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Analysis of C5 Dip in Pure-tone Audiometry of Acoustic
Trauma Caused by Gunshot in Young Police Force

Sun Gu Kang'¥, Joon Bum Joo, Ju Eun Cho, Pona Park, and Jong Yang Kim
Department of Otorhinolaryngology, National Police Hospital, Seoul, Korea

Background and Objectives Rifle firing, a high-impact noise, often leads to acoustic trau-
ma, causing significant hearing loss. This study investigates the characteristics of noise-in-
duced hearing loss in young police officers resulting from rifle shooting, particularly focusing
on detecting the noise level of 4 kHz and 6 kHz notches.

Subjects and Method The study examined medical records and audiometry results of con-
scripts who experienced hearing loss or tinnitus after rifle shooting between December 2008
and December 2017. Excluding cases with potential pre-existing hearing issues, 52 individuals
were analyzed. Hearing thresholds were measured before and after treatment using the audio-
star pro device. Pure-tone audiometry was conducted, focusing on the detection of 4 kHz and
6 kHz notches. Statistical analysis was performed using the SPSS Statistics 25.0, considering
a p-value of <0.05 as significant.

Results The study included 52 male participants, aged 19 to 25, with an average age of 21.0
years. Thirty-three had unilateral hearing loss, and 19 had bilateral hearing loss, totaling 71
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Conclusion The results suggest that patients were particularly vulnerable at the 6 kHz fre-
quency and likely experience acoustic trauma caused by rifle shooting.
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Table 1. Characteristics of acute acoustic trauma due to rifle
shooting noise (n=52)

Number of cases (%)

Affected side

Right only 11 (21.2)

Left only 22 (42.3)

Both 19 (36.5)
Presentation of symptom

Tinnitus 49 (94.2)

Hearing impairment 39 (75.0)

Earfullness 10(19.2)
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Table 2. Average pure-tone thresholds of affected and unaffected ears before and after treatment

0.125 kHz 0.25 kHz 0.5 kHz 1 kHz 2 kHz 4 kHz 6 kHz 8 kHz

Affected

Before 11.3£6.0 9.6+6.0 11.4+7.4 15.7+11.0 22.0+18.6 47.0+22.6 57.5+18.7 50.3+£20.6

After 7.9+53 6.0+5.0 6.9+5.1 9.3+7.0 9.9+13.2 24.8+20.2 39.9+23.3 34.6+22.8
Unaffected

Before 8.3+t4.4 6.4+4.7 7.6+4.4 7.9+3.5 6.4+47 52+48 7.7+6.7 4.7+4.7

After 6.7+4.1 4.4+3.5 52+4.2 6.1+3.2 50+4.5 3.9+3.9 6.8+7.1 53+5.9
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Fig. 1. Average hearing thresholds of affected ears before and af-
ter treatment (n=71). There was inter-frequency difference be-
tween 4-6 kHz after treatment (p<0.05). 6 kHz was the most se-
verely affected frequency, but there was no statistical difference
compared to 8 kHz. *significant inter-frequency difference (p<0.05).

o F
=2 AFoA= A gt %_o 24+ 749+ C5 dip &
@0] 6 kHzoA] notch?} 74%=

=, 18Alel1A] 204] A}OH Zé*o o%ﬂ—% 7H1 608 e
2 287% 163 dBRE Z3H 557t 259 AHAS A3t
Aol AR, AlBE, 8AITFollA 40417F Fof] S =
SHHAAE B A3 A} 6 kHzollA 71 @ol ol ghE9ict
£ et YAk ok, A8 F Fuked e vlaejA
3= A9 X7 F Pt AX& 6 kHzolA 7P =qkon,
8 kHzoll A = WA =9tch 4 kHz9} 8 kHz2| Bt 9219
Aol FARC R Folgo] itk 6 kHz Fat4=2] e
AXE S8 otk 7P #& Fuk2l 8 kHzolA]
4 kHzoll A ¥t o] 2 e £4S Hols a5 3Ed
S B S glokar Azkgict ol#fet Auk= Moon 5
o] Ao} dajstm, A4 - 4 kHz notchE HolA| ¢h=
At fARE SSHHAAL Ak Bolagleh e, AL
Zo| ot kel ik-s wriskel glol 6 kHzo FYIAE

S745h= Ao T83iH

P

224

2 %-45 il'olﬂ A2 H(p=0.002), 8 kHz2] Hx|L}e]
Apol= sAA R ool it ol= olgk FollA A4
S 2 3lEE 73‘—?—3 A LskaL 387104l C5 dip &8-S 2
il, 6 kHz notch7} 71 Bl 7} 2Qkony, 8 kHzollA e
2|7} 3l&Fo] E|x] ¢har 71 A WEhA C5 dip 4749]
Holz] b= A= 11HolA yehd Axbetar AYztgic)
Jung 5] AT M= ALAo| ot 3F QA A& Ao

that AolH, 6 kHzolH 7H e 3 Alo] hebgto
w, 8 KHzoI A §2i2k 2ol t Gigle. o]t WS %8l
BAE WUT AT AFANE 6 KHzolA 7P 2 4

2 2o BRRIEIILEY C5 dip 248 HolA| ¢k 9%
1A YeRgT) o= 6 kHz notch 227]of| H3f| 2k ¥l
=o]|7]% 31, 4 kHz notch 370 H|F] =& HlEZ Y}
"} AHAol o3k 3aFeldel 79+ 4 kHz notchE 7H=
24 HARC= 6 kHz notchS 7= 424 dAo]

C5 dlD—/ﬁZﬂ—% Holz| o= WY &AL =
7hs/d0] =t ol AETES wid A7 A O
ol ”Lo] ixﬂ‘ji O] gk Aat= 7

T

. Lo fu
N
ﬂgof
lo & 5w
N oL _k'g,
2L
o fﬁg

o

i rﬁ
E

o,

JE

JFE

4

N
S

ofN
T

ro -

mE

HU

_,>:

i

2

B>
o
s
-|-‘ m_m,
. oX

E{_—‘ p:]_olﬂ;q o]—o]—otq ld-;g E ]tg
A}aoﬂ wfe At zus} 7H°J A
A

&2 ooz o
oo ¥
O
;ﬁﬁn&

O

i
i
2
|o
1-m —.~

}7—15 ] -45]’ ﬂﬂ”ﬁ 7d$-+ 6 kHz notch
Ao 7}” o B g 6 kHzolAlo] 7t
= 3t AFZo] 23t &3Fe)A)
749- 4 kHz notch i%** ‘%@Er/}_ 6 kHz notch
oL C5 dip A7 Holx] 9= Wyo] £83
Anbe wel rhisAol

kS
Fll"
@)
W
o
o}
i k>

> ox 1o 12
1w P
oY do

Acknowledgments
None



Author Contribution

Conceptualization: Jong Yang Kim. Formal analysis: Jong Yang
Kim, Ju Eun Cho, Joon Bum Joo. Methodology: Jong Yang Kim,
Pona Park, Sun Gu Kang. Supervision: Jong Yang Kim. Writing—
original draft: Jong Yang Kim, Sun Gu Kang. Writing—review &
editing: Jong Yang Kim.

ORCIDs
Sun Gu Kang https://orcid.org/0000-0001-9747-0591
Jong Yang Kim https://orcid.org/0000-0001-6067-6182

REFERENCES

1) Nottet JB, Moulin A, Brossard N, Suc B, Job A. Otoacoustic
emissions and persistent tinnitus after acute acoustic trauma.
Laryngoscope 2006;116(6):970-5.

2) Kim HJ. Noise induced hearing loss. In: Kim JS, Chang SO, Lim
HH, Lee JG, Lee CH, Wang SG, Cho JS, editor. Otorhinolaryngology
Head and Neck surgery. Seoul: Ilchokak Publishers;2002. p.691-7.

3) Lee ST, Lee Y. [The measurement of firing noise of K2 rifle at
close distance]. Transactions KSNVE 2004;14(11):1123-8. Korean

4) Dobie RA. Noise induced hearing loss. In: Bailey BJ, Kohut RI,
Vrabec JT, editors. Head and neck surgery-otolaryngology. 2nd ed.
Philadelphia: Lippincott-Raven Publishers;1998. p.2153-63.

5) Keim RJ. Sensorineural hearing loss associated with firearms.
Arch Otolaryngol 1969;90(5):581-4.

6) Moon IS. Noise-induced hearing loss caused by gunshot in South
Korean military service. Mil Med 2007;172(4):421-5.

7) Kang SH, Song KT, Hong BK, Lee SJ, Kim KI, Koh KY. [An

Pure-Tone Audiometry of Acoustic Trauma I Kang SG, et al.

epidemiologic & audiometric study of noise-induced hearing loss
in subway workers]. Korean J Otorhinolaryngol-Head Neck Surg
1998;41(10):1248-53. Korean

8) Johnsson LG, Hawkins JE Jr. Degeneration patterns in human ears
exposed to noise. Ann Otol Rhinol Laryngol 1976;85(6 Pt 1):725-
39.

9) Daniel E. Noise and hearing loss: a review. J Sch Health 2007;
77(5):225-31.

10) Moon IS, Choi HS, Kim H, Kim J, Lee WS. [Clinical characteristics
of acoustic trauma caused by rifle gunshot noise]. Korean J
Otorhinolaryngol-Head Neck Surg 2008;51(8):699-704. Korean

11) Moon IS. [Noise induced hearing loss caused by gunshot in military
service]. Korean J Otorhinolaryngol-Head Neck Surg 2006;49(9):
887-91. Korean

12) Pawlaczyk-Luszczynska M, Dudarewicz A, Bak M, Fiszer M,
Kotyto P, Sliwinska-Kowalska M. Temporary changes in hearing
after exposure to shooting noise. Int J Occup Med Environ Health
2004;17(2):285-93.

13) Jiménez J, Porto I, Carbayeda M, Labella T. [Acoustic trauma from
firearms: study of auditory function]. An Otorrinolaringol Ibero
Am 1989;16(3):299-311. Spanish

14) Jung HW, Lee HI, Kim JY, Joo JB, Cho JE. [A study on the
effectiveness of treatment of acoustic trauma caused by gunshot
noise]. Korean J Otorhinolaryngol-Head Neck Surg 2010;53(10):609-
14. Korean

15) Jung HW, Joo JB, Cho JE, Kim JY. [Audiometric study of police
officers who visit national police hospital to complain of tinnitus or
hearing disturbance]. J Clin Otolaryngol Head Neck Surg 2012;
23(1):70-3. Korean

www.kjorl.org 225





