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Background and Objectives There are two ways to route sound from a deaf hemifield to a
functional ear: the bone anchored hearing aid (BAHA) and the contralateral routing of signal
hearing aid (CROS HA). BAHA uses transcranial bone conduction; on the other hand, CROS
HA uses air conduction. The objectives of this study were to evaluate the benefit of these audito-
ry rehabilitation devices objectively and subjectively, and to analyze factors that affect daily using
time.

Subjects and Method  We retrospectively reviewed the medical records of 19 patients who
selected BAHA and 9 patients who selected CROS HA to undergo rehabilitation of unilateral
hearing loss. Preoperative pure tone air and bone conduction thresholds, BAHA-aided thresh-
olds and CROS HA-aided thresholds were measured. Hearing in noise test (HINT) was mea-
sured with unaided and aided in signal to noise ratio 10 (signal 75 dB HL, noise 65 dBA). Bern
Benefit in Single-Sided Deafness Questionnaire (BBSS) was evaluated for all patients to as-
sess subjective satisfaction and also, daily device using time was investigated.

Results The aided pure tone audiometry was 44.58 dB HL, 42.71 dB HL for in BAHA and
CROS HA, respectively, whereas the unaided PTA was 111.29, 103.28 dB HL for BAHA and
CROS HA, respectively. The aided HINT was 63.03 and 64.06%, whereas the unaided HINT
was 22.13% and 37.44% for BAHA and CROS, respectively. BBSS showed more satisfactory
results with BAHA and CROS HA when compared unaided in all items. Daily using time did
not correlate with the degree of satisfaction, better ear hearing levels or etiology.

Conclusion It was found that not only the preoperative BAHA rod test and HA trials but also
the customized and detail counseling were needed for single sided deaf patients to use auditory
rehabilitation devices frequently. Korean J Otorhinolaryngol-Head Neck Surg 2013;56:339-45

Key Words  Bone anchored hearing aids - Contralateral routing of signal hearing aid -
Hearing rehabilitation - Single sided deafness.
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Table 1. Individual patient data

o S Adlsiar gt wheka] B Ao A, d54
A 3Alol A BAHAR} CROS 2A719] 7|52 o] (func-

tional gain)& WA, =32 SHo|A Hrlstgom, 4,
BAHA®} CROS EA719] 315 28 A)7Hdaily using time)©]]
S nx|= QA0 BAS &35 BAHAQ} CROS HA7]9]
Ae7|ES dob 12} it

o &
2009L4 195 20124 12$J77}7<] )= A] A= SA} 2= BAHA
2 CROS RA71& A A& o g A
o ssick, AW HA 8%, oi4 20901)
oA TIA7HA] Bt 53.6741%Th

Subject Gender Etiology Age (yr) Deaf duration (yr) Device using period (mo) Group*
BAHA
Bl F COM 57 20 42 B
B2 F COM 52 20 43 B
B3 F COM 50 20 29 B
B4 F COM 49 30 12 B
BS F Congenital HL 49 49 19 A
B6 F Sudden SNHL 44 4 20 A
B7 F Meniere' disease 62 10 21 A
B8 F COM 61 13 13 B
B9 M Unknown 59 10 12 A
B10 F Congenital HL 59 59 12 B
B11 F COM 63 15 12 B
B12 F Unknown 64 2 12 B
B13 F Unknown 62 1 12 B
B14 F Unknown 26 10 12 B
B15 M COM 49 20 10 B
B16 F COM 53 40 9 A
B17 F COM 53 17 10 B
B18 M Congenital HL 41 41 5 A
B19 M Sudden SNHL 62 1 3 B
CROS HA
C1 F Sudden SNHL 44 10 3 B
C2 F COM 47 40 3 B
C3 M Unknown 28 4 3 A
C4 F Unknown 77 10 3 B
C5 F Unknown 56 10 3 B
Cé F COM 71 5 3 B
Cc7 M COM 63 50 3 B
C8 M Unknown 42 2 4 A
c9 M Unknown 60 2 3 B

«all patients divided to group A or group B according to hearing level of better ear (group A is normal hearing in better ear and
group B is mild/moderate HL in better ear). BAHA: bone anchored hearing aid, COM: chronic otitis media, HL: Hearing loss,
SNHL: sensorineural hearing loss, CROS HA: contralateral routing of signal hearing aid
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U5 e 7IE e AN 9 9217190 dB
ojolir, o} A7} 20% vke 2 Sleich A5 HE
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BAHA(Cochlean= 2009 19| 2012 4947k Al
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4 CROS BA717F 2A=7] A 454 s gxto] 5
9 A o 2 ARREQITh CROS ¥7712] %%~ Phon-

Noise

‘65 dB A

Signal
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X*

Fig. 1. Speaker configurations for HINT. The subject was seated
1 m from the speaker arc. *X means deaf ear. HINT: hearing in noise
test.

Table 2. Bern benefit in single-sided deafness questionnaire

akARe] el 2 LHM Jlofl= CROS BTE(Stafa, Switzerland)
S AL, E2 Flofl= Audéo S SMART I11(Stifa, Swit-
zerland)& AH8-5FSITt

o
= 3 T
sl BA7] v] 2Hg-Alunaided) S| E&-& ©]-8-50]
SHREAE AHAFE oW, 5% (sound field) HARZ
BAHA % CROS 237] 2-8-A] A9 92 9 o3P R =&
AAFSFAL) 3 hearing in noise test(HINT)S 24 AA}
2 AJY3ct HINTE= SA2RE 1 m Boizl 5 72 2]
AE o] gsto] LM 3] Zofl 75 dB HLO| Al85 9031, £&
H Zo]A 65 dBAS] 422 FUthsignal to noise ratio=10,
10 dB(S/N)I(Fig. 1). HINT A £ St=isgd3t
(Korean Standard-Sentence List for adults, KS-SL-A)E
AHEEE O, F 40719 F3old F SR} B iRt
ol NeE HAER AESoI) KS-SL-A+ @/Age
& AHESte] o] SRR =S FARHES CID Y/ &
A ZAAHCentral Institute for the Deaf Every day Sentences
Test)2] =418 7]52} 2h=ro] 9 A7tsha) EA4S defsto]
A= om, T 134] oS e = AHEE 4= Q=S |
o} ct.”

ZFA W71 QJ8|41= Bern Benefit in Single-Sided Deaf-
ness Questionnaire(BBSS)E AHE-3}9it} BBSS+= Kompis
570 s A=A A FAbolA BAHAYF =20] A
5 ot 7] flaf /HL=GIt & 10719 FEo R HAJE| o
o, 1§ e OH =R 971A] Aol Ae] whE

Please rate your perceived benefit from your aid in the following situations by a vertical line.

. To understand a TV or a radio speaker. For me, this is:
. To listen to music. For me, this is:

. To hold a conversation with one person in a quiet environment. For me, this is:

. To follow a conversation from some distance (5 m/15 ft or more). For me, this is:

. To hold a conversation while driving in a car. For me, this is:

. To understand speech in a reverberant room, such as a large entrance hall or a church. For me, this is:

. To participate in a group conversation with 3 or more participants. For me, this is:

2
3
4
5. To follow a conversation with background noise. For me, this is:
6
7
8
9

. To localize a sound source, such as a honking car. For me, this is:

10. Over all, for me hearing is:

Much easier -+ somewhat Similar with - somewhat Much easier
without the aid easier and without easier with the aid
-5 —4 -3 -2 -1 1 2 3 4 5
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ToH 10A 50 HNEARl TR 2 AR, 7 R
-SHRE 57 A4 obd R 1 A (visual analog scale)
2 ZAEE HAJE0] QIck(Table 2). H& oAl BAHA
t CROS A7) 28 #of| BBSS A& Algfstaon, -4
o] BBSS it thA] Aldlisto] 2H8- A, 3] ghHE S H
wakelc shof| AE A & AR8Sk= AXHdaily device
using time)S RAFsIAL o) Ao]] kS F= @ A(facton) S &
o 7] QI8 AR AlZH} REEE, ARBAIHL S F2] HY
el AHEAITE A1 ARtate] A S 2 AT ek
BAHA % CROS HA7|& AHESHA| ¢be A7} QISichd,
o|Fol|A AHESHA] ¢z olf-E AT

Ay} Hgrof whaba] SPSS 12.0(SPSS Inc., Chicago, 1L,
USA)9] tf-3-3+ t H&(paired t test of difference), YF= t
A7 (one-sample t test), TFAZ-2E] A HA(Kruskal Wallis
test), A -4 (linear regression) < AR5t e A
= mean+SDE FH3FG oW, p-value 0.05 BTkl 29
SAR SR ou|7} Ql= Ao R Hokth

i,

3}

BAHA®}CROS ¥ 5ol 137] 284 32 97} %
o+ 44.6+12.0 dB HLY} 42.7+14.8 dB HLZ t]2& 9]

‘ [] Unaided [ Aided ‘

*

111.3+11.9 dB HL¥} 103.3+16.0 dB HLO] H8 7H4%|2laL,
ol 2R =R 762+17.2%%} 78.6+13.9%% 1ZH-& 9] 0.5
+1.9%%} 154+167%01 Blsh =A ko], B4R &
o5+ tH(p=0.000)(Fig. 2).

HINTo| A% BAHA, CROS B%7] 118 m% HA7| 28
A 63.0+28.3%, 64.1+33.3%% 1) Z-8-A12] 22.1+254%, 374
£26.1%°1| Blsl 25k =4 Wbt tHp <0.0001, p=0.0016)
(Table 3). BBSS 2= @=0ll4] BAHA, CROS 47| T
5 AY g ot 28 71 2R Ao vlg)] B oA
TEE 7L $0l5H =& Ao R UERITHBAHA: p<0.03,
CROS: p<0.05)(Table 4).

shol A Qg ke AFESh= AR REESEC A

TAZF §19 2 (BAHA: R*=0.05, p-value>0.05, CROS:
R’=0.32, p—value>0.05)(Fig. 3), £ 79| A= Jx|ol= A
A7 919 o (BAHA: R’=0.02, p-value>0.05, CROS:
R*=-0.14, p—value>0.05)(Fig. 4), A& 4419] el Aglvle
FABA 7Y AT (p=0.261)(Table 5).
Z oA 341 281 3 BAHA 3k} 51o] 518 3 A 24&
< M4 etk tigS shgledl, 1 ol HY g 4
@] o] 5 (benefit)o] §itk= A £lof| AF8-A] EHFHinconve-
nience), 3% HH3-(recurrent skin reaction), I =9 #AH(feed-
back) B S0l

aofsl B Ax, 54 I ekl Al BAHAY CROS

Table 3. Hearing in noise test (BAHA n=19, CROS HA n=9, paired
t test of difference)

Unaided (%)

Aided (%)

5 120 1 o
= 10 [ mean +SD mean +SD p-value
e
T 80 BAHA 22.1+25.4 63.0+28.3 <0.0001
£ o CROS HA 37.4%26.1 64.1+£33.3 0.0016
£ 40 L T BAHA: bone anchored hearing aid, CROS HA: contralateral
g 20 routing of signal hearing aid, SD: standard deviation
[0}
[0}
* 0 Table 4. Bern benefit in single-sided deafness questionnaire (one-
A BAHA CROS HA sample t test)
ti BAHA | CROS HA |

‘ [] Unaided [ Aided ‘ CluEgiEn mean+SD p-value mean+SD p-value
= 100 - X . 1 27+1.6 <0.0001 28+1.4 0.0003
BT 90 A ] T 2 26+1.8 <0.0001 22%1.1 0.0003
5 %1 3 22416 <00001  22+1.] 0.0003
£ 9 4 16416 00006  1.4%1.0 0.0027
é 40 5 1.9+1.7 0.0002 1.4+1.0 0.0013

30
- 6 1.7£1.4  <0.0001 28+1.1 <0.0001
g 107 ) 7 1.6+17 00016  28+08  <0.0001
B BAHA CROS HA 8 24+13 <0.0001 2.9+0.8 <0.0001
- - - - - 9 1.4+1.3 0.0003 24+1.2 0.0003
Fig. 2. Unaided and aided pure-tone thresholds (in dB hearing
10 25+1.5 0.0003 3.1+1.5 0.0003

level, HL) in BAHA and CROS HA (A). Speech discrimination (in
percentage) in BAHA and CROS HA (B)(BAHA n=19, CROS HA
n=9, Paired t test of difference). BAHA: bone anchored hearing
aid, CROS HA: contralateral routing of signal hearing aid. *p<0.05.

342

Each numerals indicate visual analog scale. BAHA: bone an-
chored hearing aid, CROS HA: contralateral routing of signal
hearing aid, SD: standard deviation



Hearing Rehabilitation of Single-Sided Deafness: BAHA and CROS HA I Park MN, et al.

8 ] ] ] n 50 4
- ]
] ]
40 2
o 6 . R=0.05 2% . g-g;
o p>0.05 o p=0.
3 ) b u
] 30 | "
g 3 :
< <
- 4 4 [ ] [ ] @ ]
Y ]
Q2 = n
5 = 20 u
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S 24 n n [0} L n
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] ]
0 1 1 1 1 T 0 T T T T T
0 1 2 3 4 5 0 2 4 6 8
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5 4 ] ] 50 4
] ]
4 40 + L]
® 2 R?=-0.14
§ 3 . ® 5>0.05
v 3 4 T 30 4
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3 2 E 0 "
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3 o u
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0 T T T T T T = 1 0 T T T T T T 1
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Fig. 3. Correlation between satisfaction and daily using time in
BAHA (A), in CROS HA (B)[linear regression, (A): R?=0.05, p-value
>0.05, (B): R>=0.32, p-value>0.05]. BAHA: bone anchored hear-
ing aid, CROS HA: contralateral routing of signal hearing aid, VAS:
visual analog scale.

HA7|o} 2o A QY -2 A2} HolA 7154
ol50] Qlck SR, 7154 o|5o] Qr mE St g
8 A ke 2 ARgSHE AL ohUglon, EE 8T 7
7] 2§ AR WHE, T2 7] Y A, F 240] 92
e Eo] AAH Uik
Il =}

LR ] Holld 22 A= 225 A = A2 45

d s bl A 583 A= A o, tiazAQl Ao]

BAHA®2} CROS EA7]ch
2 At AA19] Bolgh 2 thaat Atk BAHAS] o]5%
B7kst At e Ef =252 BAHA $219] HINT AAM]
LB Po] 50%7} &= signal to noise ratio(SNR)< =
3}3L SNR #ho] W5 ofFEHEe] 2 Zo0=2 A
A SFALETY SATE B Aol A= o)<} T2 A SNR %
1022 17gstar ojuf o} 3] HAES F59ict o]

1 oX @ of

(|

ftjo

Fig. 4. Correlation between hearing level in better ear and daily
use time in BAHA (A), in CROS HA (B)[linear regression, (A): R?=
0.02, p-value>0.05, (B): R*=—0.14, p-value>0.05). BAHA: bone an-
chored hearing aid, CROS HA: contralateral routing of signal hear-
ing aid.

Table 5. Correlation of etiology and daily use time (Kruskal Wallis
test)

Daily using time (hrs)

Chi-square 5.266

Degree of freedom 4

p-value 0.261
2AE BA50) WY AT 4 24 5 428780

5] UHE Flof] 2] A3 (signal) & = 2t ofg2dEo]

) yE Aol g B Ao o] A& AEFelict =
T H71E e8] AFE-E BBSSE Kompis 570 4&A4 W
% BEAlol A BAHAE ABIER] ARER] ox} AAE of| 5T
T UE AR R ourt Qlrial Huislgar, dA) A5 o
7 2ol A BAHA A & 3] TS S9lok= B

o2 da) ALgEa ek

BAHA o]A19] 7b £ 4852 uby] o]z} Qgkat 4
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