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OBJECTIVES: Otosclerosis is an underlying disease of the bony labyrinth that results in hearing loss. In some cases, the involvement of the bony
part of the cochlea results in mixed hearing loss. The aim of this analysis was to seek a correlation between the results of speech audiometry tests
and the changes in bone-conduction thresholds observed after surgical treatment.

MATERIALS and METHODS: The analysis included 140 patients who were hospitalized and surgically treated for otosclerosis. The patients who
were treated with stapedotomy were divided into subgroups based on the value of the bone-conduction threshold before the surgery. An audio-
logical assessment was performed, with pure-tone threshold audiometry and speech audiometry tests taken into account.

RESULTS: The effectiveness of the surgery was judged by the change in the speech audiometry test results after 12 months of observation. After
the surgery, it was found that a significant improvement, characterized as achieving 100% understanding of speech, occurred in 61.90% of the
patients.

CONCLUSION: There is a correlation between the improvement in speech audiometry tests and bone-conduction curve after stapedotomy. The
changes achieved in the bone-conduction curve at the frequency range up to 3,000 Hz (hertz) had a significant impact on the improvements in
speech audiometry test results. Higher frequencies provide more data for improving the hearing process. A mean bone-conduction threshold
between 21 and 40 dB (decibels) in the pure-tone audiometry examination performed before surgery is a favorable prognostic factor in the im-
provement of the bone-conduction threshold after surgery.
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INTRODUCTION

Otosclerosis is a primary disease of the bony labyrinth and is characterized by progressive hearing deterioration. In the literature,
the first report on otosclerosis appeared in 1735. The case described by Antonio Maria Valsalva from Bologna referred to the immo-
bilization of the stirrup plate in the oval window. The definition and concept of otosclerosis as an isolated affliction of the labyrinth
capsule was introduced to the otologic terminology by Politzer in 1894.

Effective surgical treatment is reflected in an improvement of the course of the air conduction threshold curve. The area between
the air and bone-conduction threshold curve is reduced, which is referred to as the closure of the cochlear reserve. Favorable
prognostic factors for improving hearing after surgery on the middle ear are good bone conduction and a large air-bone gap in the
audiometry test performed before the surgical procedure -,

In Fleischer’s classification, the postoperative outcome is predicted using the mean cochlear reserve measured preoperatively at
frequencies of 500, 1,000, and 2,000 Hz in the tonal audiogram (Table 1) .,

For many years, the classification by G. Shambaugh has also been used, which treats the improvement in hearing as dependent on

the preoperative threshold values of bone conduction.
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Table 1. Fleischer's classification

Preoperative cochlear reserve (dB) Prognosis
Group | >35 very good
Group Il 25-30 good
Group Il 15-20 sufficient
Group IV <10 uncertain
Table 2. G. Shambaugh's classification
Bone-conduction threshold values (dB) Prognosis
Group A 0-15 very good
Group B 16-25 good
Group C 26-35 sufficient
Group D >36 uncertain
%
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Figure 1. Percentage distribution of age ranges of patients undergoing the
analysis.

On the basis of the bone thresholds, one can determine with fairly
high accuracy the so-called Shambaugh-Carhart hearing prognosis
curve (Table 2) ™.

Currently, the practice of presenting the results of otosclerosis treatment
by comparing only the mean cochlear reserves before and after surgery
is not recommended. The American Academy of Otolaryngology-Head
and Neck Surgery Committee on Hearing and Equilibrium guidelines
recommend assessing otosclerosis treatments by analyzing the change
in the bone-conduction deficit based on its thresholds at 0.5, 1, 2, and 3
kHz in correlation with the change in the cochlear reserve ©.

Hearing is one of the human senses, and its most important role is
the perception and analysis of speech. The treatment of choice for

MAIN POINTS

«  Better speech comprehension after stapedotomy correlates
with changes in bone conduction thresholds.

«  Improvement in the social communication is observed for
changes in bone conduction thresholds up to 3000 Hz.

«  The primary goal of otosclerosis treatment is not to close
the cochlear reserve but to improve speech understanding

otosclerosis is a surgery aimed at improving ossicular chain move-
ment by using a prosthesis in place of the stapes superstructure. Res-
toration of right ossicular chain movement after stapedotomy leads
not only to changes in the air-bone gap but also to objectively mea-
surable changes in bone-conduction thresholds.

The understanding of speech is an important element in the subjec-
tive evaluation of hearing improvement after surgery for otosclerosis.

The aim of this analysis was to determine the correlation between
the results of speech audiometry tests with the changes in bone-con-
duction thresholds observed after stapedotomy surgery.

MATERIALS AND METHODS

The study included 140 patients who underwent first-time surgery
for otosclerosis between 2010 and 2016. The patients’ ages ranged
from 19 to 71 years old, and the mean age was 39.31 years. The study
group was composed of 87 women between 19 and 71 years old (av-
erage age, 40.33 years old) and 53 men between 27 and 59 years old
(average age, 38.23 years old). Most patients were between 41 and 50
years old. A distinctly lower number of operations were performed in
patients over 60 years of age (Figure 1).

In all patients, an interview; a physical otorhinolaryngological
examination; and a complete set of audiological examinations,
including an audiometric examination, tuning fork tests (with a
¢2 512 Hz tuning fork), and pure-tone threshold audiometry and
speech audiometry tests were performed. The audiometric tests
were performed in a sound-proof and sound-absorbent cabin in
the audiometric laboratory. In the cabin, the equivalent A-weight-
ing-corrected sound level did not exceed 25 dBA (L Aeq (a-weight-
ed equivalent sound level) = 25.1 dBA). The intensity of the stimulus
for each tested frequency was determined with an accuracy of 5
dB. During the examination, the room was occupied only by the
patient being examined. Threshold values for air and bone con-
duction were determined by audiometer equipped with TDK 39
headphones (MIDIMATE 622, Madsen, Dybendalsvaenget, Taastrup,
Denmark). The audiometer met the International Organization for
Standardization (ISO) standards for air (ISO0389-1985) and for bone
conduction (ISO7566-1987).

The evaluation of the patient’s understanding of speech was car-
ried out using an AAD80 audiometer (Zalmed, Warsaw, Poland) and
a Technics amplifier and cassette player (Panasonic, Osaka, Japan).
The fluctuations of the signal level did not exceed 1.5 dB, and the
signal-to-noise ratio was above 63 dB. To complete the evaluation,
the NLA-93 (new articulation list - 93) word test was used. The test
material consisted of 10 balanced lists containing 24 monosyllabic
nouns in each list. The test was balanced acoustically, grammatically,
phonemically, semantically, energetically, and structurally. The test
was always carried out by the same person with the same apparatus,
and the control values were established based on a study of healthy
Poles 1.,

The mean air-bone gap and the mean bone-conduction threshold
were calculated as the arithmetic mean across the speech frequen-
cies tested (500 Hz, 1,000 Hz, 2,000 Hz, and 3,000 Hz) both before the
surgical procedure and 12 months after the operation.



The data collected during the study were statistically analyzed (anal-
ysis of variance in Statistica, StatSoft, Cracow, Poland). Fisher’s ex-
act test, also known in the literature as the analysis of variance test,
which is sometimes used as an alternative to the analysis of variance
test for categorical data in the literature. Two-by-two (2x2) multilev-
eled contingency tables (cross-tabulation tables) were used to verify
non-parametric hypotheses.

Cramér’s coefficient was used to assess the correlation between two
variables.

Statistically significant results were indicated when p<0.05.

When analyzing the results of the operation, the patients were
grouped based on the type of operation performed: Group A, stape-
dotomy (N=126 people) and Group B, stapedectomy (N=14 people).

Given the small number of patients for whom a stapedectomy was
performed, this group of patients was excluded from further analysis.

Patients were operated on by two otosurgeons using the same sur-
gical technique and with similar experience in the surgical treatment
of otosclerosis. Classic stapedotomy was performed for each patient
with a piston-like prosthesis with a diameter of 0.6 mm. This proce-
dure allowed the analyzed patients to be treated as a homogeneous

group.

The patients who were treated with a stapedotomy were divided into
subgroups based on the bone-conduction threshold before the sur-
gery. Owing to the need to create groups of sufficient size that would
enable a stronger statistical analysis, Shambaugh'’s classification (Ta-
ble 2) was modified, and a division was proposed as shown in Table 3.

The diagrams obtained from the speech audiometry examinations
performed before and 12 months after surgery were analyzed for all
patients. This resulted in the identification of two groups of patients,
those showing an improvement and those showing no improvement
in the free-field speech discrimination test.

Table 3. Patient subgroups depending on the initial mean values of bone-
conduction thresholds

Initial mean bone-
Subgroups conduction value (dB) N %
Subgroup A | 0-20 24 17
Subgroup Alll 21-40 82 59
Subgroup A lll >40 20 14

Table 4. Mean values of the air-bone gap and mean values of bone-conduction
thresholds at the beginning of treatment and after 12 months of observation in b

Wiatr and Wiatr. Speech Audiometry Changes after Stapedotomy

The local ethics committee approved the study (no.
122.6120.206.2016).
RESULTS

On preoperative examination, all patients reported hearing loss, and
81.42% (N = 114 patients) complained of tinnitus. The subjectively
perceived hearing loss was unilateral in 27.15% of patients (N = 38)
and bilateral in 72.85% (N = 102).

The mean values of the air-bone gap and the mean bone-conduc-
tion thresholds, both at the beginning of the treatment and after 12
months of observations, were analyzed for the different bone-con-
duction groups (Table 4). Twelve months following the surgery, the
change in the mean air-bone gap with respect to the presurgical gap
was statistically significant in each of the bone-conduction groups.
Simultaneous analysis of the changes in the mean air-bone gap be-
tween particular groups did not show a significant difference.

In the analysis of changes in the mean bone-conduction threshold
over the 12-month observation period, a statistically significant im-
provement was observed in the A Il group. The change in the mean
value of the bone-conduction threshold in the Aland A lll groups af-
ter the same period of time was not statistically significant (Table 5).

In addition, irrespective of the previous division of the patients, those
that showed an improvement in the results of the speech audiome-
try test after surgical treatment were examined.

In the preoperative evaluation, 42.14% of patients had a 100% un-
derstanding of speech, and 57.86% of patients did not have full un-
derstanding of speech. In 18.57% of the patients, the articulation
curve assumed the shape of a bell (in terms of speech audiometry
test results, this shape is characteristic of cochlear involvement in
perceptive hearing loss), and in 81.43%, it had a slanted course (typ-
ical of conductive hearing loss in speech audiometry test results).

Table 5. Change in mean air-bone gap and mean bone-conduction
threshold value 12 months after surgery

A ABG sD ABC sD
Gr. Al 18.55 12.40 -0.8 16.20
Gr.All 18.50 12.00 5.70 12.70
Gr.Alll 17.4 11.85 0.5 10.10

A ABG: change in the mean air-bone gap after 12 months of observation; A BC: change
in the mean bone-conduction threshold value after 12 months of observation; Gr:
group; SD: standard deviation.

Statistically significant changes marked in bold (p<0.05).

one-conduction thresholds groups

ABGO sD ABG 12 SD BCO SD BC12 sD
Gr. Al 34.05 11.00 15.50 8.39 19.20 2.8 20.00 6.80
Gr.All 31.20 9.50 12.70 10.62 33.20 7.5 27.50 12.20
Gr. Alll 34.50 9.70 17.10 15.47 47.00 52 46.50 19.50

ABG 0: mean air-bone gap before surgery; ABG 12: mean air-bone gap after 12 months of observation; BC 0: mean value of bone-conduction thresholds before surgery; BC 12: mean
value of bone-conduction thresholds after 12 months of observation; Gr.: Group; SD: standard deviation.

Statistically significant changes after 12 months of observation marked in bold. (p<0.05).
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Figure 2. 100% understanding of speech in speech audiometry before and
after surgical treatment.

Table 6. Change in the mean value of bone-conduction thresholds in the
group of patients with improvement in speech audiometry (analysis in the
frequency range 500 Hz, 1,000 Hz, 2,000 Hz, and 3,000 Hz)

Mean BC ABC SD N p
BC 0 (500 Hz) 28.24 — 12.24 78 —
BC 12 (500 Hz) 20.00 8.24 11.18 78 0.003
BC 0 (1,000 Hz) 32.65 — 9.53 78 —
BC 12 (1,000 Hz) 2353 9.12 15.59 78 0.001
BC 0 (2,000 Hz) 15.50 — 10.62 78 —
BC 12 (2,000 Hz) 20.00 10.50 13.93 78 0.001
BC 0 (3,000 Hz) 27.5 — 12.48 78 —
BC 12 (3,000 Hz) 22.00 5.50 14.53 78 0.017

BC: bone-conduction threshold; A BC: change in the mean bone-conduction threshold
value after 12 months of observation; SD: standard deviation.
Statistically significant changes marked in bold (p<0.05).

Table 7. Change in the mean value of bone-conduction threshold in the
group of patients showing poorer results in speech audiometry following
the surgery (analysis in the frequency range 500 Hz, 1,000 Hz, 2,000 Hz, and
3,000 Hz)

Mean ABC SD N p
BC 0 (500 Hz) 32.14 — 10.93 48 —
BC 12 (500 Hz) 28.28 2.86 11.45 48 0.09
BC 0 (1,000 Hz) 34.57 — 12.09 48 —
BC 12 (1,000 Hz) 32.14 243 12.73 48 0.17
BC 0 (2,000 Hz) 45.54 — 18.67 48 —
BC 12 (2,000 Hz) 41.00 4.54 18.42 48 0.01
BC 0 (3,000 Hz) 47.23 — 18.70 48 —
BC 12 (3,000 Hz) 43.10 413 18.49 48 0.07

BC: bone-conduction threshold; A BC: change in the mean bone-conduction threshold
value after 12 months of observation; SD: standard deviation.

Statistically significant changes marked in bold (p<0.05).

The effectiveness of the surgery was judged by the change in the
speech audiometry test results after 12 months of observation; it
was found that a significant improvement, characterized as achiev-
ing 100% understanding of speech, occurred in 61.90% of the pa-
tients. In 11.43% of the patients, the articulation curve continued to

take the shape of a bell, and in the remaining 88.57%, it continued
to be slanted (Figure 2).

The correlation between the changes in the speech audiometry re-
sults and the changes in the bone-conduction threshold was ana-
lyzed in the group of patients with improvements in the speech au-
diometry test results after 12 months of observation (Table 6). The
results showed a statistically significant change in the bone-conduc-
tion threshold value for the studied frequencies (p < 0.05). The pa-
tients achieved 100% understanding of speech in the examination
carried out 12 months after surgery.

The results for the group of patients with poorer results in speech
audiometry following the surgery were examined with analysis of
variance (Table 7). Compared with the presurgical values, the mean
bone-conduction thresholds at 500 Hz, 1,000 Hz, and 3,000 Hz ob-
tained 12 months after the operation were not significantly different
(p > 0.05). At 2,000 Hz, a statistically significant improvement in the
mean bone-conduction threshold was found (p<0.05).

DISCUSSION

Konopka et al. ' noted that in numerous publications reporting
the results of the treatment of this disease, the main emphasis was
on the assessment of the closure of the air-bone gap and not on
the assessment of speech understanding """, However, it should
be remembered that the primary goal of otosclerosis treatment is,
in fact, not to close the cochlear reserve but to improve speech un-
derstanding.

Bone conduction is a complex and multicomponent process. It is
impossible to explain the observed changes using one mechanism.
Bone-conduction thresholds in otosclerosis may be affected by var-
ious factors, such as proteolytic enzymes released from otosclerotic
lesions in the bone tissue adjacent to the cochlea, damage to the
sensory-nervous apparatus, deterioration over time, or the Carhart
effect. The analysis of the correlation of bone-conduction thresh-
olds with changes in the results from the speech audiometry tests
showed that, in groups in which significant improvement in the
speech audiometry results had been achieved, a statistically signif-
icant improvement in the mean bone-conduction threshold was
observed. When carried out in the group of patients with no im-
provement in speech audiometry, the same analysis did not reveal
a significant improvement in the mean bone-conduction threshold
at 500 Hz, 1,000 Hz, and 3,000 Hz. However, a statistically significant
improvement occurred at 2,000 Hz. This improvement has no sig-
nificant effect on the final result of the speech audiometry test. This
is explained by the phenomenon of redundancy, described by Boc-
ca and Callearo ™, which characterizes all-natural languages and
refers to the full content of information in the transmitted verbal
material. A common conclusion reached by various research cen-
ters indicates that for the national language, an improvement in the
bone-conduction thresholds at frequencies higher than 3,000 Hz is
not important in terms of understanding speech . On the other
hand, according to the literature, higher frequencies provide a set
of additional data that are very important for the quality of hear-
ing (the naturalness of speech and music signals) "> 7. The results
obtained here require further analysis with regard to comparisons
with other studies.



CONCLUSION

There was a correlation between the improvement obtained in the
results from speech audiometry tests and the improvement in the
bone-conduction threshold curve after stapedotomy.

The changes achieved in the bone-conduction curve at frequencies
up to 3,000 Hz had a significant impact on the improvement in the
speech audiometry test results. Higher frequencies provide more
data to improve the hearing process.

A mean bone-conduction threshold between 21 and 40 dB in the tonal
audiogram performed before surgery is a favorable prognostic factor
in the improvement of bone-conduction thresholds after surgery.

Ethics Committee Approval: Ethics Committee Approval was received for
this study from the Ethics Committee of Jagiellonian University (27.06.2016-
122.6120.206.2016).

Informed Consent: Written informed consent was obtained from each par-
ticipant of the study.

Peer-review: Externally peer-reviewed.

Author Contributions: Concept - A.W.; Design - A.W., M\W.; Supervision -
M.W.; Resource - AW., M.\W.; Materials A.W., M.\W,; Data Collection and/or
Processing - A.W., M.W.; Analysis and/or Interpretation - A.W., M.W.; Literature
Search M.W.; Writing - A.W,; Critical Reviews - M.W.

Conflict of Interest: The authors have no conflict of interest to declare.

Financial Disclosure: The authors declared that this study has received no
financial support.

REFERENCES

1. Kierzek A. Dziewietnastowieczni lekarze wobec otosklerozy. Adv Clin
Exp Med 2000; 9: 203-6.

2. Metasch ML, Plontke SK, Zirkler J, Zahnert T. Diagnosis and operative
therapy of otosclerosis - Part 1: Basics, Diagnostics and Differential Diag-
nosis. Laryngorhinootologie 2018; 97: 717-34. [Crossref]

Wiatr and Wiatr. Speech Audiometry Changes after Stapedotomy

Liktor B, Hirschberg A, Karosi T. Otosclerosis. 1st part: pathogenesis. Orv
Hetil 2018; 159: 1215-20.[Crossref]

Shea JJ, Sanabria F, Smyth GDL. Teflon piston operation for otosclerosis.
Arch Otolaryngol 1962; 76: 516-21. [Crossref]

Gierek T, Klimczak-Gotab L, Zbrowska-Bielska D, Majzel K, Smotka W,
Gawlicka G. 30 years of stapes surgery. Otolaryngol Pol 2004; 58: 61-7.
Fleischer K. Otosclerosis. Z Arztl Fortbild (Jena) 1959; 53: 1348-51.
Shambaugh GE Jr. The diagnosis and treatment of active cochlear oto-
sclerosis. J Laryngol Otol 1971; 85: 301-14. [Crossref]

American Academy of Otolaryngology — Head and Neck Surgery. Com-
mittee on Hearing and Equilibrium guidelines for the evaluation of re-
sults of treatment of conductive hearing loss. Otolaryngol Head Neck
Surg 1995; 113: 186-7. [Crossref]

Maka J. The Polish linguistic test review in the assessment of Central Au-
ditory Processing Disorders. Investigationes Linguisticae 2009; 18: 55-71.
[Crossref]

Konopka W, Zalewski P, Olszewski J. Speech understanding in patients
after stapedectomy (early results). Otolaryngol Pol 2000; 54: 161-6.
Ardic FN, Aykal K, Timkaya F, Kara CO, Barlay F. Improvement of hearing
results by bone cement fixation in endoscopic stapedotomy. J Laryngol
Otol 2018; 132: 486-8. [Crossref]

Lavy J, Huins C, Khalil S, Hall A, Hughes O. Comparison of Audiometric
and Functional Outcomes Between the Standard and Modified 360 Niti-
nol Shape Memory Stapes Prostheses. Otol Neurotol 2015; 36: 1317-20.
[Crossref]

Ueda H, Kishimoto M, Uchida Y, Sone M. Factors affecting fenestration
of the footplate in stapes surgery: effectiveness of Fisch’s reversal steps
stapedotomy. Otol Neurotol 2013; 34: 1576-80. [Crossref]

Salmon C, Barriat S, Lefebvre PP. Stapes Surgery for Otosclerosis in Pa-
tients Presenting with Mixed Hearing Loss. Audiol Neurootol 2018; 23:
82-8. [Crossref]

Bocca E, Calearo C. Central hearing processes. In: Jerger J, editor. Modern
developments in audiology. New York: Academic Press; 1963.

Moore BC, Stone MA, Fiillgrabe C, Glasberg BR, Puria S. Spectro-temporal
characteristics of speech at high frequencies, and the potential for res-
toration of audibility to people with mild-to-moderate hearing loss. Ear
Hear 2008; 29: 907-22. [Crossref]

Tan CT, Moore BCJ. Perception of nonlinear distortion by hearing-im-
paired people. Int J Audiol 2008; 47: 246-56. [Crossref]

357


https://doi.org/10.1055/a-0652-6494
https://doi.org/10.1556/650.2018.31144
https://doi.org/10.1001/archotol.1962.00740050530006
https://doi.org/10.1017/S0022215100073497
https://doi.org/10.1016/S0194-5998(95)70103-6
https://doi.org/10.14746/il.2009.18.4
https://doi.org/10.1017/S0022215118000439
https://doi.org/10.1097/MAO.0000000000000816
https://doi.org/10.1097/MAO.0b013e3182a473eb
https://doi.org/10.1159/000489813
https://doi.org/10.1097/AUD.0b013e31818246f6
https://doi.org/10.1080/14992020801945493

