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Abstract
Objective To validate a smartphone-based Rinne test employing the vibration application of mobile telephones.
Study design Prospective controlled clinical study.
Setting Tertiary referral medical center.
Methods Twenty consecutive patients hospitalized in the otolaryngology department of a tertiary medical center due to 
unilateral hearing loss (HL study group), and 30 consecutive inpatients on the same ward who had no otological history 
(controls) were enrolled. Each participant underwent the traditional 512 Hz tuning fork-based Rinne test, as well as a 
smartphone-based Rinne test by means of a single uncovered smartphone with a vibration application. The test results were 
compared to those of formal audiometry.
Results The overall agreement between the traditional Rinne test and the smartphone-based test was 98%. The Sensitivity 
was 85% for both tests, specificity was 90% and 93% for smartphone and tuning fork tests, respectively. The smartphone-
based Rinne test could correctly discriminate between patients with an air–bone gap ≥ 25 dB at 512 Hz from patients with a 
lower or no air–bone gap at 512 Hz. The smartphone-based Rinne could not evaluate two patients with a moderately severe/
severe sensorineural hearing loss due to their inability to detect the vibrations.
Conclusion A smartphone-based Rinne test was validated for the detection of an air–bone gap ≥ 25 dB at 512 Hz in the 
clinical setting. The validity of patient-operated smartphone-based Rinne test awaits further study.
Level of evidence 2B.

Keywords Hearing loss · Sudden sensorineural hearing loss · Rinne test · Conductive hearing loss · Tuning fork

Introduction

The air conduction (AC) threshold is lower than the bone 
conduction (BC) threshold when the audiologic pathway is 
intact. The Rinne test is a bedside examination that com-
pares the two thresholds, and it is used to detect a conduc-
tive hearing loss (CHL) [1]. It is traditionally performed 
by placing the vibrating tuning fork on the mastoid process 
until the subject cannot hear the sound due to vibration 
decay (BC threshold). The tuning fork is then held 3–4 cm 
adjacent to external auditory canal. If the subject hears the 
signal emitted from the vibrating fork it means the AC signal 

transmission is better than the BC, and thus the interpreta-
tion is Positive Rinne with presumed CHL [2]. In the case 
of CHL with a greater degree of loss, AC will be worse than 
BC, and the Rinne test is said to be negative (BC < AC). 
The degree of CHL needed to change the Rinne test result is 
frequency specific [3], and it is more successfully performed 
with a 512 Hz tuning fork [4–7].

The Rinne test is one of the ubiquitous clinical tests for 
differentiation of CHL in otolaryngologic practice. While 
it can easily be carried out by general practitioners when a 
CHL is suspected [8], tuning forks are usually not available 
in their clinics.

The utility of telemedicine had been especially relevant 
in remote areas, but the COVID-19 pandemic has made it 
highly popular in urban areas as well. The universal use of 
smartphones made several validated applications in the field 
of otolaryngology available to clinicians and patients [9]. 
For example, the vibrating application of smartphones was 
validated for use as a 512 Hz tuning fork for the Weber test 
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[10]. The aim of the current study is to similarly compare the 
traditional 512 Hz tuning fork-based Rinne test and formal 
audiometry, to a smartphone-based Rinne test.

Materials and methods

Study population

This prospective controlled study was approved by the 
research ethics committee of a tertiary referral medical 
center (0580–12-TLV). Included were adult patients who 
were hospitalized in the Department of Otolaryngology, 
Head and Neck and Maxillofacial Surgery. The study group 
was composed of consecutive patients who were hospital-
ized due to otologic conditions resulting in a CHL or a sen-
sorineural hearing loss (SNHL) and who underwent a formal 
audiogram on the same day of study entry. The control group 
was composed of patients hospitalized in the same ward for 
any other reason with no suspicion for an otologic condi-
tion according to medical history and physical examination 
(Fig. 1).

Materials

The traditional tuning fork-based Rinne test was performed 
with a single 512 Hz tuning fork (AESCULAP OF003N CE) 
(Fig. 2). The smartphone-based Rinne test was performed 
with a single uncovered Samsung Galaxy J5 (2016; model 
SM-J510F) smartphone. The vibrating application was 
‘Vibrator’ (Ape Studios), which is available without cost 
via Google Play Store.

The fundamental frequency (F0) and harmonics of the 
tuning fork and smartphone were measured using Praat 

software (version 6.0.46), which is a free computerized 
software package for the scientific analysis of speech in 
phonetics. The F0 of our tuning fork was measured as 
being in the range of 512 Hz. The sound was not a pure 
tone but rather composed of closely related frequencies, 
probably due to mild corrosion. The smartphone’s sin-
gle vibration period was measured as being 0.0066761 s, 
resulting in a basic frequency of 150.2 Hz. F2 and F3 were 
enhanced at 300.4 Hz and 450.6 Hz, respectively (Fig. 3).

Methods

After taking a medical history, each participant underwent 
a physical examination by a single otolaryngologist who 
administered both the traditional 512 Hz tuning fork-based 
Rinne test and the smartphone-based Rinne test. The tests 
were performed on the affected ear of the study group and 
on a randomly chosen ear of the control group. The tradi-
tional Rinne test was performed by striking and placing 
the tuning fork on the mastoid process. When the patient 
indicated that he/she no longer heard the tone, the tun-
ing fork was repositioned perpendicularly and adjacent to 
the external auditory meatus [11]. The smartphone-based 
Rinne test was performed by adhering the bottom end of 
the smartphone to the mastoid process, followed by repo-
sitioning of the bottom end next to the external auditory 
meatus (Fig. 4).

Demographics, otologic pathology, and Rinne tests 
results, and formal audiograms of all the study participants 
were compared, and past medical and surgical histories 
were recorded as well. Clinical decision making was unaf-
fected by any of the findings of the Rinne tests performed 
for this study.

Fig. 1  Flowchart of the cohort, 
sheowing inclusion and exclu-
sion criteria
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Fig. 2  The tuning forks used in 
the study

Fig. 3  The measured basic frequency of the vibrating smartphone, using Praat software (version 6.0.46)
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Results

Fifty patients met the inclusion criteria and participated in 
this study. The study group consisted of 20 patients (average 
age 37 years, range 19–55 years, 13 males). The underlying 
pathology for the CHLs (15patients) included serous otitis 
media (five patients), followed by cholesteatoma, otoscle-
rosis, and tympanic membrane perforation (three patients 
each), and osteoma that occluded the external auditory canal 
(one patient). The cause of SNHL (five patients) was idi-
opathic sudden hearing loss (three patients), progressive 
HL due to vestibular schwannoma (one patient), and cispl-
atin-associated ototoxicity (one patient). The right and left 
ears were affected in a ratio of 8:12 (Table 1). The control 
group consisted of 30 patients (average age 41 years, range 
18–69 years, 17 males) (Table 2). There were no significant 
differences in sex or age distributions between the groups 
(P = 0.80).

The smartphone-based Rinne test was in agreement with 
the traditional Rinne test in 49 (98%) cases. The only mis-
match was a 69-year-old patient in the control group who 
was admitted for total thyroidectomy due to benign pathol-
ogy. The result of his traditional Rinne test with a 512 Hz 
tuning fork was positive, but he did not detect the vibration 
emitted by the smartphone when it was applied on the mas-
toid process or near the external auditory canal opening.

Fifteen study group patients had a CHL with an 
air–bone gap (ABG) at 512 Hz that was confirmed by 
formal audiometry. The ABG was ≥ 25 dB with a nor-
mal to slight sensorineural component at 512 Hz for 12 
patients, and both the traditional and smartphone-based 

Rinne tests were negative for all of them. In the remaining 
three CHL patients, the 512 Hz ABG was ≤ 20 dB, with 
a normal hearing threshold for 512 Hz, which resulted 
in positive traditional and positive smartphone-based 
Rinne test results. The five patients in the study group 
with SNHLs had an ABG no greater than 10 dB at 512 Hz, 
and presented with mild, moderately severe, and severe 
HLs (two, two, and one patient, respectively). The two 
patients with the mild HLs had positive Rinne tests with 
both methods. The other three patients (two with a moder-
ately severe SNHL and one with a severe SNHL) failed to 
detect both the tuning fork and the smartphone stimuli. All 
of the Rinne tests results and the related ABGs are listed in 
Table 1. Eight patients of the study group underwent medi-
cal interventions (e.g., Tympanostomy with ventilation 
tube insertion, stapes surgery, Myringoplasty) that resulted 
in reduced ABGs. Those patients underwent additional 
(post-treatment) Rinne tests by means of both methods, 
and the post-treatment Rinne tests were now positive in all 
of them. The post-treatment ABG of one patient failed to 
close (cholesteatoma resection without hearing rehabilita-
tion, resulting in the maximal ABG). That patient retained 
his negative traditional and smartphone-based Rinne test 
results.

No audiogram had been performed to exclude ABGs in 
the control group, but medical history and physical examina-
tion did not raise any suspicion of a HL. The traditional and 
smartphone-based Rinne tests were positive in 27 patients. 
Three patients (all over 60 years of age) failed to detect 
the vibration emitted by the smartphone, and two of them 
failed to detect the traditional 512 Hz tuning fork vibration 

Fig. 4  The smartphone-based 
Rinne test performance
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as well. One control patient (described above) had a positive 
traditional Rinne test but could not detect the smartphone 
vibration.

Discussion

The COVID-19 pandemic highlighted the importance of tel-
emedicine when patient interactions with healthcare provid-
ers were associated with risk of exposure to COVID-19 for 
both of them. As a result, patients relied on telemedicine as a 
primary tool for not only history taking, but also for limited 
physical examination. Moreover, most pure tone audiometry 
services became unavailable, this led to re-thinking of alter-
native means for diagnosis.

The Rinne test was probably first described by Adolf 
Rinne of Göttingen, Germany, in 1855 [2]. It was introduced 
into general practice 40 years later and has since become an 
integral part of the physical examination of patients with 
HLs. It is a simple and reliable tool to confirm a CHL [12], 
and remains the basis of the otolaryngologist’s initial evalu-
ation of hearing loss worldwide.

A systematic review of the diagnostic value of Rinne 
test for CHL demonstrated that the 512 Hz tuning fork has 
variable sensitivity and specificity of 16–87% and 55–100%, 
respectively [13]. Several studies investigated parameters 
that can affect the accuracy of the Rinne test, such as, the 
tuning fork material [14], the force applied by the tuning fork 
against the mastoid [15], the object the tuning fork strikes to 
produce vibration [16], and more. As a result, many stand-
ardizations of Rinne test performance are found in different 
guidelines [17, 18].

Before pure tone audiometry was introduced, tuning fork 
tests (mainly the Rinne and Weber tests) comprised the only 
available tool to differentiate between CHL and SNHL. Pure 
tone audiometry subsequently became the gold standard for 
differentiating between the various types of HL [19]. Now 
the smartphone-based version of the Weber test has recently 
been validated [10]. It was also shown to reduce the time 
from onset of an idiopathic sudden SNHL to diagnosis [10]. 
Our current results demonstrate that a smartphone-based 
Rinne test is a legitimate option for the diagnosis of a CHL 
of various etiologies. The reversal of the Rinne result after 
the CHL condition was addressed supported its validity as a 
diagnostic tool for use by clinicians. Moreover, the overall 
accuracy of the traditional and smartphone-based Rinne tests 
was comparable, albeit when the latter was administered by 
a clinician in this investigation.

The major limitations of this study are the relatively 
small number of participants as well as the use of only one 
smartphone model for testing purposes. We are aware that 
the vibration frequency might differ from one smartphone 
model to another. In addition, testing for this validation 
study was administered by a clinician and not by the patients 
themselves.

Conclusion

The smartphone-based Rinne test is a simple and highly 
accessible alternative to the traditional Rinne test and with 
comparable accuracy. It is also potentially valid for use as a 
part of a telemedical physical examination.

Author contributions DH: Manuscript writing and data collection, 
YO: Study design, OH: Data analysis, AW: Critical revisions, GH: 
Literature review, OJU: Manuscript writing and data collection, this 

Table 2  Demographics and tests results for the control group

Gender Age Side tested Traditional Rinne test Smartphone-
based Rinne 
test

F 69 L  + No detection
F 33 R  +  + 
M 18 R  +  + 
M 39 L  +  + 
F 32 R  +  + 
F 36 R  +  + 
M 32 L  +  + 
F 30 L  +  + 
M 41 L  +  + 
F 58 L  +  + 
F 64 L No detection No detection
F 54 L  +  + 
M 33 R  +  + 
M 55 L  +  + 
M 53 R  +  + 
F 47 R  +  + 
M 58 L  +  + 
M 51 L  +  + 
M 29 R  +  + 
M 20 R  +  + 
F 67 R No detection No detection
F 19 R  +  + 
F 21 L  +  + 
M 31 L  +  + 
M 20 R  +  + 
M 47 L  +  + 
M 40 L  +  + 
M 58 R  +  + 
M 48 L  +  + 
F 33 R  +  + 
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