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Background:  The  aim  of  this  study  was  to  investigate  the  superiority  of  the  effects  of manual  acupunc-
ture  (MA),  electroacupuncture  (EA),  or  transcutaneous  electrical  nerve  stimulation  (TENS)  on  chronic
consecutive  tinnitus.
Methods: Forty-five  patients  with  chronic  consecutive  tinnitus  were  allocated  into  an  MA, an  EA,  or a
TENS  group  at a 1:1:1 ratio.  The  corresponding  patients  were  treated  with  MA,  EA,  or  TENS  twice  a  week
for  10  sessions  (5  weeks).  The  primary  outcome  was  a change  in the  tinnitus  handicap  inventory  (THI),
and  the secondary  outcomes  were  loudness  and  annoyance  of  tinnitus,  pure-tone  audiometry  (PTA),  and
the speech  discrimination  test.  The  outcome  measures  were  obtained  at baseline,  visit 5 (week  3),  visit
10 (week  5),  and  visit  11 (follow-up  4  weeks).
Results:  Of  the  45 participants,  37  (82.22%)  completed  the study.  There  was  no difference  in  the  THI  score
change  among  the groups  at  any  point.  However,  the  number  of  participants  who  had  reduced  scores  of
more than  10  points  was  higher  in  the EA group  than  in  the  TENS  or MA  groups  (p = 0.037,  Fisher’s  exact

test).  There  was  no  significant  difference  in the  loudness  and annoyance  of  tinnitus,  PTA,  and  speech
discrimination  test  findings  among  the  groups.
Conclusion:  Among  the  MA,  EA,  and TENS  groups,  there  was  no significant  difference  in the effects  on  the
treatment  of  chronic  consecutive  tinnitus.  However,  EA  could  respond  to  more  patients.
Trial  registration:  Registered  on  October  21, 2016  (KCT0002117  by  CRIS).

©  2020  Korea  Institute  of  Oriental  Medicine.  Publishing  services  by  Elsevier  B.V.  This  is  an  open
he  CC
access  article  under  t

. Introduction

Tinnitus refers to the perception of sound in the absence of
xternal auditory stimulation. In Korea, the prevalence of tinnitus is
lmost 20%. In addition, 34.8% of patients who experience tinnitus
eport being annoyed by tinnitus.1 Various treatments for tinnitus
ave been investigated. However, a standard treatment has not yet
een established, except for treatable pathologies associated with
innitus (e.g., otitis media and vestibular schwannoma).2 In clinical

ettings, various treatments, such as cognitive behavioral therapy
nd sound therapy, are currently used. However, their effects are
nsatisfactory.

∗ Corresponding author at: Department of Ophthalmology and Otolaryngology of
orean Medicine, College of Korean Medicine, Kyung Hee University, 26 Kyunghee-
aero, Dongdaemun-gu, Seoul 02453, Republic of Korea.

E-mail address: ophthrl@khu.ac.kr (H.J. Nam).
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213-4220/© 2020 Korea Institute of Oriental Medicine. Publishing services by Elsevier B
reativecommons.org/licenses/by-nc-nd/4.0/).
 BY-NC-ND  license  (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Manual acupuncture (MA) is considered a treatment for tinni-
tus. Although several studies attempted to determine the effect
of acupuncture on tinnitus, limited efficacy on neuromodulation
was shown.3 A previous study reported electroacupuncture (EA)
improved the quality of life of patients with tinnitus compared
to MA.4 Transcutaneous electrical nerve stimulation (TENS) can
be considered a useful option for treating tinnitus as it is a safe,
non-invasive, and an effective treatment for tinnitus.5,6

Several studies compared MA,7,8 EA,9 and TENS6,10 with a
placebo controlled intervention. In addition, one study compared
the effects between MA  and EA for tinnitus.4 However, to the best of
our knowledge, no trials have as yet compared the effects between
MA and TENS or between EA and TENS. Moreover, no study has
simultaneously compared the effects among MA,  EA, and TENS on

tinnitus at the same time.

Therefore, the objective of this study was  to compare the effects
of MA,  MA with periauricular electrostimulation EA, and periauric-
ular TENS on chronic consecutive tinnitus.

.V. This is an open access article under the CC BY-NC-ND license (http://
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. Methods

.1. Study design

This study was a prospective, randomized, paralleled, and open-
abeled pilot trial conducted at Kyung Hee University Korean

edicine Hospital (Seoul, Korea) from July 2016 to December 2017.
ur Institutional Review Board approved this research (KOMCIRB-
60321-HR-012). In addition, this trial has been registered at the
linical Research Information Service (CRIS registered number:
CT0002117). The details on the study design have been reported
reviously.11 All participants provided written informed consent.
fter randomization, the participants were treated for 10 sessions,

wice a week. Follow-up was conducted 4 weeks after the end of
he treatment.

.2. Sample size

This trial was designed as a pilot study. The appropriate sample
ize of the two-arm or three-arm pilot study was >12.12,13 Consid-
ring the dropout rate (20%), we assigned at least 15 participants
o each group (45 in total). Forty-five participants with chronic
more than 6 months) consecutive tinnitus (age: 20–65 years) were
ecruited.

.3. Participants

The participants were recruited from July 2016 to December
017. The inclusion criteria were as follows:

1) Age of 20–75 years, either sex
2) Presence of tinnitus symptoms for more than 6 consecutive

months
3) No medical treatment for tinnitus during the entire clinical trial

period
4) Voluntarily signed informed consent forms

The exclusion criteria were as follows:

1) History of TENS or acupuncture treatment within 3 months
prior to the study

2) History of medication and/or undergoing surgical procedures
for cardiac disorders or use of pacemaker implants

3) Disease conditions that could clearly cause tinnitus, such as
Meniere’s disease, otitis media, and otosclerosis

4) Metal allergies and needle phobia
5) Use of psychotropic drugs to treat tinnitus symptoms
6) Infant delivery within 6 months, pregnancy, or lactation
7) Inability to undergo evaluation and complete questionnaires
8) Unsuitability for inclusion to the study based on the opinion of

the investigators

.4. Randomization and blinding

The 45 participants who met  the inclusion criteria were ran-
omly assigned to the MA,  EA, or TENS groups (n = 15 each).
andomization was conducted via balanced block randomization
sing an R package program (R Foundation for Statistical Comput-

ng, version 3.2.5). After the participants completed the screening
rocess, they were randomly assigned to one of the groups at a
:1:1 ratio by researchers who were not involved in the data col-

ection. Once the group was randomly assigned, changes could not

e made.

The randomization results were disclosed to the participants
nd the therapist but hidden from the assessor. It was  difficult to
lind the participants or the therapist as the interventions were
ive Medicine Research 9 (2020) 100409

clearly identified. The researcher who  conducted the randomiza-
tion did not contact the assessor. Therefore, only the assessor was
blinded in this study.

2.5. Interventions

2.5.1. MA
The participants were treated with each treatment for 10 ses-

sions, twice a week. The MA  and EA groups were treated with
acupuncture at 11 acupoints (TE21, SI19, GB2, TE22, ST7, TE17,
and GB20 on the affected side and GB20, TE05, and KI3 on both
sides) using a sterilized disposable 0.25-mm diameter, 40-mm
length stainless needle (Dongbang Medical Co., Boryeong, Republic
of Korea). The acupuncture point was selected based on a previ-
ous clinical study methods and findings.3,4 The needling depth was
approximately 5–10 mm based on the differences in the anatomi-
cal structure of the participants and the individual characteristics
of the acupoints. The acupuncture needles were inserted until the
participants felt “De-qi” and were retained for 20 minutes.

2.5.2. EA
The acupuncture treatment in the EA group was  similar to that

in the MA group. After treatment with acupuncture, the inserted
needles at TE21, SI19, TE17, and GB20 were connected to an EA
stimulator (ES-160; Ito Co., Ltd., Tokyo, Japan) and stimulated at a
mixed frequency of 30/90 Hz with a 3-second interval. The stimu-
lation intensity was set at a relatively high level and was  acceptable
to the participants.

2.5.3. TENS
TENS treatment was  performed using a low-frequency electri-

cal stimulator (Pointron 801; Dae Yang Medical Co., Ltd., Wonju,
Republic of Korea). A pair of electrodes was attached to the tender
point of the sternomastoid muscle and mastoid process (C2 der-
matome) on the affected side, and the other pair of electrodes was
placed at the trigger point of the masseter muscle and the tem-
poromandibular joint in front of the tragus. Subsequently, a 30-Hz
electrical stimulation was  applied for 20 minutes. The stimulation
was adjusted to a relatively high intensity, however it was neither
unpleasant nor painful.

In both the MA and EA groups, manual systemic acupunc-
ture was  conducted on both sides of the body and periauricular
acupuncture and electrostimulation on the affected ear-side alone.
In the TENS group, TENS treatment at the tender point of the
sternomastoid muscle and mastoid process (C2 dermatome) was
performed on the affected ear-side alone. If the participants had
bilateral tinnitus and they experienced different loudness of the
tinnitus, the louder tinnitus ear-side was  selected. If they had bilat-
eral tinnitus and they experienced the same loudness, the right ear
was treated for the right-handed participants and the left-ear for
the left-handed participants as shown in a previous study.7

All interventions were explained to the participants before writ-
ten consent was obtained and before they were performed by a
Korean medical practitioner with more than 2 years of clinical
experience after graduating from a 6-year Korean medical school.

2.6. Measurements

The primary outcome measure was  the change in the THI
score. We  measured loudness and annoyance of tinnitus, pure-tone
audiometry, and a speech discrimination test for the secondary
outcomes.
2.6.1. Tinnitus handicap inventory (THI)
The THI questionnaire consists of 25 questions. Each question

is answered by “yes,” scored as four points; “sometimes,” scored
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Fig. 1. Study flow diagram. MA,  manual acupuncture; EA, electroacupunc

s two points; or “no,” scored as zero points. The total score
an be categorized into the following five categories: slight (0–16
oints), mild (18–36 points), moderate (38–56 points), severe
58–76 points), and catastrophic (78–100 points). In addition, it can
e categorized into four subscales: functional subscale (11 ques-
ionnaire items), emotional subscale (9 questionnaire items), and
atastrophic subscale (5 questionnaire items). The THI question-
aire was completed at visits 1 (week 1), visit 5 (week 3), visit 10
week 5), and at the follow-up visit, which was 4 weeks after the
nd of treatment. When the total pretreatment and post-treatment
HI scores differed by more than 10 points, we defined the outcome
f such interventions as a positive response.6,14

.6.2. Loudness and annoyance of tinnitus
The loudness and annoyance of tinnitus were measured using

he visual analog scale. The symptoms were rated on a scale of 0
no symptoms) to 10 (greatest discomfort). After the participants
laced a mark on the 10-cm horizontal line, the distance from zero
o the mark was measured and evaluated as the score. The VAS score
as assessed at every visit, both before and after the treatment.

.6.3. Pure-tone audiometry (PTA) and speech discrimination
SD) test

PTA and SD test were performed at visits 1 (week 1), visit 5
week 3), visit 10 (week 5), and the follow-up session using a clinical
udiometer (GSI 61TM Audiometer: Grason-Stadler, MN,  USA).

.7. Adverse event monitoring

Any adverse events that occurred during the study period were
ocumented in the case report form. Vital signs were checked and
ecorded at the screening visit.

.8. Statistical analysis

All collected data were analyzed using the SPSS v. 19.0 software
or Windows (SPSS Inc., Chicago, IL, USA), and the correspond-
ng 95% confidence intervals (CIs) were calculated. We  used the
ntention-to-treat analysis and applied the last observation car-

ied forward method for missing data. Descriptive statistics were
sed to summarize the data. To analyze the effectiveness, we  com-
ared the changes in each value with time among the groups and
ith time changes. For the response rate, the visit 1 (week 1) and
ENS, transcutaneous electrical nerve stimulation; ITT, intention-to-treat.

visit 10 (week 5) values were compared. For the discrete variables
(e.g., response rate), the chi-square test or Fisher’s exact test were
used. For the continuous variables (e.g., THI and VAS scores), if the
normality test results followed a normal distribution, data were
analyzed by analysis of variance (ANOVA). The Kruskal–Wallis test
was used when a normal distribution was not observed.

3. Results

3.1. Demographic data

From July 2016 to December 2017, a total of 45 participants
were enrolled, randomized, and analyzed. Thirty-three participants
(73.3%) were men. The mean age of all participants was 47.38 years
(median: 49 years). The symptom duration was  103.67 months
(median: 60 months). Eight participants dropped-out, and 37 par-
ticipants completed the protocol. The reasons for drop-out were
as follows: withdrawal of consent (n = 6), protocol violation (n = 1),
and adverse event (n = 1) (Fig. 1). For the demographic data, includ-
ing sex, age, and degree of symptoms, there were no significant
differences among the groups. There was  also no significant dif-
ference in the THI, loudness, annoyance, PTA, and SD test findings
(Table 1).

3.2. Primary outcome

There was no statistical differences among the groups. How-
ever, in the within-group analysis, the MA  group and EA group
showed significant decreases over time in THI score (Table 2). In the
response rate, seven participants in the MA  group, eleven partici-
pants in the EA group, and four participants in the TENS group had
THI scores that decreased by more than 10 points at visit 10 (week
5). The EA group had more participants who  showed a reduced THI
score than the other groups (p = 0.037; Fisher’s exact test).

3.3. Secondary outcome

The loudness and annoyance of tinnitus showed no significant
differences among the groups at any time point. In the within-group

analysis, the EA group showed differences in the loudness over
time. The MA and TENS group showed differences in the annoy-
ance at some evaluations (Table 2). However, the PTA and SD test
findings did not change significantly during the trial.
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Table  1
Demographic Characteristics of the Participants at Baseline

Characteristics MA  group (n = 15) EA group (n = 15) TENS group (n = 15)

Sex (M/F) 12/3 8/7 13/2
Age  (year) 48.6 ± 7.84 46.20 ± 11.03 47.33 ± 9.49
Duration (month) 105.13 ± 142.02 107.80 ± 115.92 98.07 ± 97.67
Bilateral tinnitus (%) 6 (40) 8 (53.3) 7 (46.7)
Somatosensory tinnitus (%) 3 (20) 8 (53.3) 7 (46.7)
THI  score 41.73 ± 23.84 44.00 ± 19.00 49.47 ± 22.90
Loudness (10 cm-VAS) 5.70 ± 1.95 6.07 ± 1.78 6.76 ± 1.74
Annoyance (10 cm-VAS) 5.30 ± 2.12 5.37 ± 1.81 5.76 ± 2.46
PTAa 23.33 ± 18.47 19.25 ± 20.71 18.08 ± 10.62
Speech  discriminationa 82.13 ± 19.12 85.60 ± 25.20 86.60 ± 7.38

Values are expressed as means ± standard deviations and analyzed using ANOVA. There was no significant difference among the groups. MA,  manual acupuncture; EA,
electroacupuncture; TENS, transcutaneous electrical nerve stimulation; THI, tinnitus handicap inventory; VAS, visual analog scale; PTA, pure-tone audiometry.

a If the participants had bilateral tinnitus, the louder side was  selected; when equal, the right ear was  examined for the right-handed patients and the left ear for the
left-handed patients.

Table 2
Change in the Total THI Score and Loudness and Annoyance of Tinnitus

MA  group EA group TENS group p-value*

THI
Visit 1 (week 1) 41.73 ± 23.84 44.00 ± 19.00 49.47 ± 22.90
Visit 5 (week 3) −7.07 ± 8.10 (−13.49, −0.65) −9.07 ± 9.68 (−16.73, −1.40) −1.02 ± 12.21 (−10.87, 8.47) 0.088
Visit  10 (week 5) −11.33 ± 12.23 (−21.02, −1.64) −12.00 ± 10.85 (−20.60, −3.40) −5.33 ± 12.53 (−15.26, 4.59) 0.134
Visit  11 (follow up 4 weeks) −8.67 ± 10.55 (−17.02, −0.31) −12.00 ± 14.48 (−23.48, −0.53) −5.60 ± 12.26 (−15.32, 4.12) 0.318

Loudness (10 cm-VAS)
Visit 1 (week 1) 5.70 ± 1.95 6.07 ± 1.78 6.76 ± 1.74
Visit  5 (week 3) −0.78 ± 1.57 (−2.03, 0.47) −1.50 ± 1.61 (−2.78, −0.22) −1.10 ± 1.53 (−2.32, 0.12) 0.481
Visit  10 (week 5) −1.03 ± 2.00 (−2.62, 0.55) −2.14 ± 2.25 (−3.92, −0.36) −1.35 ± 1.56 (−2.59, −0.12) 0.302
Visit  11 (follow up 4 weeks) −0.75 ± 1.70 (−2.09, 0.60) −1.30 ± 1.25 (−2.29, −0.31) −1.04 ± 1.58 (−2.30, 0.21) 0.638

Annoyance (10 cm-VAS)
Visit 1 (week 1) 5.30 ± 2.12 5.37 ± 1.81 5.76 ± 2.46
Visit  5 (week 3) −1.17 ± 1.44 (−2.30, −0.03) −1.07 ± 1.55 (−2.31, 0.16) −0.92 ± 1.60 (−2.19, 0.35) 0.823
Visit  10 (week 5) −1.77 ± 2.26 (−3.56, 0.02) −1.27 ± 2.00 (−2.85, 0.32) −1.11 ± 1.29 (−2.14, −0.09) 0.548
Visit  11 (follow up 4 weeks) −1.38 ± 1.55 (−2.61, −0.15) −0.97 ± 1.58 (−2.22, 0.29) −0.62 ± 1.24 (−1.61, 0.37) 0.269
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alues are expressed as means ± standard deviations (95% confidence intervals). TH
ranscutaneous electrical nerve stimulation.

* p-value for ANCOVA with covariate baseline score.

.4. Adverse event monitoring

There were no serious adverse effects observed. Mild side effects
ere reported in two patients in MA  group and two  patients in EA

roup (In the MA  group, one participant had transient ear numb-
ess near the acupoint, and one had vertigo. In the EA group, one
articipant had transient numbness of the right arm near the acu-
oint, and one had a worsening of symptoms). One participant with
ertigo was diagnosed with Meniere’s disease. This participant was
xcluded in accordance with the exclusion criteria.

. Discussion

The analysis in this study revealed no significant difference in
he THI score among the three groups. However, when improve-

ent was set at a 10-point reduction in the THI score, the number
f participants showing improvement in the EA group was signif-

cantly higher than that in the TENS and MA  groups. Similar to
revious study results,4,15 EA was more effective than MA.

When MA  is conducted around the ear, an effect on tinnitus
s observed through neuromodulation.3 However, MA  can cause
arious biomedical changes, such as vagus nerve stimulation and
utonomic regulation. These effects are generally known to occur

n distal body parts (mainly hands or feet). Some studies reported
hat distal-part acupuncture also has some effect on tinnitus.15,16

A was expected to have a similar effect as MA,  with electrical
timulation on the target areas.
itus handicap inventory; MA,  manual acupuncture; EA, electroacupuncture; TENS,

The mechanism of electrical stimulation in tinnitus is sug-
gested to be neuromodulation. Electrical stimulation can affect
the somatosensory system and thus relieve pain. If tinnitus has
some form of pain, it can be relieved when the pain is reduced.
In fact, direct electrical stimulation of the surface of the cochlea
with cochlear implants can markedly reduce tinnitus.17 However,
direct electrical stimulation is very invasive. Thus, electrical stim-
ulation on the skin to substitute this invasive treatment has been
attempted, including TENS treatment.18

MA,  EA, and TENS can be expected to produce a similar effect:
neuromodulation. However, EA showed more response than TENS.
These results suggest that EA, including electrical stimulation on
target areas and other types, such as meridian system acupuncture,
may  be effective for tinnitus.

We also found some interesting aspects. In the TENS group, four
participants were highly affected, while the other participants were
not. Among these four participants, three were classified as having
somatic tinnitus according to the criteria of previous research.19

According to the mechanism of TENS, we  can hypothesize that
somatic tinnitus may  be a factor affecting this result. However, the
number of participants was too small to reach a definite conclusion.
Further studies are needed to clarify this hypothesis.

The limitation of our study was the lack of a control group.

Consequently, we  could not conclude that EA was  the most effec-
tive treatment for tinnitus, although EA was  shown to be more
effective than MA and TENS. All three treatment methods have
been proven to be effective for treating tinnitus4,6,7,9,10,20 and are
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ost commonly used as physiotherapy treatments. In this study,
e compared these treatments and determined which one was

he optimal treatment for actual clinical use. This method resem-
les that of a comparative effectiveness study. The results of this
omparative study may  assist clinicians as they make informed
ecisions that may  improve health care.21,22

In conclusion, among MA,  EA, and TENS, there was no significant
ifferences in the effects on the treatment of chronic consecu-
ive tinnitus. However, EA could respond to more patients. Further
esearch is essential to determine the effect of EA on tinnitus and
o discover what factors may  improve the effectiveness of each
reatment.
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