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ABSTRACT
Objective: This study was designed to compare the prevalence of hearing abnormalities between the
patients with osteoarthritis (OA) and an age and gender-matched control group without OA.
Material and methods: Thirty-six consecutive patients (72 ears) admitting the outpatient clinics of
physical therapy and rehabilitation with the diagnosis of hand and knee osteoarthritis according to
ACR criteria and Kellgren-Lawrence grading system, and age and sex-matched 30 healthy volunteers
(60 ears), were included in the study. Distortion product otoacoustic emissions (DPOAE) values
between 1 kHz- 4 kHz, tympanometric examination results, stapes reflex values, speech reception
threshold (SRT) and speech discrimination (SD) values, pure-tone values between 250 and 8000 Hz
and high-frequency values at 10000 Hz, 12500 Hz and 16000 Hz were analyzed. Statistical
comparisons between both groups were performed using chi-square test and Mann Whitney- U test.
Results: The mean age of 36 patients with OA and 30 healthy controls was 53.78 ± 6.12 and 53.30 ±
4.48 years respectively. Mean duration of osteoarthritis was 2.89±1.68 years. In the evaluation of
hearing frequencies of the patients between 4000 and 12500 Hz, pure tone average results and
tympanometric examination results, a statistically significant difference was found relative to the
control group (p<0.05). There was no statistically significantly difference between DPOAE values of
the groups.
Conclusion: Our current study demonstrates strong evidence for sensorineural hearing loss in patients
with OA.
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INTRODUCTION
Osteoarthritis (OA) and hearing loss are the most common causes of chronic disability in
older adults (1-3). OA is also the most common joint disease and is the major cause of pain
and disability throughout the world (3). Previous studies have shown that the chronic diseases
were associated with hearing loss in adults (4). In 2007, Rawool et al. reported the higher
prevalence of middle ear abnormalities in patients with OA compared to controls (1),
however, little is known about auditory manifestations in patients with OA.
Several studies have also reported an association between inflammatory diseases and
hearing loss. Sensorineural, conductive, and mixed type hearing loss in patients with
inflammatory diseases such as rheumatoid arthritis (RA) (5-8), ankylosing spondylitis (AS)
(9, 10), inflammatory bowel disease (11), Behcet’s disease (12) and psoriatic arthritis (PsA)
(13) have been reported. Arthritis of the joints of the ossicular chain in the middle ear,
immune complex-mediated vasculitis of the inner ear and ototoxic effects of drugs used for
the treatment have been generally accounted for hearing loss in inflammatory diseases.
Although OA is known as a degenerative, non-inflammatory disease, the
inflammatory response and low grade chronic systemic inflammation play an important role
in the pathogenesis of OA (14-22). Regarding OA cartilage destruction, it has been shown
that upregulation of m-RNA of several proinflammatory cytokines, increased expression of
genes for metalloproteinases, COX-2, IL—1, IL-8, tissue growth factor beta have a role in the
pathogenesis of OA (14-20, 23).
OA can affect hearing via a number of different mechanisms such as; osteoarthritis of
the synovial incudostapedial and incudomalleolar joints, causing a conductive hearing loss,
local inflammatory process could cause destruction of the cochlear hair cells, causing
sensorineural hearing loss and drugs which are used to treat osteoarthritis could affect the
hearing.
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Therefore, this study was designed to compare the prevalence of conductive and
sensorineural hearing abnormalities in patients with osteoarthritis and an age and gender
matched control group without osteoarthritis. We compared distortion-product otoacoustic
emission values (DPOAE) as a measure of acoustic distortion, tympanometry, stapes reflex,
speech reception threshold (SRT), speech discrimination (SD) and audiogram values between
125 and 16.000 Hz frequencies, between the patient and the control groups.

MATERIAL AND METHODS
Study population
This study was carried out in physical medicine and rehabilitation and otolaryngology clinics
of tertiary care hospital. Our study was approved by the Local Ethics Committee and
informed consent forms were obtained from the patients and controls.
The participants in our study were consecutive patients attending physical therapy and
rehabilitation (PMR) outpatient clinics of our hospital over a period of 12 months, younger
than 65 years, who fulfilled the diagnosis of hand and knee OA according to American
College of Rheumatology (ACR) clinical and laboratory criteria and grade ≥1 knee OA
according to Kellgren-Lawrence grading system (24-26) and age and sex-matched healthy
volunteers who agreed to the study were enrolled consecutively.
All the patients and controls underwent careful systematic history taking session with
special emphasize on the joint and hearing complaints. Patients and controls with a history of
congenital ear disease, inflammatory disease, family history of hearing loss, otologic surgery,
head and neck trauma, neoplasm of the brain and ear, tympanic membrane perforation,
ototoxic drug use (eg; salicylates), occupational noise exposure, Ménière’s syndrome,
neurologic disease, cerebrovascular disease, metabolic disease, renal disease, recurrent otitis
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media, having suffered upper respiratory airway infection <=30 days before study entry and
otoscopic evidence of ear pathology were excluded from the study. Healthy controls with a
history of osteoarthritis, hard tissue enlargement of distal and proximal interphalangeal joints
of the hand or complained of joint pain were excluded from the study. All of the patients with
OA in our study had been treated with or were using one of the nonsteroidal antiinflammatory drugs and/or paracetamol, three of them were using glucosamine and
chondroitin sulfate additionally. The same PMR specialist performed the rheumatologic
evaluations of all patients and controls.
Based on these inclusion and exclusion criteria, 36 patients with OA (72 ears), and 30
age and sex-matched healthy controls (60 ears) were assessed in this study.
During the recruitment process, 10 patients with OA were excluded; 4 patients because of
positive otoscopy, 3 patients because of laboratory results and 3 patients because of metabolic
disease. Also, 3 control participants were excluded because of occupational noise exposure
history.

Audiologic evaluations
All patients and healthy controls underwent complete ear, nose and throat examination. Any
participants who had significant amount of cerumen, scarred or perforated tympanic
membrane were excluded from the study. Then, audiologic investigations were carried out in
an audiology unit of our hospital. All patients and controls received audiometry (Madsen
Astera, Denmark), tympanometry (Grason Stadler, USA) and DPOAE (Neurosoft, Russia)
studies. DPOAE values between 1 kHz- 4 kHz, tympanometric examination results, Stapes
reflex, SRT and SD values, pure-tone audiometry values between 250 and 8000 Hz and highfrequency values at 10000 Hz, 12500 Hz and 16000 Hz were analyzed. All DPOAE and
audiologic tests were performed in a soundproof room by a single specialist who was blinded
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to the study parameters. The rheumatologic and audiometric assessments were performed
concomitantly.

Statistical Analysis
Normality of the continuous variables was assessed via the Shapiro-Wilk test. Descriptive
statistics were expressed as mean ± standard deviation. Bivariate associations were
determined using the chi-square test for categorical variables, and the Mann-Whitney U test
was used for the comparison of non-normally distributed continuous variables. Statistical
results with a value of p<0.05 were considered statistically significant. Statistical analysis
was performed using the Statistical Package for the Social Sciences 15.0 (SPSS, Inc.;
Chicago, IL, USA) version for Windows.

RESULTS
The mean age of 36 patients (35 women and 1 man) with knee OA was 53 ± 6,12 years and
that of the 30 controls (28 women and 2 men) was 53,30 ± 4.48 years. No difference was
found between patients and controls with respect to age or sex (p<0.05). The mean duration
of disease was 2.89±1.68 years.
There was a significant difference between patient and control groups in pure tone
average results and hearing thresholds at frequencies of 4000-6000-10000 ve 12500 Hz for
both ears, and at frequency of 8000 Hz for right ear (P<0,05) (Table 1).
SRT values were significantly different between patient and the control groups for both ears.
SD values were also significantly different between patient and the control groups for left ear
(P < 0.05) (Table 2).
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DPOAE measurement findings in all frequencies showed no significant difference
between the two groups (p>0.005). The mean DPOAE measurement results at frequencies of
1000-400Hz are shown in Table 3.
There was a significant difference between the two groups in tympanometric and stapes
reflex values (P < 0.05) (Table 4, 5).

DISCUSSION
OA is the most common type of arthritis or degenerative disease affecting articular cartilage,
bone and surrounding tissues and it is a leading cause of chronic disability (3). Pathogenesis
of OA includes genetic, environmental, metabolic, and biomechanical factors (27). OA was
initially considered as a degenerative non-inflammatory condition of elderly, but recent
studies have demonstrated the role of cytokines and other mediators of inflammation in OA
pathogenesis. (21,22). Mechanical stress and joint loading may appear to induce the
expression of proinflammatory cytokines and matrix metalloproteinases (14,15) causing
increased release of cytokines such as IL-1, IL–6 and TNF-α. It was also shown to stimulate
the secretion of the eicosanoids, nitric oxide (NO.) and superoxide anion (O2.-) which
contribute to the inflammation and the joint destruction (16, 17).
The role of reactive oxygen species (ROS) and nitric oxide (NO) in the pathogenesis
of osteoarthritis have been discussed in previous studies. Excessive levels of ROS and NO
could play an important role in catabolic process of osteoarthritis and could also contribute to
chondrocyte death by causing oxidative damage to proteins, lipids, and DNA, which are
consistent with the knowledge that low grade chronic systemic inflammation contributes to
the pathogenesis OA. (18-20).
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The etiology of SNHL is also multifactorial, with over-exposure to noise, some drugs,
immune-induced inflammation being common causes. Many researchers have also
substantiated role of inflammatory cytokines (ie TNF-α), ROS and NO, and the role of
prolonged oxidative and cellular mechanisms, leading to cochlear injury and sensorineural
hearing loss (28, 29). Other authors have reported the association between hearing loss and
polymorphisms of genes encoding cytokines related to the inflammatory response (30). It has
also been suggested that the sensorineural hearing loss may be a part of syndrome related to
childhood onset progressive osteoarthritis associated with mutation in procollagen type-II
gene (31).
The association between hearing impairment and inflammatory diseases such as; RA,
AS, PsA, inflammatory bowel disease and Behcet’s disease have been reported in recent
studies (5-13). Rawool et al. (1) reported the association between conductive hearing loss and
osteoarthritis but there have been no further studies conducted on whether these conditions
have any relationship. The study’s authors claimed that OA affecting the incudomalleal and
incudostapedial joints, annular ligament attaching the stapes footplate to the oval window can
cause middle ear abnormalities.
Regarding conductive hearing loss in inflammatory diseases, other studies also
suggest the synovial involvement of the incudomalleal and incudostapedial joints, which are
diarthrodes, as any other joint involvement in rheumatic diseases.
In our study, we did not found any middle ear abnormality, which can be partially explained
in terms of the mean age difference between patient population of our study and Rawool et
al.’s (1) study (66.06 yrs vs. 53.78 ± 6, 12 years).
Rawool et al. also found that the patients with OA had higher prevalence of
sensorineural

hearing

loss

compared

to

control

group,

but

results

had

not

reached a statistically significant level. They emphasized the role of inflammatory process
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and immune deregulation involved in pathogenesis of OA as a cause of possible
sensorineural hearing loss. They also speculated the role of drugs used in the treatment of
OA. Majority of studies report that there is more sensorineural hearing loss caused by inner
ear involvement in patients with inflammatory disease than in controls (5-10). The
pathophysiological mechanism is poorly known but one of the most widely accepted theories
propose vasculitis and neuritis manifestations of inflammatory diseases could affect the
cochlea and eighth cranial nerve, thus causing sensorineural hearing loss. The experiment has
also been used to illustrate the role of TNF-α inhibitors in the treatment of immune-mediated
hearing loss (32). Ototoxic effects of drugs used for the treatment have also been accounted
for this condition (5-10).
We found higher pure tone average results in the OA group compared with the
controls for both ears. In addition, hearing thresholds at frequencies of 4000-6000-10000 ve
12500 Hz for both ears were also significantly higher in the OA group, supporting the
sensorineural hearing abnormality, which also indirectly supports the role of low grade
chronic systemic inflammation in OA pathogenesis.
In a study regarding relationship between high frequency hearing and DPOAEs,
authors hypothesized that the otoacoustic emissions act as early determiners of cochlear
dysfunction and it indicates the summed activity of an important portion of outer hair cells. In
that study, analysis revealed that DPOAE levels at 4-8Hz had significantly correlated with the
PTA from 11.2 to 20 kHz, and the PTA for 4-8 Hz also correlated with PTA for ultra high
frequency hearing. They found that ultra high frequency hearing accounted for only 14% of
the variance in DPOAE levels at 4-8 Hz, but Pure tone average results had not contributed
significantly to the DPOAE variance, and they concluded that the high frequency hearing
influences DPOAE at lower frequencies before the pure tone thresholds can detect the change
in outer hair cells (33). In our study, although we found a significant difference between
8
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groups regarding PTA and hearing frequencies between 4000-12500 Hz, there was no
difference between groups in DPOAE at 1000-4000 Hz. Our findings did not support the
relationship between otoacoustic emissions and hearing frequencies, and highlight
the need for more research in this subject.
In the study performed by Amor-Dorado and colleagues (13) for sensorineural hearing
abnormalities in patients with psoriatic arthritis, they found that the tympanometric and
stapes reflex evaluations may be sensitive to cochlear dysfunction. In that study, patients with
psoriatic arthritis also exhibited higher values of SRT than controls, but speech
discrimination values were not different between groups. In our study, there was no
significant difference among the groups for stapes reflex, and tympanogram pressure values
were significantly different between groups. Similarly, we found that the SRT values were
significantly higher in patients with OA than controls, which may contribute to cochlear
dysfunction.
As strengths of our study, since age related sensorineural hearing abnormality can be
expected in both the patient and age-matched control group included in the current study, we
excluded patients older than 65 years, which might partially prevented the negative effects of
old age on hearing acuity. In addition, since osteoarthritis occurs with aging, we included
relatively younger patient and control group, which might also partially discard the possible
inaccurate inclusion of undiagnosed and asymptomatic healthy controls with osteoarthritis.
The primary limitation of our study was a small sample size and its cross sectional
design, which may influence the generalizability of our findings and we could not compare
our data with follow-up results. However, they were representative of patients with OA that
participate in clinical trials in age and gender , and our sample size was similar to other
controlled studies related to hearing impairment in arthritis. Furthermore, we excluded
patients using ototoxic drugs but we did not discuss the possible negative effects of drugs use
9
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in the OA, potential ototoxic effects of NSAID use on hearing functions is a limitation of our
study. Future research should attempt to investigate the relationship between disease activity
and hearing impairment.

CONCLUSION
Our findings suggest an association of OA and sensorineural hearing loss. To our knowledge,
this is the second OA population report evaluating the audio vestibular system with multiple
tests. Our study along with previous study by Rawool et al. may indicate that the assessment
of hearing impairment among patients with OA.
In conclusion, significant differences in the pure-tone average values and hearing
thresholds at 4000-12500 Hz detected in patients with OA demonstrate involvement of the
functions of the inner ear. Clinicians who are involved in the management of OA should be
aware of hearing impairment, which is itself a potential cause of severe disability. Therefore,
we recommend performing audiological evaluations and taking necessary precautions in
patients with OA.
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Table 1. Pure tone average results and hearing thresholds between 4000 Hz- 16000 Hz
OA group (dB)
(mean ± SD)

Control group (dB)
(mean ± SD)

p value

4000 Hz R

22,36±10,035

15,00±8,305

0,010

4000 Hz L

26,39±12,962

16,33±8,703

<0,001

6000 Hz R

30,97±15,713

20,83±10,178

0,005

6000 Hz L

31,94±13,217

23,67±11,290

0,003

8000 Hz R

25,28±18,045

17,00±12,077

0,028

8000 Hz L

38,42±24,593

34,17±15,227

0,355

10000 Hz R

37,78±20,335

26,67±19,268

0,007

10000 Hz L

43,06±25,079

29,17±20,514

0,013

12500 Hz R

56,94±17,537

38,83±22,155

0,011

12500 Hz L

60,56±16,766

44,00±24,011

0,008

16000 Hz R

57,64±6,707

56,00±7,922

0,329

16000 Hz L

57,78±5,404

56,00±9,773

0,987

PTA (L- AC)

16,08±6,699

11,50±4,554

0,002

PTA (R - AC)

15,78±5,550

11,73±4,697

0,001

PTA (L-BC)

14,00±6,676

10,20±4,097

0,016

PTA (R-BC)

13,78±6,090

10,00±3,948

0,006

OA; osteoarthritis, R; right, L; left, PTA; Pure tone average, AC; air conduction, BC; bone conduction

15

Hearing Abnormalities in Osteoarthritis

Table 2. Speech reception threshold and speech discrimination values

OA group (dB)
(mean ± SD)
SRT (L) (dB) 16,67±6,437
SRT (R) (dB) 16,53±5,955
SD (L) (%)
98,44±3,484
SD (R) (%)
98,56±3,193

Control group (dB)
(mean ± SD)
11,33±2,916
11,50±3,511
99,87±,730
99,73±1,015

p value
<0,001
<0,001
0,016
0,073

OA; osteoarthritis, SRT; speech reception threshold, SD; speech discrimination, R; right, L; left

Table 3. DPOAE values
OA group (dB) Control group
Control
(dB) group (dB)
(mean ± SD)
(mean ± SD)(mean ±pSD)
value
DPOAE (L - 1000 Hz)
DPOAE (L - 1500 Hz)
DPOAE (L - 2000 Hz)
DPOAE (L - 3000 Hz)
DPOAE (L - 4000 Hz)
DPOAE (R - 1000 Hz)
DPOAE (R - 1500 Hz)
DPOAE (R - 2000 Hz)
DPOAE (R - 3000 Hz)
DPOAE (R - 4000 Hz)

6,903±5,8084
11,472±7,606
6
14,306±7,697
1
13,375±8,381
9
11,017±7,800
5
7,525±5,9824
11,833±7,373
9
14,856±7,573
2
15,37±6,903
15,244±9,311
7

8,913±6,4839
11,463±7,8057

0,234
0,854

14,390±6,7791

0,854

15,293±8,4618

0,341

13,707±8,4930

0,089

7,437±6,5335
12,443±7,6817

0,939
0,650

14,117±6,5183

0,581

16,42±6,310
17,847±9,1052

0,479
0,241

C

OA; osteoarthritis, DPOAE; distortion product otoacoustic emissions, R; right, L; left
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Table 4. Tympanometric examination results.
Tympanogram
pressure (L)
(daPa)
(mean ± SD)

Tympanogram
pressure (R)
(daPa)
(mean ± SD)

Tympanogram type
(L / R)
A/A

OA group
-49,72±33,23
-45,97±31,50
33
Control
-27,00±27,02
-37,00±40,22
30
group
Total
63
p value
<0,001
0,008
OA; osteoarthritis, daPa; decapascals, R; right, L; left

Tympanogram type
(L / R)
C/A

Total

3
0

36
30

3

66

Table 5. Stapes reflex

Stapes reflex ( L / R )

Yes/yes

Yes/no

No/yes

Total

OA group

34

1

1

36

Control group

30

0

0

30

Total

64

1

1

66

OA; osteoarthritis, R; right, L; left
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