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External Auditory Exostoses in Neolithic Human Skeletal Remains
from the Janghang Site, Gadeok Island, Busan:
A Paleopathological Study
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Abstract : External auditory exostoses (EAE) are benign osteogenic lesions of the external auditory canal that are
known to be closely associated with repeated exposure to cold water and aquatic activities. In archaeology, EAE
have been widely used as bioarchaeological indicators for reconstructing marine activities and subsistence strategies
in past populations; however, paleopathological studies focusing on their impact on individual health and function
remain limited. This study aimed to investigate the prevalence and distribution of EAE in Neolithic human skeletal
remains excavated from the Janghang site on Gadeok Island, Busan, and to evaluate lesion severity in order to
assess the health burden experienced by this population. A total of 48 individuals were examined, among which 18
individuals with observable external auditory canals were analyzed through macroscopic examination and digital
microscopy. The presence and anatomical distribution of EAE were recorded, and lesion severity was classified into
four grades (Grade 0~3) according to the degree of canal obstruction. EAE were identified in 11 of the 18 observable
individuals (61.1%), with lesions occurring most frequently on the superior and posterior walls of the external
auditory canal. In addition, severe Grade 3 lesions were observed in several individuals, suggesting the possibility
of functional impairments such as recurrent otitis externa and hearing loss. These findings indicate that the Janghang
population experienced prolonged exposure to marine environments and cold-water activities and suggest that EAE
may serve not only as indicators of marine activities but also as paleopathological markers reflecting the health and
functional burdens experienced by Neolithic coastal populations.

Keywords : External auditory exostoses (EAE), Neolithic period, The Janghang site on Gadeok Island, Paleo-
pathology, Marine activities
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HlZ- 2w 525 (External Auditory Exostoses, EAE)
A (temporal bone)] HFZFZ (external auditory canal)
B o] WG by MEAY Wlold WEe U
Ao upZAZALEEHE wet W HbeEE (broad-based
attachment)2 A5, BIZAL LIS FEA2E &
= A8 HHAF 5= ok AL S RN EojeE &
g n9o g Mgy Ao AA], olEd E RS A
A2A wiEshe 9 shedl, EAEY o3 v AHZE
Z}(external auditory canal stenosis)®] A& -9 FX|LE
(cerumen impaction), ¥H5-2 Q1 HZ2-Z 4 (otitis externa),
0] &7tz (aural fullness) ¥ A=W (conductive hearing
loss) = L 5= glow, At A% =4 X871 498
o 4= Qioh1-3].
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9] 3} (vasodilation)Z} ¥ & AJHE-S-(bone formation)S
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&3] “Surfer’s ear”2F 2HTH1].

DA 0 2 EAEE IA JAFATY e A
A 0§ P Hhgste ey 72 &850
g gEA R B8 Ao Ue, Bozlzt AelEol
sk ek, sl Qlek AUek Hebd W oS U, 12
2 A% ek ojgrelol @ A|ZRA WUtk 5 dapet o
¢ A3 HddollA EAEZ} BalE|glom, o]=gt B2
B3l W5 =2 £58F, vobrt gAY o8 Y
g Bl Y= AR A Eo] $Hrh(7-13]. FZoll= B
Joras o8 Wol 44 1% Rah TEA A A
%9 B M3 P 5 BUSE s )
ItH14-16]. WA E AMZIAH sfigt F-4& FH
AE7} B3 8} Qlom[17,18], 15 FAF 7HE = A
A2 e Fafiok A7) Hee] A o8 F=
HolF= 242 A= B7FETH19-21,35].

a8y AF7HA9] Ate 2 EAEQ &4 o7 44
Bl 23S $Fol, 0|5 LT E= AT AEE
Ak ol MFEs 397 Bttt ¥ EAEZ} At
N1 FZt 715 A7 Al nH FFE AAH o= B

¢
o)

ol

)

;O

Jo Hu RS2 oot
™

7k5t A =B, E3) 1w} JF ARE gAoE
Ho] STEe} 1o mE 753 FFe AR A= e
AgH2 o

s Al
ATE GAFOR EAES] FHBI HE WAL B
ack ek e Fejstd 5L Fa) vRALEELo
sajel Aol uiet WHel FEES Wge =N B4 /)
Q19] A7}A Xk (health burden)} 7]5% EH (functional
burden)& F435t14} 3ttt 0|8 3 EAEES Y252
= A7} opd, AAZIAIY HeEo] s ol &8st
o] Zolob WA 7154 A2 B whgois sty
AEE Ak, TIE Ytk A47] ekl skt
YA kS B YRR ez olsfstr] f1gt 7= A=E A

FohuAt g

o
-
N
N
Hin)
O
ogt
H Ho

S IXZ9] AAW] wgE Ao
AA4-7-2] WAAEA TS 5470 + 50 BPS} 5290+ 50 BP
oln, A A= 72}t 71 9A 43403 4120 02 AA| =]
o] YL AA7ZIA A7]o] 24€E Aew FHHETH22].
o SAL W7 AU o|2YEL Tk A ol § o
e Belz Byt ofel, e Relat o] elzo] §
SRlIEo] Fafich A147] Aol 17 Aot AgFs &
AT & Q= SN AEL IS AR 2 U

BA AR £ 4870A0|H, vlZ2 A W S22 (External
Auditory Exostoses, EAE)9] &S 98 WA &3 o2
% PApule] MRAY HE oS 78590 EAES vl
A4go] REg Lotk AT 4= Qoug A& = @
E5 v2HZ F 4 T F ool EER JMAIE BE
5 70A| (observable individuals)Z 25t vZH 2
Y57} ghdg Aoz 2hES v A &30 v
¥lo] = WS7L EAES] 4% B 5558 Brloblol 3
SOl Therele 9ol R4o) Eatsielct 2 27} 487
A % 18AAOIA WFRRIZ ol FRsalel o) e
At

fru
™
K
%)
3
R
ol
2
i



HHE YR QIS HREHMSEES 243

Fig. 1. A. Location of the Janghang site in Gadeokdo, Busan, where Neolithic human skeletal remains were excavated and B. Aerial view
of the Janghang site, Gadeokdo, Busan, where Neolithic human skeletal remains were excavated (reproduced from [22]).
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FHE THHCE HESH 25 H23]. 49 A%
< ojgim o] v} (auricular surface of the ilium)2] 3

Yo} Xof upw APS Aoz FEsh] Yo
o245, B14Qle] ABL Aole] WEHEA 2Ast0] 2
AR o [36], 3] H]AI<l AT HF= Buikstra2} Ube-
laker (1994)2] 7]Z&o| wa} Go}(infant, 0~3A]), Z0}(child,
3~12A)), AW (adolescent, 12~20A4)) 2.2 LESTH23].
EAE®] #8-2 8212 (macroscopic observation)¥} T} A]
g &u]7 <l Dino-Lite Digital Microscope (AnMo Electro-
nics Corporation, Taiwan)= ©]-83 T2 F3f o]Foi3
o} WL v 49 99 (anterior), FH (posterior), $¥
(superior), °}E ¥ (inferior) S 402 WA= W2 H32t
BES 7P B34 BEoR AefalinFig. 2). ol o
WA o2 F fol A dA¥ste] Tm A (solitary) - H
(unilateral) - 734 (pedunculated) FEIE Hol= LUyt
(osteoma)¥} &3] FEETH?2,26]. EAE= F2 THHA
/g (bilateral) &2 Y5t v Ao |
ol A

(multiple) - ¥

SHYLS GUSHE BAS e 2728], 2
o] 2L Hustel vIEAAMELS Sulo]x sl
e $AREE Noln MPAAEIVHOR §71%
44 W EAEZ BB 24 A0 9% o2
Feiol el el A ol 212t Esison
Wy 9IRS whaid o, e, sl ofeos 7
EEECEES

O

M of I & 2 1 rlo
ol\
>,
2
ok
e
[o

Of

Superior

Posterior

Fig. 2. Schematic illustration of the left temporal bone (lateral view)
showing the anatomical location of external auditory exostoses.
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B2 7k A 184 3 1ARAI(61.1%)°14 EAEZH &
1 GIrh(Table 1). 9% HPEALAL 3 1274704 B2 7}
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EAEQ] A A= P22 o9, S8, 99, offd]
oA g5 Ex oz SRIFITH(Table 2). UF vpZ
AdolA = A9z FHo] ZH2F 532 71 wWol Uehite
o, ol 33, o 23]9] -0 2 SQIE QL. @2 Bl
AZolA= it Fgo] 2+ 63 & 7MY Weter, 9

53], ok e 137} EAF . A M2 Yz} FEolA

Table 1. Sex, age, and severity of external auditory exostoses in human skeletal remains from the Janghang site, Gadeok Island, Busan

Individual No.

EAE severity

No. (Accession number) Sex Age Left Right
1 Individual 1 (HO14) F 40s 1 2
2 Individual 2 (HO15) Indet. 40s 3 /
3 Individual 7 (H020) Indet. 30s / 1
4 Individual 9 (H022) M 40s 0 0
5 Individual 11 (H024) F 40s 2 1
6 Individual 12 (H025) Indet. Infant (ca. 3 years) / 0
7 Individual 13 (H026) Indet. Adolescent (12~19 years) 0 /
8 Individual 14 (H027) F 50s / 3
9 Individual 19 (H032) M 30s 3 3

10 Individual 20 (H033) F 40s 1 1
11 Individual 23 (H036) Indet. 30s / 1
12 Individual 28 (H041) F 40s 1 /
13 Individual 37 (H050) F 30s 0 0
14 Individual 38 (HO51) M 40s 2 1
15 Individual 40 (H053) M 40s 0 /
16 Individual 41 (H054) Indet. Child (6~11 years) 0 0
17 Individual 46 (H059) Indet. Unknown / 2
18 Individual 48 (HO61) F >60 years / 0

Sex (F: female; M: male; Indet.: indeterminate), EAE severity (Grade 0~3; /: not preserved)
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Table 2. Anatomical distribution of external auditory exostoses in skeletal remains from the Janghang site, Gadeok Island, Busan

Left Right
No. Individual No.
Anterior Posterior Superior Inferior Anterior Posterior Superior Inferior
1 Individual 1 N N Y N Y Y Y N
2 Individual 2 N Y Y N / / / /
3 Individual 7 / / / / N N Y Y
4 Individual 9 N N N N N N N N
5 Individual 11 Y N N Y Y N N N
6 Individual 12 / / / / N N N N
7 Individual 13 N N N N / / / /
8 Individual 14 / / / / Y Y Y N
9 Individual 19 Y Y Y Y / Y Y N
10 Individual 20 N Y Y N Y Y Y N
11 Individual 23 / / / / Y N N N
12 Individual 28 / Y / N / / / /
13 Individual 37 N N N N N N N N
14 Individual 38 N Y Y Y / Y / N
15 Individual 40 N N N N / / / /
16 Individual 41 N N N N N N N N
17 Individual 46 / / / / Y Y N N
18 Individual 48 / / / / N N / N
Y: present, N: absent, / : not preserved
oM 7 Wkt 53] 19 =9 ¢F vEAZAA SN[ 53] 192 &9 A%
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Fig. 3. Representative examples of the severity of external auditory exostoses identified in skeletal remains from the Janghang site, Gadeok
Island, Busan. A. Grade 0, left external auditory canal of Individual 9; B. Grade 1, right external auditory canal of Individual 20; C. Grade 2,
left external auditory canal of Individual 38; and D. Grade 3, right external auditory canal of Individual 14.

Fig. 4. A severe case of external auditory exostoses identified in the
left external auditory canal of Individual 19.
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Table 3. Comparison of external auditory exostoses prevalence in coastal archaeological populations worldwide

. . Observable Overall
Region Period individuals prevalence (%) Reference

Bestansur, Iraqi Kurdistan Neolithic period 34 70.6 Ragazzon, 2025 [8]

Souskiou-Laona, Cyprus Chalcolithic period 52 9.6 Lorentz and Casa, 2021 [9]
(ca. 3000 BC)

Northern Chile (Coastal populations) Archaic~Late period 336 30.7 Standen et al., 1997 [10]
(7000 BC~AD 1450)

Santa Catalina Island, USA Prehistoric coastal population 35 37.1 Kennedy, 1986 [7]

Gulf of Panama, Panama Pre-Columbian period 125 6.4 Smith-Guzmén and

Cooke, 2019[11]

Southern Santa Catarina, Brazil Shellmound period 121 37.2 Okumura et al., 2007 [12]

Isola Sacra, Italy Imperial Roman period 83 18.1 Manzi et al., 1991 [13]

Janghang site, Gadeok Island, Korea Neolithic period 18 61.1 Present study
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