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Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL) is 
an emerging disease in the field of otology. ISSNHL is asso-
ciated with permanent hearing loss without timely and ap-
propriate treatment, which leads to a profound decrease in 
the quality of life. It has been previously reported that the 

prevalence of ISSNHL in Korea and USA was approximate-
ly 10 per 100000 persons and 5-27 per 100000 persons, re-
spectively.1-4) Previous studies have reported viral infection, 
poor blood supply in the cochlea, or endolymphatic hydrops 
as associated symptoms, but the pathogenesis of ISSNHL 
has not yet been exactly defined.5) The precise mechanism 
has not yet been defined, but corticosteroid is widely used as 
the first therapeutic option for ISSNHL. Various protocols 
with regard to the route and dose of steroid administration 
have been introduced.
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Background and Objectives   The optimal dose or type of systemic steroid for treating idio-
pathic sudden sensorineural hearing loss (ISSNHL) is unclear. Herein, we compare the effica-
cy of three steroid treatment protocols.
Subjects and Method   We reviewed the medical records of 140 adult ISSNHL patients from 
a tertiary medical center. The patients were divided into three groups based on their treatment 
regimen: Group 1 received intravenous 10 mg/day dexamethasone combined with intratympanic 
(IT) steroid injection, followed by prednisolone for 5 days after discharge; Group 2 received 10 
mg/day dexamethasone for 5 days, followed by 5 mg/day for 5 days over a 10-day hospitaliza-
tion period; and Group 3 received 10 mg/day dexamethasone combined with IT steroid injection 
during a 5-day hospital stay, followed by 5 mg/day dexamethasone for 5 days after discharge. 
The hearing thresholds were measured using an automatic audiometer at 0.5, 1, 2, 3, 4, and 8 
kHz. Hearing recovery on Day 90 was categorized according to Siegel’s criteria. 
Results   Univariate and multivariate analyses showed that patients in Group 3 had the lowest 
hearing thresholds, and the best results for speech reception threshold and speech discrimina-
tion scores. The impact of favorable thresholds in Group 3 was better among patients with a 
baseline average hearing threshold of ＜70 dB. Complete recovery was more likely in Group 3 
than in the other groups, based on the odds ratios.
Conclusion   Administration of dexamethasone-based systemic steroid combined with IT ste-
roid injection and a relatively long hospitalization period produced the most favorable result.
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Systemic steroid is a well-known treatment option for 
ISSNHL. Although a recent meta-analysis of three random-
ized controlled trials produced unfavorable results associated 
with systemic steroid administration as opposed to placebo, 
many clinicians have considered steroid as the first-line ther-
apy of ISSNHL.6) There are inconsistent opinions regarding 
the optimal dose or type of systemic steroid. A recent guide-
line recommended prednisone dosage of 1 mg/kg/d (or an 
equivalent drug dose) for 7-14 days, followed by gradual ta-
pering of dosage.7) Intratympanic (IT) steroid injection was 
initially administered as salvage therapy, but recent data 
have shown favorable outcomes of an initial combination 
therapy with systemic steroid.8) Several studies have ana-
lyzed the efficacy, optimal dose, or route of steroid adminis-
tration using a small number of participants and have report-
ed contradictory outcomes. Many centers have implemented 
different protocols pertaining to the dose, type, or route of 
steroid administration. Therefore, additional studies are need-
ed for the identification of optimal dose or type of systemic 
steroid as well as the efficacy of combinational therapy with 
IT steroid. We want to compare the efficacy of three different 
protocols for the type of steroid and/or route of administra-
tion on hearing recovery.

Subjects and Method

Study population
We reviewed medical records from a tertiary medical cen-

ter and identified all adult patients who were diagnosed with 
ISSNHL between January 2012 and June 2018. ISSNHL was 
defined as short-term, unilateral sensorineural hearing loss 
(≥30 dB at three consecutive frequencies) that had an onset 
within 72 hours without any specific cause and/or conduc-
tive problems, consistent with the definition provided in a 
previous report.7) We identified 172 patients who were aged 
≥18 years and diagnosed with ISSNHL. From those patients, 
32 were excluded either because of missing data or because 
they could not be followed up for more than 3 months. Final-
ly, 140 patients were included in our study. Our center fol-
lowed three different protocols for ISSNHL management 
(Supplementary Fig. 1). We divided three groups according 
to the protocols performed for different periods as follows: 
Group 1, 2, and 3.

After December 2015, patients were hospitalized for 5 
days and intravenously administered 10 mg dexamethasone 
daily combined with IT steroid injection (0.3-0.7 mL of 5 

mg/mL dexamethasone per IT injection) given thrice alter-
nate days. After discharge, patients were treated with pred-
nisolone at a concentration of 30 mg/day for 3 days, followed 
by prednisolone at a concentration of 20 mg/day for 2 days; 
patients treated in this manner were categorized under Group 
1. Before March 2013, patients were hospitalized for 10 days 
and administered with intravenous 10 mg/day dexametha-
sone for 5 days, followed by 5 mg/day dexamethasone for 5 
days; such patients were categorized under Group 2. Be-
tween March 2013 and December 2015, patients were ad-
ministered with 10 mg/day dexamethasone for 5 days, fol-
lowed by 5 mg/day dexamethasone for the next 5 days; they 
were also given IT steroid injection (0.3-0.7 mL of 5 mg/mL 
dexamethasone per IT injection) administered thrice on al-
ternate days. These patients were categorized as Group 3.

Study variables
Information collected from the participants during admis-

sion included the following types of clinical data: age, sex, 
duration from onset to treatment, presence of tinnitus, side 
of impairment, performance of stellate ganglion block, and 
hearing data.

The hearing thresholds were measured using an automatic 
audiometer at 0.5, 1, 2, 3, 4, and 8 kHz. For the impaired ear, 
the average hearing threshold (AHT) was calculated as pure-
tone average of the thresholds at 0.5, 1, 2, and 3 kHz. In ad-
dition, speech reception threshold (SRT) and speech dis-
crimination scores (SDS) were noted. These measurements 
were taken at pretreatment, and subsequently repeated at 
Day 10 and Day 90 after treatment initiation. Hearing recov-
ery on Day 90 was categorized according to Siegel’s criteria; 
complete recovery (CR; final hearing capacity of <25 dB), 
partial recovery (PR; final hearing capacity of 25-45 dB, 
with ≥15 dB decrease), slight improvement (SI; ≥15 dB de-
crease with a final hearing capacity of >45 dB), no improve-
ment (NI; <15 dB decrease and a final hearing capacity of 
>75 dB).9)

Statistical analyses
Data were analyzed using IBM SPSS version 25 (IBM 

Corp., Armonk, NY, USA). Categorical variables are ex-
pressed as numbers and percentages and continuous vari-
ables are expressed as means±standard deviations for uni-
variate analysis and means±standard errors for multivariate 
analysis. Pearson’s χ2 test or Fisher’s exact test was used to 
analyze categorical variables. For continuous variables, mean 
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values among the three groups were compared using a one-
way analysis of variance followed by post-hoc Turkey com-
parisons. Logistic regression analyses were used to estimate 
the odds ratios and 95% confidence intervals (CIs), which 
were then used to determine the relationship between the 
groups and CR. A univariate logistic regression analysis was 
performed to estimate odds ratio and 95% CI of CR using 
one variable alone.

Multivariate analysis was adjusted for age and duration 
from onset to treatment, and was focused toward the identi-
fication of clinical association and significant differences 
among groups. Multivariate analyses were performed using 
an analysis of covariance or multiple logistic regression to 
determine the independent predictors of hearing thresholds 
or CR, for which a p-value of <0.05 was considered statisti-
cally significant. The analysis of covariance was followed by 
an least significance difference (LSD) post-hoc test.

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of the 
institutional and/or National Research Committee (Kyung-
pook National University Hospital Institutional Review 
Board and approval No. KNUH 2019-10-035) and with the 
1964 Helsinki declaration and its later amendments or com-
parable ethical standards. The board waived the need for in-
formed consent, since the subjects’ records and information 
were anonymized and de-identified prior to the analysis.

Results

Baseline characteristics of participants
Baseline characteristics are shown in Table 1. Groups 1 

and 2 were predominantly composed of women. The mean 
age was higher in Group 1 than that in the other groups. Du-
ration from onset to treatment was longer in Group 1 than 
that in the others. Group 1 had the highest incidence of tin-
nitus. There were no significant differences in the propor-

tion of male and females, performance of stellate ganglion 
block, and the side of ISSNHL among the three groups.

Changes in hearing thresholds according to groups
Hearing thresholds at all frequencies (0.5, 1, 2, 3, 4, and 8 

kHz) are shown in Fig. 1 and Supplementary Table 1. Uni-
variate analysis revealed no significant differences in base-
line hearing thresholds at all frequencies among the three 
groups. Additionally, hearing thresholds on Day 10 were 
similar among the three groups. On Day 90, hearing thresh-
olds at all frequencies in Group 3 were considerably lower 
than those in Group 1. Moreover, on Day 90, hearing thresh-
olds at all frequencies in Group 2 were lower than those in 
Group 1, but statistical significance was low. Multivariate 
analyses showed similar results.

For all participants, AHTs at baseline and on Day 10 were 
similar among the three groups, but the value on Day 90 was 
the lowest with statistical significance in Group 3 (Fig. 2). 
Subgroup analyses conducted for baseline hearing impair-
ment showed similar trends but with weak statistical signifi-
cance. Multivariate analyses revealed that AHTs in Groups 
1, 2, and 3 were 75.4±4.2, 71.3±3.8, and 72.6±3.6 dB at 
baseline, 65.8±5.1, 61.0±4.5, and 54.6±4.3 dB on Day 10, 
and 58.8±4.6, 55.3±4.1, and 42.6±4.2 dB on Day 90, re-
spectively. P values among the three groups at baseline and 
on Days 10 and 90 were 0.772, 0.245, and 0.024, respectively. 
On Day 90, LSD post-hoc test after analysis of covariance 
showed that Group 3 had significantly lower thresholds than 
the other groups (p=0.576 for Group 1 vs. 2, p=0.013 for 
Group 1 vs. 3, and p=0.031 for Group 2 vs. 3).

Changes in SRT and SDT according to groups
For univariate analysis, SRT in Groups 1, 2, and 3 were 

83.8±23.5, 76.7±25.3, and 77.3±27.3 dB at baseline (p= 

0.363); 73.3±26.4, 64.3±33.4, and 58.6±35.9 dB on Day 10 
(p=0.098); and 63.4±25.8, 54.0±35.2, and 47.4±34.6 dB on 

Table 1. Clinical characteristics of participants according to groups

Group 1 (n=41, %) Group 2 (n=47, %) Group 3 (n=52, %) p-value

Age (years) 57.2±15.6 47.4±15.9* 47.5±15.9* 0.005
Sex (men) 14 (34.1) 21 (44.7) 28 (53.8) 0.166
Duration from onset to treatment (days) 5.5±6.4 2.9±2.0* 3.0±2.5* 0.003
Tinnitus 30 (73.2) 28 (59.6) 24 (46.2) 0.031
Performance of SGB 36 (87.8) 42 (89.4) 45 (86.5) 0.912
Side (right) 18 (43.9) 28 (59.6) 25 (48.1) 0.304
The data are expressed as numbers (percentages) for categorical variables and means± standard deviations for continuous 
variables. The p-values were tested among the three groups using one-way analysis of variance for continuous variables and 
Pearson’s χ2 test or the Fisher’s exact test for categorical variables. *p＜0.05 vs. Group 1. SGB: stellate ganglion block
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Day 90, respectively (p=0.065) (Fig. 3). SDT in Groups 1, 2, 
and 3 were 34.8±42.0, 33.2±38.5, and 41.1±40.7 dB at base-
line (p=0.595); 58.3±39.3, 48.9±44.7, and 60.9±43.6 dB on 
Day 10 (p=0.355); and 66.1±38.5, 52.8±43.2, and 72.2±37.5 
dB on Day 90, respectively (p=0.053). For multivariate analy-
sis, SRT in Groups 1, 2, and 3 were 83.7±4.2, 76.7±3.8, and 
77.4±3.6 dB at baseline (p=0.427); 74.0±5.4, 63.9±4.8, and 
58.3±4.5 dB on Day 10 (p=0.094); and 63.2±5.3, 54.1±4.8, 
and 47.5±4.5 dB on Day 90, respectively (p=0.095). SDT in 
Groups 1, 2, and 3 were 34.4±6.6, 33.4±5.9, and 41.2±5.6 
dB at baseline (p=0.585); 56.9±7.0, 49.6±6.3, and 61.5±6.0 
dB on Day 10 (p=0.382); and 66.5±6.6, 52.7±5.9, and 72.0±

5.6 dB on Day 90, respectively (p=0.052). On performing 
univariate and multivariate analyses, SRT on Days 10 and 90 
was significantly lower in Group 3 than in Group 1, whereas 
SDT on Day 90 was significantly higher in Group 3 than in 
Group 2. 

Hearing improvement according to groups
The number of participants with CR, PR, SI, and NI were 

3 (7.3%), 11 (26.8%), 11 (26.8%), and 16 (39.0%) in Group 1; 
11 (23.4%), 9 (19.1%), 9 (19.1%), and 18 (38.3%) in Group 2; 
and 19 (36.5%), 8 (15.4%), 9 (17.3%), and 16 (30.8%) in 
Group 3, respectively (p=0.050). The proportion of partici-

Fig. 1. Hearing thresholds according to groups. Univariate analysis (A). Multivariate analysis (B). The data are expressed as means± 
standard deviations in univariate analysis and means±standard errors in multivariate analysis. In univariate analyses, the p-values were 
tested using a one-way analysis of variance followed by post-hoc Turkey comparisons. In multivariate analyses, the p-values were tested 
using an analysis of covariance followed by an LSD post-hoc test. Multivariate analyses were adjusted for age and duration from onset 
to treatment. *p<0.05 vs. Group 1, †p<0.05 vs. Group 2.
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pants with CR in Group 3 were significantly greater than 
that in the other groups (p=0.001). Logistic regression analy-
sis revealed that Group 3 had greater odds ratio for CR com-
pared with Group 1 (Table 2). Furthermore, Group 2 had 
greater odds ratio for CR compared with Group 1, although 
without any statistical significance.

The number of participants with CR in <53-years-old or 
≥53-years-old subgroups were 25 (36.2%) and 8 (11.3%), re-
spectively (p=0.001). Those whose duration from onset to 

treatment of <3 days or ≥3 days were 13 (19.7%) and 20 (27%), 
respectively (p=0.308). Those with diabetes or non-diabetes 
were 4 (12.5%) and 29 (26.9%), respectively (p=0.093). Those 
with and without hypertension were 3 (15%) and 30 (25%), re-
spectively (p=0.329). Those with AHT of <70 dB or ≥70 dB 
were 25 (40.3%) and 8 (10.3%), respectively (p<0.001). Those 
with and without tinnitus were 15 (18.3%) and 18 (31%), re-
spectively (p=0.080).

Fig. 2. Changes in AHT according to groups. Data were expressed as mean and standard deviation. For all participants, AHT in Groups 
1, 2, and 3 were 74.5±24.4, 71.6±25.7, and 73.0±26.6 dB at baseline (p=0.886); 65.2±25.0, 61.2±31.5, and 54.8±33.7 dB on Day 10 
(p=0.251); and 59.6±23.3, 54.9±29.5, and 42.3±30.5 dB on Day 90, respectively (p=0.013). For participants with a baseline AHT of <70 
dB, values in Groups 1, 2, and 3 were 48.7±11.4, 45.6±14.0, and 49.8±12.3 dB at baseline (p=0.539); 46.7±20.0, 39.5±25.0, and 
31.0±18.1 dB on Day 10 (p=0.064); and 44.3±21.1, 36.8±23.4, and 27.1±19.4 dB on Day 90, respectively (p=0.044). For participants with 
a baseline AHT of ≥70 dB, values in Groups 1, 2, and 3 were 92.7±10.2, 91.1±10.3, and 94.4±16.0 dB at baseline (p=0.623); 78.4±19.3, 
77.3±25.9, and 76.8±29.7 dB on Day 10 (p=0.974); and 70.5±18.4, 68.3±26.4, and 57.5±32.2 dB on Day 90, respectively (p=0.198). 
Statistical analyses were performed using a one-way analysis of variance followed by post-hoc Turkey comparisons. Superscripts reveal 
statistical significance from post-hoc Turkey comparison while raw values without superscripts reveal non-statistical significance. *p<0.05 
vs. the Group 1, †p<0.05 vs. the Group 2. AHT: average hearing threshold.

Fig. 3. Changes in SRT and SDT according to groups. SRT (A). SDT (B). Data were expressed as mean and standard deviation in uni-
variate analysis and as mean and standard error in multivariate analysis. In univariate analyses, the p-values were tested using a one-
way analysis of variance, followed by post-hoc Turkey comparisons. In multivariate analyses, the p-values were tested using an analysis 
of covariance followed by an LSD post-hoc test. Multivariate analyses were adjusted for age and duration from onset to treatment. Su-
perscripts reveal statistical significance from post-hoc Turkey comparisons while raw values without superscripts reveal non-statistical 
significance. *p<0.05 vs. Group 1, †p<0.05 vs. Group 2. SRT: speech reception threshold, SDT: speech discrimination threshold.
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Discussion

Our data of both univariate and multivariate analyses 
shows that Group 3 had the lowest hearing thresholds. The 
impact of favorable thresholds in Group 3 was better among 
patients with a baseline AHT of <70 dB. For patients with a 
baseline AHT ≥70 dB, the results showed a similar trend, 
but with weak statistical significance. Group 3 also showed 
the most favorable results for SRT and SDS. In addition, 
Group 3 had a greater odds ratio for CR compared with 
Group 1 and/or Group 2.

Sensorineural hearing loss can result from definite causes 
such as malignancy, infection, or metabolic and vascular 
problems, but most cases are idiopathic. Steroid therapy can 
be effective in cases of viral, vascular, or immunologic etiology 
and in endolymphatic hydrops.2,10) A previous study showed 
that an inflammatory response is associated with ISSNHL 
and that the inflammation can be modified by steroid thera-
py.11) Wilson, et al.12) reported that hearing improved after 
treatment with systemic steroids compared to placebo, after 
which many other studies have evaluated the efficacy of ste-
roids in ISSNHL. However, recent meta-analysis showed neg-
ative results regarding the effect of steroids.13,14) Althouth the 
risk-to-benefit ratio and the efficacy of steroids remain ob-
scure, some large observational studies showed beneficial 
effects of its use in ISSNHL. Therefore, recent clinical guide-
lines suggest that steroid therapy within two weeks of symp-
tom onset could be an option for the treatment of ISSNHL.7) 
However, uncertainties over the efficacy of systemic steroid 
remain, with IT steroid injection being the more commonly 
used option for ISSNHL due to its theoretical advantage com-
pared to systemic steroids.15-17) Many studies showed favor-

able results with the use of combined treatment with system-
ic and IT steroids.18,19) 

Superiority of Group 3 over Group 1 is a prominent result 
in the present study. Some factors may be associated with 
this result as follows: differences in admission period, dura-
tion of steroid activity, and steroid dose. First, a longer ad-
mission period may be associated with favorable results. A 
previous study showed that the recovery rate of out-patient 
department-based treatment was greater than that of admis-
sion based treatment,20) during hospitalization, patients are 
more likely to required bed-rest, consume a low-salt diet, re-
main hydrated, and be free of social work and psychologic 
stress, which could lead to favorable results of admission-
based treatment. Our results may be an extension of such 
findings from that previous study. Second, difference in ste-
roid regimen may be associated with favorable results. Dexa-
methasone has a longer duration of action compared with 
prednisolone.19) Duration of action of prednisolone and dexa-
methasone was 12-36 and 36-72 h, respectively. Although 
the total duration of steroid was similar, long-acting steroids 
may be associated with greater cumulative dose and longer 
effect of steroid that those associated with short-acting ste-
roids. Third, there was a difference in total steroid dose. 
Group 1 and Group 3 used an approximate dexamethasone-
based dose of 69.5 mg and 75 mg, respectively. A difference 
of 5.5 mg between these dexamethasone doses (approximate 
dose per day) could influence the outcome. IT steroid was 
administered thrice in both Group 1 and Group 3, but IT ste-
roid injection alone would not lead to a difference in out-
comes between the two groups.

Although statistical significances were not obtained, there 
was a modest difference in outcome between Group 2 and 

Table 2. Logistic regression for the odds ratio of CR according to groups

Univariate Multivariate
OR (95% CI) p-value OR (95% CI) p-value

Age (increase 1 year) 0.97 (0.95-0.99) 0.009 0.98 (0.95-1.00) 0.048
Duration from onset to treatment (increase 1 day) 0.98 (0.88-1.09) 0.710 1.03 (0.92-1.16) 0.593
Group

Group 1 (ref)

Group 2 3.87 (1.00-15.01) 0.050 3.43 (0.80-14.74) 0.097
Group 3 7.29 (1.98-26.87) 0.003 6.62 (1.63-26.87) 0.008

Group 2 (ref)

Group 3 1.88 (0.78-4.54) 0.158 1.93 (0.78-4.76) 0.153
Univariate analysis was performed using logistic regression analysis including one variable, while multivariate analysis was per-
formed using logistic regression including age, duration from onset to treatment, and group. CR: complete remission, OR: odds 
ratio, CI: confidence interval
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Group 1 or Group 3. Group 2 had little favorable outcomes 
compared with Group 1. Total dexamethasone-based steroid 
dose in Group 1 and Group 2 was 69.5 and 75 mg, respec-
tively. In addition, admission period was longer in Group 2 
than in Group 1, and steroid regimen may be more effective 
in Group 2 than in Group 1. However, IT steroid injection 
was administered in Group 1 alone. Favorable factors in 
Group 2, such as longer admission period and steroid regi-
men, would offset the impact of systemic steroid alone with-
out the need for IT steroid administration. Systemic steroid 
dose was the same between Group 2 and Group 3, but IT 
steroid injection was administered in Group 3 alone. Group 
3 showed a modest improvement compared with Group 2, 
which could be attributed to the addition of IT steroid injec-
tion in Group 3.

We hypothesized an association between systemic steroid 
dose and hearing for the interpretation of our results. The 
three steroid regimens in our study were different, but it is 
unclear whether differences in these regimens would lead to 
significant differences in clinical outcomes. The absence of IT 
steroid injection in Group 2 may be associated with a greater 
clinical impact rather than the difference in systemic steroid 
dose between groups. However, in our study, the difference 
in hearing outcomes between Group 1 and Group 3 was 
greatest. This may be due to uncontrolled confounding fac-
tors such as age, duration from onset to treatment, tinnitus, 
or additional therapies in spite of multivariate analyses. Ran-
domized controlled trials involving larger groups with dif-
ferent steroid regimens are needed to overcome differences 
in baseline variables and the presence of additional thera-
pies. Despite its limitations, our study provided some per-
spective on the beneficial effects of different steroid regimens 
for improved hearing. 

This study had a few limitations. First, it had a retrospec-
tive design and based on data from a single center. The treat-
ment method was divided according to the changes in treat-
ment protocols of our hospital. This could have led to 
selection bias. Second, the patient sample size was small. 
Third, our study did not include long-term follow up data. 
Fourth, baseline age and duration from onset to treatment 
were different among the three groups in our study. These 
would be confounding factors and/or prognostic factors for 
hearing recovery but they can be overcome by propensity 
score matching and/or multivariate analysis. We did not per-
form propensity score matching due to the small sample 
size. However, we performed multivariate analyses, adjust-

ing age and duration from onset to treatment, and subgroup 
analysis by baseline AHT level. These results were similar 
with those from univariate analyses. Fifth, our study was of 
the retrospective type, which used medical chart reviews and 
did not completely exclude additional therapies during fol-
low-up. Additional therapies, such as herbal medication and/
or steroids, would be considered as confounding factors. 
However, in our study, all patients were followed up from 
initial therapy until day 90 in our hospital. None of the pa-
tients underwent additional therapies in our hospital and no 
patient wanted to transfer to other hospital. Furthermore, 
none of them reported that they were undergoing any addi-
tional therapies.

In conclusion, administration of dexamethasone-based 
systemic steroid combined with IT steroid injection and a 
relatively long hospitalization period produced the most fa-
vorable result. Further randomized controlled studies that 
include long-term follow-up data are warranted to overcome 
selection bias and evaluate a possible correlation between 
clinical outcome and steroid regimen, IT steroid injection, or 
admission period.

Supplementary Materials
The Data Supplement is available with this article at https://doi.

org/10.3342/kjorl-hns.2020.00066.
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Supplementary Fig. 1. Schematic protocol according to three 
groups. PD: prednisolone.
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Supplementary Table 1. Hearing thresholds according to groups

Univariate Multivariate
Group 1 Group 2 Group 3 p-value Group 1 Group 2 Group 3 p-value

Baselines
0.5 kHz 73.4±26.4 71.1±27.2 71.5±27.0 0.912 73.8±4.4 70.9±4.0 71.4±3.8 0.885
1 kHz 76.2±26.5 73.3±26.9 75.4±27.7 0.870 77.3±4.4 72.8±4.0 75.0±3.8 0.763
2 kHz 74.3±24.1 71.6±27.6 73.1±29.0 0.898 75.7±4.5 70.9±4.0 72.5±3.8 0.737
3 kHz 73.9±24.3 71.1±26.4 71.9±30.9 0.887 75.0±4.5 70.6±4.1 71.5±3.9 0.767
4 kHz 77.6±24.0 72.6±26.5 73.2±31.0 0.656 78.2±4.5 72.2±4.0 72.9±3.8 0.589
8 kHz 81.8±20.7 81.3±26.1 78.7±25.7 0.793 80.9±4.0 81.6±3.5 79.0±3.4 0.858

Day 10
0.5 kHz 62.2±27.6 58.6±35.6 53.8±33.0 0.454 61.8±5.3 58.7±4.8 53.9±4.5 0.523
1 kHz 66.5±26.8 61.9±33.3 57.2±33.4 0.374 67.0±5.2 61.7±4.7 57.0±4.4 0.361
2 kHz 65.6±24.7 60.5±32.4 54.4±36.0 0.241 66.6±5.3 60.1±4.7 54.0±4.5 0.203
3 kHz 66.7±26.6 63.8±29.0 53.7±36.7 0.107 67.5±5.2 63.4±4.7 53.3±4.4* 0.097
4 kHz 70.6±22.6 64.7±30.2 57.4±35.9 0.117 71.1±5.0 64.4±4.5 57.2±4.3* 0.117
8 kHz 78.9±21.7 74.1±30.0 68.8±31.1 0.227 78.8±4.6 71.2±4.1 68.8±3.9 0.265

Day 90
0.5 kHz 54.0±27.0 51.0±32.1 36.0±27.8*† 0.009 51.9±4.8 51.9±4.3 36.9±4.3*† 0.022
1 kHz 60.7±25.3 54.3±31.8 42.8±32.8* 0.022 59.5±5.0 54.8±4.4 43.4±4.5* 0.048
2 kHz 60.4±22.6 55.0±35.6 44.7±34.0* 0.045 60.5±4.9 54.9±4.4 44.6±4.4* 0.054
3 kHz 63.4±24.7 59.4±28.6 45.7±35.0*† 0.015 63.4±5.0 59.4±4.4 45.6±4.5*† 0.020
4 kHz 68.4±22.1 62.2±28.9 50.3±34.1* 0.014 68.5±4.8 62.2±4.3 50.3±4.3* 0.018
8 kHz 76.8±23.3 72.0±28.7 62.5±31.1* 0.054 76.4±4.5 72.2±4.1 62.7±4.1* 0.072

The data are expressed as means±standard deviations in univariate analysis and means±standard errors in multivariate analysis. 
In univariate and multivariate analyses, the p-values were tested using a one-way analysis of variance followed by post-hoc Tur-
key comparisons, and an analysis of covariance followed by an LSD post-hoc test, respectively. Multivariate analyses were ad-
justed for age and duration from onset to treatment. *p＜0.05 vs. Group 1, †p＜0.05 vs. Group 2


