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Abstract

Objective. To statistically analyse the hearing thresholds of two cohorts undergoing stapedotomy
for otosclerosis with two different prostheses.

Method. A retrospective study was conducted comparing NiTiBOND (n =53) and Nitinol
(n =38) prostheses.

Results. Average follow-up duration was 4.1 years for NiTiBOND and 4.4 years for Nitinol
prostheses. The post-operative air-bone gap was 10dB or less, indicating clinical success. The
p-values for differences between (1) pre- and post-operative values in the NiTiBOND group,
(2) pre- and post-operative values in the Nitinol group, (3) pre-operative values and (4)
post-operative values in the two groups were: air-bone gap — p <0.001, p <0.001, p=0.631
and p = 0.647; four-frequency bone conduction threshold - p=0.076, p=0.129, p <0.001 and
P =0.005; four-frequency air conduction threshold - p < 0.001, p < 0.001, p = 0.043 and p = 0.041;
three-frequency (1, 2 and 4 kHz) bone conduction threshold pre-operatively -
p=0.639, p=0.495 p=0.001 and p=0.01; and air conduction threshold at 4 kHz: -
p<0.001, p<0.001, p=0.03 and p =0.058.

Conclusion. Post-operative audiological outcomes for NiTiBOND and Nitinol were
comparable.

Introduction

Thermal shape-memory nickel-titanium alloy stapes prostheses have been used for more
than a decade in stapedotomy, with studies showing equal and sometimes superior hear-
ing outcomes to those of older types." Their main advantage is crimp-free coupling as
opposed to manual crimping, resulting in less damage to the incus.”

The two prostheses used in the current study comprised a piston made of pure
titanium and a loop made of nickel-titanium alloy (Figure 1). The attachment loop has a
thermal shape-memory and adopts the predefined shape when heat is applied.” The
loop of the newer, structurally improved thermal shape-memory NiTiBOND (Heinz
Kurz, Dusslingen, Germany) piston has a daisy shape, which results in reduced coverage
of the surface of the long process of the incus when compared with the crozier-shaped
Smart Nitinol piston (Olympus, Center Valley, Pennsylvania, USA). When closed, the
Nitinol prosthesis covers almost two-thirds of the mucosal surface of the long process,
while the NiTiBOND covers significantly less.’” This leads to reduced mucosal
strangulation as compared with the Nitinol and might theoretically lead to reduced
incus necrosis. The NiTiBOND loop has four integrated contact zones, conforming to
the asymmetrical dimensions of the incus. Additionally, the loop features three
independent activation zones, which keep thermal transfer from the mucosal surface
during laser activation. These activation zones can be sequentially closed, producing a
custom coupling to the individual incus.*

This study aimed to compare the intermediate-term hearing thresholds following the
application of a self-crimping heat-memory NiTiBOND piston and a Nitinol piston.’
We hypothesised that the NiTiBOND is superior to the Nitinol prosthesis in the
intermediate term.

Materials and methods

Study design

This is a retrospective cohort study reported according to the Strengthening the Reporting
of Observational Studies in Epidemiology (‘STROBE’) statement for cohort studies.®
Ethical considerations

The study was approved by the Scientific and Research Ethics Committee of the Medical
Research Council, University of Pécs, Hungary (approval number: 8338).
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Fig. 1. (a) Nitinol and (b) NiTiBOND shape-memory alloy prostheses.

Population, interventions and outcomes

We reviewed our records for all patients who underwent stape-
dotomy with either the NiTiBOND or the Nitinol prosthesis in
the Department of Otorhinolaryngology - Head and Neck
Surgery, Medical School, University of Pécs (Hungary). Only
primary cases were included, and patients with chronic ear
diseases, those undergoing revision surgical procedures and
patients who did not return for their annual hearing tests
were excluded from the study.

The prostheses used measured 4.5-4.75x 0.6 mm, in line
with the distance between the oval window and the lateral sur-
face of the long process of the incus. The surgical technique
was identical for all patients with the exception of the prosthesis
type used. The NiTiBOND prostheses were implanted between
September 2012 and September 2017, and the Nitinol prostheses
were implanted between November 2005 and January 2007.

It is our standard protocol for patients undergoing stapedot-
omy to have yearly hearing evaluations. The hearing values were
recorded as per the guidelines of the American Academy of
Otolaryngology — Head and Neck Surgery.” The baseline values
and results from the most recent hearing assessments were col-
lected. Our primary outcome was clinical success defined as a
post-operative air-bone gap (ABG) of 10 dB or less at follow up.

Statistical analysis

When we treated hearing results as continuous variables, the
Mann-Whitney U test and the Wilcoxon signed rank test
were used for univariate analysis, and p < 0.05 was considered
to be statistically significant.

We calculated the statistical differences between: (1) the
pre- and post-operative values in the NiTiBOND group;
(2) the pre- and post-operative values in the Nitinol group;
(3) the two groups’ pre-operative values; and (4) the two groups’
post-operative values.

When we treated hearing results as dichotomous variables
(success vs failure, as defined by a post-operative ABG cut-off
of less than 10 dB), we performed binary logistic regression
(with the logit link function and without model selection)
and calculated odds ratios with Wald 95 per cent confidence
intervals (CIs). After univariate analysis, we performed multi-
variate analysis, in which, in addition to the implant type,
models one and two included two (age and sex) and four
explanatory variables (age, sex, follow-up duration and pre-
operative bone conduction), respectively. The convergence cri-
terion was satisfied in both models. No values were missing
(91 participants in both groups).

Results

Altogether, 91 patients were eligible for inclusion in our study.
The NiTiBOND group had 53 patients (with an average of 4.1
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years of follow up) and the Nitinol group had 38 patients (with
an average of 4.4 years of follow up). Female predominance
was observed (40 females out of 53 patients in the NiTiBOND
group, and 30 out of 38 in the Nitinol group). The patients’
mean age was 44.5 years (range, 22-68 years) in the
NiTiBOND group and 40.4 years (range, 27-69 years) in the
Nitinol group.

Table 1 summarises the comparison between pre- and post-
operative hearing values within the NiTiBOND and the
Nitinol groups, while Table 2 summarises the same values
between the groups. The difference between the pre- and post-
operative mean ABGs, as presented in Figure 2, was statistic-
ally significant within both groups, confirming hearing
improvement with both prostheses. Bone conduction was
similar pre- and post-operation within each group, indicating
no worsening of sensorineural hearing caused by the proced-
ure. Air conduction was statistically different within each
group, indicating improvement of conductive hearing after
the procedure. However, there was no statistically significant
difference when ABGs from the two groups were compared
with each other.

All patients achieved a post-operative ABG of less than 20 dB,
except one patient in the NiTiBOND group (ABG =28 dB; pre-
vs post-operative ABG, p = 0.397). Clinical success (defined as an
ABG of 10dB or less) was achieved in 83 per cent and 86 per
cent of cases in the NiTiBOND and Nitinol groups, respectively,
with no significant difference between groups (odds ratio = 0.74,
95 per cent CI = 0.23-2.42, p = 0.620 for univariate analysis). The
results were consistent after adjustment for co-variates for model
one (odds ratio=0.72, 95 per cent CI=021-2.39, p=0.586)
and for model two (odds ratio=0.78, 95 per cent CI=0.21-
2.93, p=0.716), as summarised in Table 3).

No cases of sensorineural hearing loss occurred following
surgery. To date, we have observed one transient facial paraly-
sis with the NiTiBOND piston and one with the Nitinol pis-
ton, but both patients have subsequently recovered completely.

Discussion

Our paper compares the audiological results of Nitinol versus
NiTiBOND prostheses with the longest follow-up period to
date. It has shown comparable audiological outcomes at an
average of 4.1 and 4.4 years post-operatively for NiTiBOND
and Nitinol, respectively. The authors demonstrated similar
audiological outcomes in the short term when comparing
the prostheses in 2016.® However, much larger patient cohorts
are needed for an evaluation of long-term prosthesis stability.
No suspicion of incus erosion or prosthesis luxation arose in
the Nitinol group, but one patient had a greater ABG post-
operatively in the NiTiBOND group, which was still being
investigated at the time of submission of this manuscript.

Other long-term follow-up studies published in the litera-
ture include an investigation by Green and McElveen. This
study had a larger cohort, and ABG closures of less than 10
dB in 83.7 per cent of patients at 13.6 months post-operatively,
with the use of a NiTiBOND piston.” Roosli and Huber
reported ABG closures of less than 10 dB in 84.5 per cent of
patients at 12 months post-operatively with a Nitinol piston."’
The intermediate-term post-operative mean ABG of less than
10dB achieved with the NiTiBOND piston in our study is
similar to those reported by both the Roosli and Huber,"
and Green and McElveen,” studies.

The rate of post-operative ABG closure achieved was com-
parable to the data demonstrated by other authors reporting
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Table 1. Intra-group statistical analysis of hearing data

NiTiBOND (mean + SD; dB) Nitinol (mean + SD; dB)
Variables Pre-op Post-op P-value Pre-op Post-op P-value
ABG 259+7.2 6.46£5 <0.001* 27.7+9.8 6.48 +3.6 <0.001*
BC 29.2+99 275+14.1 0.076 227+7.7 20.4+8.1 0.129
AC 55.2+12.5 33.9+16.7 <0.001* 50.4+ 14 26.9+7.6 <0.001*
BC (1, 2 & 4 kHz) 29.9+10.7 30.2+15.5 0.639 23.6+9.5 21.9+89 0.495
AC at 4 kHz 55.5+20.3 44.1+21 <0.001* 48+21.1 35+13.7 <0.001*

*Indicates significant difference. SD = standard deviation; Pre-op = pre-operative; post-op = post-operative; ABG = air-bone gap; BC = bone conduction; AC = air conduction

Table 2. Inter-group statistical analysis of hearing data

Pre-operative (mean + SD; dB) Post-operative (mean + SD; dB)
Variables NiTiBOND Nitinol P-value NiTiBOND Nitinol P-value
ABG 259+7.2 27.7+9.8 0.631 6.46+5 6.48+ 3.6 0.647
BC 29.2+9.9 22.7+7.7 <0.001* 27.5+14.1 20.4+8.1 0.005*
AC 55.2+12.5 50.4+14 0.043* 339+16.7 269+7.6 0.041*
BC (1, 2 & 4 kHz) 29.9+10.7 23.6+9.5 0.001* 30.2+15.5 219+89 0.01*
AC at 4 kHz 55.5+20.3 48+21.1 0.03* 44.1+21 35+13.7 0.058

*Indicates significant difference. SD = standard deviation; ABG = air-bone gap; BC =bone conduction; AC = air conduction; SD =standard deviation

intermediate- or long-term results following the implantation
of a Nitinol prosthesis. Heywood et al. reported a 9.5-year
post-operative ABG of 9.7dB in their study of 56 patients
who underwent stapedectomy with a Nitinol piston."" Lavy
and Khalil reported a five-year post-operative ABG of 5.89

60

50

nm dB among 48 patients with the use of Nitinol pistons."

%30 B Rajan et al. demonstrated a two-year post-operative ABG of

e X Postop NTIBOND 5.15dB in their study of 90 patients who received a Nitinol
20 Pedt2p i prosthesis.'”

] Wegner et al. published a systematic review of the effect of

10 ‘ 1 T crimping techniques in stapes surgery in 2016.> They demon-

[ strated superior hearing outcomes for heat crimping over

= oE i 2 3 Average(05-3) manual or no crimping, although the longest follow-up period

Frequency (kHz) reported was two years among the studies included.

) . ) A ) Both prostheses are magnetic resonance imaging compat-
Fig. 2. NiTiBOND mid-term (4.1 years) and Nitinol mid-term (4.4 years) post-operative bl ith 1.5 Tesl . h d di
(post-op) mean air-bone gap (ABG) data, as compared with the merged pre- 1. e wit . .e.s a scanners; no ¢ ange was emor%sj(rate .ln
operative (pre-op) ABG data. Bars indicate 1 standard deviation. either the position or the conformation of the Nitinol pis-

ton.'*'> The pure nickel content of both prostheses is not

Table 3. Predictors of an air-bone gap of 10 dB or less at follow up

Model 1* Model 2"
Parameters Beta QOdds ratio (95% Cl) P-value Beta 0dds ratio (95% Cl) P-value
Implant type (Nitinol vs NiTiBOND) —0.3359 0.72 (0.21-2.39) 0.586 —0.2452 0.78 (0.21-2.93) 0.716
Sex (male vs female) —0.0236 0.98 (0.24-4.01) 0.974 —0.0411 0.96 (0.23-3.96) 0.955
Age at operation (years) —0.0512 0.95 (0.90-1.01) 0.074 —0.0436 0.96 (0.90-1.02) 0.171
Follow-up duration (years) _ _ _ 0.1745 1.19 (0.68-2.09) 0.544
Mean pre-operative BC threshold _ _ _ —0.0086 0.99 (0.93-1.06) 0.810

Implant type and sex were entered as dichotomous variables; age at operation, follow-up duration and mean pre-operative bone conduction threshold were entered as continuous variables.
*Adjusted for age at operation and sex. "Adjusted for age at operation, sex, follow-up duration and mean pre-operative bone conduction threshold. CI = confidence interval; BC = bone
conduction
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likely to be accessible, as the surface of the nickel-titanium
alloy is covered by titanium oxide after oxygen exposure.'®"”

Self-crimping has a better outcome than manual crimping stapes
prosthesis, as there is less damage to the incus at insertion

The NiTiBOND prosthesis’ shape reduces contact with the incus surface
area compared to Nitinol

NiTiBOND’s smaller contact surface area may reduce complications such
as incus erosion

This study found no statistical difference between the two prostheses when
comparing hearing outcomes after an average follow up of four years
Larger case numbers and longer follow up is needed to establish genuine
variation between the two prostheses

Limitations

The quality of evidence is limited by the study design (retro-
spective cohort study and case selection criteria) and by the
small number of cases. In addition, as the number of cases
not achieving success was low, in the multivariate analysis
(n=14), the adjusted results of model two may be underpow-
ered. The length of the study period might not be sufficient to
reveal long-term complications such as incus necrosis.

Conclusion

Our study has shown similar hearing outcomes after four
years, leading us to reject our null hypothesis. The latest
NiTiBOND stapes prosthesis offers significant structural inno-
vations when compared with the Nitinol prosthesis.
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