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Abstract Introduction The bone-anchored hearing implant system (BAHS) is an effective
amplification system that transmits the sounds received by an external operating
system to the inner ear by bypassing the middle ear placed in the temporal bone.
Objective This study compares the results of patients who underwent bone-anchored
hearing implant system (BAHS) surgery using two different surgical methods in terms
of preoperative and postoperative complications, surgical time, audiological findings,
and patient satisfaction.
Methods The results of 22 patients who underwent BAHS were evaluated retrospec-
tively from video records and audiological results, The Turkish Version of the Glasgow
Benefit Inventory (GBI) questionnaire were evaluated. Two different surgical
approaches were used for implantation: the linear incision technique (n¼ 9) and the
punch technique (n¼13).
Results Mean surgical durations were 9.67� 2.85 and 47.65�6.13minutes for
Groups A and B, respectively, and these were significantly different (p<0.001). There
were no significant differences between the groups’ speech recognition scores for a
signal-to-noise ratio (SNR) of þ5 (p¼0.173), SNR of 0 (p¼ 0.315), or SNR of -5
(p¼0.360) and results of the GBI scores.
Conclusion The punch technique has a significant advantage due to a shorter surgery
duration without increased surgical complications. Additionally, the punch technique
showed no significant difference in hearing performance or satisfaction compared with
linear incision.
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Introduction

One of the major goals for people who have conductive
hearing loss (CHL), mixed hearing loss, or single-sided deaf-
ness is to restore their hearing as far as possible. In particular
cases, which are reconstructed with surgical techniques,
amplification systems are utilized according to the charac-
teristics of the hearing loss. The bone-anchored hearing
implant system (BAHS) is an effective amplification system
that transmits the sounds received by an external operating
system to the inner ear by bypassing the middle ear via a
titanium implant placed in the temporal bone. This system
was first implemented in 1977 by Tjellström.1 The BAHS is
used to improve hearing and increase patients’ quality of life,
and it has shown good results in patients with mixed
hearing loss, CHL, or single-sided deafness.2,3 Tjellström first
described this surgical technique in two stages—the initial
stage was the placement of titanium implants in the tempo-
ral bone, while the second stage was the placement of the
external part of the implant (abutment) using a skin incision
a few months later.1 These two stages have since been
combined into one procedure.4 To minimize postoperative
soft tissue problems, new surgical methods such as the
U-flap technique, the dermatome technique, and the linear
incision technique with the removal of subcutaneous tissue
have been used.5,6 In recent years, BAHS surgery without
tissue reduction has become popular. Hultcrantz was the
first to publish the clinical outcomes of this technique, and
the use of tissue protection techniques has since gained
popularity.7

Another method that has gained popularity in recent years
is the punch technique, which is performed without skin
incision. Goldman et al. indicated that the punch technique
is successful in terms of surgery duration and tissue reaction.8

Although there have been some studies in the literature
regarding the punch technique, few studies present a compar-
ison between the punch technique and the linear incision
technique without subcutaneous tissue removal.9,10 This
study aims to present the surgical and audiological outcomes
of BAHS surgery performed by the same surgeon using either
the punch technique or subcutaneous tissue-preserving linear
incision technique.

Methods

Methods
A total of 22 patients who underwent BAHS surgery (PONTO;
Oticon Medical AB, Askim, Sweden) between January 2012
andNovember 2019were evaluated in this retro-prospective
study after receiving approval from the local ethics commit-
tee (Istanbul Medeniyet University Clinical Studies Ethic
Committee, 27 June 2018, 2018/0259). Although BAHS is
indicated in the case of single-sided deafness, patients with
conductive or mixed hearing loss were evaluated in this
study. Implant application was performed in the ear with a
bone conduction threshold of 60dB and more, and a speech
discrimination score of greater than 60%. The patients were
divided into two groups: 13 patients who were given

implants using the punch technique (Group A) and 9 patients
who underwent the subcutaneous tissue-preserving linear
incision technique (Group B). As the control group, 20
normal-hearing young adults were also included in the
study. Demographic characteristics, BAHS indications, surgi-
cal methods, perioperative and postoperative complications,
and preoperative and postoperative audiological results
were evaluated. Surgical video recordings were evaluated,
and operation times were recorded. Patients were included
in the study after at least 1 year from the date of the surgical
operation. The patient from the linear incision technique
group and from the punch technique group had their first
follow up examination around 15 days after the surgery and
the second follow up examination between 1 to 2 months
after surgery. The mean follow-up time was 114 months for
the linear incision technique group and 53 months for the
punch technique group. Preoperative and postoperative
complicationswere evaluated using theHolger classification.
(Grade 0: Normal skin; Grade 1: Reddish; Grade 2: Red and
moist; Grade 3: Tissue granulation; Grade 4: Skin complica-
tion leading to removal of the abutment and/or skin
overgrowth).11

Surgical Techniques
Before surgery, all surgical procedures were explained to the
patients in detail. None of the patients preferred local
anesthesia. According to patient’s preferences, all of the
surgeries were performed under general anesthesia with
standard surgical cleaning and covering. The location was
marked 6 cm posterior superior from the tragus on an axis
with a 45° angle of the horizontal line. The thickness of skin
and subcutaneous tissue was measured with a needle and
methylene bluewas used tomark the projection of this point
at the skull.

Punch Technique
A 0.5mm size punch from a 12mm implant systemwas used
to create a circular cut through the full thickness of the scalp.
After removal of tissue, the periosteum was elevated to
expose the cortical bone. The implant system drill was
used at 2,000 rpm to initially prepare the 3.5mm implant
bed on the cortical bone and, if the thickness of the bonewas
appropriate, the bed width was extended to 4mm. Depend-
ing on the skin thickness, either a 9-mmor a 12-mm titanium
implant was placed in the hole (►Fig. 1).

Subcutaneous Tissue-Preserving Linear Incision
Technique
A 4–5-cm vertical line incision was made 1 cm on the
anterior of the marked region. The periosteum was reached
after passing through the skin and the subcutaneous tissue.
The area that had been stained with methylene blue was
located, and the cortical bone was exposed after the eleva-
tion of the periosteum. The implant system drill was used at
2000 rpm to prepare the 3.5-mm implant bed on the cortical
bone, and, providing that the thickness of the bone was
appropriate, the holewas extended to 4.0mm. Depending on
the skin thickness, either a 9-mm or 12-mm titanium
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implant was placed in the bed. A punch was used to remove
the skin and subcutaneous tissue in the previously marked
area, and then the head of the titanium implant was placed
over this hole (►Fig. 2). Subcutaneous tissue and skin were
closed with absorbable and non-absorbable sutures.

Audiological Evaluation
Although there are two different surgical methods, it can be
predicted that audiologically, different results will not be
obtained as the working principle of both implants is
the same. However, in this study, it was determined that it
would be beneficial to show whether there is a difference
between the audiological results when comparing the advan-
tages and disadvantages of the two different methods.
Nineteen patients with bilateral hearing loss who underwent
unilateral BAHS surgery were evaluated audiologically. Audio-
logical evaluation couldnot be assessed for the remaining three
patients (one of whom had single-sided deafness) as they had
received the implant a fewdays before this analysis andhadnot
yet begun to use the hearing implant. The air and bone
conduction thresholds were measured using a pure tone
audiometry test (250–8,000Hz for air conduction and 500–
4,000Hz for bone conduction), and a speech audiometry test

wasperformedusing theAstera2clinical audiometer (Madsen-
Otometrics, Denmark) pre and postoperatively. TDH 39 supra-
aural headphones (Telephonics, Farmingdala, NY, USA) were
used to determine air conduction thresholds. Bone conduction
thresholds were determined using a RadioEar B71 bone
vibrator. Postoperative three-month hearing thresholds
(250–8,000Hz) with BAHSwere determined in free field using
a loudspeaker. The loudspeaker was located at 0° azimuth and
1 m from the patient and warble tones were presented.

The speech reception threshold andword recognition tests
were assessed preoperatively using TDH39 headphones in
quiet conditions. To assess postoperative word-recognition
performance with BAHS in noise, a speech-in-noise test was
performed using the Turkish monosyllabic word recognition
list in freefield.12 Three signal-to-noise ratios (SNRs;þ5, 0, -5)
were used to determine the speech-in-noise scores. The
speech-in-noise test was conducted using two speakers in
free field. The white noise speaker was located behind the
listener (180° azimuth), and the speech stimulus speaker was
located in front of the listener (0° azimuth). Single-syllable
word recognition scores with BAHSwere determined in quiet
andþ5, 0, and -5SNRs. The sameword listwasadministered to
all participants. The list has consonant-vowel-consonant for-
matted 25 monosyllabic phonemically balanced words. The
correct answers were graded as “4” points, and the incorrect
answers were graded as “0” points. Thewordswere presented
at a sensation level of 40dB. Word recognition scores were
calculated based on the correct number of repeated words by
each SNR in freefield. The data of 20 healthy participantswere
included in the study as a control. Air conduction hearing
thresholds were 0–25dB hearing level (250–8,000Hz). Pure
tone audiometry andword-recognition test results (þ5, 0, and
�5dB SNRs and quiet) were evaluated. All audiological tests
wereperformed inadouble-walled, sound-isolated audiomet-
ric booth.

The Turkish Version of the Glasgow Benefit Inventory
(GBI) questionnaire was used to evaluate patient satisfac-
tion.13 The questionnaire, which can be completed by inter-
view or self-completed by patients, consists of 18 questions
answered using a 5-point Likert scale, addressing change in
health status post any intervention. Principal component
analysis found that questions from the GBI were subdivided
and loaded reliably onto three distinct subscales. Twelve
questions focused on general changes in health status, as
well as changes in psychosocial health status were termed
‘general score’. A further three questions were related to the
amount of social support needed in relation to the condition
being questioned (social score). The remaining three ques-
tions addressed changes in physical health status including
medications requirement and number of visitations to doc-
tors required (physical score).

Statistical Analyses
All data were collected and analyzed using IBM SPSS Statistics
for Windows, Version 23.0 (IBM Corp., Armonk, NY, USA). All
analyseswereconductedusingaconfidence intervalof95%, and
p<0.05 was accepted as the limit for statistical significance.
The nominal and ordinal data were analyzed using Pearson

Fig. 2 Implant placement using subcutaneous tissue-preserving
linear incision technique.

Fig. 1 Implant placement using puncture technique.
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chi-squared and Fisher exact tests, and the scale data were
analyzed using the Mann-Whitney U test.

Results

The demographic data and surgical indications of the groups
are given in ►Table 1.

Duration of the Surgery
In group A (13 patients), the surgery durations ranged from
4.56 to 14.29minutes (mean¼9.67�2.85minute). The
surgery durations in group B (9 patients) ranged from
31.33 to 60.48minutes (mean¼47.65�6.13minute)
(►Table 1). There was a significant difference between the
mean surgery durations for these two groups (p<0.001).

Complications
In Group A, granulation tissue with skin necrosis (Holger
classification grade 3) around the implant developed in one

patient in the early postoperative period (15-Day) (►Fig. 3);
however, a full recovery was observed after dressing and local
treatment with corticosteroid and antibiotic pomades. It is
believed that this necrosis occurred due to the prolonged
mastoid pressure dressing, which was removed only after
20 days, as the patient did not attend the follow-up on day
10. In group B, granulation tissue (Holger classification grade
3) was seen around the implant in a child patient six months
after the surgery. This occurred several days after the childhad
returned to school (►Table 1). The problem was solved with
topical corticosteroid treatment. There was no significant
difference in the incidence of complications when groups A
and B were compared using Pearson chi-squared and Fisher
exact tests (p>0.05).

Audiological Results
Therewere no significant differences between the two groups
regarding pre and postoperative air and bone conduction
hearing thresholds (►Table 2). Postoperative free-field

Table 1 Demographic and surgical features of BAHS patients

Patient
No

Age Gender Indication Surgical
Technique

Type of
hearing
loss

Duration of surgery
(minute)

Postoperative
Complications

Side

1 22 32.3� 16.7 Male COM Punch Mixed 8.00 9.67� 2.85 No Right

2 20 Male COM Punch Mixed 6.55 No Left

3 54 Male COM Punch Mixed 8.32 No Left

4 58 Male COM Punch Mixed 9.27 No Right

5 40 Male COM Punch Mixed 4.56 No Left

6 52 Male COM Punch Mixed 14.29 No Left

7 7 Female COM Punch Mixed 12.56 Holger
Classification
Grade 3

Left

8 14 Male EACA Punch CHL 9.52 No Right

9 47 Male COM Punch Mixed 11.28 No Left

10 10 Male EACA Punch CHL 9.57 No Left

11 6 Male SSD Punch SNHL 9.04 No Left

12 47 Female COM Punch Mixed 11.57 No Left

13 43 Female COM Punch Mixed 11.27 No Right

14 35 29.12�15.8 Male COM LIT Mixed 46.02 46.35�6.13 No Left

15 21 Male COM LIT Mixed 50.45 No Right

16 52 Male COM LIT Mixed 31.33 No Left

17 15 Male EACA LIT CHL 45.20 No Right

18 18 Female COM LIT Mixed 60.48 No Left

19 39 Male COM LIT Mixed 44.02 No Right

20 5 Male COM LIT Mixed 57.02 Holger
Classification
Grade 3

Left

21 29 Female EACA LIT CHL 45.12 No Left

22 30 Female COM LIT Mixed 49.18 No Right

Abbreviations: CHL, Conductive Hearing Loss; COM, Chronic otitis media; EACA, External auditory canal atresia; LIT, Linear incision technique; SNHL,
Sensorineural Hearing Loss; SSD, single sided deafness.
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hearing thresholds with BAHS were significantly better than
preoperative hearing for both groups (p<0.001; ►Table 3).

There were no significant differences in postoperative
word recognition scores with supra-aural headphones
between groups A and B. However, there was a statistically
significant improvement in word recognition scores with
BAHS in free field (p<0.001; ►Table 4). The best word
recognition scores were obtained in the þ5dB SNR in both
groups for the speech-in-noise test. The scores declinedwith
each decrease in SNR (þ5 to 0 and again to -5dB SNR). When
the scores of group A and group B were compared, similar
results were obtained (p>0.05) (►Table 4). When compar-
ing the speech-in-noise scores for both groups of patients
with the normal hearing group, the control group showed
better recognition scores (►Table 4).

There were no significant differences between the two
groups regarding patient satisfactionwith BAHS as evaluated
with the GBI questionnaire. There was high patient satisfac-
tion in all subscales and total scores (►Table 5).

Discussion

Discussion of Surgical Results and Complications
The BAHS has become a successful system for auditory reha-
bilitation in the case of recurrent problems such as chronic
otitismedia (where conventional hearingaids cannotbeused),
for congenital ear malformation, for external ear canal infec-
tions that cannot be treated, or for single-sided deafness.14

The BAHS surgical methods have improved over the years to
become less invasive.15 These surgical approaches originated
with the U-flap technique that was followed by the dermatome
technique, the linear incision technique with subcutaneous
tissue removal, the linear incision techniquewith subcutaneous
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Fig. 3 Skin necrosis around the implant.
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tissuepreservation,andpunchingwithout incision.5–8Although
there are many studies on the preoperative and postoperative
results of these techniques, as far as can be ascertained, this is
the first study comparing the advantages and disadvantages of
the newest and minimally invasive punch technique to the
linear incision techniquewithout subcutaneous tissue removal.

Caruso et al. reported themean duration of surgery for the
linear incision technique with preservation of subcutaneous
tissue to be 20.3minutes.15 Alshehri et al. reported a signifi-
cant reduction in the duration of surgery using the modified
punch technique.16 Goldman et al. reported a mean surgery
duration of 15.2minutes using the punch technique.8 In this
study, the mean surgery duration for the linear incision

technique was 47.65minutes, whereas the duration of sur-
gery for the punch technique was 9.67minutes. The differ-
ence in surgery duration between the two groups was
significant (p<0.001). Although not comparative, similar
results have been emphasized in several other studies.3,8,16

In the current study, the surgical duration of the punch
technique was shorter than that reported by Goldman
et al.8 However, the surgery duration using the incision
technique was longer in this study than in that of Caruso
et al.15 This is possibly due to differences in the surgical
approach between surgeons.15 In the current study, it was
more meaningful to compare the groups because all surgical
procedures were performed by the same surgeon.

Table 4 Pre and postoperative word recognition scores (WRS) (%)

Surgical
Technique

Pre-op word
recognition
scores

Post-op word
recognition
scores

Word recognition
scores in quite
with BAHS

Word recognition
scores in þ5 dB
SNR with BAHS

Word recognition
scores in 0 dB
SNR with BAHS

Word recognition
scores in �5 dB
SNR with BAHS

Group A
(Punch)
n¼10

84.4� 8.09 81.4� 10.24 88.4� 8.09 81.6� 7.10 67.2� 10.46 52.8� 11.28

Group B (LIT)
n¼ 9

86� 10.69 89� 9.97 91� 9.01 88.5� 10.12 78� 14.96 65.5� 18.99

�p value
(GroupA and B)

0.829 0.173 0.46 0.173 0.315 0.36

Control Group Word recognition
scores in quite

Word recognition
scores in þ5 dB SNR

Word recognition
scores in 0 dB SNR

Word recognition
scores in �5 dB SNR

Normal Hearing
n¼ 20

- - 98.6� 5.68 95.2� 5.72 92.4� 8.25 84.8� 7.86

�p value
(GroupA and
normal hearing)

- - 0.008� 0.005� 0.001� 0.001�

�p value
(GroupB and
normal hearing)

- - 0.008� 0.005� 0.001� 0.001�

Abbreviations: BAHS, Bone anchored hearing implant; LIT, Linear incision technique.
�Mann-Whitney U test, p< 0.05.

Table 5 GBI questionnaire results for both groups

Surgical Technique Total Score General Score Social Score Physical Score

Group A Punch) n¼10 54.50�5.56 36.9�3.98 9.9�1.19 7.70�1.94

Group B (LIT) n¼9 55.66�5.19 37.11�4.19 10.22�0.83 8.33�1.73
�p value 0.661 0.968 0.497 0.447

Abbreviations: GBI: The Turkish Version of the Glasgow Benefit Inventory; LIT, Linear incision technique.
Mann-Whitney U test, p<0.05.

Table 3 Postoperative free-field warble tone hearing thresholds with BAHS on

Surgical
Technique

250Hz 500Hz 1000Hz 2000Hz 4000Hz 6000Hz

Group A
(Punch) n¼10

34�8.43 28�12.95 14�11.01 21.5�7.83 35.5�14.99 34.5�15.89

Group B
(LIT) n¼9

29.37�8.21 20�5.97 13.75�4.43 25.62�11.16 31.25�13.29 34.37�13.74

�p value 0.274 0.203 0.829 0.46 0.573 0.829

Abbreviation: LIT, Linear incision technique.
�Mann-Whitney U test, p< 0.05.
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In this study, perioperative or postoperative complications
were compared between the two different surgical procedures.
Regarding perioperative complications, uncontrolled bleeding at
the surgical site and dura injuries can be expectedwhen prepar-
ing the bed for the implant. Infection and hypertrophic tissue
healing at the incision site are the most common postoperative
complications.17 No perioperative complications in the present
study were observed. With regard to postoperative complica-
tions, tissuenecrosiswasobserved for thepunch technique in the
earlypostoperativeperiod,whichwasattributed to the extended
duration of pressure dressing due to improper patient follow-up.
Similarly, tissue granulation in the late postoperative period for
the linear incision technique was related to inadequate hygiene.
Both complications were improved with medical treatment.

Goldman et al. reported no postoperative complications
among 15 patients whowere implantedwith BAHS using the
punch technique.8 The complication rate in patients under-
going linear incision varies depending on whether or not
subcutaneous tissue is removed. Skin problems are more
frequently observed when subcutaneous tissue is removed.
Van der Stee et al. divided their patient groups into thosewho
underwent the linear incision technique, with and without
subcutaneous tissue excision, respectively.18 Of the 83
patients who had subcutaneous tissue removed, 28 were
reported to have dehiscence at the incision site, and two
required surgical intervention. In contrast, none of the 58
patients without subcutaneous tissue removal encountered
any problems at the incision site.18 Ozmen et al. reported
that of the four patients who underwent BAHS using the
dermatome technique, only one case developed granuloma
at the incision site, and this regressed with local treatment
and regular dressing.19 These studies show that the possibil-
ity of complications decreases with the shift in surgical
applications to more minimally invasive methods.

Since the punch techniquewe used is a newermethod, the
follow-up period of the patients who underwent linear
incision technique was longer. A limitation of our study is
that the follow-up times are not equal. Comparing the
complications, the early complication in the punch group
was not seen in linear incision technique, but granulation
tissue was observed in the linear incision technique group in
the late postoperative period, which we did not see in the
punch technique group. The mean follow-up time was
114 months for the linear incision technique group and
53 months for the punch technique group. The fact that we
did not see significantly different complications between the
two groups suggests that both techniques are safe.

The punch technique is a minimally invasive surgical
procedure used in patients undergoing BAHS implantation.
Thedurationof surgerywassignificantly decreased inpatients
who underwent the punch technique, and, significantly, this
methoddidnot increase the rateof surgical complications. The
punch technique is apreferable surgicalmethodbecauseof the
shorter duration of surgery as well as for cosmetic reasons.

Discussion of Audiological Results
In the current study, no differences in pre and postoperative
hearing thresholds with supra-aural headphones in the two

surgical groups were expected. Although hearing thresholds
with BAHS were close to normal, speech recognition thresh-
olds remained inferior to normal hearing. Between the two
surgical methods, postoperatively, there were no significant
differences in either hearing thresholds or in word recogni-
tion scores (►Tables 2 and 3).

Pekkarinen et al. compared patients who had sensorineu-
ral hearing loss (SNHL) or CHL to peoplewith normal hearing,
and they reported a greater increase in noise ratio for SNHL
than for CHL.20 They noted that CHL was closer to normal
hearing, although it still had lower scores. In a study con-
ducted by Bayat et al., the gaps-in-noise test performance of
CHL cases was significantly lower than normal hearing.21 In
the current study, hearing loss had a negative effect on
speech-in-noise scores when comparedwith normal hearing
(►Table 4). The significant difference between word recog-
nition scores for normal hearing and BAHS patients showed
that decreasing the signal level and increasing the competing
noise amount reduced BAHS patients’ perceptual ability
(►Table 4). These findings agree with the literature.

Synchronization of thehearing systemas a result of improved
temporal synchrony and spectral resolution helps to improve
speech perception. It is well known that temporal auditory
processing is degraded in subjectswith SNHL, and it is important
to present spectrally rich information to the auditory nerve for
good speech perception. Due to the lack of stimulus in these
temporal cues, deterioration occurs far more quickly, and recog-
nition scores are decreased for peoplewith SNHL; however, with
early intervention in people with CHL, their quality of life can be
improved by preserving recognition scores since there are no
problems in the inner ear or cochlear nerve.22,23 Gurses et al.
studiedworddiscrimination scores at0dBandþ10dBSNR levels
in patients with a unilateral BAHS implant. They found that
speech discrimination scores of BAHS users were significantly
lower than for thosewith normal hearing.24 In the current study,
it was found that BAHS patients had lower SNR scores compared
with people with normal hearing (►Table 4).

When patient satisfaction with the BAHS implant was
evaluated, high device satisfaction was observed in both
groups, with no significant differences between them
(►Table 5). Although BAHS satisfaction was high in both
groups, total scores and subscale scores were higher in the
linear incision technique. In a study of 60 patients by
Arunachalam et al.,25 GBI results were given as 34.0 and
21.0 in the social subscale, and 10.0 in the physical subscale.
In a study of 49 patients performed by McLarnon,26 the total
GBI score was found to be 33.3. Lekue27 stated this value as
40.7 in total and 55.2, 14.0, and 9.3 in general health, social
and physical subscales, respectively. Despite high satisfac-
tion rates, BAHS is not accepted by some patients. Cosmetic
concerns and social problems are among the main reasons
for choosing to ignore hearing loss. Zawawi et al., in their
study, detected this most frequently in patients with unilat-
eral sensorineural hearing loss and they found 11% of
patients in total who refused treatment. In this study,
patients were satisfied with both surgical techniques and
accepted the treatment. However, several patients stated
that their comprehension problems continued in noisy
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environments. The possible factors that negatively affect the
listening performance in BAHS patients have been described
previously. These are basically a result of the placement of
the device away from the pinna and with unilateral use.28

Conclusion

When the parameters, such as BAHS satisfaction, hearing
thresholds, and speech recognition scores, were evaluated
between the two groups, no significant audiological differ-
ences were found. In addition, the punch technique dem-
onstrated an advantage in terms of shorter surgery
duration and no increased risk of surgical complications.
Therefore, the punch technique is the preferable surgical
method. Periodic audiological control of these patients is
also important to monitor the progression of speech
recognition scores and to provide important data for
future studies.
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