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ABSTRACT
Objectives: To evaluate the efficacy and safety of low-level light therapy (LLLT) using new irradiation parameters for 
chronic unilateral tinnitus with cochlear dysfunction.

Design: A single-blind, randomized clinical trial

Setting: Tertiary-care hospital center

Participants: Participants who had a history of chronic unilateral tinnitus (≥ 3 months) and pure-tone thresholds greater 
than 15dB (averaged for 3k, 4k, and 6k Hz).

Main outcome measures: Numerical rating scales (NRS) measuring loudness, duration, and annoyance, the tinnitus 
handicap inventory (THI), and psychoacoustical matches of tinnitus loudness and minimum masking levels (MML). 

Results: Thirty-eight participants were received either a 100-mW diode laser at 830-nm (TINI group; n=19) or placebo 
(sham group; n=19) irradiation through the tympanic membrane. No adverse events were reported during 2 weeks 
of 10-interventions (20 minutes/day, five days/week). The NRS measuring duration of tinnitus and psychoacoustical 
matches of tinnitus loudness significantly decreased over times in the TINI group (p<0.05). However, post-hoc 
analysis revealed that there was no significant decrease of tinnitus among different time points (baseline, during LLLT, 
immediately after LLLT, and two weeks after LLLT). There was no placebo effect in the Sham group. Participants who 
improved the duration by at least one point or improved the loudness matches by more than 5 dB SL two weeks after 
LLLT tended to have worse pure-tone thresholds. It may suggest that further study is needed in patients with worse 
pure-tone thresholds to evaluate the therapeutic efficacy of LLLT. 

Conclusion: Although this preliminary result is insufficient to support the therapeutic efficacy of new laser device for 
chronic tinnitus, further study is needed in a large number of selected patients.
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INTRODUCTION
Tinnitus is described as the perception of sounds without 
external or internal auditory stimuli. Tinnitus is one of 
the most common diseases of the ear and can result in 
sleep deprivation, loss of concentration, psychological 
distress, and depression. The prevalence of tinnitus has 
been reported to range from 19.7% to 25.3% in nation-
wide studies, and some 3% to 6% of patients experienced 
severe discomfort from tinnitus1,2. While various 
therapeutic modalities have been proposed, including 
medications (antihistamines, sedatives, antiepileptics, 
antidepressants, antipsychotics, and vasodilators), 
psychotherapy, and tinnitus retraining therapy, 
transcranial magnetic stimulation, and transcutaneous 
electrical stimulation, there is no definitive therapy for 
tinnitus. Low-level light therapy (LLLT) was proposed 
as a therapeutic procedure for tinnitus over 20 year’s 
ago3-5. Although the exact mechanism of the effect of 
LLLT on tinnitus is not clearly understood, it has been 
assumed that low-intensity laser irradiation increases cell 
proliferation6 synthesis of adenosine triphosphate and 
collagen7,8, and the release of various growth factors9. It is 
also assumed to promote local blood flow in the inner ear 
and activate repair mechanisms through photochemical 
and photophysical stimulation of the mitochondria in 
hair cells10,11. There is still some degree of controversy 
concerning the effectiveness of LLLT in treating tinnitus. 
Some studies have shown positive effects10-12, but others 
have found no such effect4,5. This discrepancy may be 
caused by differences in technical parameters (e.g. laser 
type, wavelength, output power), irradiation targets (e.g., 
mastoid, external auditory meatus), treatment schedules 
(e.g., frequency of treatments), and patient selection. 
Different degrees of laser light transmission to the cochlea 
could have caused the difference in therapeutic outcomes. 
Earlier studies evaluating LLLT with a wavelength of 650 
nm reported that there was no significant reduction 
of symptoms in chronic tinnitus4,5. However, recent 
animal studies have suggested that a diode laser with a 
wavelength of 810-830 nm may promote hair cell survival 
following gentamicin damage in the cochlea and may 
reduce the salicylate-induced tinnitus13. Compared to 
longer wave length laser (up to 1,000 nm), the infrared 
laser, especially at wavelengths around 800 nm14, has a 
lower absorption of water, which enables a greater amount 
of energy to more deeply penetrate the target tissue. 
Thus, an 830 nm laser can transfer energy to the auditory 
hair cells and auditory nerve without being absorbed by 
the lymph in the cochlea. Based upon these results, we 
have developed a trans-tympanic cochlear laser with 
new irradiation parameters (a wavelength of 830 nm and 
output level of 100 mw) that has more output power than 
lasers used in earlier studies (40 mw15 or 50 mw12). This 
preliminary study evaluated the efficacy and safety of 
LLLT in comparison with placebo for the improvement of 
chronic tinnitus with cochlear dysfunction.

MATERIALS AND METHODS
Ethical considerations
All participants provided written informed consent before 
participating in a single-blind, randomized clinical trial. The 
study protocol was approved by the Dankook University 
Hospital Institutional Review Board (2016-06-018), and 
it was performed in accordance with relevant guidelines 
and regulations. Trial registry can be found at cris.nih.
go.kr (Identifier: KCT0002898). The authors confirm that 
all ongoing and related trials for this intervention are 
registered.

Subjects and study design
We conducted a randomized, single-blind, placebo-
controlled clinical trial to assess the efficacy of LLLT on 
participants with cochlear tinnitus. Forty participants with 
chronic unilateral tinnitus and sensorineural hearing loss 
were prospectively enrolled. Detailed medical history 
and examination, pure-tone audiometry, impedance 
audiometry, and tinnitus scorings were performed for 
baseline screening. All participants had a history of chronic 
unilateral tinnitus for more than three months and average 
pure-tone thresholds greater than 15dB for 3k, 4k, and 
6k Hz. Exclusion criteria were as follows: the presence 
of tympanic membrane perforation or ear discharge, 
conductive hearing loss, any history of exposure to 
ototoxic drugs or meningitis, any contraindication to laser 
therapy, any treatment for tinnitus during the previous 
month. Participants were randomly assigned to either the 
laser therapy (TINI) or placebo (Sham) group using the 
permuted block randomization method. SAS Proc Plan 
was used to generate a random sequence of numbers. 
The randomization ratio of the two groups was 1:1 with a 
block size of four, and there were no stratification variables 
to be considered. The study participants and audiologists 
who assessed the tinnitus were completely blinded to the 
groups.

Therapeutic Interventions
The treatment protocol consisted of 10 interventions 
for 20 minutes over a period of two weeks (five times a 
week). Before the intervention, a physician confirmed 
that the external ear canal was clean. The participants 
were asked to sit on a chair in a quiet environment and 
maintain a 30° head extension and a 60° head rotation 
toward the unaffected side. The physician placed a 
fiberoptic catheter 10-15mm in front of the tympanic 
membrane using an endoscope. During the intervention, 
all participants and the physician wore laser protective 
goggles. We used two identically appearing laser devices 
produced by Won Tech Co.Ltd. (Daejeon, Korea). The 
TINI device (Won Tech Co. Ltd. Daejeon, Korea) is an 
indium gallium arsenide (InGaAs) diode laser delivering 
continuous-wave laser light. This device emits a laser with 
a wavelength of 830 nm (infrared radiation) and has a 
maximum output power of 450 mw. This device is certified 
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by the Ministry of Food and Drug Safety (MFDS) (Class III; 
Approval No. 15-465). The TINI group received irradiation 
of 100 mw through the tympanic membrane toward the 
cochlear promontory. The total laser energy applied to 
the TINI group amounted to 1,200 J. Table 1 shows the 
laser treatment parameters of the TINI device for tinnitus. 
The infrared laser was deactivated in the other device. 
The laser power was measured with a calibrated power 
meter (S310C, Thorlabs, NJ, USA) in regular intervals 
(biweekly by the technician) to guarantee consistency. 
The TINI device was used in accordance with the laser 
safety regulations of the MFDS.

Efficacy assessments
We used the following three methods to evaluate tinnitus: 
the tinnitus Numerical Rating Scale (NRS) for loudness, 
duration, and annoyance; the Tinnitus Handicap Inventory 
(THI) questionnaire; and psychoacoustic assessment for 
pitch, loudness, and Minimum Masking Level (MML). An 
NRS was compiled for loudness by asking participants, 
“how loud do you perceive your tinnitus” Their responses 
were recorded on a scale from 0-10, with 0 meaning 
no tinnitus and 10 meaning as loud as imaginable. 
Duration was assessed by asking, “How long does 
your tinnitus last,” with NRS responses ranging from 
0-5 with 0 meaning no tinnitus and 5 meaning always. 
They were also asked, “How annoying is your tinnitus?” 
An NRS of 0 meant not annoying, and a response of 10 
meant extremely annoying. A Korean validated version 
of the THI, which consists of a 25-item questionnaire (0-
100)16, was also used to assess the handicap of tinnitus. 
The NRSs for loudness, duration, and annoyance and 
the THI questionnaire were assessed in participants 
before interventions, immediately after 5-interventions, 
immediately after 10-interventions, and two weeks after 
10-interventions. Also, psychoacoustic assessment for 
pitch, loudness, and MML was performed before the 
interventions, immediately after 10-interventions, and 
two weeks after 10-interventions. Pitch matching was 
performed by presenting the participants with successive 
pairs of tones in the unaffected ear, from which they 
selected the tone that was closest to the tinnitus pitch. 
A loudness match was determined by balancing the 

loudness of the tinnitus with the loudness of a tone at 
pitch matching frequency in the contralateral ear and 
was expressed in dB Sensation Level (SL). The MML 
was established using narrowband noise or white noise. 
First, the monaural hearing threshold was obtained, and 
then the wavelength was increased until the participant 
reported that the tinnitus was inaudible. The loudness 
was determined using 1-dB steps, and the MML was 
determined using 5-dB steps.

Statistical analysis
All data were analysed using SPSS 18.0 (SPSS Inc. 
Chicago, IL, USA). Statistical comparisons of demographic 
information and tinnitus characteristics between the 
TINI and Sham groups were based on independent 
t-test, Mann-Whitney U test, Pearson’s chi-square test, 
linear-by-linear association test, and Fisher’s exact test. 
To compare tinnitus assessments over time, Friedman 
test was used. If there was a significant difference over 
time, post hoc analysis with Wilcoxon signed-rank tests 
was conducted with a Bonferroni correction applied, 
resulting in a significance level set at p<0.0125 (0.05/4) 
and p<0.017 (0.05/3) for subjective and objective 
tinnitus assessments, respectively. To investigate factors 
associated treatment outcomes of tinnitus, participants 
was divided into two groups such as respondents 
and non-respondents. Respondents were defined as 
participants who improved the tinnitus two weeks after 
LLLT compared to baseline. Statistical comparisons of 
age, sex, side, pure-tone thresholds, and baseline pitch 
matches of tinnitus between respondents and non-
respondents were performed using Mann-Whitney test or 
Fisher’s exact test. A p-value less than or equal to 0.05 
was considered statistically significant.

RESULTS
Study participants
A total of 38 participants (19 participants in the TINI 
group and 19 participants in the Sham group) completed 
this study. One participant in the Sham group was 
diagnosed with cerebral infarction before intervention 
and dropped out of the study. Another participant in 
the TINI group withdrew for personal reasons. Table 2 
presents demographic information about the participants 
and baseline tinnitus characteristics. There were no 
significant differences in demographic information or 
baseline tinnitus characteristics between the Sham and 
TINI groups. Most participants in both the Sham (n=14) 
and TINI (n=15) groups reported tinnitus pitch matches 
at 4khz or above. Participants with high-pitched tinnitus 
also had similar demographic information and baseline 
tinnitus characteristics between the two groups.

Assessments of treatment outcomes
Table 3 shows comparisons of subjective (loudness, 
duration, annoyance, and THI) and objective (loudness 
matches and MML) tinnitus assessments according to 

Treatment parameters TINI device
Laser type Diode laser
Wavelength (nm) 830
Pulse rate Continuous wave
Beam diameter (μm) 600
Output power (mW) 100
Exposure duration sec) 1,200
Radiant energy [J] per treatment 120
Frequency of treatment (times) 10
Total radiant energy (J) 1,200

Application technique
10-15 mm distance from the 

tympanic membrane

Table 1. Laser treatment parameters.
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Table 3. Comparisons of tinnitus assessments over times in Sham and TINI groups.

Group Baseline
Immediately after 

5-interventions
Immediately after 
10-interventions

Two weeks after 
10-interventions

x2 p* for 
time

p† for post 
hoc analysis

Loudness (NRS, 0-10)        
Sham 6.6 ± 1.8 5.6 ± 1.8 5.7 ± 2.0 5.7 ± 2.0 5.661 0.129 0.09
TINI 5.6 ± 1.9 5.6 ± 1.9 5.4 ± 1.8 5.5 ± 2.0 0.939 0.816 0.812
Duration (NRS, 0-5)        
Sham 3.5 ± 1.0 3.11 ± 1.2 3.1 ± 1.2 3.2 ± 1.0 4.662 0.198 0.187
TINI 3.5 ± 1.0 3.5 ± 1.0 3.2 ± 1.2 3.0 ± 1.3 11.125 0.011 0.041
Annoyance (NRS, 
0-10)

       

Sham 6.3 ± 2.1 6.0 ± 2.4 5.3 ± 2.1 5.3 ± 2.2 5.216 0.157 0.127
TINI 5.6 ± 3.0 4.8 ± 2.6 4.8 ± 3.2 5.4 ± 2.8 6.467 0.091 0.621
THI (Questionnaire, 
0-100)

       

Sham
48.4 ± 

24.4
46.7 ± 22.3 44.2 ±22.0 43.4 ± 20.4 2.798 0.424 0.678

TINI
38.8 ± 

25.4
34.0 ± 28.3 33.9 ± 29.1 34.7 ± 28.2 3.85 0.278 0.248

Loudness matches 
(dB SL)

       

Sham 4.1 ± 8.2 Not measured 4.2 ± 7.2 3.0 ± 6.2 1.576 0.455 0.794
TINI 4.7 ± 6.9  3.4 ± 7.2 1.0 ± 4.7 6.818 0.033 0.058
Minimum masking 
level (dB SL)

       

Sham
-2.7 ± 
11.3

Not measured -6.4 ± 6.5 -2.7 ± 9.6 2.457 0.293 0.953

TINI
-0.2 ± 
11.4

 -2.53 ± 6.4 -2.2 ± 7.4 0.391 0.822 0.875

NRS: Numerical Rating Scale; THI: Tinnitus Handicap Inventory
*Friedman test
Post hoc analysis with Wilcoxon signed rank test between baseline and two weeks after 10-interventions; Data were expressed as mean ± 
standard deviation. Post hoc analysis was conducted with a Bonferroni correction applied, resulting in a significance level set at p<0.0125 (0.05/4) 
and p<0.017 (0.05/3) for subjective and objective tinnitus assessments, respectively. Bold indicates a statistically significant difference

treatment sessions in Sham and TINI groups. There was 
a statistically significant differences in perceived duration 
of tinnitus (x2(3)=11.125, p=0.011) and tinnitus loudness 
matches (x2(2)=6.818, p=0.033) depending on treatment 

sessions in TINI group. Perceived duration of tinnitus in 
TINI group decreased from 3.5 ± 1.0 to 3.0 ± 1.3 two 
weeks after 10-interventions. Tinnitus loudness matches 
in TINI group also decreased from 4.7 ± 6.9 dB SL to 1.0 

Variable Sham (n=19) TINI (n=19) p value
Demographics    
Age (years) 58.4 ± 11.8 53.3 ± 12.9 0.211*

Sex (male:female) 11:08 16:03 0.074†

Side (right:left) 09:10 08:11 0.744†

PTA (0.5, 1, 2, and 4 kHz, dB HL) 48. 0 ± 21.4 39.1 ± 24.0 0.467*

PTA (4 and 8 kHz, dB HL) 66.8 ± 18.4 62.4 ± 19.1 0.057‡

Baseline subjective assessments    
Loudness (NRS, 0-10) 6.6 ± 1.8 5.6 ± 1.9 0.172‡

Duration (NRS, 0-5) 3.5 ± 1.0 3.5 ± 1.0 0.817‡

Annoyance (NRS, 0-5) 6.3 ± 2.1 5.6 ± 3.0 0.583‡

THI scores (0-100) 48.4 ± 24.4 38.8 ± 25.4 0.243*

Baseline objective assessments    
Pitch matches 5.0 ± 3.1 5.67±2.97 0.521‡

<4kHz 5 4 0.390¶

 ≥ 4kHz 14 15  
Loudness matches (dB SL) 4.1 ± 8.2 4.7 ± 6.9 0.810‡

Minimum masking level (dB SL) -2.7 ± 11.3 -0.2 ± 11.4 0.365‡

NRS: Numerical Rating Scale; THI: Tinnitus Handicap Inventory
Continuous variables were expressed as mean ± standard deviation; Independent t-test*, Pearson's chi-square test†, Mann-Whitney test‡, Linear-
by-Linear Association§, Fisher's exact test¶

Table 2. Demographic information of participants and baseline tinnitus characteristics.
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± 4.7 dB SL two weeks after 10 interventions. Despite 
on overall decrease in duration of tinnitus and tinnitus 
loudness matches in TINI group, there were no significant 
differences between the baseline and two weeks after 
10-interventions in post hoc analysis with Wilcoxon 
signed-rank tests (all p values >0.05).

Factors associated with treatment outcomes of 
tinnitus
Table 4 shows factors associated with treatment outcomes 
of tinnitus two weeks after 10-interventions compared to 
baseline. Respondents were defined as participants who 
improved the duration of tinnitus by at least one point or 
improved the tinnitus loudness matches by more than 5 dB 
SL. In the TINI group, respondents in duration of tinnitus 
were significantly older (p=0.044) and had significantly 
worse averaged pure-tone thresholds for 0.5, 1, 2, and 4 
kHz (p=0.010) compared to non-respondents. Similarly, 
respondents in tinnitus loudness matches in TINI group 
had significantly worse averaged pure-tone threshold for 
4 and 8 kHz (p=0.034) compared to non-respondents.

Safety
All participants tolerated the interventions without serious 
adverse effects. There was no observable damage to the 
external ear canal or tympanic membrane during or after 
LLLT.

DISCUSSION
This preliminary study evaluated the efficacy and safety of 
LLLT with new irradiation parameters (diode laser with an 
830 nm wavelength and an output level of 100 mw) for the 
treatment of chronic cochlear tinnitus. According to an 
animal study, only 5-6% of the output energy can reach the 
cochlea when an 830 nm wavelength is used17. One way 
to deliver more laser energy to the cochlea is to increase 
the output power of the laser. However, the increased 
irradiated light energy can result in damage to the external 
auditory canal, tympanic membrane, and inner ear18. 
Previous animal studies using 830 nm lasers reported a 

therapeutic effect of tinnitus at an output level of 165mw 
(total energy 2,376 J)13 and demonstrated safety with an 
output level of 200 mW (total energy 5,040J)18. Thus, this 
study subjected participants to 100 mw of irradiation for 
20 minutes with a total of 10 interventions (total energy 
of 1,200 J). When comparing tinnitus assessments 
according to treatment sessions in the TINI group, there 
was a significant overall reduction in perceived duration 
of tinnitus and tinnitus loudness matches (Table 3). There 
was no statistically significant improvement of tinnitus 
in the Sham group. That is, there was no placebo effect 
to reduce the tinnitus. Although perceived duration of 
tinnitus in the TINI group significantly decreased from 
baseline by 0.5 after two weeks for LLLT (from 3.5 ± 1.0 
to 3.0 ± 1.3), there were no significant differences among 
different time points (baseline, during LLLT, immediately 
after LLLT, and two weeks after LLLT) in post-hoc analysis. 
Tinnitus loudness matches at pitch matching frequency in 
the TINI group also significantly decreased from baseline 
by 3.7 dB SL after two weeks for LLLT (from 4.7 ± 6.9 dB 
SL to 1.0 ± 4.7 dB SL). However, there were no significant 
differences among different time points in post-hoc 
analysis. The exact mechanism of tinnitus is still unclear, 
but hearing damage is thought to be the causal event 
in most patients19. Recent papers have demonstrated a 
cascade of changes in the central auditory pathway after 
cochlear damage, including enhanced spontaneous 
firing rates in various structures of the auditory system, 
tonotopic reorganization of the auditory cortex, and 
altered synchronous cortical activity. The logic behind 
laser-induced photochemical effects for treating tinnitus 
is its ability to restore the damaged inner ear (hair cells, 
afferent neuron etc.). In this study, participants who had 
improvements in perceived duration of tinnitus or tinnitus 
loudness matches two weeks after LLLT, had significantly 
worse pure-tone thresholds compared to participants 
who showed no improvement (Table 4). Previously, 
Dejakum et al.20 applied medium-level (450 mW) laser 
therapy with the same wavelength (830 nm) to our study 
for chronic tinnitus20, but there was no therapeutic effect 

Variables Duration of tinnitus by NRS
p

Tinnitus loudness matches
p

 Non-respondents Respondents Non-respondents Respondents
N 14 5  10 8  
Age (years) 50 ± 12 63 ± 11 0.044* 53 ± 14 56 ± 14 0.408*

Sex (male: female) 12:02 04:01 1.000† 08:02 07:01 1.000†

Side (right: left) 06:08 02:03 1.000† 02:08 05:08 0.145†

PTA (0.5, 1, 2, and 4 
kHz, dB HL)

30 ± 12 65 ± 33 0.010* 31 ± 13 52 ± 30 0.122*

PTA (4 and 8 kHz, dB 
HL)

59 ± 16 73 ± 25 0.298* 55 ± 17 74 ± 18 0.034*

Pitch matches (< 4kHz: 
≥ 4kHz)

03:10 01:04 1.000† 03:07 01:07 0.588†

NRS: Numerical Rating Scale; Mann-Whitney test*
*Fisher's exact test
Treatment outcomes of tinnitus were compared between baseline and two weeks after 10-interventions. Respondents were defined as participants 
who improved the duration of tinnitus by at least one point or improved the tinnitus loudness matches by more than 5 dB SL. Continuous variables 
were expressed as mean ± standard deviation. Bold indicates a statistically significant difference (p<0.05).

Table 4. Factors associated with treatment outcomes of tinnitus two weeks after 10-interventions compared to baseline in TINI group.
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in reducing symptoms of tinnitus. This result may be due 
to the patient selection. Their study enrolled participants 
with bilateral or unilateral chronic tinnitus regardless of 
sensorineural hearing loss. Thus, the LLLT appears to 
be effective in alleviating chronic tinnitus in patients with 
worse pure-tone thresholds. 

CONCLUSION
A new laser device with a wavelength of 830 nm and 
an output level of 100 mw was safe and effective in 
reducing the overall duration and loudness matches of 
tinnitus with cochlear dysfunction. However, there was no 
significant improvement of tinnitus two weeks after LLLT. 
This preliminary study provided the possibility of the 
therapeutic efficacy of the new laser device for chronic 
tinnitus in patients with worse pure-tone thresholds. Thus, 
further investigation is still necessary in a larger number 
of patients with selected criteria. 
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