ac-
cessibility of audiometry in hospitals; however, we recommend
their routine use in cases where physicians have no access to
audiological units and quick evaluation for triage is required.

The limitations of this study included the lack of ability to
confirm the findings with the radiological and audiological
records of the trauma patients. The data analyzed for this
study showed that a few primary records of the patients were
insufficient for forensic and medical evaluations. Moreover,
there was a lack of data on the post-injury complications and
comprehensive treatment of these patients.

The results of this study are important for operational field
doctors as well as combatants and their commanders. The
doctors are responsible for diagnosis and appropriate treat-
ment. Owing to the lack of audiological units and otologic
equipment in most of these hospitals, doctors and comman-
ders should take precautions for early transportation of in-
jured patients. Although ballistic shielding for ears is consid-
ered sufficient for combatants to avoid otologic morbidity,
its utility in operational fields should be discussed. Further
studies and investigations on the protection of ears in combat
areas should be performed by ballistic experts and otolaryn-
gologists.

Conclusion

This study demonstrated that PMs can have a larger impact on
the human ear and may cause more severe otologic manifes-
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tations among combatants than |IEDs. The early and accurate
evaluation and appropriate treatment of patients exposed to
otologic injury in an operational field should be of utmost
importance. Otolaryngologists working in operational field
hospitals should use all possible instruments to reach an early
diagnosis regarding the otologic condition and provide the
transportation of these patients as early as possible.

Conflict of interest: None declared.
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ORIJINAL CALISMA - OZET

Kulak ve aurikular bélgenin yiiksek enerjili patlayicilar kaynakli yaralanmalarinin
geriye doniik analizi: Operasyon saha hastanesi acil servis deneyimleri
Dr. Mehmet Burak Asik, Dr. Murat Binar

Gilhane Egitim ve Arastirma Hastanesi, Kulak Burun Bogaz ve Bas-Boyun Cerrahisi Klinigi, Ankara

AMAC: Terorizmin kosullari degistikge, ozellikle kentsel alanlarda, el yapimi patlayicilar gibi yiiksek enerjili patlayict maddeler siklikla kullaniimaktadir.
Bu travmalar ozellikle maksillofasiyal bolgeyi etkiler ve genellikle otolojik problemler yaratirlar. Bu galisma, yliksek enerjili patlamayla iliskili yaralan-
malara maruz kalan hastalarin otolojik sikayetlerini, otoskopik ve aurikiiler muayene ve diyapozon testlerini degerlendirmeyi ve otolojik degerlendir-
me skorlarina dayanarak el yapimi patlayicilar (IED) ve rokete (PM) bagli yaralanan travma hastalari arasinda bir karsilastirma yapmayi amaglamistir.
GEREC VE YONTEM: 27 Temmuz 2015 ile 22 Temmuz 2016 tarihleri arasinda el yapimi patlayici EYP ve roket PM nedeniyle yaralanan ve operas-
yonel saha hastanesi acil servisine bagvuran 24| hastanin tibbi verileri gézden gecirildi. Tiim hastalar icin isitme bozuklugu, kulak ginlamasi sikayetleri,
otolojik muayene, aurikuler bolgede muayene ve diyapozon testleri yapildi ve otolojik problemi olan hastalarin (n=86) otolojik degerlendirme skoru
kayitlari degerlendirildi. Hastalar yaralanmaya neden olan cihaza gore iki gruba ayrildi: Grup I'de IED, grup II'de PM’ler.

BULGULAR: iki yiiz kirk bir savasgl, yiiksek enerijili patlayicilarla yaralanmisti. Tiim hastalar erkekti ve yas ortalamasi 30.2 idi (aralik 20-54). iki yiiz
kirk birinden 86’sinda isitme sikayeti mevcuttu. Bunlarin 50’sinin [ED tarafindan yaralanmasi ve 36’si PM tarafindan yaralanmisti. Seksen alti hastanin
|8'inde travmatik timpanik membran perforasyonu vardi ve alti hasta IED, 12 hasta PM nedeniyle yaralanmisti. Seksen alti hastanin 68'inde senso-
rinéral isitme kaybi vardi ve bu hastalarin 44’tinde IED yaralanmasi ve 24’tinde PM yaralanmasi vardi. Otolojik degerlendirme skoruna gére IED ve
PM gruplari arasinda istatistiksel olarak anlamli farklilik vardi (p=0.044).

TARTISMA: Bu galisma, roket yaralanmalarinin insan kulaginda daha biiyiik bir etkiye neden olabilecegini ve travma hastalari arasinda el yapimi
patlayicilara gore daha siddetli otolojik bulgular yarattigini gésterdi. Operasyonel saha hastanesi gibi acil miidahale alanlarinda otolojik yaralanmaya
maruz kalan hastalarin erken ve dogru degerlendirilmesi ve uygun tedavisi ok dnemlidir.

Anahtar sézclikler: Diyapozon testleri; kulak; otoloji; travma; yiiksek enerjili patlayicilar.
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