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ABSTRACT Objective: Today, the preferred surgical technique in the
treatment of otosclerosis is stapedotomy. While many techniques are
used to create a small window at the footplate of stapes, there is no con-
sensus on the best technique. Our study aims to investigate the effect of
microdrill and manual perforator on bone conduction hearing thres-
holds. Material and Methods: The patients who underwent stapedo-
tomy in our clinic were compared retrospectively dividing into 2 groups
as those with a manual perforator (Group I) and a microdrill (Group
1I). The difference between the bone conduction thresholds at 500 Hz,
1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz from the preoperative and
postoperative pure tone audiometry tests were recorded, and the 2 gro-
ups were compared for each frequency separately. Results: There were
34 in Group I and 18 patients in Group II. There was no statistically
significant difference between the groups in terms of gender, age, de-
mographic data and preoperative bone conduction hearing thresholds.
The groups were compared separately for each frequency in terms of
the mean difference between preoperative and postoperative bone con-
duction thresholds, and no statistically significant difference was found
between the groups at any frequency. Conclusion: The data obtained
from our study shows that both the manual perforator and the microd-
rill are safe methods that can be used in the sole perforation ot the sta-
pedotomy operation. We believe that more studies are needed to
compare the differences between the 2 technigues.
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OZET Amac: Giiniimiizde otosklerozun cerrahi tedavisinde tercih
edilen cerrahi teknik stapedotomidir. Stapes tabaninda kiigiik bir
pencere olusturmak i¢in kullanilan bir¢ok teknik bulunmakla birlikte,
en iyi teknik hakkinda bir goriis birligi heniiz yoktur. Calismamizin
amaci, mikrodrill ve manuel perforatériin kemik yolu isitme esikleri
tizerine etkisini arastirmaktir. Gere¢ ve Yontemler: Klinigimizde
stapedotomi yapilan hastalarin dosyalari retrospektif olarak incelendi.
Hastalar, taban perforasyonu manuel perforatér ile yapilanlar (Grup I)
ile mikrodrill ile yapilanlar (Grup II) olarak 2 gruba ayrildi. Hastalarin
preoperatif ve postoperatif saf ses odyometri testlerinden 500 Hz, 1000
Hz, 2000 Hz, 4000 Hz ve 8000 Hz’deki kemik yolu esikleri ve aradaki
fark hesaplanarak kayit altina alindi ve 2 grup her frekans i¢in ayri ayri
karsilastirildi. Bulgular: Grup I’de 34 hasta, Grup II’de ise 18 hasta
vardi. Gruplar arasinda cinsiyet, yas, demografik veriler ve preoperatif
kemik yolu igitme esikleri agisindan istatistiksel olarak anlamli bir fark
tespit edilmedi. Gruplarin her frekans i¢in ayr1 olarak preoperatif ve
postoperatif kemik yolu esikleri arasindaki ortalama fark karsilastirildi
ve hicbir frekansta gruplar arasinda istatistiksel olarak anlamli fark
tespit edilmedi. Sonu¢: Calismamizdan elde edilen veriler, stapedo-
tomi operasyonunda hem manuel perforator hem de mikrodrillin taban
perforasyonunda kullanilabilecek giivenli yontemler oldugunu goster-
mektedir. Iki teknik arasindaki farklari karsilastirmak icin daha fazla
calismaya ihtiyac olduguna inaniyoruz.

Anahtar Kelimeler: Otoskleroz; iletim tipi isitme kaybi;
stapes; stapes cerrahisi; saf ses odyometre

Otosclerosis is a disease characterized by can-
cellous bone growth within the otic capsule and con-
sequent fixation of the footplate, with progressive
hearing loss.! Since stapes surgery, first performed
by Shea in 1958, the technique has been modified to
this day, surgery is still the best treatment option

among the treatment options.>* Besides attaching the
prosthesis to the long arm of the incus, perforating
the stapes footplate and opening the perilymphatic
space of the cochlea require speacial attention. In re-
cent years, stapedotomy, rather than classical
stapedectomy, has come to the fore as the preferred
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technique because of fewer complications and better
post-operative hearing results.**

Today, otosclerosis surgery has been performed
with a similar technique around the world, except for
minor differences. Small fenestra stapedotomy is
widely used with less iatrogenic trauma and postop-
erative complications.® Although many methods such
as laser, microdrill, and manual perforator can be
used to create a small window at the footplate of
stapes, there is no consensus on the best method yet.”
Although the laser technology is ahead of the other 2,
the fact that it is not easily accessible by all centers,
its complications such as heat and pressure trauma
allow the other 2 techniques to be still widely used
options.®

While manual perforator is thought to be more
traumatic than microdrilling; microdrilling is a tech-
nique that is more likely to cause acoustic trauma.*!?
Even a gentle opening of the cochlea can result in
trauma to the inner ear. Although this usually im-
proves over time, it may cause deterioration of post-
operative bone conduction.!! The aim of our study is
to examine the postoperative bone conduction thresh-
olds in patients who underwent stapedotomy in our
clinic, as well as to investigate the effects of micro-
drill and manual perforator on bone conduction hear-
ing thresholds and the difference between the 2
techniques.

I MATERIAL AND METHODS

The data of 60 patients who underwent primary
stapedotomy surgery by confirming the diagnosis of
otosclerosis by exploratory tympanotomy between
October-2011 and September-2021 in the Ear-Nose-
Throat Clinic of Bakirkoy Dr. Sadi Konuk Training
and Research Hospital, a tertiary center university
hospital, were retrospectively analyzed. The pure
tone audiometry (PTA) test results of the patients pre-
operatively and at least 3 months postoperatively
were reviewed. Demographic data of the patients,
bone conduction thresholds at 500, 1000, 2000, 4000,
and 8000 Hz were recorded. Eight patients were ex-
cluded from the study due to the unavailability of pre-
operative or postoperative PTA results. The
remaining 52 patients were seperated into 2 groups

as those with a manual perforator (Group I) and those
with a microdrill (Group II). While all of the opera-
tions were primary surgeries, revision surgeries were
not included in this study.

The bone conduction hearing thresholds at 500
Hz, 1000 Hz, 2000 Hz, 4000 Hz, and 8000 Hz from
the preoperative and postoperative PTA tests of the
patients were calculated and recorded, and the 2
groups were compared for each frequency separately.
Mean bone conduction gains were calculated for the
2 groups by averaging the differences at 500 Hz,
1000 Hz, 2000 Hz, and 4000 Hz, and the mean bone
conduction gains of the two groups were statistically
compared.

All operations were performed through a tran-
scanal approach using a Leica M525 F20 (Leica Mi-
crosystems®, Wetzlar, Germany) surgical microscope
under general anesthesia. Before the incision, 2% li-
docaine+epinephrine (0.125 mg/mL) solution was in-
filtrated into the ear canal wall subperiosteally in 4
quadrants. Incisions were then made perpendicular to
the tympanic membrane allowing elevation of the
tympano-meatal flap to access the middle ear, and the
2 incisions were joined in the posterior quadrant ap-
proximately 5 mm lateral to the tympanic membrane.
In order to have the footplate of stapes visible, the
posterior wall of the external auditory canal curetted.
Following the observation of the entire ossicular
chain, footplate fixation was checked. An articular
knife was used to separate the incudostapedial joint
and the stapedial tendon was cut. Before puncturing
the footplate of the stapes, the cruras were broken and
the stapes superstructure was removed. In the group
in which the perforation was made with a 0.7 mm di-
ameter diamond drill tip attached microdrill (Skeeter
Otologic Drill System, Medtronic Xomed Surgical
Products, Inc.) was used at a rotation speed of 7,000
rpm (max). In the manual perforator group, the fen-
estra diameter was 0.8 mm. A 0.6 mm diameter Flu-
oroplastic piston (Causse Loop Piston Fluoroplastic,
Medtronic Xomed, Jackonville, FL, USA, REF:
1129055) was used in all patients. After the piston
was placed in both groups, the surrounding of the pis-
ton was supported with adipose tissue taken from the
ear lobule or subcutaneous connective tissue.



After the prosthesis was placed, the tympano-
meatal flap was replaced and the external auditory
canal was stuffed with Gelfoam. In the 2™ postoper-
ative week, Gelfoam was cleared from the external
auditory canal. Follow-up examinations at 1 month,
3 months, and 6 months after surgery were made.
Postoperative PTA tests were performed at the 3% and
6™ months.

We conducted our study in accordance with the
“Good Clinical Practices” and ethical standards spec-
ified in the Declaration of Helsinki. The study proto-
col was approved Bakirkdy Dr. Sadi Konuk Training
and Research Hospital Clinical Research Ethics
Committee (date: January 3, 2022, protocol no:
2022/06, decision no: 2022-01-15).

For statistical analysis, IBM SPSS v.23 (IBM
Corp., Armonk, NY, USA) was utilized. Gender and
side distribution between the groups were compared
with the chi-square test. Because the data distribution
was not normal and the sample size was insufficient,
nonparametric tests were used. Age, preoperative
mean distribution of bone conduction hearing thresh-
old values, and postoperative changes were analyzed
using the Mann-Withney U test. Both groups were
evaluated with the Kruskal-Wallis test in terms of
hearing gains according to frequencies.

I RESULTS

Fifty-four ears of 52 patients who fulfilled the crite-
rias were recruited in the study. Both ears of 2 pa-
tients were operated with at least 6 months between
surgeries. Twenty-four (46.2%) patients were male,
whereas 28 (53.8%) were female. The mean age was
37.12£11.11 (15-61 years). While 26 (48%) right ear
operations were performed, 28 (52%) left ears were
operated. During stapedotomy, using a manual per-
forator in 36 (66.6%) ears for footplate perforation

(Group I); microdrill (Group II) was used in 18
(33.3%) ears.

Whereas there were 16 male and 18 female pa-
tients in Group I; in Group II, there were 8 male and
10 female patients. While the mean age was
37.80+10.64 years in Group I, it was 35.88+12.39
years in Group II. In terms of gender distribution, side
distribution, mean age, and preoperative bone con-
duction hearing thresholds, no statistically significant
difference was detected between the groups (Table
1). Since the same piston type was used in all pa-
tients, the groups were not statistically compared in
terms of piston effect on bone conduction hearing
thresholds.

When the preoperative bone conduction hearing
thresholds at 500, 1000, 2000, 4000, 8000 Hz and the
differences between preoperative and postoperative
bone conduction hearing thresholds according to the
mean and frequencies were compared, it was seen
that there was no statistically significant difference
between the groups (Table 2). The groups were com-
pared among themselves in terms of hearing gains ac-
cording to frequencies. In both groups, the highest
gain was obtained at 1000 and 2000 Hz, and the gains
between frequencies were found to be statistically
significantly different. The p values for Group I and
Group Il were p=0.001 and p=0.003, respectively. In
Group I, the gain in the bone conduction was found
to be lower at 8000 Hz compared to the other fre-
quencies. In Group II, there was an increase in bone
conduction thresholds at 8000 Hz compared to the
preoperative period; however, the difference between
the groups was not statistically significant.

I DISCUSSION

In our study, the bone conduction thresholds of pa-
tients who underwent stapedotomy were evaluated

TABLE 1: Demographic characteristics of the groups.

Group | (Manual perforator n=36)

Age 37.80+10.64
Sex M=16, F=18
Side R=14, =22

Group Il (Mikrodrill n=18) p value
35.88+£12.39 0.5632

M=8, F=10 0.440°

R=12, L=6 0.123°

n: Number; M: Male; F: Female; R: Right; L: Left; aMann-Whitney U test; bChi-square test.



differences.

TABLE 2: Comparison of bone conduction hearing thresholds of the groups in terms of preoperative and pre-postoperative

Group | (Manual perforator n=36)

500 Hz Preoperative BCHT 20.13+8.65
Pre-Postoperative Difference 3.47£7.25
1000 Hz Preoperative BCHT 22.30+6.73
Pre-Postoperative Difference 7.58+7.40
2000 Hz Preoperative BCHT 24.02+8.35
Pre-Postoperative Difference 8.33£7.07
4000 Hz Preoperative BCHT 24.58+11.73
Pre-Postoperative Difference 3.47+9.54
8000 Hz Preoperative BCHT 25.27+£12.70
Pre-Postoperative Difference 2.22+10.03
Average difference 5.71+8.86

Grup Il (Microdrill n=18) p value*
20.55+9.83 0.757
5.27+8.98 0.657
21.66+7.85 0.494
6.94+8.06 0.714
23.61£10.26 0.744
6.11+8.83 0.433
24.44+14.23 0.831
0.27+7.94 0.191
26.11+14.09 0.91
-1.3846.81 0.090
3.12£10.54 0.112

*Mann-Whitney U test; BCHT: Bone conduction hearing threshold.

and compared with the changes in postoperative bone
conduction thresholds in patients whom were used
microdrills or manual perforators in the footplate per-
foration. In patients with otosclerosis, due to the fix-
ation of the stapes footplate, sound waves cannot be
transmitted to the cochlea, and air conduction thresh-
olds rise, resulting in conductive hearing loss. How-
ever, it is frequently observed that conductive hearing
loss is accompanied by sensorineural hearing loss.
The loss of conduction in bone conduction is more
difficult to explain. Eventhough an air-bone gap in
PTA is expected to be seen in patients with conduc-
tive hearing loss, in case of otosclerosis, it might dis-
appear around 2000 Hz with an increase in bone
conduction threshold. This is a clinical phenomenon
named the Carhart notch, which is a predictor of
stapes footplate fixation, especially when it presents
at 2000 Hz compared to 1000 Hz.!? The Carhart ef-
fect was initially described by Carhart in 1950 in pa-
tients who demonstrate a recovery in bone
conduction thresholds in the frequency range of 500
to 4000 Hz, with a maximum at 2000 Hz, following
a successful fenestration surgery for otosclerosis. !
Although the mechanism of the Carhart effect has yet
to be fully understood, conventionally it is attributed
to mechanical factors. It is thought that the additional
energy lost through the external and middle ear due to
conductive hearing loss leads to an increase in the
bone conduction threshold.!* Sabbe et al. reported

that bone conduction was best observed at ossicular
chain resonance (2000 Hz) after stapedotomy.'® Gins-
berg et al. stated that this improvement in bone con-
duction thresholds was observed mostly in the range
of 500 to 2000 Hz.'s Kos et al. found a decrease of
349.1 dB in bone conduction averages at 500, 1000,
and 2000 Hz. However, they found that the bone con-
duction thresholds increased at 4000 Hz.!” Ksilevsky
et al. claimed that there was a decrease in bone con-
duction at all frequencies except 4000 Hz, and they
attributed this to the increase in the bone conduction
thresholds at high frequencies due to surgical trauma
of the inner ear.'® In this study, the decrease in the
postoperative bone conduction hearing thresholds
was 5.7148.86 dB in Group I, and 3.12+10.54 dB in
Group 11, as it was found 4.4149.7 dB in all patients.
The highest bone conduction gain was at 1000 and
2000 Hz in both groups. While no statistical differ-
ence between the groups existed, the difference be-
tween frequencies was statistically significant, which
supports previous studies.

The goal of otosclerosis surgery is to improve
hearing and minimize the risk of hearing damage or
other complications related to the stapes footplate
fenestration that provides access to the inner ear.!°
Even though stapedotomy is generally considered a
safe procedure with good results and few complica-
tions, it may result in sensorineural hearing loss in
some cases.!? There are studies reporting negative re-



sults against the use of microdrill in otologic surgery
because of complications such as mechanical or
acoustic trauma, vibration, and as a result, hearing
deterioration especially at high frequencies.?** In ad-
dition to the fact that it takes longer and requires more
care during the operation, the possibility of bone frag-
ments escaping into the vestibule is a handicap of the
manual perforator.®

Both Yavuz et al. and Gjuric et al. reported in
their studies that the 2 methods provided similar post-
operative hearing gain, while the microdrilling
method did not cause more inner ear trauma than the
manual perforator.? Likewise, Palacios-Garcia et
al., when they compared the 2 methods, stated that
the hearing thresholds did not differ significantly be-
tween the 2 methods and that one of them was not su-
perior to the other in this respect.®*

In our study, the fact that bone conduction hear-
ing thresholds did not worsen, except for postopera-
tive 8000 Hz bone conduction thresholds in the
microdrill group, and that no statistically significant
difference between the groups were detected com-
paring changes before and after surgery, supports the
data obtained in previous studies.

The main constraint of our study was its retro-
spective nature. Moreover, other limitations are that
bone conduction thresholds were not evaluated at fre-
quencies above 8000 Hz, the effects of the perfora-
tion technique in the long term were not evaluated,
and the surgeons performing the operations were dif-
ferent.

I CONCLUSION

The data we obtained from our study show that both
the manual perforator and the microdrill are safe
methods that can be used for footplate perforation in
the stapedotomy operation. We believe that more
studies with a high number of patients are needed to
compare the 2 techniques in terms of superiority to
each other.
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