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Wczesne wyniki badań audiologicznych 
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małego otworu w płytce. Prospektywne 
badanie obserwacyjne 
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STRESZCZENIE:   Wprowadzenie: Stapedektomia jest obecnie chirurgiczną metodą z wyboru w przypadku leczenia otosklerozy. Pomimo 
tego, nie osiągnięto porozumienia w sprawie najlepszej techniki wykonania małego otworu w płytce, dlatego do tej pory 
zaproponowano wiele różnych sposobów postępowania. 

              Cel: Celem analizy było zbadanie efektów słuchowych uzyskanych przy użyciu mikrowiertła oraz ręcznego perforatora.

  Materiał i metody: U osób poddanych stapedektomii przeprowadzono prospektywne badanie obserwacyjne. Przeanalizowano 
próg słyszenia w dwóch grupach pacjentów w zależności od sposobu wykonania otworu w płytce – za pomocą mikrowiertła lub 
ręcznego perforatora.

 
 Wyniki: Ocenie poddano łącznie 113 pacjentów. Pooperacyjna poprawa słuchu w grupie, w której użyto mikrowiertła, wynosiła 
23,29 (18,58) dB HL 95% CI (18,40–28,18), zaś w grupie, w której zastosowano ręczny perforator, 22.67 (12.91) dB HL 95% CI 
(19.07–26.26). Obie grupy osiągnęły wyniki istotne statystycznie. Pooperacyjny próg słyszenia przewodnictwa kostnego 
przy częstotliwościach 0,5, 1 i 2 kHz oraz pooperacyjny próg słyszenia przewodnictwa powietrznego przy częstotliwościach 
2 i 4 kHz wykazały istotne statystycznie różnice w grupie perforatorów ręcznych. Zamknięcie luki powietrzno-kostnej było 
większe w grupie, w której użyto mikrowiertła, a różnice były istotne statystycznie.

 
Wniosek: Zarówno perforator ręczny, jak i mikrowiertło, zapewniają dobre rezultaty po sześciu miesiącach od zabiegu.  

 Ręczny perforator pozwala osiągnąć lepsze wyniki audiologiczne niż mikrowiertło. Z tego powodu perforator ręczny jest  
 techniką bezpieczną i może być stosowany w ośrodkach, które nie dysponują innymi metodami wykonania małego otworu  
 w płytce.
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ABSTRACT:   Introduction: Stapedotomy is currently the surgical technique of choice for treating otosclerosis. Despite this, there is no 
agreement about the best technique to perform a small fenestra footplate , therefore multiple procedures have been 
proposed. The aim of this study was to investigate the hearing outcomes of microdrill and manual perforator.
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ABBREVIATIONS

ABG – air-bone gap  
ACT – air conduction threshold 
BCT – bone conduction threshold  
EAC – external auditory canal 
MD – microdrill  
MMP – microperforator 
PTA – pure-tone audiometry  
PTA – PTA average 
SO – stapedotomy 

INTRODUCTION

Since the first surgery for otosclerosis performed in the mid-20th 
century by Shea [1], it has remained the best method for hear-
ing improvement in the majority of patients with this condition.  
However, nowadays the tendency is to move away from classical 
stapedectomy [2]. Considering stapedotomy (SO) as the technique 
of choice at the present time [3, 4], audiological studies have shown 
that SO is associated with better results than stapedectomy as well 
as fewer complications [5].

The performance of small fenestration in the stapes footplate can 
be carried out in different ways, either with a microdrill, laser, 
manual perforators or even combining these techniques [6]. The 
use of laser technology seems to have prevailed over the others. 
Different types of laser systems, such as KTP, argon, erbium, YAG 
and CO2 lasers, have been assessed for stapes footplate perfora-
tion [7]. However, none of them have demonstrated to be supe-
rior to the others in audiological results. In addition, they are not 
exempt from complications such as heat or pressure trauma [8]. 

Some centers cannot access the laser technique, and hence the 
use of microdrills or manual perforator is still an option when 
performing the fenestra. These methods can be considered when 
we deal with the tympanic segment of facial nerve dehiscence,  
in which case the laser cannot be used [9].

Nonetheless, the manual perforator has been considered a more 
traumatic method to perform the small fenestra in the stapes foot-
plate [10] compared to microdrilling, although the second is more 
likely to cause acoustic trauma [11]. For that reason, the aim of 
the study was to evaluate the short-term audiological outcomes in 
patients who underwent SO due to otosclerosis through the com-
parison of two methods – low revolution microdrill (MD) versus 
manual microperforator (MMP).

MATERIALS AND METHODS

An observational, prospective, single-center study was car-
ried out in patients underwent SO surgery at a tertiary referral 
hospital between December 2015 and May 2019. The inclusion 
criteria were: adult patients (age over 18) with a clinical diag-
nosis of otosclerosis confirmed by exploratory tympanotomy. 
The exclusion criteria were: pediatric patients, adult patients 
who underwent total or partial stapedectomy, patients in whom 
the plate graft was used, and patients without fixated footplate 
during exploratory tympanotomy. 

Patients who met the criteria were divided into two groups ac-
cording to the technique for carrying out the small fenestra. 
In group A the small fenestra was performed by microdrilling 
and in group B it was made with manual perforators. In both 
groups, pure-tone audiometry (PTA) was performed at 0.25, 
0.5, 1, 2, 4 and 8 kHz for air conduction threshold (ACT) and 
0.25, 0.5, 1, 2 and 4 kHz for bone conduction threshold (BCT). 
PTA was measured prior to surgery and six months after op-
eration. The PTA average (PTAa) for air conductive hearing 
threshold was calculated using 0.25, 0.5, 1, 2 and 4 kHz. The 
air-bone gap (ABG) was calculated with the average 0.25, 0.5, 
1, 2 and 4 kHz between the BC and the AC at preoperative and 
postoperative periods. 

All surgeries were performed under general anesthesia through the 
external auditory canal (EAC).  A surgical microscope Leica M525 
F20 (Leica Microsystems®, Wetzlar, Deutschland) was used. Prior to 

  Aim: The aimof this study was to investigate the hearing outcomes of microdrill and manual perforator.

 Material and methods: An observational prospective study was carried out on patients who underwent stapedotomy.  
 We analyzed the hearing threshold in two groups of patients according to the way the fenestra footplate was realized by  
 microdrill or manual perforator.

  Results: A total of 113 patients were evaluated. Postoperative hearing gain of the microdrill group was 23.29 (18.58) dB HL 
95% CI (18.40–28.18), while in the manual perforator group, it was 22.67 (12.91) dB HL 95% CI (19.07–26.26). Both groups 
were statistically significant. Postoperative bone conductive hearing threshold at the frequencies of 0.5, 1 and 2 KHz and 
postoperative air conductive hearing threshold at the frequencies of 2 and 4 KHz showed statistically significant differences 
in the manual perforator group. The closure of air-bone gap was higher in the microdrill group with statistically significant 
differences.

  Conclusions: Both manual perforator and microdrill have good hearing outcomes at six months after surgery. The manual 
perforator has better audiological outcomes than microdrill. Hence, the manual perforator is a safe technique and can be used 
in centers that do not have other methods to make the small fenestra.
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Tab. I.  Preoperative PTA according to surgical technique (BCT – bone conductive threshold; ACT – air conductive threshold).

Mean BCT preoperative dB HL (SD) Mean ACT preoperative dB HL (SD)

Frequency (Hz) Microdrill 
n = 59

Manual perforator
n = 54 p-value Microdrill

n = 59
Manual perforator
n = 54 p-value

250 20.78 (11.57) 17.12 (8.36) 0,110 70.86 (18.45) 64.23 (13,55) 0,085

500 31.21 (19.11) 26.44 (11.12) 0,439 69.66 (18.86) 63.56 (12,32) 0,159

1000 34.66 (19.84) 26.54 (10.63) 0,066 66.12 (19.01) 57.50 (13.08) 0,016*

2000 43.79 (20.92) 36.25 (12.59) 0,070 62.24 (20.56) 50.58 (16.49) 0,001*

4000 35.78 (20.47) 27.40 (15.82) 0,033 61.98 (24,58) 53.75 (19,19) 0,090

8000 - - - 65.43 (27,74) 57.21 (22,65) 0,203

Tab. II.  Postoperative PTA according to surgical technique (BCT – bone conductive threshold; ACT – air conductive threshold)

Mean BCT postoperative dB HL (SD) Mean ACT postoperative dB HL (SD)

Frequency (Hz) Microdrill 
n = 59

Manual perforator
n = 54 p-value Microdrill

n = 59
Manual perforator
n = 54 p-value

250 20.85 (12.28) 15.93 (9.95) 0,054 41,27 (23,60) 36,30 (18,45) 0,255

500 29.58 (14.80) 24.17 (10.80) 0,022 41,61 (22,69) 36,02 (16,72) 0,203

1000 30.25 (16.69) 22.13 (11.39) 0,005 40,17 (23,99) 33,33 (17,64) 0,152

2000 35.09 (17.63) 26.48 (13.34) 0,009 40,34 (23,72) 31,02 (17,54) 0,036

4000 36.61 (22.02) 27.69 (16.24) 0,071 49,49 (27,17) 38,33 (21,41) 0,031

8000 - - - 58,93 (25,09) 52,41 (26,45) 0,132

Once the prosthesis was in place, the tympanomeatal flap was  
rebuttoned and the external auditory canal was packed with Gel-
foam. All patients were cited in the clinic one week after surgery 
to rule out complications. They were prescribed ear drops to clean 
the Gelfoam residue. Subsequently, patients were checked at one 
month, three months and six months after the surgery. Postopera-
tive PTA was carried out in the last visit.

This study was approved by the ethics Ethics Committee of our 
hospital (JPGAOST2019). Informed consent was obtained from 
all patients who participated in the study.

Data were analyzed using the statistical package IBM Corp. Released 
2013. IBM SPSS Statistics for Windows, Version 22.0. Armonk, NY: 
IBM Corp. Categorical variables are expressed as frequencies and 
percentages. The Kolmogorov–Smirnov test for normality was used. 

Analysis of continuous variables was performed by Student’s t-test 
to compare dependet samples and Mann-Whitney U test was used 
to compare independent samples. A p value < 0.05 was considered 
statistically significant. 

the incision, a solution of mepivacaine 2% + epinefrin (1:100.000) was 
subperiosteally infiltrated into the superior ear canal wall. Then, an 
ear canal skin incision was made allowing for elevation of the tym-
panomeatal flap to access the middle ear. To visualize the footplate, 
the posterior external auditory canal bone was removed with a cu-
rette. Once the whole chain of ossicles was displayed, the fixing of 
the staple was checked. A joint knife was used to separate the incu-
dostapedial joint and the stapedial tendon was cut. The crura were 
fractured and removed before perforating the footplate. 

In the group of patients in which the small fenestra was made 
by microdrill we used a 0.8 mm diameter diamond drill burr  
(Skeeter®, Otologic Drill System, Medtronic Xomed, Jackonville, 
FL, USA) with a speed of rotation of 1200 rpm. In the manual 
perforator group the fenestra had a 0.8 mm diameter. The pros-
thesis used was a Fluoroplastic piston of 0.6 mm diameter in all 
patients (Causse Loop Piston Fluoroplastic, Medtronic Xomed, 
Jackonville, FL, USA). In all cases, we measured the distance from 
the top of the incus to the thin footplate in order to choose the 
length of the piston. We did not use any sealing material when 
performing stapedotomy.



WWW.OTOLARYNGOLOGYPL.COM48

artykuł oryginalny / original article

RESULTS

One hundred-thirteen patients met the inclusion criteria;  
44 (38.9%) were male and 69 (61.1%) were female, the mean age 
was 45.94 +(-) 10.91 years (min: 24/max: 77). The left ear was the 
most common 62 (54.9%).

According to the type of surgical technique, the small fenes-
tra of the footplate was performed using a microdrill in 59 
(52.2%) cases and the manual perforator in 54 (47.8%) cases. In 
102 cases (90.3%), the prothesis size was 0.6 x 4.5 mm and in  
11 cases (9.7%) it was 0.6 x 4 mm.

Preoperative PTAa was 66.17 (18.69) dB HL with a p-value of 
0.009 in the MD group and 57.92 (13.11) dB HL with a p-val-
ue of 0.008 in the MP group. There were no significant differ-
ences between the two preoperative PTAa groups with a p-val-
ue of 0.051. The remaining data of the preoperative pure-tone 
audiometry by frequencies according to surgical technique are 
shown in Tab. I. Postperative PTAa was 42.57 (22.52) dB HL in 
the MD group and 35 (17) dB HL in the MP group. Paired sam-
ples t-tests showed a hearing gain of 23.29 (18.58) dB HL 95% CI  
(18.40–28.18) in the MD group with a p-value < 0.001 and a hearing 
gain of 22.67 (12.91) dB HL 95% CI (19.07–26.26) in the MP group with  
a p-value < 0.001. Besides, postoperative PTA analysis found sta-
tistically significant differences with decreasing intensity in bone 
conductive hearing threshold (BCT) at frequencies of 0.5, 1 and 
2 KHz in favor of the MP. For the postoperative air conductive 
hearing threshold (ACT), PTA analysis showed statistically sig-
nificant differences in the frequencies of 2 and 4 KHz in favor of 
the manual perforator (Tab. II.). 

Paired samples t-tests were used to analyze air conductive hearing 
data from each technique. The results were that both techniques 
improved air gain, except at the 8,000Hz frequency (Tab. III.). 

The mean preoperative of (ABG) in the MD group was 32.31  
± 9.18 dB and in the MP group it was 33.10 ± 8.42 dB HL.  After 

surgery the mean ABG in the MD group was 14.26 ±11.01 dB HL 
and 19.60 ± 15.83 dB HL in the MP group, with a significant differ-
ence between both groups with p = 0.038. ABG closure was higher 
in the group of patients where the MD was used (Tab. IV.). The 
analysis of hearing gain showed a higher value in the MD group, 
revealing statistically significant differences only in the 0.25 and 
0.5 KHz frequencies.

DISCUSSION

Different small fenestra perforation techniques have been de-
scribed since the introduction of stapedotomy. The great-
est number of publications compare results achieve by laser  
technique with respect to other techniques. However, the laser 
has not yet demonstrated a clear advantage over other platinum 
drilling techniques [8]. The use of the manual perforator is still 
valid as a method for performing SO with good hearing results 
without greater vestibular complications than other methods 
such as laser [15].

We decided to use a fluoroplastic piston of 0.6 mm in all cases be-
cause they are easy to fit, economical, biocompatible and stable in 
the long term. In addition, using the same type of piston in both 
groups would avoid bias in our research. 

The piston diameter was 0.6 mm, therefore we considered it nec-
essary to make a slightly larger small fenestra of the footplate 
for better piston molding. Wegner et al. [12] in a systematic re-
view found no difference between a 0.4-mm-diameter piston and  
a 0.6-mm-diameter piston. Besides, in all cases we measured the 
distance from the top of the incus to the thin footplate. The mea-
surement from the outer portion of the incus to the footplate is 
usually 4.5 mm but may vary from 3.5 to 5.5 mm [13] as we could 
find in our study data.

We found a decrease in the audiometric thresholds with statis-
tically significant differences in the bone conduction thresholds 

Tab. III.  Paired samples t-tests by technique.

Pre and postoperative air conductive hearing dB HL (SD)

Microdrill n = 59 Manual perforator n = 54

Frequency (Hz) Mean (SD) 95% CI P Mean (SD) 95% CI P

250 29.39 (22.92) 23.36–35.42 0,000 27.59 (14.73) 23.49–31.69 0,000

500 27.75 (19.38) 22.66–32.85 0,000 27.30 (14.12) 23.37–31.20 0,000

1000 25.60 (19.37) 20.50–30.69 0,000 23.94 (14.53) 19.89–27.98 0,000

2000 21.55 (18.78) 16.61–26.49 0,000 19.51 (15.50) 15.20–23.83 0,000

4000 12.15 (21.40) 6.52–17.78 0,000 15 (17.68) 10.02–19.92 0,000

8000 4.18 (24.49) -2.43–10.80 0,211 5.19 (20.72) -0.52–10.96 0,077
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Tab. IV.  Preoperative and postoperative ABG according to surgical technique  
(ABG – air-bone gap).

 

Mean ABG dB HL (SD)
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Manual 
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n = 54

p-value

Preoperative 32.31 (9,18) 33.10 (8.42) 0,641

Postoperative 14.26 (11.01) 19.60 (15.83) 0,038*
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n = 54

p-value

250 29.39 (22.92) 27.59 (14.17) 0,007

500 27.75 (19.38) 27.30 (14.12) 0,032

1000 25.60 (19.37) 23.94 (14.52) 0,169

2000 21.55 (18.78) 19.51 (15.50) 0,158

4000 12.15 (21.40) 15 (17.68) 0,094

at frequencies of 0.5, 1 and 2 KHz in the group in which the plate 
was perforated with a microdrill. This deterioration of the bone 
conduction threshold in patients where the microdrill was used 
could correspond to some degree of acoustic trauma, either from 
the sound of the burr rotation [14], overheating of the drill [15] or 
movement of perilymph fluids. 

Other authors such as Gjuric et al. [16] found no differences in the bone 
conduction threshold regardless of the technique, hence so if there 
was acoustic trauma it would be similar in both techniques. Somer 
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both techniques significantly improve air conduction except 
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cies can be partially recovered although it will remain beyond  
12 months in most patients [13].

Regarding closure of the ABG, we observed a greater closure in 
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of the (MD). The present study determines that both techniques are  
useful to make a small fenestra and achieve hearing improvement  
6 months after surgery. Nonetheless, the results obtained in the 
MP group appear safer and slightly superior to the MD technique.  
Even so, our study presents limitations such as short-term follow-
up of patients and the performance of surgery by different sur-
geons. However, we would like to continue to collect data about 
hearing outcomes in these patients and include long-term results 
in our database for future research.  

CONCLUSION

Both the microdrill as well as manual perforators allowed to achieve 
significant hearing improvement. The manual perforator is a safe 
method for making the small fenestra of the footplate. 

This may be of use in centers that do not have access to laser or mi-
crodrill. We believe that it is necessary to conduct more research 
to compare the differences between the two techniques.
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