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ABSTRACT

Objective: The aim of this study is to examine voice characteristics by perceptual assessment of voices of patients with vocal cord paralysis before
and after vocal rehabilitation.

Materials and Methods: 80 subjects participated in the study, of which 40 belonged to the experimental group and 40 to the control group. A
subjective assessment of the voice using the GRBAS scale was performed. This instrument assesses the quality of the voice, that is, it determines
the degree and severity of the disorder. Measures of central tendency, measures of variability, one-factor analysis of variance, t-test for
independent samples, chi-square test and interclass correlation coefficient were applied in statistical data processing.

Results: Before vocal rehabilitation, severe (S) and moderate (G, R, B and A) voice changes were present in patients with vocal cord paralysis.
After the vocal rehabilitation was completed, there was an improvement in voice quality on all subscales, i.e. in moderate (G, R, B and A) there
was a noticeable absence of changes in the voice and in severe (S) there was a slight change in the voice.

Conclusion: Vocal rehabilitation aims to improve glottic occlusion without causing hyperkinesia, which is assisted by the abdominal breathing
technique and improving the function of the internal muscles of the larynx. Vocal therapy is an indispensable part of the treatment of patients
with paralysis of the vocal cords, and very often it is sufficient for a complete cure.

Keywords: Vocal cord paralysis, Perceptual assessment, Vocal rehabilitation

INTRODUCTION congenital malformation of the central nervous system (4) or
is a consequence of trauma during childbirth (5). In adults,
paralysis can be caused by trauma (surgical and non-surgical),
tumors (pressure on the vagus nerve or laryngeal nerves),

neurological and systemic diseases and causes of idiopathic

Paralysis of the vocal cords is a pathological condition where
one or both vocal cords are limited in mobility or immobile.
The immobility of the vocal cords can be the result of nerve

damage or fixation in the cervical artenoid joint (1) as well
as injury or scar changes in the larynx, especially on the back
wall of the glottis. The number of patients with vocal cord
paralysis is constantly increasing (2). Damage to the central
and peripheral nervous system can cause unilateral or bilateral
paralysis of n. vagus, its branches, or upper or lower laryngeal
nerve (3). Paralysis of the vocal cords can occur in both
children and adults. In children, it is most often a congenital
malformation of the larynx, which is often associated with a

origin (6). Paralysis of the vocal cords most often occurs as
a symptom of some disease (5). It most often occurs after
thyroid gland surgery, moreover it can be caused by factors
of idiopathic origin, head and neck surgery, endotracheal
intubation, tonsillectomy and various neurological disorders
(5,7, 8).

Unilateral paralysis of the vocal cords most often occurs after
thyroidectomy (surgical intervention of the thyroid gland,
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one or both lobes), where the nerve is often cut or crushed.
Paralysis of the left vocal cord occurs much more often than
the right, the reason for this is the anatomical position of the
left laryngeal nerve, i.e. the left recurrent nerve is longer and
therefore more prone to injuries (9). With unilateral paralysis,
the vocal cord is not able to occupy an intermediate position,
which means that neither adduction nor abduction of the vocal
cord is achieved during phonation (10, 11). Dysphonia is the
leading symptom of unilateral vocal cord paralysis. The voice
is characterized by hoarseness, especially in the early stages of
paralysis, the range is narrowed, the intensity is reduced and
the duration of the tone is shortened, which leads to vocal
fatigue (7).

Bilateral paralysis of the vocal cords occurs much less frequently
than unilateral paralysis of the vocal cords, and is most often
caused by damage to the recurrent laryngeal nerve or a lesion
of the nucleus of the n. vagus in the brain stem (6).

The treatment modality should be determined taking into
account the time of injury, the patient’s expectations, the status
of fluid or solid aspiration, and the compensation provided by
the uninjured vocal cord. In some patients, recovery can be
spontaneous in the first six to twelve months (12), and while
in some patients surgical compensation is performed with a
healthy vocal cord, some patients cannot recover with any of
these techniques (6). In bilateral paralysis of the vocal cords,
the general view is that surgical treatment is the only option.
However, it has been shown that vocal and kinesitherapy give
significant results, especially if it is a paramedian position of
the vocal cords which did not reduce the breathing space
to the level when tracheotomy is indicated. It is considered
as the decisive choice of the patient (from a willingness and
motivational aspect), building a pleasant atmosphere and trust.

The aim of this research was to determine voice characteristics
by perceptual assessment of voices of patients with vocal cord
paralysis before and after vocal rehabilitation.

MATERIALS AND METHODS

80 respondents participated in the research, of which 40
belonged to the experimental group and 40 to the control
group (Table 1). The experimental group consisted of 32.5%
male respondents and 67.5% female respondents, and the
control group consisted of 42.5% male and 57.5% female
respondents. The groups were equal according to gender

Table 1: General characteristics of the respondents

Groups

N=80 Experimental  Control P
N=40 N=40

Gender, n (%)

Male 30 (37.5%)
50 (62.5%)
55.7+15.9

13 (32.5%)
27 (67.5%)
58.2+16.7

17 (42.5%) 0.356°
23 (57.5%)
53.2¢14.8 0.165°

Female

Age (AS%SD)

(p>0.05). The average age of subjects in the experimental group
was M=58.2+16.7, and in the control group M=53.2+14.8 years.
Otherwise, considering the age of the respondents, the groups
were equal (p>0.05).

The research was conducted in the period from November
2019 to April 2022. All subjects were examined by an
otorhinolaryngologist using the method of indirect
laryngoscopy. After the established diagnosis, they were
referred to the speech therapy clinic. The time of inclusion of
patients in speech therapy treatment was after two months if
caused by an injury and after one month if it was of idiopathic
origin. Vocal rehabilitation was carried out individually, twice a
week, lasting 30 to 45 minutes. The average duration of vocal
therapy was from one month to three months. The aim of vocal
rehabilitation was for the patient to master the technique of
proper breathing, to remove tension in the neck and shoulder
area, to establish adequate voice volume and pitch, and to
provide and adopt guidelines for maintaining vocal hygiene.

The examination was conducted using the GRBAS scale
(auditory — perceptual scale) designed in Japan. This instrument
is standardized and reliable, and describes the quality of the
voice through five qualitative parameters, which enables
monitoring and comparison of the voice before and after vocal
rehabilitation, as well as comparison with subjects of the control
group. The instrument describes: the degree of hoarseness
(Grade - G), roughness of the voice (Roughness - R), hoarseness
in the voice whose source is turbulence caused by an irregular
glottal wave (Breathiness - B), weakness in the voice, i.e. the
auditory impression of hypokineticity or hypofunctionality in
spontaneous phonation (Asthenia - A) and tension in the voice,
that is, the auditory impression of excessive effort and tension
in spontaneous phonation (Strain - S) (13). The parameters
were assessed on a four-point scale with a grade from 0 to 3
(grade 0 - no changes in voice quality; grade 1 - mild changes
in voice quality; grade 2 - moderately changed voice; grade 3 -
pronounced changes in voice quality). The voices of the subjects
were evaluated by three vocal therapists (speech therapists
with many years of experience). The vocal therapists were in
direct contact with the subject, at a distance of one meter, and
evaluated the voice independently of each other. The subjective
evaluation of voice quality using the GRBAS scale represents the
analysis of the voice with one’s own sense of hearing, which is
characterized by simplicity in application and economy.

Table 2 shows the results of the agreement test of three
independent experts (speech therapists and vocal therapists
who evaluated the voice of the subjects). Excellent agreement
between raters was recorded, expressed by the interclass
correlation coefficient. For the total score of the GRBAS scale,
the values of the interclass correlation coefficient were very
high (1CC=0.999, CI: 0.999, 1.000), as well as for the scales:
G (hoarseness in the voice) (ICC=0.998, Cl: 0.996, 0.998), R
(roughness in voice) (ICC=0.994, Cl: 0.991, 0.996), B (loudness
in voice) (ICC=0.990, CI: 0.986, 0.993), A (weakness in voice)
(1€C=0.997, CI: 0.995, 0.998) and S (voice tension) (ICC=0.999,
Cl: 0.999, 1.000).




Table 2: Results of the inter-examiner GRBAS scale test

Estimated interrater reliability (95% Cls)
0.999 (0.999, 1.000)

GRBAS total score
GRBAS subscale

G - Grade 0.998 (0.996, 0.998)
0,994 (0.991, 0.996)
0.990(0.986, 0.993)
0.997 (0.995, 0.998)

0.999 (0.999, 1.000)

R - Roughness
B - Breathiness
A - Asthenia

S - Strain

Bunijevac et al. Rehabilitation of patients with vocal cord paralysis

Paralysis of the left vocal cord was present in 25 patients, right
vocal cord in nine patients and bilateral paralysis in six patients
(Table 4).

Table 4: Paralysis of the vocal cords

Vocal cord paralysis Percentages
Right vocal cord 9 (22.5%)
Left vocal cord 25(62.5%)
Both side 6 (15%)
Total 40 (100%)

The interclass correlation coefficient (ICC) was used to assess
the reliability of the instrument itself. Among the methods
of descriptive statistics, the arithmetic mean with associated
standard deviation, measures of central tendency, measures
of variability, as well as minimum and maximum were used.
Frequency and percentages were used. In analytical statistics
for testing differences between parameters, One-factor analysis
of variance (ANOVA), t-test for independent samples, and chi-
square test were used to examine the relationship between
two categorical variables. Statistical processing and analysis
were done in the computer program SPSS ver. 20 (Statistical
Package for the Social Sciences).

RESULTS

80 respondents participated in the research, 40 respondents
belonged to the control group, and 40 to the experimental
group. Paralysis of the vocal cords in the experimental group
was most often present after thyroid gland surgery (45%),
followed by unknown or idiopathic origin (45%) and after
carotid artery surgery (10%) (Table 3).

Table 3: Experimental group: comorbidities

Cormobidities percentages Percentages
After thyroid surgery 18 (45.0%) 18 (45.0%)
After carotid artery surgery 4 (10%) 4 (10%)
18 (45%) of idiopathic origin 18 (45%)
Total 40 (100%)

Table 5 shows the results of the experimental and control groups
on the GRBAS scale before vocal rehabilitation. All parameters
between groups on the GRBAS scale were statistically different.
The control group had a mean value (zero), which was expected
because the control group had a normal/unchanged voice
quality that is associated with a O (zero) value of all assessed
GRBAS scale parameters, (M=0.00 (0.00)), p<0.0001. The
experimental group showed worse overall results on the GRBAS
scale (M=2.90 (0.14)) compared to the control group (M=0.02
(0.05)), p<0.0001. The GRBAS scale parameter G (hoarseness
in voice) was, as expected, more present in the experimental
group (M=2.96 (0.13)) compared to the control group (M=0.00
(0.00)), p<0.0001. A statistically significant difference between
the two groups also existed on the R scale (voice roughness)
(p<0.0001), where the experimental group had worse results
(M=2.79 (0.34)) compared to the control group (M=0.00
(0.00)). The difference was also noted on scale B (loudness in
the voice), where the subjects of the experimental group had
worse results (M=2.75 (0.35)) compared to the control group
(M=0.02 (0.07)), p<0.0001. The subjects of the experimental
group (M=2.99 (0.05)) compared to the control group (M=0.08
(0.22)), p<0.0001, achieved a higher score on scale A (voice
weakness). The results on the S scale (voice tension) were
less favorable for the experimental group (M=3.00 (0.00))
compared to the control group. The results of the research of
the experimental group showed the presence of severe and
moderate changes in voice quality.

After the vocal rehabilitation was completed (Table 6), there
were no statistically significant differences between the

Table 5: Results of the GRBAS scale for the experimental and control groups before vocal rehabilitation

Groups
N=80 Experimental Control p*
N=40 N=40
Total score of GRBAS scale 1.46 (1.45) 2.90 (0.14) 0.02 (0.05) <0.0001
GRBAS subscale
G - hoarseness in voice 1.48 (1.49) 2.96 (0.13) 0.00 (0.00) <0.0001
R - roughness in gas 1.40(1.43) 2.79 (0.34) 0.00 (0.00) <0.0001
B - hoarseness in voice 1.38 (1.4) 2.75 (0.35) 0.02 (0.07) <0.0001
A - voice weakness 1.53 (1.48) 2.99 (0.05) 0.08 (0.22) <0.0001
S - voice tension 1.50(1.51) 3.00 (0.00) 0.00 (0.00) <0.0001

*: statistical significance
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Table 6: Results of the GRBAS scale for the experimental and control groups after vocal rehabilitation

Groups
N=80 Experimental Control p*
N=40 N=40
Total score of GRBAS scale 0.02 (0.05) 0.01 (0.04) 0.02 (0.05) 0.625
GRBAS subscale
G - hoarseness in voice 0.00 (0.04) 0.01 (0.05) 0.00 (0.00) 0.320
R - roughness in gas 0.01 (0.06) 0.03 (0.09) 0.00 (0.00) 0.079
B - hoarseness in voice 0.01 (0.06) 0.01 (0.05) 0.02 (0.07) 0.562
A - voice weakness 0.05 (0.18) 0.03 (0.12) 0.08 (0.22) 0.208
S - voice tension 0.00 (0.00) 0.00 (0.00) 0.00 (0.00)

*: statistical significance

experimental and control groups on the GRBAS scale. Vocal
rehabilitation was carried out individually, and lasted from one
to three months. The values of the experimental group were
measured after vocal rehabilitation, while the control group
had one measurement.

Table 7 shows the average achieved results of the experimental
group before and after treatment. There was a statistically
significant improvement in the GRBAS total score after
treatment (M= 2.9 (0.14) vs. M= 0.01 (0.04)), p<0.0001. Before
the treatment, the achieved score on the G scale (hoarseness
in the voice) was M= 2.96 (0.13), and after the treatment
M=0.01 (0.05), p<0.0001. Before the vocal treatment on the R
scale (roughness in the voice) the respondents had an average
score of M=2.79 (0.34), and after the treatment M=0.03 (0.09),
which is statistically significant (p<0 ,0001). Improvement
after treatment was also noted on scale B (voice hoarseness)
(p<0.0001), where the score decreased from M=2.75 (0.35)
to M=0.01 (0.05). The average achieved value on scale A
(weakness in the voice) before the vocal treatment was M=2.99
(0.05), and after the treatment M=0.03 (0.12), p<0.0001.
And on the S scale (voice tension), a statistically significant
improvement was achieved after the treatment (M=0.00 (0.00))
compared to the initial values (M=3.00 (0.00)), p<0.0001.

Table 7: Results of the GRBAS scale for the experimental
and control groups before and after vocal rehabilitation

Before vocal  After vocal

rehabilitation rehabilitation p*

Total score of GRBAS scale 2.9 (0.14) 0.01(0.04) <0.0001
GRBAS subscale

G - hoarseness in voice 2.96 (0.13) 0.01 (0.05) <0.0001

R - roughness in gas 2.79 (0.34) 0.03 (0.09) <0.0001

B - hoarseness in voice 2.75(0.35) 0.01 (0.05) <0.0001

A - voice weakness 2.99 (0.05) 0.03(0.12) <0.0001

S - voice tension 3.00 (0.00) 0.00 (0.00) <0.0001

*: statistical significance
DISCUSSION

Paralysis of the vocal cords means the inability to move one
or both vocal cords due to dysfunction of the innervation
of the larynx. The leading symptom is dysphonia of varying

degrees, the voice is weak, monotonous, narrowed in range,
and over time the patient feels tired in the voice (14). These
voice disorders can negatively affect an individual’s emotional
and physical functioning, i.e. their quality of life.

In this observational study, mostly female subjects were
represented, that is, vocal cord paralysis occurs more often
in women than in men, which is compatible with previous
research (15, 16).

Thyroidectomy without identification of the recurrent nerve
causes 5.4% of paralysis, half of which is irreversible (17),
and surgery with identification of the nerve causes 3-8% of
paralysis, but only about 1% is irreversible (18). Given that
surgically caused paralysis of recurrence is most often not
recognized at the time of injury, today the identification of the
return nerve for thyroidectomy is mandatory. A large number of
patients in our study with paralysis of the vocal cords were after
thyroid surgery, but also of unknown etiology, i.e. idiopathic
origin (11, 8). Paralysis of the left vocal cord is much more
common than the right one (9, 10), the left recurrent nerve
is longer and more prone to injury, while bilateral paralysis of
the vocal cords is very rare and usually results from an injury
to the upper laryngeal nerve (19, 8).

The GRBAS scale describes the characteristics of the voice
and also the effectiveness of vocal rehabilitation. Analyzing
the results of the perceptual assessment before vocal
rehabilitation, we found that there was a statistically significant
difference between the two groups of subjects on all the
examined parameters. The values of the parameters of the
GRBAS scale were statistically significantly higher in subjects
with vocal cord paralysis, compared to subjects in the control
group. Based on the obtained results, we can conclude that
the code in patients with paralysis of the vocal cords, a greater
degree of hoarseness, tension, hoarseness, weakness and
hoarseness was observed in the voice. That is, severe (S) and
moderate (G, R, B and A) voice changes were present in the
patients. The results of research by the authors’ group (20)
showed more severe changes in voice quality in patients with
vocal cord paralysis on subscales G, R and B, while in another
study (21) more severe changes in voice quality were also
present on subscale S.




Before vocal rehabilitation, the parameter with the highest
values was S (voice tension), which could also be observed in
the study (22). Parameter A (weakness in the voice) had a high
value, which was noticed by other authors (23, 24, 21, 25). Due
to paralysis of the vocal cords, there is an incomplete closure of
the glottis, which creates an excess of air during phonation, that
is, hoarseness in the voice (B), which is also noticeable in other
studies (26, 20). Roughness in the voice (R) as a consequence
of irregular cycles, i.e. low mobility or immobility of the vocal
cords also had a high value, which is compatible with other
researches (24, 27). The parameter G (hoarseness in the voice)
also had a high value, which was related to other parameters
and varies depending on the voice disorder and is compatible
with other researches (28, 29, 26, 30, 27, 32).

After the vocal rehabilitation was completed, the voice quality
of the subjects of the experimental group improved, that is,
there were no negative changes in voice quality. The control
group had good results on all subscales of the GRBAS scale,
as expected, because the control group had no pathological
changes in the voice. In a study by other authors (32), patients
with vocal cord paralysis recovered after vocal rehabilitation,
and were able to achieve intelligible speech production.
Hoarseness (G), tension (S), and weakness in the voice (A)
improved and went from severe disturbance to mild or no
voice changes. A significant voice improvement in patients
with unilateral paralysis of the vocal cords after vocal therapy
by subjective evaluation of the voice was found in a study by
Santos et al. (33).

In a large number of studies in patients with vocal cord paralysis,
vocal therapy improved the voice quality of these patients (34,
35, 14, 36), which positively affected their quality of life.

CONCLUSION

With this study, we concluded that paralysis of the vocal cords
has a negative effect on the general health and quality of life of
the individual. However, vocal therapy as one of the treatment
segments for patients with vocal cord paralysis can lead to
significant improvement and even complete recovery. Team
cooperation between the speech therapist - vocal therapist
and phoniatrist, i.e. laryngologist is very important. Vocal
rehabilitation aims to improve glottic occlusion without causing
hyperkinesia, which is assisted by the abdominal breathing
technique and improving the function of the internal muscles of
the larynx. Each person, considering the age, etiology, duration
of the paralysis, requires an individual approach, often involving
several modalities of therapy simultaneously or individually.
Success in the treatment of vocal cord paralysis is based on
a very studious and dedicated approach, patience, superior
care and prevention of complications, the main goal of which
is to correct or restore the patient’s voice to be loud enough,
pleasant to listen to, so that it can be adequately used during
daily life activities, which positively affects the quality of life.
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ABSTRACT

Objective: The maintenance of surgical instruments is an ongoing problem for surgeons, especially in operations such as rhinoplasty where
instrument sharpness is very important. This study aims to investigate the effectiveness of two inexpensive and easily accessible sharpeners that
can be used in the operation room immediately before surgery.

Materials and Methods: Three new Cinelli osteotomes were subjected to base sharpness measurements and then used to cut same-sized
artificial bone blocks by applying hammer blows with equal force. The three osteotomes were placed into different groups as follows: the
no-sharpening (NS) group, the Arkansas stone (AS) group, and the sandpaper (SP) group. Sharpness measurements were repeated in all groups
after the 1%, 4™, 7t and 10t osteotomies.

Results: No significant difference was found between the initial measurements with the sharpness values measured after the 10th osteotomy in
the NS and AS groups (p>0.05). The dullness in the SP group, however, increased significantly through the process.

Conclusion: Using new osteotomes without resharpening them after their first use until they have become blunt may be appropriate. If
sharpening is to be done, an Arkansas stone will likely provide better results than sandpaper.

Keywords: Osteotome, sharpness, sandpaper, arkansas stone

INTRODUCTION surgeons should sharpen their osteotomes. While some
surgeons prefer to sharpen them themselves before or after
each case, others have professional manufacturing companies
perform the sharpening at certain intervals (e.g., every four
months). However, professional sharpening results in large
amounts of erosion of the steel, and this has been reported to
reduce the life of osteotomes (4, 5).

The sharpness of an osteotome is extremely important in
external nasal surgery for obtaining acceptable results and
avoiding complications in nasal hump reduction, with greater
sharpness providing more controlled bone cuts. Blunted
osteotomes can cause the separation of larger bone fragments
instead of only those in the desired area, as well as soft tissue
damage. In addition, bone fragment ruptures that occur near

. T Ceramic stones, diamond stones, Arkansas stone, Indian
the base of the skull can cause serious complications (1-3).

stone, aluminum oxide stones, stone engines, and sandpaper

Because medical centers generally have no devices for checking are among the materials that can be used in the sharpening
instrument sharpness, the falls on the surgeon to have sharp, process (1, 5). Comparisons of the sharpening results of fine-
well-functioning instruments (1). In addition, no consensus particle stones (e.g., Arkansas, aluminum oxide) and larger-
currently exists regarding what materials to use or how often particle stones (e.g., India and diamond stones) have shown
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fine-particle stones to provide more successful results in terms
of sharpness (6). An inexpensive alternative to sharpening
stones is to use sandpaper made from silicon carbide, which
can then be glued to a piece of wood and used as a sharpening
stone (7). Although sandpaper is not a frequently used material
in osteotome sharpening, the study has chosen it due to being
an inexpensive and easy method that is frequently preferred in
daily life for knife sharpening.

Surgeons generally decide when to sharpen instruments by
feel (4, 5). Most facial plastic surgeons tend to sharpen their
instruments themselves when needed. Therefore, this study
aims to compare the effectiveness of Arkansas stone and
sandpaper, two different and easily accessible materials that
can be used for sharpening under operating room conditions.

MATERIAL AND METHODS

Study Design

This prospective study received exemption approval from the
institutional review board of Samsun Training and Research
Hospital, a tertiary hospital in Turkey, as the study does not
use human tissue. Following the approval from the ethics
committee, the study and all measurements were carried out
at the Samsun Training and Research Hospital. This study has
been funded by the Samsun Training and Research Hospital
(Date: 26.09.2019, no: KAEK 219/2/24).

Method for Measuring Sharpness

This study has used three new identical 10 mm Cinelli
Osteotomes (Karl Storz, Tuttlingen, Germany; Figure 1c). To
realistically simulate nasal osteotomies, a 90-degree complete

L ,
Figure 1: a) Sandpaper with 500 and 1,000 grit, cut into 10
mm thin strips and waiting to be bonded to wooden blocks
for sharpening; b) Fine and c Arkansas stones (shown as >>)

with 500 and 1,000 grit and artificial bone blocks (*); and c)
10 mm Cinelli osteotome (Karl Storz, Tuttlingen, Germany).

vertical cut was made to an artificial bone (4 mm wide, 4 cm
thick) with a density of 40 PCF (pounds per cubic foot; Sawbone,
Sawbones Europe AB, Malmd, Sweden) by applying hammer
blows of equal force to all the osteotomes (Figure 1b). A crank-
based hammering system was designed, with a latch under the
hammer crank that always allowed the crank to drop and hit the
osteotome from the same height. A load cell with a touchscreen
(Centor Star Touch, Comten Inc., Florida, USA) was used to
measure the force transmitted to the osteotome (Figure 2b).
The first author (C.B.) hammered the osteotomy three times,
and 80 pounds (Ib) of effective force was seen to be transferred
on average. The height from which to drop the free hammer to
create the same force was determined, with the hammer being
consistently released from this height. Meanwhile, the mallet
strokes made on the artificial bones were performed at equal
strength (Figure 2a; Supplemental Video 1).

Figure 2: a) A hammer crank-based system and a load cell
with a touchscreen (Centor Star Touch, Comten Inc., Florida,
USA), b) Preparation of the test setup by adding 370 g weight
of 5/0 polypropylene suture (Prolene, Ethicon Inc.,
Somerville, New Jersey) after placing a Cinelli osteotome
into the WDW-350 Electronic Universal Testing Machine
(TIME Group Inc., Beijing, China).

Supplemental Video 1: A hammer crank-based system
always being dropped from the same height once the latch is
released and hitting the osteotome forward.





All the osteotomes were made by the same manufacturer at
the same size and weight and had original factory sharpness.
Equal forces were applied to the osteotomes, and strokes
were repeated until a full-thickness cut had been made in
the artificial bone. The sharpness of all three osteotomes
was measured at the baseline and after the 1%, 4%, 7%, and
10 complete osteotomies. These osteotomy sequences and
measurements were designed based on those from Ransom
etal. (5).

One of the three osteotomes was used in each of the following
groups: the no-sharpening (NS) group, the Arkansas stone (AS)
group, and the sandpaper (SP) group. In the AS and SP groups,
the osteotomes were sharpened after the 1%, 4", 7t and 10t
complete osteotomies, with three measurements then being
repeated for each group (Figure 3).

Grit as a term refers to the number of particles per square inch
(6). This study used coarser 500 grit followed by finer 1,000 grit
for the both Arkansas stone and the sandpaper sharpening,
applying the same technique to both (Figure 1a).

To measure the sharpness of the osteotomes, this study used
the test setup Bloom et al. and Ransom et al. had created (4,
5). For this purpose, the double-guided Cinelli Osteotome was
placed in a WDW-350 Electronic Universal Testing Machine
(TIME Group Inc., Beijing, China), and then a monofilament
5/0 polypropylene suture (Prolene, Ethicon Inc., Somerville,
New Jersey) was tied tightly (Figure 2b). This study fixed the
suture material with a specially designed holder, and a 370-g
weight was attached to the other side to create the necessary
tension as described in Bloom et al’s (and Ransom et al.’s
measurement models (4, 5). Using the universal tester and
holder, each osteotome was advanced downward into the
suture at a constant speed (5 mm/min) until the suture was
cut. The universal tester generates a force displacement curve.
The force at the time of cutting is inversely proportional to the

No sharpening Arkansas stone Sandpaper
(NS) group (AS) group (SP) group
& Baseline
0,41 0,48 0,35
0,50 0,65 0,38
0,46 0,22 0,58
1st osteotomy
Post-osteotomy Post-sharpening Post-osteotomy Post-sharpening
0,51 0,59 339 1,19 1,97
0,39 0,17 2,80 1,45 1,66
0,50 0,10 1,37 0,38 177

4th osteotomy

0,74 4,04 532 1,07 3,03
0,69 4,69 4,98 1,32 3,01
0,58 0,69 383 1,94 335

7th osteotomy

1,32 3,64 1,68 3,24 5,07
0,79 3,50 4,08 2,63 5,60
0,76 1,46 2,24 3,13 6,80

10th osteotomy

0,60 0,66 1,10 5,70 7,38
0,88 0,54 1,82 549 6,72
0,67 0,16 2,07 4,91 7,50

Figure 3: Graphic of the sharpness measurement of the
groups at baseline and following the 1%, 4*, 7*", and 10t
osteotomies and sharpening sessions.
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sharpness of the blade. In other words, the lower the force
used to cut the suture, the sharper the blade. The force used
to have the osteotome cut by applying pressure to the suture
was measured and recorded in Newtons (N).

Sharpening Technique

The study uses the hand-sharpening protocol described by
Gryskiewicz et al. (3). In accordance with this protocol, forward-
pressure pushes were performed 10 times on both sides of
the osteotome at a 30-degree inclination. These were followed
by 10 forward strokes at a 45-degree angle to both sides at
less pressure, with one very gentle final forward stroke at a
60-degree angle. All sharpening was done by the same senior
author (C.B.) using the same technique.

Statistical Analysis

The Statistical Package for Social Sciences (SPSS, version 21.0;
IBM Corp., Armonk, New York, USA) was used for the data
analysis. Comparisons among the three groups were made using
one-way analysis of variance (ANOVA), with the post-hoc Tukey
honestly significant difference (HSD) test being performed for
significant comparisons. The paired t-test was used to compare
the measurements among the osteotomies. Lastly, the Pearson
correlation test was used to show the relationship between the
sharpness and the number of osteotomies in each group, with
a p<0.05 being considered statistically significant.

RESULTS

No significant differences were found among the groups
regarding the baseline measurements for all three Cinelli
osteotomes (p=0.986). However, significant differences were
observed in all of the comparisons among the groups after
the 1%, 4, 7" and 10% osteotomies and the sharpening
processes (p<0.05). After the 1 osteotomy and sharpening, the
osteotomes in the AS group had become significantly blunted.
After the 4t osteotomy sequence, the osteotomes in the AS
(the dullest one) and SP groups were found to have become
more significantly blunted (Table 1).

The AS group experienced a visible fracture after the 7t
osteotomy, and the sharpness value decreased to the point
that no difference appeared between the AS and NS groups in
the last two measurements. Meanwhile, the SP group saw its
sharpness continue to become increasingly blunted; this group
received the worst score after the 10 osteotomy, significantly
worse than the other osteotomes (Figure 3).

When evaluating the groups separately, the NS group could
easily be seen to have been much more stable. When evaluating
the paired comparisons within the groups, no significance was
observed in the NS group (p>0.05). In the AS group, a strongly
significant difference occurred in the comparisons between
the base and 4™ osteotomy and between the 1° and 4t
osteotomies (p=0.00). In the SP group, on the other hand, the
sharpness consistently became blunter, with strongly significant
differences being observed in all paired comparisons except
for between the 7t and 10 osteotomies. When comparing




The Turkish Journal of Ear Nose and Throat

Table 1: Comparison of sharpness scores (Newton) among groups inter-osteotomy and sharpening procedures

No sharpening (NS) group Arkansas stone (AS) group Sandpaper (SP) group P value’
(Mean t SD) (Mean % SD) (Mean % SD)
Base measurement 0.45 + 0.04a 0.45+0.21a 0.43+0.12a 0.986
1 osteotomy 0.46 +0.06a 2.52+1.03b 1.80 +0.15ab 0.016
4th osteotomy 0.67 £0.08a 4.71+0.78b 3.13+0.19¢ 0.001
7% osteotomy 0.95+0.31a 2.66 +1.25a 5.82+0.88b 0.002
10 osteotomy 0.71+0.14a 1.66 + 0.50a 7.20£0.42b 0.001

Y : One-Way ANOVA test , a/b/c letters show intergroup difference in each row (Post Hoc test-Tukey HSD test), statistically significant p values are emphasized in

bold. SD = Standard deviation.

Table 2: Paired comparisons of base measurements and
measurements after the 1%, 4, 7*", and 10* osteotomy and
sharpening for each group

No sharpening Arkansas stone  Sandpaper

(NS) group (AS) group (SP) group
Base — 1% .887 .056 .009
osteotomy
Base — 4t .075 .007 .000
osteotomy
Base - 7t 135 .077 .007
osteotomy
Base - 10t .050 .076 .001
osteotomy
1%t osteotomy - .089 .005 .013
4 osteotomy
1% osteotomy - .097 .890 .019
7t osteotomy
1% osteotomy - 177 427 .001
10t osteotomy
4th osteotomy - 193 131 .022
7t osteotomy
4t osteotomy - .680 .051 .002
10t osteotomy
7t osteotomy - 431 .257 .104

10t osteotomy

Paired t-test (statistically significant p values are emphasized in bold print.

the base measurements to those for the 10* osteotomy, no
differences were observed for the NS or AS groups (p=0.05),
while a significant difference was found for the SP group
(p<0.05; Table 2, Figure 4).

The study also investigated correlations between the number
of osteotomies and the measurements. The only highly positive
significant correlation was observed in the SP group (r=0.990,
p=0.010).

DISCUSSIONS

Maintaining surgical instruments is extremely important for
surgical quality. The sharpness of an osteotome facilitates work
on focused areas, which in turn results in fewer microfractures
and prevents unwanted segmental fractures with large volumes

Figure 4: Box plots of sharpness measurements for the
groups after the 10*" osteotomy and sharpening session

by reducing any unnecessary excessive force on the hammer.
In nasal surgery, osteotomes are generally used in hump
reduction and lateral osteotomies. A sharp osteotome plays a
very important role in achieving the desired result and avoiding
complications such as irregularities or asymmetries (2, 4, 5, 8-10).

To date, no consensus has been reached regarding how
to measure the sharpness of osteotomes or how often
they should be sharpened or replaced after use. Surgeons
themselves are the ones who usually decide to sharpen or buy
new instruments by palpating with their fingers or sensing its
sharpness during an operation (4, 5).

Some authors have tried a variety of methods for determining
whether surgical instruments are sharp enough. For instance,
Dr. S. Anthony Wolfe stated the best way to ascertain a tool’s
sharpness is by looking at the light reflectance along its working
edge (1). Wolfe’s opinion is that a less-sharp edge reflects more
light due to the deterioration of the microcrystalline structure
of the tool, whereas no light reflects on the sharp edge of a
well-sharpened instrument. However, White et als (10) recent
article reported that their experimental osteotomy model
found visual inspection to be unable to detect blunting of the
sharp edge, even when the measured sharpness value had
decreased by up to 50%.

More objective tests for measuring sharpness are also
commercially available, including the Cutlery and Allied Trades
Research Association (CATRA) sharpness tester. This involves a
sharpness index that is based on the depths of the first three
measurement cuts that are made by pushing the sharp side
of a synthetic paper fixed in a station toward the blade while




facing up (11). McCarty et al. outlined a blade sharpness index
(BSI) as an objective sharpness testing method that forces the
osteotome into a soft wax substrate (12). This method also
allows for measurement without damaging the fine edge. The
current study has preferred using the reliable and reproducible
objective method for sharpness as previously been defined by
Bloom et al. and Ransom et al. (4, 5).

Many different techniques and sharpening materials are
available for maintaining the sharpness of osteotomes. These can
be divided into professional sharpening methods using powered
instruments and sharpening done with hand tools. When
looking at the materials that are used, coarse particulate stones
such as aluminum oxide, carborundum, and Norton stones
perform the sharpening process quickly but cause a striated
appearance along the cutting edge. Arkansas, Neumar, and
ceramic stones are examples of fine particle stones that provide
sharp-edge softness. In addition, sandpaper can be used as a
delicate, easy, and less-expensive sharpening method (13). The
recommendations generally involve starting with coarse particle
materials and finishing with fine particle sharpeners, which is
why this study started sharpening at 500 grit and finished with
1,000 grit for both the SD and AS groups (14).

Manual sharpeners have been observed to possess better
cutting edges than those made with powered tools (15,
16). Bloom et al. showed metal mass to decrease quicker
with professional sharpening and stated that this situation
could decrease the lifespan of the osteotome (4). However,
neither professional sharpening nor hand sharpening was
able to achieve a result close to the baseline values before
the osteotomies.

One thing this study has definitively proven is that osteotomes
become dull with use (4, 5). This study found sharpness to
gradually decrease in the NS group, with a slight difference
being observed between the baseline measurement and the
10t osteotomy/sharpening measurement (p=0.05). Sharpness
values continued to deteriorate significantly in the SP group in
spite of the sharpening, with a positive and strongly significant
correlation between the number of osteotomies and the
sharpness measurements (p=0.010, r=0.990). In the AS group,
the measurements significantly decreased after the 1%t and 4t
osteotomies, even though the worst sharpness values among
the groups differed significantly at the end of the 4" osteotomy
(p<0.05). However, after the 7*" and 10" osteotomies the
measured change in sharpness decreased significantly, while
the significant difference between the NS group’s 7t and 10t
measurements disappeared (p>0.05). Using a coarse particle
sharpener before the osteotome had become dull appears to
have resulted in much worse scores in the AS group. As a result
of a cumulative effect due to repeated use, the AS group may
have started with better scores.

Tebbett recommended sharpening osteotomes after each
use (8). Based on the results obtained here, the current study
believes that surgeons can use new osteotomes without
sharpening them until they feel uncomfortable about their
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sharpness. Surgeons should also keep in mind the use of
disposable osteotomes, as suggested by Bloom et al. (4).
However, due to this not always being economically possible,
this study believes that using an Arkansas stone in sharpening
may provide better long-term results.

The limitation of this study is that, although the measurements
were repeated three times, only one osteotome was used
in each group. On the other hand, applying forces using
a mechanism prevented any possible human-induced
measurement variations and provided more objective
information, which strengthened the study.

CONCLUSIONS

When considering the complications of a blunt-tipped
osteotome, the need for more objective tests regarding the
use of osteotomes may be important to note because surgeons
cannot easily determine the sharpness of an osteotome, at
least not until they use it. However, this study believes that
using an osteotome without sharpening it until it becomes
dull is better. These can then either be replaced with new
ones or professionally sharpened. Sharpening after the first
use may damage the cutting edge of the osteotome and blunt
the cutting edge. In addition, choosing an Arkansas stone as
the sharpening material might be a better choice compared to
sandpaper with respect to sharpening.
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ABSTRACT

Objective: The present study aims to investigate the role of high-resolution computed tomography (HRCT) in temporal bone cholesteatoma.
Materials and Methods: Eighty-two patients with a pathological diagnosis of chronic otitis media with cholesteatoma were included in this
retrospective study. All patients had a complete preoperative otorhinolaryngologic examination, audiological assessment, and HRCT. Preoperative
radiological findings were evaluated together with the findings obtained during surgery.

Results: In HRCT, cholesteatoma was most common in pars flaccida (36.25%). The most common localization of cholesteatoma was holotympanic
(36.25%). Erosion was most common in all ossicles (43.75%), but solitary erosion was most common in the incus (35%). The facial nerve canal
was intact in 58 (72.5%) of the patients. The diagnostic sensitivities of HRCT in cholesteatoma cases were 97.6% for tissue mass, 97.6% for
localization, 100% for malleus erosion, 84.8% for incus erosion, 100% for malleus and incus erosion, 40% for incus and stapes erosion, 94.6% for
the erosion of all ossicles, and 100% for facial nerve canal erosion.

Conclusion: Preoperative HRCT evaluation in patients with cholesteatoma may be considered indispensable for the location of the disease and
the detection of destructive structures.

Keywords: Cholesteatoma, Diagnostic imaging, Otitis Media, Surgery, Tomography

INTRODUCTION

Chronic otitis media (COM) is defined as inflammation and
infection of the middle ear and mastoid cells lasting longer
than 3 months, accompanied by perforation of the tympanic
membrane, and recurrent or persistent otorrhea (1).
Cholesteatoma is defined as a pathological cystic formation
that contains keratin residues covered with squamous cell
epithelium, spread within the pneumatized spaces in the
middle ear and mastoid bone, and may cause bone erosion
and related complications (2).

The presence of granulation tissue or cholesteatoma due
to inflammation in chronic otitis media disease may lead to
progressive destruction of structures in the temporal bone,
especially the middle ear ossicles, and may lead to intracranial or
extracranial complications, especially progressive hearing loss (1-4).

Computed tomography (CT) and magnetic resonance imaging
(MRI) methods are used in the preoperative evaluation of COM
disease, in the investigation of the presence of complications,
and in the determination of the presence of cholesteatoma
(4, 5). High-Resolution Computed Tomography (HRCT) allows
for determining the extent of the disease that cannot be
evaluated by examination, evaluating the surgical landmarks,
evaluating the risk of intraoperative complications, evaluating
the condition of the temporal bone structures, and determining
the complications related to the disease (5). Imaging methods
can detect the suspicion of cholesteatoma, however, the
definite diagnosis of cholesteatoma is made by pathological
evaluation (5, 6).

Chronic otitis media treatment includes medical and surgical
methods. Medical treatment includes antibiotics, anti-
inflammatory drugs, and frequent aspiration (1-3). Surgical
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treatment is applied in cases that are resistant to medical
treatment, have a cholesteatoma, and have complications
(1-3). The primary aim of surgical treatment is to obtain a
non-inflamed, dry, and well-ventilated middle ear cavity. The
secondary aim is to restore hearing loss with an intact tympanic
membrane and a repaired sound conduction mechanism (4).

Computed tomography (CT) and magnetic resonance imaging
(MRI) methods are used in the preoperative evaluation of COM
disease, in the investigation of the presence of complications,
and in the determination of the presence of cholesteatoma
(4, 5). High-Resolution Computed Tomography (HRCT) allows
for determining the extent of the disease that cannot be
evaluated by examination, evaluating the surgical landmarks,
evaluating the risk of intraoperative complications, evaluating
the condition of the temporal bone structures, and determining
the complications related to the disease (5).

Tympanoplasty is the name given to the surgery performed
to obtain a disease-free middle ear, repair the perforation of
the tympanic membrane, and provide sound transmission with
ossicular chain reconstruction (7). Mastoidectomy is a surgery
performed to clear the inflammation spreading to the mastoid
bone, to provide ventilation of the middle ear cavity, to treat
COM complications, or to provide the necessary access route
for advanced ear surgeries such as cochlear implants and facial
nerve decompression (7, 8). Mastoidectomy procedures are
divided into two classes, defined according to the extent of
the pathology causing the surgery: procedures in which the
posterior wall of the external auditory canal is preserved (intact
canal (Canal Wall Up-CWU)), and procedures in which the
posterior wall of the external auditory canal is downed (Canal
Wall Down-CWD) (7, 8).

MATERIALS AND METHODS

This study was approved by the Istanbul University-Cerrahpasa
Clinical Research Ethics Committee (Date: 09.07.2021, No:
133594). Patients admitted to Cerrahpasa Faculty of Medicine
Hospital between June 2021 and June 2022 were included
in this retrospective study. This study was conducted by the
Declaration of Helsinki and informed consent was obtained
from all patients.

Eighty-two patients whose surgical specimens were evaluated
as cholesteatoma were included in the study. Patients
whose surgery was revision surgery, who did not have an
operation video in our archive, who did not have a detailed
operation report in their file, whose preoperative radiological
examinations were not performed in the radiology department
of our hospital, whose preoperative radiology images were
not registered in the system, who did not have a preoperative
radiology report, and who did not have a postoperative
pathology evaluation were excluded from the study.

Radiological evaluations of all patients were performed with
HRCT with a section thickness of 1 mm. The presence of soft
tissue in the middle ear, cholesteatoma types according to
localization, ossicular destructions, and facial nerve canal

erosion were evaluated. The operations were performed using
a microscope and an endoscope. The surgical procedures
performed were CWU and CWD, depending on the extent
of the disease. Surgical evaluation of the study parameters
was performed with the surgical epicrisis and videos. The
correlation between preoperative CT images and surgical
findings was investigated.

Statistical Analysis

Statistical analyses were performed using SPSS 23.0 software
(IBM, USA). Demographic characteristics of the patients were
defined, and sensitivity, specificity, and accuracy of computed
tomography were determined.

RESULTS

The demographic characteristics of patients are given in Table
1. Eighty patients (97.6%) had at least one finding related to
cholesteatoma in the radiology report (Figure 1, Figure 2). The
parameters evaluated in HRCT are presented below.

Table 1: Demographic characteristics of patients

Parameters Po(;; ll':;i)on

Gender Male, n(%) 44 (55)
Female, n(%) 36 (45)

Age (years)  MeaniSD 38.2+14.341
(min-max) (8-60)

Figure 1a: The mass in soft tissue density in the middle ear
and mastoid cavity
Figure 1b: Facial nerve canal defect

Figure 2a: Intact ossicles within the soft tissue
Figure 2b: The soft tissue accompanying destruction in all
ossicles




Type of Cholesteatoma

The distribution of cholesteatoma types is presented in Table
2. Pars flaccida cholesteatoma was the most common type.
However, pars tensa cholesteatoma was the least common type.

Table 2: Type of cholesteatoma in the computed tomography

Cakan and Usaklioglu. Cholesteatoma and HRCT

The integrity of the facial nerve canal

Table 5 presents the integrity of the facial nerve canal. In most
of the patients, the facial nerve canal was intact on HRCT.

Table 5: Integrity of the facial nerve canal in the computed
tomography

Cholesteatoma type Number of patients (n) % Facial Nerve Canal Number of patients (n) %
Pars tensa 23 28.75 Intact 58 72.5
Pars flaccida 29 36.25 Eroded 22 27.5
Combined 28 35

Location of cholesteatoma

The locations of cholesteatoma are presented in Table 3.
Epitympanic cholesteatoma was the most common, followed
by holotympanic cholesteatoma.

Table 3: Locations of cholesteatoma in the computed
tomography

Location Number of patients (n) %
Epitympanic Attic 25 31.25
Attico-antral 15 18.75
Mesotympanic 11 13.75
Holotympanic 29 36.25

Destruction of the ossicular chain

Table 4 shows the erosion of the ossicular chain. All ossicles
were damaged most frequently in patients. When we examined
the individual ossicles, the incus was the most frequently-
eroded bone.

Table 4: Destruction of the ossicular chain in the computed
tomography

Eroded ossicles Number of patients (n) %
Malleus only 4 5
Incus only 28 35
Malleus+Incus 3.75
Incus+Stapes 4 5
All ossicles 35 43.75

Evaluation of computed tomography results

Table 6 shows the correlation between HRCT and intraoperative
features. HRCT has the lowest sensitivity in the detection
of incus + stapes erosions. The lowest specificity is for the
detection of facial nerve canal defects.

Canal Wall-Down surgery was performed in 12 (14.63%) of 82
patients and CWU surgery was performed in 70 (85.37%) of
them.

DISCUSSION

Patient history and otoscopic examination are essential for
the diagnosis of cholesteatoma. High-resolution computed
tomography is the most critical auxiliary examination in
the preoperative evaluation in the presence or suspicion of
cholesteatoma (9). In this study, preoperative HRCT findings
and data obtained during surgery were compared in patients
operated on for COM with cholesteatoma. In cases where incus
and stapes erosions were together, the diagnostic sensitivity
of HRCT was low (40%), and it was high in describing other
investigated findings. The diagnostic specificity of HRCT is 100%
for almost all parameters examined, whereas it is 96.6% due to
false positives in the case of facial nerve canal erosion.

The main pathophysiological mechanism in the development
of complications due to cholesteatoma in the middle ear is that
the keratinized epithelium, which should not be in the middle
ear, proliferates and expands towards the surrounding tissues
and causes erosion in these surrounding tissues, both with
the effect of compression and the effect of secreted enzymes

Table 6: Correlation between computed tomography and intraoperative features

Findings Tor::;::lt\e/(: cT) Intr:::s:::ive Negativ:alsePositive Sensitivity of CT Specificity of CT  Accuracy of CT
Tissue mass 80 82 2 0 97.6% NA 97.6%
Location 80 82 2 0 97.6% NA 100%
Malleus erosion 4 4 0 0 100% 100% 100%
Incus erosion 28 33 5 0 84.8% 100% 93.9%
Malleus+Incus 3 3 0 0 100% 100% 100%
Incus+stapes erosion 4 10 6 0 40% 100% %92.7
Erosion of all ossicles 35 37 2 0 94.6% 100% 97.6%
Facial Nerve Canal erosion 22 20 0 2 100% %96.8% 97.6%

NA: Not applicable
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(10,11). The equivalent of this pathology in HRCT is the
presence of soft tissue in the middle ear and the destruction
of structures such as middle ear walls, ossicles, facial nerve
canal, and semicircular canals (12). It is known that HRCT is
superior to conventional CT in the diagnosis of cholesteatoma
and its complications (13). The presence of cholesteatoma can
be detected with high accuracy by HRCT (14). In the study by
Bozan et al., 21 (91.3%) of 23 cholesteatoma cases, and in the
study by Gomaa et al, 52 (92.8) of 56 cases were correctly
diagnosed by HRCT (12, 15).

The most common findings related to cholesteatoma in HRCT
are ossicular erosion, typical localization of the disease, and
soft tissue mass in the middle ear (12). In previous studies, it
has been shown that cholesteatoma is the most common type
of combined cholesteatoma and pars flaccida cholesteatoma in
the HRCT and the most common localization of cholesteatoma
is the attic region (12, 15). When HRCT of cholesteatoma
patients is evaluated for ossicular erosion, erosion is most
common in all bones (no ossicles). However, the ossicle that is
most frequently eroded alone is the incus (12). The result of
the present study supports the literature.

A defective facial nerve canal is one of the most important
causes of facial nerve paralysis, which is one of the
intraoperative complications that can occur during chronic
otitis media surgery (16). In the literature, the sensitivity
of the diagnosis of eroded facial nerve canal in HRCT has
been reported as 83.3% (12). In our study, the sensitivity
of this diagnosis was found to be 100%. This may be due
to the fact that the radiology department of our institute
is a very experienced center in neuroradiology. Despite
this high sensitivity in diagnosis, we still recommend using
neuromonitoring to avoid the complication of facial paralysis.

An undamaged stapes due to COM is the most important
parameter for hearing reconstruction (17, 18). The sensitivity
of HRCT in the diagnosis of ossicular erosion is high. However,
HRCT has low sensitivity to early stapes erosion (12-15). In
our study, the sensitivity of the diagnosis of incus and stapes
damage in HRCT was found to be 40%. This indicates that
HRCT alone is insufficient for planning preoperative hearing
reconstruction. Even if stapes damage is not mentioned in
HRCT, this situation should be kept in mind, and materials
such as total ossicular replacement prosthesis (TORP) should
be available in case they can be used in surgery. Otherwise,
this unexpected situation may require a second surgery for
hearing reconstruction.

Some factors limit the value of this study. The first of these
limitations is that our study is a retrospective study. The second
limitation is that we did not evaluate all the structures that
could be damaged by cholesteatoma, such as semicircular
canals, middle ear, and mastoid cavity walls. The third limitation
is that we did not have any patients who were misdiagnosed in
HRCT, since we included patients with a definite diagnosis of
cholesteatoma in our study. The final limitation is the number
of patients in our study. Although our center is a tertiary center,

the number of patients diagnosed with cholesteatoma during
one year is 80. This can be explained by the inability of patients
to visit the hospital due to the pandemic.

CONCLUSION

HRCT may be considered an indispensable test in all chronic
otitis media cases, especially in cases accompanied by
cholesteatoma, to avoid intraoperative complications, to plan
hearing reconstruction, and to recognize and plan the repair
of disease-related defects before the operation. Prospective
studies with larger numbers of patients are needed to support
the data we obtained.
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ABSTRACT

Objective: In this study, we aimed to compare the hearing thresholds and outer hair cell functions of patients with psoriasis vulgaris (PV) with
healthy individuals and to investigate the ototoxic effects of acitretin treatment (AT) in patients with PV.

Materials and Methods: This study included 23 patients with PV who required treatment with acitretin as well as 23 healthy individuals.
Conventional and extended high-frequency pure-tone audiometry and transient-evoked otoacoustic emission tests were performed at regular
intervals during the 24 weeks of acitretin treatment.

Results: During the acitretin treatment for the PV group, the hearing thresholds of 4,000 Hz (right ear, p=0.004) presented a significant difference
that did not have a worsening effect. The signal-to-noise ratios of TEOAE did not show a significant difference. At 24 weeks of AT, the changes in
the hearing thresholds (4,000 Hz) and TEOAE signal-to-noise ratios did not indicate any worsening owing to acitretin. According to the ASHA
criteria, there was no significant evidence of ototoxicity related to acitretin. According to the TUNE ototoxicity grading system, it was seen that
at 24 weeks of AT, all the patients with psoriasis were scored as grade 0 (no hearing loss).

Conclusion: This study showed that acitretin does not have an ototoxic effect when it is used to treat PV in the recommended treatment doses.

Keywords: Acitretin, high-frequency hearing, ototoxicity, psoriasis vulgaris

INTRODUCTION dermatological diseases. Acitretin is a second-generation oral
aromatic retinoid and has been effective in treating severe
keratinizing skin lesions, such as PV and ichthyosis since
the early 1980s (3). Some studies have mentioned that the
metabolism of acitretin could cause dose-dependent adverse
effects (4-8), such as sensorimotor neuropathy and some
ototoxic effects; however, this is unclear (9, 10).

Psoriasis vulgaris (PV) is a T-lymphocyte mediated chronic
inflammatory disease that is characterized by the focal
formation of inflamed, swollen plaques, which is caused
by excessive growth of skin epithelial cells and leads to the
continuous shedding of scales. It affects approximately two
to three percent of adults (1). PV, which has been considered
cutaneous for a long time, is now considered a systemic
inflammatory disorder that shares pathogenic pathways with
many other chronic and progressive diseases (2).

In the literature, there are studies that mention the ototoxic
side effects of acitretin. Hearing loss has been reported with
tinnitus and bilateral sudden hearing loss during the first week
Retinoids (acitretin, isotretinoin, alitretinoin, and bexarotene) of using acitretin, but the symptoms disappeared after the
are a group of drugs that are used to treat multiple decrement of acitretin dose (11). In a group of 12 patients with
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hydradenitis suppurativa who were treated with acitretin, one
patient had tinnitus in the fourth month of treatment, and the
complaint disappeared with dose reduction (12). In another
study, the side effects of the retinoid group (oral isotretinoin
and acitretin) on hearing were evaluated with audiometric
tests and did not present any significant changes to the hearing
thresholds. In the isotretinoin group, the 500 Hz air-conduction
hearing thresholds declined significantly in the third month of
treatment (13).

The ototoxicity assessment has two purposes: to detect the
otologic effect that is caused by the drug regimen as early as
possible and adjust the dose of the drug accordingly and to
plan the patient’s auditory rehabilitation to support the verbal
communication capacity of the patient when ototoxicity occurs
permanently (1, 2, 14). Although there are many studies on the
ototoxic effects of isotretinoin, a member of the retinoid group,
the presence of relatively few studies on the ototoxic effects
of acitretin led to the planning of this study. In this study, we
aimed to investigate the ototoxic effects of acitretin treatment
in patients with PV and to compare their hearing thresholds
and outer hair cell functions with healthy individuals.

MATERIALS AND METHODS

This prospective interdisciplinary longitudinal study was
performed after getting ethical approval from the local
clinical research ethics committee (Date: 27.06.2018, no:
2018/0197). Written informed consent was obtained from
all the patients.

This study included 23 patients with PV who required treatment
with acitretin along with 23 healthy individuals. The inclusion
criteria were as follows: older than 18 years, the presence
of moderate to severe PV (plaque-type psoriasis) for longer
than six months, and no history of prior acitretin use. The
exclusion criteria were determined as follows: younger than
18 years, pregnant, lactating, the presence of systemic or local
infections, history of head or ear trauma, barotrauma, ototoxic
drug usage, history of otologic surgery, patients with psoriatic
arthritis, history of ear diseases (such as otosclerosis, Meniere’s
disease, or suppurative labyrinthitis), and a flat tympanogram.
In addition, if the patient had a history of previous treatment,
including phototherapy, immunosuppressive, and/or
immunomodulating drugs and biological agents within the last
12 weeks, they were excluded from the study. If the hearing
evaluations were not completed, the patients were excluded
from the analysis. The control group in this study consisted of
23 healthy individuals. The healthy individuals were selected
from volunteers who had normal hearing thresholds and no
history of dermatologic and/or otologic problems.

Acitretin therapy and clinical assessments

Acitretin at a dose of 0.25-0.5 mg/kg per day was orally
administered to patients with PV. The basic biochemical
measurements were performed at baseline and after three
months of acitretin treatment These included: the complete
blood count; liver and kidney function tests; and triglyceride,
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total cholesterol, and low-density lipoprotein. The clinical
improvement was measured by the Psoriasis Area and Severity
Index (PASI). Accordingly, acitretin treatment (AT) was started
at low doses (0.25-0.30 mg/kg/day), with the patients being
evaluated monthly. The dose was gradually increased according
to the patients’ ability to tolerate the mucocutaneous side
effects of the drug, such as dryness and cheilitis, and the
severity of the disease. In patients who did not develop side
effects and a had more severe disease, the dose was increased
every month to reach 0.5 mg/kg/day.

Audiological measurements

All the participants underwent a detailed otorhinolaryngological
examination. Before the audiological evaluation, a detailed
medical history was taken from all the participants. Audiological
tests were performed in the PV group before treatment as a
baseline as well as in the second, fourth, sixth, eighth, 12",
and 24" week of AT. In the control group, all audiological
assessments were performed once. The audiological results
of the controls were compared with those of the PV group
before AT.

An acoustic immitancemetry test was performed to evaluate
the integrity of the external ear canal, tympanic membrane,
flexibility of the middle ear, and the acoustic reflex arc using the
Interacoustics AT235h clinical tympanometer (Interacoustics,
Assens, Denmark). The pure-tone air-conduction thresholds
were measured at the decibel hearing level (dB HL) at 250-
8,000 Hz. In addition, the bone-conduction hearing thresholds
were evaluated at 500-4,000 Hz. The degrees of hearing loss
were calculated as the average of four frequencies (500-4000
Hz) (Pure tone average-PTA) (15). The high-frequency hearing
thresholds were evaluated at 9.0-14.0 kHz. All audiometric
measurements were performed with a calibrated Astera 2
clinical audiometer (Madsen-Otometrics, Denmark). The
TDH 39 supra-aural headphone (Telephonics, Farmingdala,
NY, USA) was used for determining the air conduction.
The Radio-ear B-71 bone vibrator was used for the bone-
conduction threshold. The high-frequency hearing thresholds
were determined using the Sennheiser HAD 200 circum-aural
headphones (Sennheiser Electronic GmbH & Co. KG, USA).
The transient-evoked otoacoustic emissions (TEOAEs) were
recorded and analyzed using the Madsen Capella Oto-acoustic
Emissions System Model: 8-03-460 (Otometrics/ Natus Medical
ApS, Denmark). TEOAEs were obtained using rectangular clicks
at an intensity of 8012 dB sound pressure level (SPL). The signal
to noise ratios were analyzed at 1,000, 1,500, 2,000, 3,000, and
4000 Hz. Six dB peak-equivalent SPL (peSPL) SNR for at least
three frequencies were accepted as normal TEOAEs.

High-frequency hearing was evaluated with high-frequency
audiometry test in both groups, the patients with psoriasis
and the control group. All audiological tests were performed
in a double-walled, sound-isolated audiometric booth by two
audiologists.

The ototoxicity decision was made according to the American
Language Speech Hearing Association (ASHA) criteria (1994)
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and the TUNE grading system (2014). The ASHA criteria have
been developed to identify ototoxicity as early as possible by
comparing the deterioration to the baseline pre-drug tests
(16). According to the ASHA criteria, the presence of one of the
following three conditions is sufficient to decide on ototoxicity:
(a) a decline of the air-conduction hearing threshold at any test
frequency > 20 dB, (b) a decline of the hearing threshold of >
10 dB at any two consecutive frequencies, and/or (c) a loss
of response at any consecutive three frequencies that were
previously detected.

The TUNE grading system uses air conduction measurements
to evaluate speech intelligibility (17). According to the TUNE
grading system: grade O indicates no hearing loss, grade
la corresponds to 10 dB or more threshold shift at high
frequencies (pure tone average of 8-10-12.5 kHz) or subjective
complaints, grade 1b corresponds to 10 dB or more threshold
shift at conventional frequencies (pure tone average of 1-2-4
kHz), grade 2a corresponds to 20 dB or more threshold shift at
high frequencies (pure tone average of 8-10-12.5 kHz), grade 2b
corresponds to 20 dB or more threshold shift at conventional
frequencies (pure tone average of 1-2-4 kHz), grade 3
corresponds to 35 dB or more hearing level at conventional
frequencies pure tone average of 1-2-4 kHz, and grade 4
corresponds to 70 dB or more hearing level at conventional
frequencies (pure tone average of 1-2-4 kHz).

Statistical Analyses

A sample size was calculated using G* Power version 3.1.9.2
based on the ability of mean difference between two
dependent means (matched pairs) for the post hoc test. The
power of the study was found to be 93% according to the
total sample size of 51 participants, with a confidence level of
95% (p<.05) and an effect size of 0.5. The sample size of our
study was decreased by 10% to address the possibility that
nonparametric statistics might have to be used because of
non-normality of the dependent and independent variables,
giving an overall sample size of 46 participants (23 with PV
and 23 controls). Descriptive data were provided as means and
standard deviations for numeric variables and as percentages
for categorical variables. The Shapiro-Wilk normality test
was used to assess the normality of the distribution for each
finding, and it was decided that using a non-parametric test
would be appropriate for modeling the data. The chi-squared
test was used to compare the nominal and ordinal data. To
test the differences between the repeated measurements,
the Friedman’s two-way analysis of variance by ranks test
and Kendall’s coefficient of concordance calculations were
used, which are non-parametric alternatives of the repeated
measures analysis of variance test. The independent samples of
the Mann-Whitney U test was used to identify the differences
between the PV and control groups. A p value of <0.05 was
considered statistically significant.

RESULTS

The demographic data of the PV group are presented in Table 1.
The study and control groups were matched for gender. There

was no significant difference between the groups in terms
of mean ages (p=0.664). The mean duration of the disease
was 7.8619.2 years. All the participants had normal acoustic
reflexes. The distributions of the tympanogram types between
the groups were similar (p>0.05) (Table 1).

Table 1. Demographics of the psoriasis vulgaris and the
control groups

PV group Control group
N 23 23
Age (years) 34-67 (52.449.5) 30-64 (51.148.7)
Gender Male (n, %) 10,43.5 10,43.5
Female (n, %) 13,56.5 13,56.5

Duration of disease (years) 7.949.2 -
Tympanograms

Type A 19 (82.6%) 20 (86.9%)

Type As 4 (17.4%) 3(13.1%)
Acoustic reflexes Yes/No 23/0 23/0

PV: Psoriasis vulgaris

The pure-tone hearing thresholds and the TEOAE signal-to-
noise ratios of the PV group before acitretin treatment and
the control group are presented in Table 2. Accordingly, the
air-conduction hearing thresholds at 2,000 (left ear, p=0.017),
3,000 (bilaterally, p<0.001), and 4,000 Hz (bilaterally, p<0.001)
were significantly worse in the PV group than in the control
group. Furthermore, the right and left ear four-frequency PTA
(bilaterally p<0.001) values were significantly worse in the
PV group. However, in both the PV and control groups, the
PTA values were within the audiological normal hearing limits
(18). The high frequency audiometry findings were similar
between the groups except 14,000Hz of the left ear (p=0.036).
The TEOAE signal-to-noise ratios of the PV group were also
significantly lower at 3,000 (bilaterally, p<0.05) and 4,000 Hz
(bilaterally, p<0.05) than the control group (Table 2).

In the PV group, after 24 weeks of AT, the air-conduction
hearing thresholds of conventional pure-tone and extended
high-frequency audiometry were significantly different at 4,000
Hz right ear (Tables 3 and 4). During the AT hearing thresholds
of 4,000 Hz, (right ear, p=0.004) presented a significant
difference, however it did not present a worsening effect and
was below the 10 dB audiological error level (10 dB). The signal-
to-noise ratios of TEOAE did not show any significant difference
(Table 5).

At 24 weeks of AT, the changes in the hearing thresholds
(4,000 Hz) and TEOAE signal-to-noise ratios did not indicate
any worsening owing to acitretin. The findings of patients with
PV did not present a declining 10 dB hearing threshold at two
or more consecutive frequencies nor an over 20 dB decline for
one frequency. According to the ASHA criteria, there was no
significant evidence of ototoxicity related to acitretin.

According to the TUNE grading system, when PTAs (both
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Table 2. Hearing thresholds and TEOAE signal to noise ratios of the psoriasis vulgaris and control groups before acitretin
treatment

PV group Control group Effect size
MeanSD MeanSD p values (Hedges’ g)
Pure-tone Audiometry (dBHL)
PTA Right 16.07+5.85 9.06+3.03 <.001 1.504
Left 15.65+6.05 8.62+4.47 <.001 1.321
250 Hz Right 11.91+4.60 9.75+3.79 .094 0.512
Left 11.42+6.91 9.75%6.97 371 0.299
500 Hz Right 12.62 +7.84 8.5+4.89 .068 0.630
Left 10.95+7.35 9.25+4.94 329 0.271
1000 Hz Right 13.57+7.44 10.25+3.43 .279 0.573
Left 11.91+8.29 9.5+4.83 48 0.355
2000 Hz Right 11.91+9.01 8.25+5.19 .183 0.497
Left 13.09+8.28 7.5£5.73 .017 0.785
3000 Hz Right 19.04+7.84 8.755.34 <.001 1.534
Left 19.88+7.96 7.87+5.57 <.001 1.748
4000 Hz Right 26.19+10.82 9.25+4.93 <.001 2.014
Left 26.66+12.87 8.25+7.82 <.001 1.728
6000 Hz Right 16.66%9.66 16+14.74 461 0.052
Left 19.04+10.07 14.25+12.38 .088 0.424
8000 Hz Right 18.33+12.68 16.5+14.78 .645 0.132
Left 20.71+ 8.41 18.00+14.90 324 0.223
High Frequency Audiometry (dBHL)
9 kHz Right 24.5+13.26 18.5+19.41 114 0.360
Left 30.01+16.14 25.52+24.14 351 0.218
10 kHz Right 39+17.29 26+29.63 .081 0.535
Left 36.25+20.7 26.32+27.38 .158 0.409
11.2 kHz Right 45.75+18.44 33+32.13 277 0.486
Left 43.75+17.68 28.94+30.84 134 0.589
12.5 kHz Right 54.64+16.46 33.52+28.05 .059 0.918
Left 53.92+14.43 33.75+30.08 .052 0.855
14 kHz Right 56.87 5.3 36.42+29.38 .238 0.968
Left 55+10.00 33.46+27.71 .036 1.034
Transient-evoked otoacoustic emissions (dBpeSPL)
1 kHz Right 10.41+2.96 10.91+2.62 773 0.178
Left 10.53+2.74 11.09+2.31 751 0.221
1.5 kHz Right 11.38 £3.73 11.17+4.1 .84 0.053
Left 11.48+3.59 12.05+3.6 .665 0.158
2 kHz Right 9.74+4.36 10.41 +4.68 729 0.148
Left 10.24+3.87 11.16 +4.2 .506 0.227
3 kHz Right 8.61+3.01 11.29+4.29 .049 0.723
Left 8.89+2.89 11.2143.75 .037 0.693
4 kHz Right 7.7243.25 9.9143.63 .043 0.635
Left 8.23+2.92 10.22+3.62 .043 0.605

PV: Psoriasis vulgaris, dBHL: Decibel hearing level, dBSPL: Decibel sound pressure level, PTA: 500-4000 Hz pure-tone average
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Table 3: Pure-tone hearing thresholds of the psoriasis vulgaris group before and during acitretin treatment
Hearing Thresholds (dBHL)

Right Ear 250 Hz 500 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 6000 Hz 8000 Hz
Before AT 11.91+4.60 12.62+7.84 13.57+7.44 11.91+9.01 19.04+7.84 26.19+10.82 16.66+9.66 18.33+12.68
Second week of AT 13.81+8.2 11.19+8.64 12.85+8.30 11.42+8.96 18.92+9.5 26.42+13.79 17.61+11.68 22.14+16.16
Fourth week of AT 11.42+7.76 10.23+7.98 11.66+8.26 10.47+8.64 17.02+9 23.57+13.4 16.91+10.66 20.71+16.61
Sixth week of AT 10.4749.34 10.95+8.89 11.66+7.12 11.1949.21 17.02+9.44 22.85+12.99 17.38+10.07 18.57+15.9
Eighth week of AT 11.9148.13 10+#8.36 12.85%9.02 11.66+9.26 18.09+8.97 24.52+12.33 18.81+12.33 19.76+16.84
12" week of AT 12.6149.82 10.23+8.72 11.91+8.87 10.95+8.45 18.69+8.46 26.42+12.56 19.05+11.35 20.1+15.57
24 week of AT 10.75+10.67 11#852 11.2548.09 10.549.02 18.75+9.44 27+13.41 18.75+10.98 18.25+15.75
Friedman’s two-way analysis of variance by ranks ~ 0.096 0.173 0.536 0.593 0.077 0.004 0.114 0.442
Kendall’s coefficient of concordance 0.009 0.075 0.042 0.038 0.095 0.157 0.085 0.049
Effect Size (partial eta squared) 0.911 0.788 0.805 0.693 0.915 0.929 0.808 0.709
Left Ear 250 Hz 500 Hz 1000 Hz 2000 Hz 3000 Hz 4000 Hz 6000 Hz 8000 Hz
Before AT 11.42+6.91 10.95+7.35 11.91+8.29 13.09+8.28 19.88+7.96 26.66+12.87 19.04+10.07 20.71+8.41
Second week of AT 10.95+8.3 9.7617.66 12.3848.61 10.71+8.11 19.28+7.37 27.85+12.4121.91+14.35 23.81+18.96
Fourth week of AT 9.28+7.62 9.52+7.05 11.42+7.61 11.66%8.11 19.41+8.69 27.14+13.09 19.04+13.47 21.42+17.68
Sixth week of AT 9.76+8.72 9.76x8.28 11.91+7.32 10.95+7.84 18.92+8.49 26.91+13.17 20.47+12.33 24.05£19.41
Eighth week of AT 11.9148.13 10#8.36 12.85%7.51 11.66+8.26 19.64+8.63 27.61+13 20.71+13.3424.28+19.76
12" week of AT 10.71+8.25 10+8.51 12.1447.34 11.19+8.2 20.11+9.43 29.04+14.54 20.47+13.77 25.47+20.11
24" week of AT 9.75#8.95 10.25#8.02 12.546.58 10.75+8.62 20.37+9.84 30+14.23 21.5+13.86 25.25+19.7
Friedman’s two-way analysis of variance by ranks ~ 0.506 0.715 0.343 0.193 0.864 0.407 0.53 0.162
Kendall’s coefficient of concordance 0.044 0.031 0.056 0.072 0.021 0.051 0.043 0.077
Effect Size (partial eta squared) 0.868 0.745 0.868 0.759 0.932 0.881 0.829 0.882

AT: Acitretin treatment, dBHL: Decibel hearing level

Table 4: High-frequency hearing thresholds of the psoriasis vulgaris group before and during acitretin treatment
Hearing Thresholds (dBHL)

Right Ear 9000 Hz 10000 Hz 11200 Hz 12500 Hz 14000 Hz
Before AT 24.5%13.26 39+17.29 45.75+18.44 54.64+16.46 56.87+5.3
Second week of AT 25+12.77 39+18.68 45.51+18.77 54.06+16.75 5616.51
Fourth week of AT 23.75+12.65 38.5£18.07 46.75+17.18 55+17.08 55+7.07
Sixth week of AT 24+14.56 38.75+19.92 45.75%17.71 53.33+16.65 55+7.07
Eighth week of AT 24.75+12.41 39.75+18.31 46+16.98 53.12+15.37 53.3317.63
12 week of AT 25+11.92 39+19.37 46.75+18.37 54+16.61 53.3347.63
24t week of AT 24.47+12.34 39.21419.23 45.52+16.49 52.5+16.49 50+7.07
Friedman’s Two-Way Analysis of Variance by Ranks 0.831 0.612 0.871 0.515 0.423
Kendall’s Coefficient of Concordance 0.025 0.039 0.022 0.079 0.5
Effect Size (partial eta squared) 0.855 0.891 0.896 0.945 0.990
Left Ear 9000 Hz 10000 Hz 11200 Hz 12500 Hz 14000 Hz
Before AT 30.00+16.14 36.25+20.7 43.75+17.68 53.92+14.43 55+10.00
Second week of AT 30.25+16.73 38.25+19.75 43+17.27 54.64+14.21 50+7.07
Fourth week of AT 31.5+17.92 38.75+19.25 45.75+17.34 53.75+14.16 52+8.36
Sixth week of AT 28.25+17.18 35+19.6 43.25+18.93 50.83+14.27 48.75+6.29
Eighth week of AT 28.7517 36.7520.20 43+17.87 53.33+13.04 51.66+2.88
12 week of AT 27.63+15.39 36.05+19.61 42.63+18.05 62.63+20.3 51.66+2.88
24 week of AT 27.89%17.02 35.52+18.84 43.15+16.93 50.45+13.12 50+7.07
Friedman’s Two-Way Analysis of Variance by Ranks 0.425 0.215 0.761 0.592 0.423
Kendall’s Coefficient of Concordance 0.052 0.073 0.03 0.086 0.5
Effect Size (partial eta squared) 0.786 0.845 0.904 0.979 0.992

AT: Acitretin treatment, dBHL: Decibel Hearing Level
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Table 5: Transient-evoked otoacoustic emissions in the psoriasis vulgaris group before and during acitretin treatment

TEOAE Signal Noise Ratios (dBpeSPL)

Right Ear 1000 Hz 1500 Hz 2000 Hz 3000 Hz 4000 Hz
Before AT 10.41+2.96 11.38+3.73 9.74+4.36 8.61+3.01 7.723.25
Second week of AT 10.35+2.87 11.1143.64 9.61+4.31 8.73+2.68 8.073.39
Fourth week of AT 11.14#3.01 12+3.73 10.08+4.22 8.97+3.17 7.83%3.33
Sixth week of AT 10.43%3.06 11.25+3.53 9.77+4.3 9.04+2.81 8.17+3.42
Eighth week of AT 11.0243.17 12.01+3.71 10.51+4.29 9.45+3.37 8.31+3.67
12t week of AT 11.01+3.31 12.12+3.76 10.74+4.41 9.66+3.59 8.67+3.98
24" week of AT 10.23%3.35 11.84+3.58 10.15+4.46 8.92#3.31 7.82%3.29
Friedman’s two-way analysis of variance by ranks 0.224 0.148 0.05 0.379 0.496
Kendall’s coefficient of concordance 0.072 0.083 0.116 0.056 0.047
Effect Size (partial eta squared) 932 .944 .88 .94 .869
Left Ear 1000 Hz 1500 Hz 2000 Hz 3000 Hz 4000 Hz
Before AT 10.53+2.74 11.48+3.59 10.24+3.87 8.89+2.89 8.23+2.92
Second week of AT 10.41+2.69 11.55+3.47 10.47+3.88 9.02+2.81 7.99+3.43
Fourth week of AT 11.06+2.57 12.01+3.38 11.06+3.64 8.78+2.77 7.943.26
Sixth week of AT 10.77+2.53 11.75+3.34 10.54+3.88 9.55+2.98 8.35+3.37
Eighth week of AT 11.11+2.72 11.58+3.67 10.59+3.95 8.65+2.96 8.41+3.6
12t week of AT 11.58+2.81 12.143.46 11.38+3.88 9.18+3.32 8.78+3.91
24t week of AT 10.88+3.47 12.02+3.47 10.71+3.92 9.05+3.23 7.98+3.22
Friedman’s two-way analysis of variance by ranks 0.089 0.462 0.779 0.184 0.577
Kendall’s coefficient of concordance 0.096 0.05 0.028 0.077 0.042
Effect Size (partial eta squared) .961 .951 .92 .938 .907

AT: Acitretin treatment, TEOAE: Transient-evoked otoacoustic emission, dBpeSPL: Decibel peak equivalent sound pressure level

aural fullness, or balance problems (19). Several ototoxicity
classification systems have been published to allow a simple,
reliable, and valid interpretation of the audiometric results

Table 6: Results of the TUNE ototoxicity grading system in
the psoriasis vulgaris group before and after acitretin

treatment ’ o )
(20). In this study, the ASHA criteria and TUNE grading system
Pre-treatment Post-treatment were used for the ototoxicity decision making. The ASHA
HFR 34.04+12.34 34.04+13.47 criteria can be applied to the air-conduction hearing thresholds
HFL 34.76+12.03 34.24+14.68 at both conventional or high frequencies and sensitive to
ototoxicity and minimize variability with the use of adjacent
CFR 17.22+6.46 16.25+8.09 . . L
test frequencies. A baseline assessment and repeat testing is
CrL 17.226.54 17.75£7.95 recommended to confirm that the changes in the threshold
HFR: Right ear pure tone average of high frequencies (8-10-12.5 kHz), HFL: are related to ototoxicity (16), The TUNE grading system is a
Left ear pure tone average of high frequencies (8-10-12.5 kHz), CFR: Right ear newlv developed system for ototoxicity in adults. This system
pure tone average of conventional frequencies (1-2-4 kHz), CFL: Left ear pure y P Y \ : 4
tone average of conventional frequencies (1-2-4 kHz). evaluates both the frequencies related to speech intelligibility

and higher frequencies. The main difference in our study was
the use of two different ototoxicity classification or grading

conventional and high frequencies) were calculated, it was seen systems. In other studies, there was not an acceptable
that at 24 weeks of AT, all the patients with psoriasis were ototoxicity classification protocol to evaluate the ototoxicity
scored as grade 0 (no hearing loss) (Table 6). owing to acitretin or isotretinoin. Statistically significant
changes in hearing thresholds should be interpreted using an
DISCUSSION ototoxicity classification system.
Ototoxicity is one of the most important topics in the field For comprehensive ototoxicity monitoring, acoustic
of audiology because of its almost irreversible damage to immitancemetry, transient-evoked, and/or distortion product
the inner ear. It requires an examination of the side effects oto-acoustic emissions were suggested to combine with the

of drug therapy, such as hearing loss, tinnitus, hyperacusis, conventional and high-frequency pure-tone audiometry (20).
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The TEOAEs are more sensitive to ototoxic changes than the
pure-tone hearing threshold; however, the most sensitive test
for ototoxic changes is high-frequency audiometry (14). In this
study, the TEOAE tests were combined with the conventional
and high-frequency audiometry tests for ototoxicity
monitorization.

Acitretin, etretinate, isotretinoin, and tretinoin are aromatic
retinoid analogues of vitamin A. Acitretin toxicity has generally
been described as dose-dependent and has been reported to
cause transaminitis, pseudotumor cerebri, hyperostosis, and
hyperlipidemia (21). Etretinate, a metabolite of acitretin, has
also been reported to cause peripheral neuropathy (11).

Studies on the effects of acitretin on hearing are few (11-13),
and the mechanism of ototoxicity has not been defined yet. The
effect of oral acitretin intake on hearing was reported for the
first time in a 31-year-old patient using acitretin for psoriasis.
Tinnitus and hearing loss were described in the patient one
week after starting acitretin. The averages of 500-2,000 Hz
were 47 dBHL in the right ear and 33 dBHL in the left ear.
Tinnitus was more severe in the right ear. As soon as otological
complaints began, acitretin was discontinued, and prednisolone
at a dose of 1mg/kg/day was initated. In the audiological
evaluation of the patient two years later, it was determined that
the tinnitus disappeared, and the mean of 500-2,000 Hz was
obtained as 35 dBHL on the right and 30 dBHL on the left. In this
study, the daily dose of orally administered acitretin was not
specified. No baseline evaluation was made in this case report,
and only conventional frequencies were evaluated with pure
tone audiometry tests after the patient’s complaints started,
with high frequency audiometry and otoacoustic emission
tests not being performed (11). In the second study reporting
hearing impairment with the use of acitretin, four-year follow-
up findings of 12 patients with hidradenitis suppurativa were
presented. These patients were treated with acitretin at a dose
of 0.59 mg/kg/day for nine to 12 months. Bilateral tinnitus
was observed in one patient four months after the onset of
acitretin, but hearing loss was not described. When the drug
was discontinued, the complaint disappeared. When acitretin
was restarted three weeks later, tinnitus, headaches, and
concentration impairment reappeared, resulting in the patient
stopping acitretin completely (12). In this study, no findings
regarding hearing assessment were given. Karaosmanoglu
et al. reported the average hearing thresholds of 30 patients
with PV at 250-10,000 Hz frequencies at baseline at the first
and third months during 0.5-0.75 mg/kg/day oral acitretin
use (13). Hearing thresholds in the acitretin group did not
change significantly after treatment. The audiological findings
presented in this study are those obtained after three months
of follow-up. In that study, considering that otologic complaints
emerged after using acitretin for four months, the adequacy of
a three-month follow-up period is controversial. Otoacoustic
emission assessments were not performed (13). Important
points that distinguish our study from others include the six-
month follow-up period, the evaluation of frequencies above
10,000 Hz, and the otoacoustic emission findings.

Isotretinoin, like acitretin, is a member of the retinoid group
and has similar action and side-effect mechanisms to acitretin
(13). However, its ototoxicity has been more studied than that
of acitretin. In the literature, clinical studies and case reports
suggest that isotretinoin affects hearing (22-27). Akdag et al.
have reported a case with permanent bilateral sensorineural
hearing loss after isotretinoin treatment (22). A 15-year-old
male who was treated with isotretinoin displayed bilateral
mild to moderate sensorineural hearing loss on the fifth
day of treatment, which did not improve even after ceasing
isotretinoin. The mechanism of ototoxicity-related inner ear
damages was explained by the decreased microcirculation
and oxidative stress related apoptosis (22). However, a clear
definition of the ototoxic mechanism of acitretin has not been
made, and longitudinal studies with different dose applications
are required.

Rosende et al. have reported a 15-year-old boy who displayed
hypoacusia and tinnitus during the six weeks of isotretinoin
treatment (23). After withdrawing isotretinoin, he improved.
In another study, Akdag et al. have stated that the 1-6 kHz
air-conduction hearing thresholds got significantly worse after
isotretinoin treatment, whereas the otoacoustic emissions
did not decline (24). Ugur et al. have reported a clinical
study consisting of the audiological results of 25 patients
who were treated with isotretinoin (25). After treatment,
the conventional and high-frequency hearing thresholds
were better than the pre-treatment thresholds. Otoacoustic
emission amplitudes did not present a significant change
after treatment. Karabulut et al. evaluated 38 patients with
conventional and high-frequency pure-tone audiometry and
found in the third week of isotretinoin treatment, the hearing
thresholds were better than the pre-treatment thresholds (26).
There are also experimental studies that report that retinoic
acid stimulates the in vitro regeneration of auditory hair cells
in ototoxic-poisoned rat organs of Corti (27, 28). In this study,
after 24 weeks of AT, the audiologic findings of patients with
PV did not present a 10 dB hearing threshold decline at two
or more consecutive frequencies or over a 20 dB decline for
one frequency. According to the ASHA criteria, there was no
significant evidence of ototoxicity related to acitretin. Similarly,
according to the TUNE grading system, it was seen that at 24
weeks of AT, all the patients with psoriasis were scored as grade
0 (no hearing loss).

PV is considered an autoimmune and dermatological disease. It
was reported that the vascular or autoimmune effects of PV on
the inner ear may increase the chance of sensorineural hearing
loss (29). Vir et al. compared the patients with PV and the
healthy control group in terms of cochlear function and hearing
evaluation (30). They found statistically significant differences
between the two groups regarding the pure-tone thresholds at
high frequencies and distortion product otoacoustic emission
(DPOAE) responses at all frequencies. In their study, they
explained that these significant differences were caused by
the damage to the outer hair cells of the cochlea in patients
with PV, which resulted in high-frequency hearing loss. Yen
et al. reported that the risk of sudden sensorineural hearing




loss in patients with psoriasis was 1.51 times higher than in
healthy individuals (31). Possible causes of this finding are
the systemic effects (microvascular or cellular) of psoriasis on
the cochlea. In their study, Borgia et al. have evaluated the
hearing function of patients with PV and compared it with
the healthy controls (32). The comparison of the audiometric
tests between the groups revealed pronounced hypoacusis
in patients with PV than in the control group with a clear
prevalence of sensorineural hearing loss. Furthermore, SNHL
increased in patients with PV proportionally to their age, which
was at a higher rate than in healthy individuals and could be
linked to metabolic syndrome (32). In two different studies,
the pure-tone audiometry and DPOAE findings of patients with
PV were compared with healthy individuals, and no significant
differences were observed between the groups (33-34). In this
study, the pre-treatment two (left ear), three, and 4,000 Hz
hearing thresholds of the pure-tone audiometry test and three
and 4,000 Hz TEOAE signal-to-noise ratios of the PV group were
significantly worse than those of the healthy controls. Although
the hearing thresholds were within normal limits, except for
4,000 Hz, the significant difference between the PV and control
group may be related to a subclinical autoimmune involvement.
Therefore, an audiological follow-up of PV patients is important.

This study had some limitations. As the study population
was small, the dose-dependent effects of acitretin were not
evaluated. In addition, the patients were only followed for
24 weeks because the sale of acitretin in Turkey was stopped
temporarily at that time. Another limitation was that the
otoacoustic-emission assessment was made with the TEOAE
test instead of DPOAE, owing to a technical failure of the
DPOAE probe.

In conclusion, six months of AT has no significant ototoxic
effects on patients with PV. As ototoxicity causes irreversible
damage to the inner ear, it is important to collaborate between
the dermatology, ear-nose-throat, and audiology departments
to analyze the risk of ototoxicity with treatment methods as
early as possible.
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ABSTRACT

Objective: Virtual reality (VR) glasses are tools that provide a more realistic perception of the image viewed from mobile phones. The aim of this
study was to assess nystagmus with Cardboard VR, the most widely used and simplest form of VR glasses, and to compare the findings with those
obtained via conventional Frenzel goggles.

Materials and Methods: A total of 97 patients were included in the study. Balance tests were performed at one-hour intervals using Cardboard
VR and Frenzel goggles. Direction, frequency, and duration of nystagmus were recorded during the examinations. Following the examinations,
patients using both glasses were asked to rate the general comfort and holding quality of the glasses on a visual analogue scale (VAS).

Results: No significant difference was found between the two glasses in terms of the direction of nystagmus (p>.05). There was no significant
difference between the two glasses (Cardboard VR vs Frenzel goggles) in terms of frequency (0.73+0.29 beats/sec and 0.8610.39 beats/sec,
respectively) (p>.05). There was no significant difference between the two glasses in terms of the duration of observation (18.58+5.54 sec and
20.54+6.40 sec, respectively)(p>.05). The VAS score of the Carton VR was found to be significantly higher than that of the Frenzel goggles
(8.69+1.02 and 5.24+1.31, respectively) (p=0.001).

Conclusion: Cardboard VR is an easy-to-use, easily accessible, inexpensive, and effective tool that can be used to assess nystagmus under
polyclinic and emergency conditions.

Keywords: Dizziness, positional vertigo, vertigo, peripheral, virtual reality

INTRODUCTION video Frenzel goggles, infrared CCD Camera (IR-CCD), and

electronystagmography (ENG).
Vertigo is a symptom that causes a person to feel as if they

or their surroundings are moving even if they are not. There The development of computer technologies and their impact
are two main pathologies in the etiology of vertigo: central on daily life is increasing every day. Virtual reality glasses
or peripheral vestibular pathology. Assessment of nystagmus have been used for visual field examination since 1998. They
plays a major role in both peripheral (inner ear or vestibular are currently used to increase the reality of the image on
nerve) and central (pons or cerebellum) vestibular pathologies mobile phones. For this purpose, many different types of VR
(1). Nystagmus is involuntary, rhythmic, back and forth eye glasses have been developed. There are studies investigating
movements with slow and fast phases and corrective saccades. the use of these glasses in ophthalmology and microsurgery
Assessment of nystagmus provides a significant distinction both (2, 3).

in otolaryngology practices and in neurology and emergency

departments. Today, there are many instruments used to assess The aim of this study is to compare the efficacy of Cardboard
nystagmus in patients presenting with dizziness. These can be VR, an easily accessible, practical and inexpensive type of VR
listed as follows from simple to complex: Frenzel goggles (F glasses, in the evaluation of nystagmus with classical Frenzel
glasses), Fresnel-based device (M glasses), ophthalmoscope, goggles.
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MATERIAL AND METHOD

Study Design

Prior to the study, permission was obtained from the local
research ethics committee of our university. A total of 97
patients, who were admitted to our otorhinolaryngology clinic
with the complaint of dizziness and probably had a history of
benign paroxysmal positional vertigo (BPPV), were included in
the study. The reason for including only BPPV patients in the
study was to optimize the study as much as possible. After the
patients were informed about the study, verbal and written
informed consents were obtained.

Patients who did not want to participate in the study, those
who had non-BPPV peripheral and central pathology in their
history, and patients whose eye movements were difficult to
assess due to mental retardation, claustrophobia and so on,
were excluded from the study.

The glasses were used at one-hour intervals. The order of
application was changed for each patient. For instance,
conventional Frenzel goggles were applied first for the first
patient and Cardboard VR was applied first for the second
patient. The reason for one-hour intervals without any
corrective maneuver was to ensure the objective assessment
of nystagmus. All examinations were performed in the same
examination room under artificial light and without exposing
the patients to daylight. The aim was to provide similar
examination conditions. The Dix-Hallpike maneuver was
performed for all patients.

Frenzel Goggles and Cardboard VR

The classic simple Frenzel goggles (DEHAG, Rosdorf, Germany)
were used in the study. Frenzel goggles are an instrument
with a weight of approximately 500 g and dimensions of
approximately 20 x 13 x 7 cm. They have two lenses of +19 to
+20 diopters and also a handle for the person who will apply
the test to hold the instrument. The Cardboard VR (VR 3D Box
Cardboard, Google Cardboard 3D Virtual Reality Glasses) used
in the study were obtained via internet shopping. The cover
on which the phone was placed was removed and the device
was made ready for use (Figure 1). The Cardboard VR weigh
50 gr and have dimensions of 15 x 8 x 6 cm. They have two
lenses of +19 to +20 diopters. The person who will perform the
application does not need to hold the instrument; there is an
elastic head band for fixing the device on the patient’s head.

Evaluation Parameters

Visibility of nystagmus: The presence of nystagmus was
evaluated using glasses in patients with a history of BPPV.

Direction of Nystagmus: The direction of nystagmus was
determined.

Frequency and duration of nystagmus: The time from the
occurrence of the nystagmus to the time it stopped and the
number of beats during this time were evaluated using a
stopwatch.
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Figure 1: Cardboard VR

Ease-of-use of glasses: Patients were asked to score the ease
of use of the instrument on a visual analogue scale (VAS) from
0 to 10 (0: very bad, 10: very good).

Statistical Analysis

Statistical analysis was performed using the Statistical Package
for the Social Sciences version 24.0 software for Windows
(SPSS Inc., Chicago, lllinois, USA). All quantitative variables
were estimated using measurements of central location (i.e.
mean and median) and measurements of dispersion (i.e.
standard deviation [SD]). Data normality was assessed using
the Kolmogorov-Smirnov test of normality. Student’s t-test was
used to compare the quantitative data of the groups, whereas,
Chi-square test was used to compare the qualitative data. A p
value of <0.05 was considered statistically significant.

RESULTS

A total of 97 patients were included in the study. Of the
patients, 56 were female and 41 were male patients. The
mean age was 45.36+9.75 years. Nystagmus was observed
in 53 and 46 participants in the Frenzel goggles examination
and Cardboard VR examination, respectively. There was no
significant difference between the methods (p=0. 315).

Assessment of the nystagmus direction revealed horizontal
rotatory nystagmus in all patients. Of the 53 patients who were
found to have nystagmus in the Frenzel goggles examination,
nystagmus was on the right side in 23 patients and on the
left side in 30 patients. Of the 46 patients who were found to
have nystagmus in the Carton VR examination, 20 patients had
nystagmus on the right side, whereas, 26 had nystagmus on the
left side. There was no significant difference between the two
glasses in terms of nystagmus direction (p=0.993).

The duration of observation of nystagmus was 18.58+5.54 sec in
the Cardboard VR examination and 20.5416.40 sec in the Frenzel
goggles examination. There was no significant difference in terms
of the duration of observation (p=0.109) (Figure 2).

The frequency in the cardboard VR examination was 0.73+0.29
beats/sec, while it was 0.86+0.39 beats/sec in the Frenzel
goggles examination. There was no significant difference




between the two glasses in terms of frequency (p=0.074)
(Figure 3). Those who applied the test evaluated both goggles
in terms of general comfort and holding quality with VAS. The
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mean VAS score was 5.24+1.31 and 8.69+1.02 in the Frenzel
goggles examination and the Cardboard VR examination,
respectively. There was a statistically significant difference
between the two instruments in terms of general comfort and
holding quality (p=0.001) (Figure 4).

DISCUSSION

Distinguishing the central and peripheral vertigo can
significantly change the approach to the patient in both
emergency and polyclinic settings. Assessing the nystagmus
is the most important factor that changes this approach.
Its assessment in emergency or polyclinic settings at first
admission plays a decisive role in diagnosis. Changes that
may occur in the medication or symptoms may mask the
accurate diagnosis. Many advanced techniques (ENG, IR-
CCD camera, video Frenzel) have been developed to assess
nystagmus. However, such techniques take time and are not
available in many emergency and polyclinic settings. Therefore,
conventional Frenzel goggles are used most frequently in the
assessment of nystagmus in clinical practice. However, they
have some disadvantages: they are about 500 g in weight
and 20x13x7 cm in size, they require electrical support, and
a holder is needed to fix the instrument to the patient’s eye,
which limits the person who performs the examination (4). The
present study found that Cardboard VR glasses are as effective
as the Frenzel goggles to show the visibility of the nystagmus
direction, and the speed and frequency of the nystagmus.

We frequently encounter VR glasses in our daily lives with the
developing technology. They are available in many different
formats, but the most accessible and least costly ones are
cardboard VR glasses. They can be used as Frenzel goggles
when the mobile phone holder part located on the frontside
is removed from the instrument. In the evaluation of the two
lenses via autorefractor, diopter degrees were found to be +19
to +20. The two instruments were compared after determining
that these values were similar to the conventional Frenzel
goggles and that these glasses could prevent fixation, the most
important feature of these glasses.

Nystagmus was observed in 53 (54.63%) of 97 participants
in the Frenzel goggles examination, whereas, nystagmus
was observed in 46 patients (47.42%) in the Cardboard VR
examination. There was no significant difference between
the two glasses in terms of the visibility of the nystagmus
direction. Different results have been reported in the studies
comparing the visibility of nystagmus with Frenzel goggles
and other methods. Ben-David et al. and Strauss and Meyer
zum Gottesberge have reported that there was no significant
difference between ENG and Frenzel goggles in terms of the
visibility of nystagmus (5-6). West et al. have reported that the
visibility rate of nystagmus via conventional Frenzel goggles is
10% and the light in the examination room significantly affects
visibility (1). We believe that the low visibility rate in this study
is due to the inclusion of patients who were admitted to the
outpatient clinic with the complaint of general dizziness and
had no significant history of dizziness. In a study by Baba et
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al., 100 patients with vertigo were evaluated and nystagmus
was detected in 33 patients via conventional Frenzel goggles
(7). We believe that the reason for the high nystagmus rates in
our study is due to the inclusion of patients in the acute phase
and patients with a history of BPPV.

In the study by Baba et al., horizontal nystagmus was detected
in 91% of patients whose nystagmus was detected via Frenzel
goggles (7). In the present study, horizontal nystagmus was
detected in all patients with nystagmus in both the Frenzel
goggles examination and the Cardboard VR examination. There
was no significant difference between the groups in terms of
the direction of nystagmus. High rates of nystagmus in our
study can be attributed to the fact that the participants had a
possible BPPV diagnosis in their history.

Since it was aimed to assess the basic and practical nystagmus,
the speed and duration of nystagmus in Cardboard VR and
Frenzel goggles were evaluated with the naked eye by the
person who applied the test. During the assessment, another
person recorded the values using a stopwatch. No significant
difference was observed between the duration and frequency
of nystagmus in our study. This shows that the Cardboard VR
glasses are as effective as the Frenzel goggles to show the
speed and frequency of the nystagmus.

Strupp et al. developed M glasses, Fresnel-based glasses, to
overcome the limitations of the conventional Frenzel goggles
(4). As a result of the comparison of M glasses and Frenzel
goggles, M glasses were found to be equivalent to Frenzel
goggles in terms of the assessment of nystagmus. The M
glasses consist of two lenses and a steel frame that connects
them to each other. The advantages of M glasses compared to
Frenzel goggles are being cheaper (M glasses = $ 100, Frenzel
Goggles = S 484), lighter and easier to use. The study on M
glasses was published four years ago, but their use has not yet
become widespread. Cardboard VR glasses have many common
features with M glasses (easy to use, lightweight, and easily
accessible). Therefore, these features are their advantages
compared to Frenzel goggles. Furthermore, we compared the
Cardboard VR with Frenzel goggles in terms of general comfort
and holding quality and, as a result, the ease of use of the
Cardboard VR was found to be significantly higher than the
Frenzel goggles. Studies using VR glasses in different medical
fields have been conducted in recent years. In a recent study by
Choque-Velasquez et al., the authors reported that VR glasses
can be used for educational purposes in the microsurgical area
of neurosurgery (3). In a recent study by Tsapakis et al., VR
glasses were shown to have a high correlation with Humphrey
perimetry in visual field examination and to be suitable for
clinical use (2). This is the first study in the literature showing
that Cardboard VR have similar features to conventional Frenzel
goggles in the assessment of nystagmus. The fact that eye
movements can be evaluated with VR glasses suggests that

104

this technology can be developed and used more effectively
and widely in clinical use.

CONCLUSION

In conclusion, Cardboard VR have been found to be an easily
accessible, light, inexpensive, and easy-to-use tool that can
be used as an alternative to conventional Frenzel goggles in
the assessment of nystagmus. We believe that their use may
be useful in the examination of patients presenting with the
complaint of vertigo.
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ABSTRACT

Objective: Using a range of methods, the aim of this study was to measure the patency of the eustachian tube for its effectiveness in all cases of
mucosal ear disease. The eustachian tube plays a pivotal role connecting the middle ear with the nasopharynx. It preserves the equilibrium
between the middle ear and the outer air and protects the ear from various nasopharyngeal pressure changes, mounting secretions and
microorganisms. Healthy eustachian tube functions and patency are prerequisites for effective graft uptake and successful tympanoplasty. The
most common reason behind failure of graft uptake is abnormal function of the eustachian tube, where mucosal ear disease is present in the
main pathology.

Materials and Methods: 100 patients in the ENT OPD of the Subbaiah Institute of Medical Sciences, Shivomogga, were selected and screened
and their tubal function was evaluated and equated with a few tests.

Results: The results were tabulated based on 5 tests: Valsalva maneuver, siegalisation test, ear drops test, nasopharyngoscopy and tympanometry
to which all selected patients were subjected. The outcomes were tabulated accordingly.

Conclusion: Of all the tests carried out in this study, Toynbee was the only test which was accurate regarding the function of the eustachian tube
as an opening and closing mechanism for the regulation of air pressure in the middle ear.

Keywords: Eustachian tube, mucosal ear disease, tympanometry, toynbee maneuver

INTRODUCTION

The eustachian tube (ET) forms a vital bridge connecting the
middle ear (ME) with the nasopharynx. It maintains the equilibrium
between ME and the outer air and protects it against variations
in nasopharyngeal pressure as well as ascending secretions and
microorganisms. This triad makes the tube in question a complex
organ. Any midline infections of nose and throat are the prime
cause of ME infections which have to be dealt with first.

Mucosal ear disease is one of the most common ear conditions
encountered in any hospital set up of Otorhinolaryngology
practice with abnormal ET function being its main etiology.
Though there are many prerequisites for a successful graft
uptake in tympanoplasty, the most effective of them all is good
preoperative tubal function.

With the aid of good diagnostic procedures, it has now become
easy, cost effective, consistent and convenient to find out the
cause behind the failure of tympanoplasty i.e ET dysfunction.

This study aims to evaluate eustachian tube patency in all
cases of mucosal ear disease, to examine the effectiveness of
different methods used for assessing eustachian tube patency,
and lastly to assess the most accurate method of measuring
eustachian tube function.

MATERIALS AND METHODS

A cross sectional study of 100 out-patients was conducted
at Subbaiah Institute of Medical Sciences, Shivamogga,
over one year. The patients were screened for ear discharge
and deafness. After a thorough history and detailed clinical
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examination, several tests were conducted to determine ET
function. These tests included Valsalva maneuver, siegalisation
test, ear drops method, nasopharyngoscopy and tympanometry
with Toynbee maneuver. The criteria specified the inclusion of
patients with mucosal ear disease. Excluded were traumatic
cases, postoperative cases, cases of tubercular otitis media
& eosinophilic otitis media and squamosal ear disease. The
study was conducted after obtaining institutional ethical
clearance and written /informed consent from the patients.
The procedure (tests) that were conducted on all the patients
mentioned above were performed according to universally
standard, acceptable and approved protocols.

RESULTS

After conducting the Valsalva maneuver on the patients
included in the study it was found that in 84 patients an air
leak was present indicating ET patent, while in 16 patients no
air leak was found indicating a blocked ET. As for the results
of the pneumatic otoscopy, in 86 patients there was active
mobility of tympanic membrane in the drum with small
to moderate perforation indicating patent ET, while in the
remaining 14 patients, the tympanic membrane did not move.
This was due either to ET block or to inability to assess mobility
due to large perforation. In the ear drops method test, in 87
patients, a bitter sensation was felt in the throat within a few
minutes indicating patent ET and good mucociliary clearance
of ET, but the remaining 13 patients did not feel the presence
of the drops in the throat due to a block in the ET or diminished
mucociliary mechanism of the ET. In the tympanometry test,
in 75 patients, pressure could not be built up indicating patent
ET while in the remaining 25 patients, a pressure build-up was
seen suggesting a blocked ET. These patients then underwent
Toynbee’s maneuver. In Toynbee’s test, 16 patients showed
“step-ladder” graph (Graph A) suggesting normal ET function
while 9 patients showed “flat” graph (Graph B) indicating
temporary ET block due to various ENT conditions as mentioned
below in Figure 1.

In the nasopharyngoscopy test, 80 patients showed a normal
active ET opening indicating good ET function. In 12 patients,
there was inflammation around the ET opening due to allergic
rhinitis and chronic sinusitis and in the remaining 8 patients,
the ET opening was not seen due to adenoid hypertrophy,
cleft palate, or soft tissue in the nasopharynx all causing
obstruction at the nasopharyngeal end of the tube indicating
poor ET function. These results are depicted in tabulation form
in Table 1 and diagrammatically in Figure 2. The demographic
data and clinical characteristics of the patients are summarized
in Table 1.

DISCUSSION

Valsalva is a technique for ME pressure equalization and is a
highly sensitive and specific test. It also indicates patency of ET
(8). It is both easy and convenient and does not need expensive
equipment. It evaluates ET function accurately and is fit for a
basic level hospital (20). Its efficiency when performed alone
for the assessment of the ET opening and closing function is
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A

“Step ladder™ graph in both ears
indicating patent ET.

“Flat™ graph in only left ear indicating
blocked ET.

Figure 1: Graph A shows patent ET in the form of “Step
ladder” graph while Graph B shows blocked ET in the form of
“Flat” graph

of less prognostic value though it yields good success when
combined with Toynbee due to common physiology (24). As
per Dhingra, failure of this test does not prove tube block
because only 65% of subjects can successfully perform this
test. This test always gives good results when performed
both pre- and post-operatively in cases of mucosal disease
following surgery in order to assess tubal function irrespective
of graft material and surgery performed. Pre-operatively, the
results of this test on the assessment of tubal function were
30% (22). This test is a reliable tool among all the tests for
ET function which evaluate the pressure opening and closing
functions of ET both qualitatively and quantitatively (1). In




Table 1: Summary of all tests among all the patients

Basavannaiah. Determining Eustachian tube function in safe otitis media

Gender distribution 52 - males

48 - females

Age-wise distribution
Size of perforation

Valsalva maneuver

1to 10years-7, 11 to 20 years - 20, 21 to 30 years - 23, 31 to 40 years - 32, 41 to 50 years - 18.
86: small to moderate perforation, 14: large perforation.

84: air leak present indicating ET patent, 16: no air leak due to blocked ET.

(biased and dependent on patient’s response).

Pneumatic otoscopy

86- active mobility of TM with small - moderate perforation indicating patent ET.

14 - TM did not move either due to ET block or inability to assess mobility due to large perforation.
(does not hold good for large central perforation as appreciation of mobility of TM is difficult).

Ear drops test
clearance of ET.

87- felt bitter sensation in throat within few minutes indicating patent ET and good mucociliary

13- did not feel presence of drops in throat due to block in ET or diminished mucociliary mechanism

of ET.

Duration of result varies depending on size and site of perforation.

Tympanometry test

75- pressure could not be built up indicating patent ET.

25- pressure build-up was seen suggesting blocked ET. These patients then underwent Toynbee’s

maneuver.

Toynbee maneuver

16- “step-ladder” graph (Graph A) suggesting normal ET function (64%)

9- “flat” graph (Graph B) indicating temporary ET block due to: allergic rhinitis (1 case), enlarged
adenoids (5 cases), cleft palate (2 cases), nasopharyngeal mass (1 case) (36%)

Nasopharyngoscopy

80 - normal active ET opening indicating good ET function.

12 - inflammation around ET opening due to allergic rhinitis & chronic sinusitis.
8 - ET opening not seen due to adenoid hypertrophy, cleft palate, soft tissue in nasopharynx all
causing obstruction at nasopharyngeal end of tube indicating poor ET function.

HYes

25 H No/Inflammation

120

16 14 13 I

Air leak
appreciation

Pressure Eustachian
built up tube
opening
seen

Mobility of Feeling in

tympanic  the throat
membrane

visualisation

Figure 2: Diagrammatic representation of the entire study,
where all 5 tests conducted in this study are represented in
the form of Clustered column representation

children with cleft palate, the ability to alter ME pressure is
disrupted. As a result, they have high prevalence of developing
ME disease. So, one of the reasons for functional obstruction
of ET is anatomical abnormality (1, 37). As cases of mucosal
ear disease are common in the institute where this research
was conducted, 100 patients were clinically evaluated to look
for tubal patency. Here, 84 % showed good results in terms of
air leak appreciation. The results were better compared to a
study done by Uzun et al. Also, the result showing 2 cases of
cleft palate correlates with the study quoted by Doyle et al.

Otitis media (OM) and otitis media with effusion (OME) are
common childhood disorders. Tube dysfunction plays an
important role in OM. Pneumatic otoscopy is used to evaluate
tubal function in cases with otitis media (21). A normal
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appearance of TM does not mean a normal functioning tube,
but normal TM mobility on siegalization indicates good patency
of tube. In any ME disease, the presence of high negative ME
pressure or both are determined by pneumatic otoscopy
giving presumptive evidence of ET dysfunction (19). Here, 86%
showed movement of TM with small to moderate perforation
indicating good tubal patency. The remaining members of the
sample group had a large central perforation; thus mobility
of TM could not be assessed.

An ear drops test is done to look for patency of ET. It is one of
the simplest, cost effective and valuable diagnostic tools to
assess the mucociliary function of the tube and hence assess
tubal patency (3-5, 13). The ear drops test in 100 patients
showed that 84 patients could feel a bitter sensation in their
throat as they had a dry ear. Three patients had a delayed
response, and the rest could not feel the drops in the throat.
As regards the 84 patients, the travel of the drop was fast, but
the remaining patients had various conditions which prevented
them from feeling the drop, such as a blocked tube, inability
to make a response, or a delayed response. Depending on the
condition of ME mucosa, patients with a dry ear felt a bitter
sensation in their throat comparatively earlier than those with
a wet ear. In keeping with the study conducted by Shreyas et al.,
nearly 87.5% patients had a good ET function with an inactive
ear that correlates well with this study.

As mentioned by Uzun et al., Jesic et al., Benne et al,,
tympanometry is used to assess ET function (22-24). In a
good tubal function the ME pressure is between 0 to -250mm
H20 when swallowing whereas a condensed tubal opening is
seen when the ME pressure is below the optimal level of 0 to
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-200mm H20. These levels are evaluated by tympanometry.
Impedance audiometry is a reliable tool to evaluate the
pressure opening and closing functions of ET both qualitatively
and quantitatively. During this study, the pressure in the case of
75 patients could not be built up indicating patent ET, while in
25 patients, a build-up of pressure was seen suggesting blocked
ET. These patients then underwent Toynbee’s maneuver, the
results of which were very similar to the above-mentioned
studies. Tympanometry is a readily available procedure that
may be useful in patients to prevent chronic ME disease. It is
also a very practical and easy test (21). Frequent recurrence of
ME infection is due to anatomic and craniofacial abnormalities,
enlarged adenoids, previous episodes of acute otitis media,
allergic rhinitis, and chronic sinusitis, all of which contribute to
ET dysfunction. Diagnostic evaluation by tympanometry plays a
pivotal role that has proved to be more efficient than other air
equalization methods in assessing the course and prognosis of
OM and also in evaluating tubal function (14). Tympanometry
is based on acoustic immittance that measures positive and
negative air pressure variations produced in external acoustic
meatus that lead to changes in physical properties in the ME
and TM. Immittance tests are also used to study the ventilatory
function of ET and hence this pressure equalization swallow
test is accurate to assess tube dysfunction (10). Modern
impedance audiometer enables the physiological function of
the ET to be ascertained, not only in intact TM but also in the
presence of perforation. Its advantages are that it is quick, non-
invasive, accurate and inexpensive. Another advantage is that
patient compliance not required. The results of tympanometric
assessment in the study was 80% (3). ET function is related to
the duration, type and location of TM perforation in chronic
suppurative otitis media. Impedance audiometry is a simple,
invasion-free method to evaluate ET function. There is a strong
association between the tube function and graft uptake and
the Toynbee test proves whether the tube is patent or not.
This suggests that the ET plays a major role in the success
of tympanoplasty (2). When the 100 patients in our study
who had a perforated tympanic membrane were subjected
to tympanometry the results showed that in 75 of them
pressure could not be built up, thus indicating patent ET. In
the remaining 25, pressure was built up which suggested a
blocked ET. Toynbee’s test was then done in these 25 patients
and among them 16 showed a “step-ladder” type of graph
suggesting normal ET function while the remaining 9 showed,
a “flat” graph indicating a temporary ET block due to allergic
rhinitis, cleft palate, enlarged adenoids and nasopharyngeal
mass. This study also shows good results (75%) which are very
similar to the study by Shreyas et al.

Normal endoscopic results indicate good tubal function, while
an abnormal result indicates organic tubal obstruction which
is correctable. Any inflammation around the tube due to the
presence of recurrent episodes of OM, URI, chronic sinusitis,
enlarged adenoids, cleft palate and nasopharyngeal mass
all make the opening of tube blocked and non-visualizable.
Hence, nasopharyngoscope has been a diagnostic tool here
(22). The morphological changes of pharyngeal ostium of the
ET play an important role both in the beginning stage and in
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the development of OM. Hence, nasopharyngoscope is a very
useful tool in diagnosis and treatment of OM as it is an accurate,
non-invasive test (17). ET dysfunction plays an important role
in the development, persistence and recurrence of OME
and chronic OM. To identify the characteristics of the dynamic
function of the pharyngeal orifice of the tube in children, a
transnasal endoscopic examination of the nasopharyngeal
opening of the tube is conducted using a nasopharyngoscope
(16). Nasopharyngoscope is an indispensable and diagnostic
tool in localizing and treating hidden lesions responsible for
obstruction (7). Here, similar results were seen in 80 patients
where the tube opening was normal and visualized suggesting a
good ET function. But in 20 patients, inflammatory changes were
noted around tube opening. Of these, 12 had allergic rhinitis
and chronic sinusitis. In the remaining 8, the tubal opening was
not visualized due to the presence of enlarged adenoids, cleft
palate and nasopharyngeal mass indicating poor tube function.

ET function is related to the duration, type and location of
TM perforation in CSOM (4-5, 20). Cleft palate has a high
prevalence of chronic OM due to the limited ability of the
tensor veli palatini muscle to dilate the tube actively on
swallowing, which is the cause of the functional obstruction
of ET (23). Impairment in the active opening function of
the tube was found both in children with OME (71.8%) and
adults with chronic OM (51.8%). This impairment was due
to the functional obstruction of the tube. However, organic
obstruction was noted in 45.6% of adults with chronic OM and
28.2% of children with OME. Though functional obstruction of
the tube was found to be the cause of ME diseases, organic
obstruction is also related to pathogenesis of OME (24).

One of the main causes of tubal dysfunction is enlarged
adenoids which is the reason behind recurrent OME. So, in such
children, adenoidectomy is the surgical mode of intervention.
Causative factors responsible for tube dysfunction in adults
are rhinosinusitis, obstructive sleep apnea, craniofacial
deformity, difficulty in deglutition, all of which can affect the
overall quality of life. Hence treating the central cause is very
important in order for ME infections to be healed (21, 22). The
tubal mucociliary transport is important for the elimination of
inflammation products from the ME and hence enabling the
restoration of normal ME pressure. The association between
the degree of mucosal defect and the time of mucociliary
transport was evidenced in both types of chronic suppurative
inflammation of ME (19, 23).

Enlarged adenoids and allergic rhinitis in the nose and
nasopharynx cause ET dysfunction by blocking osteomeatal
complex leading to chronic OM. This altered communicatory
function of the tube plus ME with nasopharynx, nasal cavity,
PNS has led to decreased elasticity of TM, hearing impairment
and variations in ME pressure. Tubal function can be affected
directly by histamine released in nasal mucosa or indirectly
by nasal obstruction due to viral URI that may promote
secondary bacterial infections by altered bacterial adherence,
modulating host immune and inflammatory responses and
impairing ET function (6, 11-12, 15, 18 ). ME infections are




commonly seen in 28-38% of pre-school children due to
disorders of mucin production resulting from ME bacterial
infection and ET dysfunction. This affects ME pressure, and
damages the mucosal and mastoid system, as well as the ME
ossicles. In cases of nasopharyngeal mass, tube dysfunction
is characterized by high opening pressure and high active
resistance (9).

CONCLUSIONS

Toynbee’s test shows that ET is both patent and functioning. In
64% of patients a “step ladder” graph is seen, and 36% patients
show a “flat type” of graph inferring a blocked tube at the time
of the test. 89% patients had a patent eustachian tube in this
study. All the above tests indicate the patency of the ET, but it is
only Toynbee’s test which gives an accurate idea of ET function,
namely, that it is the opening and closing mechanism for the
equalization of pressure in the ME. The purpose of this study was
to draw attention to the amalgamation of old school methods
and new ideas to assess both the patency and function of the
ET, which is the topmost priority for successful graft uptake in
tympanoplasty as well as maintaining acceptable and adequate
ventilation of the middle ear and mastoid air cell system.
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ABSTRACT

Objective: This study aims to compare the effect on the hearing results of three different materials used in ossiculoplasty for patients with chronic
otitis media (COM) and Austin-Kartush type A defect.

Materials and Methods: This retrospective study includes 79 patients with the Austin-Kartush type A defect due to COM. The ossiculoplasty had
been performed with a glass ionomer cement (GIC), titanium partial ossicular replacement prosthesis (PORP), or incus interposition between
2011-2021. Age, gender, operation side, hearing thresholds, computed tomography images, intraoperative findings, and middle ear risk index
(MERI) were obtained from medical records. Air-conduction (AC) and bone-conduction (BC) thresholds were calculated by averaging the
threshold values for 500, 1,000, 2,000 and 3,000 Hz, and air-bone gap (ABG) values were calculated by subtracting the BC thresholds from the
AC thresholds, preoperatively and postoperatively. Hearing gains were obtained by subtracting ABG values in the first postoperative year from
the preoperative ABG values.

Results: This study included 32 male and 47 female patients. The GIC group had 28 patients, the incus interposition group had 28, and the PORP
group had 23. No statistically significant difference occurred among the groups regarding MERI scores (p = 0.699). The mean preoperative ABG
levels were 37.46+9.23dB in the GIC group, 38.96+11.35dB in the incus interposition group, and 37.34+10.16dB in the PORP group, while the
mean postoperative ABG levels were 24.42+11.20dB in the GIC group, 23.25+10.09dB in the incus interposition group, and 22.82+13.59dB in the
PORP group (p = 0.814). The ABG gains were 13.75+11.66dB in the GIC group, 15.71+11.55dB in the incus interposition group, and 14.52+9.98dB
in the PORP group (p = 0.803).

Conclusion: The incus long process defect or lack of the incus due to COM may be repaired with GIC, incus interposition, or titanium PORP, all
with similar ABG gains.

Keywords: Chronic otitis media, ossiculoplasty, Austin-Kartush type A defect, glass ionomer cement, incus interposition, partial ossicular
replacement prosthesis

INTRODUCTION of contagious diseases, long-term stability, and the effective
biomechanical transmission of sound. Ossiculoplasty in the
absence of incus or incus long process defects can be performed
with an incus remnant, bone, cartilage, glass ionomer cement
(GIC), or partial ossicular replacement prosthesis (PORP) (2-3).

The ossicular chain is located in the middle ear and transmits
sound energy from the tympanic membrane to the oval
window. Chronic otitis media (COM) can cause ossicular chain
defects that are commonly seen in the incus long process

(1). Various prostheses and materials have been developed The aim of this study is to compare effects on the hearing
for restoring ossicular defects, and the characteristics of results of three different materials (GIC, incus remnant, and
successful ossiculoplasty methods include low extrusion PORP) used for ossicular reconstruction in patients with COM-
rates, biocompatibility, cost-effectiveness, no transmission based Austin-Kartush type A ossicular defects.
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MATERIALS AND METHODS

This study was approved by ethics review board of our
tertiary hospital (Date: May 11, 2022, No: 2022/313). A total
of 106 consecutive patients with defect of the incus or incus
long process (Austin-Kartush type A) because of COM were
reviewed retrospectively. These patients had each undergone an
operation using the canal wall up mastoidectomy between 2011-
2021. The exclusion criteria of this study were the presence of
tympanosclerosis (13 patients), a graft failure (2 patients), PORP
extrusion (2 patients), fixation of the malleus or the stapes (3
patients), and prior history of otologic interventions (7 patients).
This study examined the remaining 79 patients. Inclusion criteria
were comprised of patients having small retraction pockets,
cholesteatomas limited to the mesotympanum and not reaching
beyond the antrum, tympanic membrane perforation, and
conductive or mixed type hearing loss.

The study obtained information about age, gender, operation
side, hearing thresholds, computed tomography images,
intraoperative findings, and middle ear risk index (MERI) from
the patients’ medical records.

Audiological Evaluation

Postoperative audiometric evaluations were performed in the
third, sixth, and twelfth months after surgery. Air-conduction
(AC) and bone-conduction (BC) thresholds were calculated by
averaging at the threshold values for the frequencies of 500,
1000, 2000, and 3,000 Hz, with the air-bone gap (ABG) values
being calculated by subtracting the BC thresholds from the AC
thresholds, preoperatively and postoperatively (4). Hearing
gains were obtained by subtracting the ABG values in the first
postoperative year from the preoperative ABG values.

Preoperative and postoperative ABG scores were categorized as
grade | (0-10 dB), grade 11 (11-20 dB), grade |1l (21-30 dB), and
grade IV (> 30 dB) (4). Postoperatively, ABG scores of 20 dB or
less were regarded as a successful ossiculoplasty.

Surgical Procedures and Groups

All surgeries were performed using an operating microscope
under general anesthesia. The edges of the tympanic membrane
perforation were refreshed and the tympanomeatal flap was
elevated. Retraction pockets with or without cholesteatoma
were removed, if present. The middle ear and ossicular chain
were observed under the microscope. Upon detecting the
incus or its long process defect, the mobility of the malleus
and stapes was checked gently by tapping.

In the presence of a useless incus destroyed by cholesteatoma
or surrounded by cholesteatoma, the incudomalleolar joint was
disarticulated and the incus was removed from the middle
ear. If a useful incus was present, it was used for restoring
the ossicular integrity based on the size of the defect in the
incus long process. The autograft incus was used for ossicular
reconstruction when present and useful.

For an incus long process defect smaller than one-third the
length of the incus long process, ossicular reconstruction was

Gr et al. Ossiculoplasty in Austin-Kartush type A defects

performed by re-bridging, using a piece of GIC (AquaCem,
Dentsply, Konstanz, Germany). The mucosa covering the incus
long process remnant and stapes capitulum was first peeled
back. After preparing a dry medium around the ossicles, a piece
of GIC was placed between the stapes capitulum and the incus
long process remnant (GIC group).

For a defect greater than two-thirds the length of the incus
long process, the incus was removed entirely (5). The incus was
reshaped with a small cutting-burr, and an acetabulum for the
stapes capitulum was created. A small groove was created to fit
the malleus handle. The ossicular chain continuity was maintained
by interposing the sculptured incus between the stapes capitulum
and the malleus handle (incus interposition group).

For the incus that was not available, largely destroyed,
or surrounded by the cholesteatoma matrix, ossicular
reconstruction was performed using the titanium PORP
(Dmetrixcell, divine medicure technology, GJ, India; PORP
group). PORP length was adjusted appropriately for the
distance between the stapes capitulum and the tympanic
membrane, and the PORP was placed onto the stapes
capitulum. A small piece of cartilage was placed between the
headplate of the titanium PORP and the tympanic membrane
to prevent extrusion.

A cartilage-perichondrium composite graft from the tragus
was used in all patients to repair the tympanic membrane
perforation. Patients were regularly examined, and audiograms
were obtained in the third, sixth, and twelfth month after
operation. The graft was considered a failure if the tympanic
membrane perforated within the first year after operation.

Statistical Analysis

Statistical analysis was performed using SPSS (version
24.0; IBM, SPSS Inc.), with the data being shown as mean +
standard deviation for continuous variables and number of
cases for categorical variables. Normal distribution of the
data was checked using the Shapiro-Wilk test. The x? test
was employed for comparing differences between groups
in terms of gender. One-way analysis of variance (ANOVA)
was employed to compare the mean age, preoperative ABG,
preoperative MERI, postoperative change in ABG (C-ABG),
and postoperative frequency-specific C-ABG values among
the groups. Multivariate linear regression was performed to
assess the relative effect of the independent variables (surgery
type and MERI values) on the postoperative C-ABG values, with
p values < 0.05 being regarded as statistically significant.

RESULTS

This study included a total of 79 patients (32 males and 47
females). The GIC group had 28 patients, the incus interposition
group had 28 patients, and the PORP group had 23 patients.
There were eight males and 20 females in the GIC group, 11
males and 17 females in the incus interposition group, and 13
males and 10 females in the PORP group. The mean age of
all patients was 34.75+14.76 years (Range=9-68 years). Forty
patients had the operation in their right ear and 39 in their
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left ear. When evaluating the gender distributions among all
three groups, there was no statistically significant difference
(p=0.127). The mean age was similar among all groups
(p=0.933). Table 1 shows the demographic characteristics for
all the patients.

The mean MERI score for all patients was 4.74+1.42. The mean
MERI scores for each group were 4.57+1.25 for the GIC group,
4.89+1.47 for the incus interposition group, and 4.78+1.59 for
the PORP group. No statistically significant difference occurred
among the groups regarding MERI scores (p=0.699).

The mean preoperative and postoperative ABG values for
all patients were 37.96+10.19 dB and 23.54+11.45 dB,
respectively, with a mean ABG gain of 14.67+11.05 dB. The
mean preoperative ABG levels were 37.4619.23dB for the
GIC group, 38.96+11.35 dB for the incus interposition group,
and 37.34+10.16 dB for the PORP group (p=0.814), while
the mean postoperative ABG levels were 24.42+11.20 dB,
23.25+10.09 dB, and 22.82+13.59dB in the respective GIC, incus
interposition, and PORP groups (Table 2). The ABG gains were
13.75+11.66 dB in the GIC group, 15.71+11.55dB in the incus
interposition, and 14.52+9.98dB in the PORP group (p=0.803).

The mean ABG gain at each frequency by group were as follows:
17.92 dB at 500 Hz, 13.10 dB at 1,000 Hz, 13.32dB at 2,000 Hz,
and 7.67 dB at 3,000 Hz in the GIC group; 17.85 dB at 500 Hz,
15.82 dB at 1,000 Hz, 16.64 dB at 2,000 Hz and 12.53 dB at
3,000 Hz in the incus interposition group; and 18.73 dB at 500
Hz, 17.21 dB at 1,000 Hz, 12.17 dB at 2,000 Hz, and 9.91 dB at
3,000 Hz in the PORP group. When considering the ABG gains
for 500 Hz, 1,000 Hz, 2,000 Hz and 3,000 Hz, no statistically
significant difference was found among the groups, which had
respective p values of 0.977, 0.567, 0.377 and 0.363 for the
500, 1,000, 2,000, and 3,000 Hz.

Upon performing the multivariate linear regression, neither
surgery type (p=0.755) nor preoperative MERI index (p=0.614)
exhibited any statistically significant effect on postoperative
change in ABG levels (Table 3). The mean follow-up period
was 35 months in the GIC group, 36 months in the incus
interposition group, and 27 months in the PORP group, with a
33-month mean for all patients (Range=12-88 months).

DISCUSSION

Debates on ossiculoplasty materials are still ongoing in the
otological practice, with no optimal material having yet
been defined. This study reviewed the ABG gain scores for
ossiculoplasty techniques performed with three different
materials (i.e., GIC, the incus and titanium PORP) in regard to
Austin-Kartush type A defects. All three patient groups had
comparable hearing gains.

Serviceable hearing requires normal hearing pathways from the
auricula to the central auditory cortex. Patients with chronic
otitis media may suffer from tympanic membrane perforation,
ossicular erosion or fixation, tympanosclerosis, and infectious
events that may result in various degrees of hearing loss.
Tympanic membrane perforations and erosion of the incus long
process are quite commonly encountered, and many different
materials are currently being used to rebuild the integrity of the
ossicular chain. The features of these introduced materials should
include being bioinert, cost-effective, easy to use, resistant to
recurrent infections, low extrusion, and time saving. In addition,
optimal methods for ossicular reconstruction are those that

Table 2: Preoperative and postoperative ABG scores
according to ossiculoplasty types

GIC 1} PORP Total

(n=28) (n=28) (n=23) (n=79)
Preoperative ABG
Grade | (0-10 dB) 0 0 0 0
Grade Il (11-20 dB) 1 0 0 1(1.2%)
Grade 11l (21-30 dB) 4 4 7 15 (18.9%)
Grade IV (>30 dB) 23 24 16 63 (79.7%)
Postoperative ABG
Grade | (0-10 dB) 2 1 4 7 (8.8%)
Grade Il (11-20 dB) 10 14 9 33 (41.8%)
Grade 11l (21-30 dB) 9 6 5 20 (25.3%)
Grade IV (>30 dB) 7 7 5 19 (24%)

ABG: air-bone gap, GIC: glass ionomer cement, Il: incus interposition, PORP:
partial ossicular replacement prothesis

Table 1: Demographic features and the mean middle ear risk index scores of the patients based on ossiculoplasty type

GIC (n=28) 1 (n=28) PORP (n=23) Total (n=79) p value

Age (year, SD) 35.53%13.93 34.60+14.97 34.0%16.07 34.75+14.76 (p=0.933)
Gender (p=0.127)
Male 8 11 13 32

Female 20 17 10 47

Side

Right 11 19 10 40

Left 17 9 13 39

MERI (SD) 4.57+1.25 4.89+1.47 4.78+1.59 4.74+1.42 (p=0.699)

GIC: glass ionomer cement, II: incus interposition, PORP: partial ossicular replacement prothesis, MERI: middle ear risk index




Table 3: Multivariate linear regression of c-ABG
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Standardized
Coefficients

Unstandardized
Coefficients

95.0% Confidence Interval for B

Model t p

B Standard Error B Lower Bound Upper Bound
Constant 15.851 5.194 3.052 0.003 5.505 26.196
Surgery type 492 1.572 .036 313 .755 -2.640 3.624
MERI index -.449 .888 -.058 -.506 .614 -2.218 1.319

Dependent variable: c-ABG: change-air-bone gap

best mimic the ossicular chain anatomically and physiologically.
Prostheses are used for implementing any function in the human
body and they consist of the artificially developed materials.
Therefore, POPRs replace the incus in order to restore hearing.
Ossicular reconstruction can also be performed with tissue grafts
(called autografts, homografts, and allografts). Autografts involve
grafts of the cartilage (tragal or conchal), cortical bone, or ossicle
(the incus remnant or malleus head), and these autografts have
biocompatible properties, no additional cost, low extrusion
rates, and low likelihood of contagious disease transmission.
The drawbacks of autografts are graft migration or resorption
as a result of recurrent infections, as well as the autograft incus
possibly containing microscopic cholesteatoma (6). Allografts
that are fabricated as an ossicular reconstruction prosthesis are
biocompatible and they have an additional cost. They are ready
to use, but adjusting the length, tension, and position of the
prosthesis requires experience. Another subject to consider is
prosthesis extrusion that can be avoided by placing a small piece
of cartilage between the prosthesis and the tympanic membrane
(7).

Glass ionomer cement has powder and liquid components.
When these two components are mixed in an in vitro medium,
an exothermic reaction happens. The mixture hardens within
a few minutes and can be used easily once it becomes
semisolid. It should not be used before becoming semisolid,
because thermal injury may occur as a result. In addition, the
liquid phase may be less viscous and end up damaging the
surrounding structures. In neurotological practice, GIC has
been demonstrated to lead to aluminum encephalopathy and
irreversible neuronal blockage (8). Therefore, attention should
be paid to the presence of labyrinthine fistula, perilymphatic
fistula, or gusher and dehiscence in the fallopian canal
when using GIC. Using GIC may provide a more anatomical
reconstruction compared to other methods and GIC is MRI
compatible material as well. GIC use, with low cost, has also
been demonstrated to enable rather successful hearing results
when used to repair defects in the incus long process (3, 5, 9).
ABG gains are higher when using GIC (17.0£11.96 dB) compared
to incus interposition (11.0£13.02 dB) (5). Conversely, some
studies have reported similar postoperative hearing gains to
have been obtained in patients regardless of whether GIC or
incus interposition has been used for the ossiculoplasty (3, 10).
With regard to defects in the incus long process, Dere et al.
(10) reported that ABG declined from 27 dB preoperatively
to 20.7 dB postoperatively when using GIC. Successful ABG
closure rates (i.e., 10 dB or greater gain in ABG) occurred in
78.6% of GIC patients and 43.0% of incus interposition patients

(5). Postoperative ABG was 20 dB or less in 42.8% of the GIC
patients in the current study.

Incus interposition may be one of the options among ossicular
reconstruction techniques, but the incus can occasionally be
completely absent or useless. A malleus and incus surrounded
by cholesteatoma may exhibit histologically microscopic
cholesteatoma on their surfaces (31.6%) and no intra-
ossicular cholesteatoma, which may render the incus remnant
unreliable for ossicular reconstruction (11). Additionally,
examining the incus with an operating microscope with
regard to cholesteatoma is unreliable (12). An acetabulum
correspondence to the stapes capitulum and a groove
correspondence to the malleus handle can be formed so
that the reshaped incus becomes more stable. While shaping
the incus, however, care should be taken to avoid thermally
damaging it. For additional stabilization, the incus may
furthermore be attached to the malleus handle and stapes
capitulum with a small amount of GIC. Additionally, short- and
long-term postoperative ABG results in patients with the incus
interposition are comparable (13). Magnetic resonance imaging
also does not constitute any problem in patients who ossicular
reconstruction has been performed with the incus remnant.

O’Reilly et al. suggested a postoperative ABG of 20 dB or less
in 66.4% of patients who’d undergone an incus interposition,
with a MERI score of 3.78+1.79 (6). At the 12*" postoperative
month, 53.5% of the current study’s patients had an ABG of 20
dB or less in the incus interposition group.

Partial ossicular replacement prostheses are fabricated from
diverse materials containing titanium, hydroxyapatite, and
Plastipore. Extrusion constitutes an important problem for
an ossicular prothesis in direct contact with the tympanic
membrane. A small piece of cartilage placed on the headplate
of the titanium PORP can be enough to prevent extrusion.
PORPs with adjustable length also allow one to adjust a proper-
prosthesis length for the distance between the stapes capitulum
and tympanic membrane (14). The weight of the prosthesis
can impair sound transmission, with heavier prostheses
having lower sensitivities for higher frequencies in this regard.
Moreover, higher tensions in prosthesis placement may cause
resonance frequency shifts toward higher frequencies (15).
Titanium in the middle ear of rabbits has been histologically
indicated to be coated by normal middle ear mucosa without
signs of inflammation (e.g., no accumulation of macrophage or
giant cells) (16). Martin and Harner [17) demonstrated an ABG
<20dB to be seen in 68% of patients who’ve used a PORP, and
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ossiculoplasty with bone cement and PORP in incus defects has
been shown to provide similar hearing gains regarding ABG
(18). Postoperative ABG in the current study was 20 dB or less
in 56.5% of the patients in the PORP group.

CONCLUSION

Defects in the incus long process or the lack of the incus due to
COM may be repaired with GIC, incus interposition, or titanium
PORP, with each showing similar ABG gains. Small defects of
the incus long process (smaller than one-third of the incus long
process) may be amenable to ossiculoplasty with GIC, while
ossiculoplasty may be performed using incus interposition
or titanium PORP for large defects exceeding two-thirds the
length of the incus long process).
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ABSTRACT

Objective: Although 5-fluorouracil is beneficial in treating cholesteatoma in people, it is unknown if this drug harms the inner ear. We are
planning to contribute to the literature by investigating the effects of the intratympanic administration of 5-fluorouracil solution form to the
middle ear on the inner ear in rats.

Materials and Methods: The study was conducted on 11 Wistar albino male rats: a positive control group was treated with amikacin, a study
group was treated with 5-FU, and a negative control group received no treatment. One week after intratympanic drug administration, the rats
were sacrificed, and ototoxicity was histopathologically examined by light microscopy and TUNEL (Terminal deoxynucleotidyl transferase-
mediated dUTP Nick End Labeling) method.

Results: There was a significant difference between the two groups treated with amikacin and 5-fluorouracil in terms of apoptosis (p<0.05). The
difference in stria vascularis thicknesses was significant between the amikacin group and the 5-fluorouracil group and the negative control group
(p<0.05).

Conclusion: The intratympanic administration of 5-fluorouracil to rats did not have any ototoxic effects, according to the results of the histological

analysis that looked at apoptosis.

Keywords: 5-fluorouracil, ototoxicity, intratympanic injection, animal model

INTRODUCTION

Cholesteatoma is a histopathologically benign but clinically
aggressive and destructive tumor of the middle ear. Today,
surgery is the known treatment of cholesteatoma (1). The
surgical technique of choice is open or closed mastoidectomy
depending on the location and extent of the cholesteatoma.
Both surgical techniques pose a risk of morbidity. Moreover,
a second surgery may be required with both techniques as
residual and recurrent cholesteatoma may develop depending
on the course of the disease (2). The residue and recurrence
rates of cholesteatoma were shown to be greater in individuals
treated with the closed approach compared to those treated
with the open technique, particularly when performed by less
skilled surgeons (3). To effectively combat the condition, a
therapeutic approach that lowers the postoperative recurrence

of cholesteatoma will be very helpful. Studies show that topical
application of 5-fluorouracil (5-FU), a chemotherapeutic agent,
is effective in the treatment of cholesteatoma (4, 5). In addition
to disrupting DNA and RNA synthesis, 5-FU causes cell cycle
arrest and apoptosis by increasing the expression of p53, a
tumor suppressor gene. Considering the theories regarding
cholesteatoma development, it can be understood that it is
effective in the treatment of cholesteatoma (6). Recent studies
have shown that the systemic absorption of topically applied
5-FU is <2%, with no evidence of any vestibular and cochlear
damage in humans even with systemic use (7). Ototoxicity
has been investigated by applying the cream form of 5-FU
to the external auditory canal of guinea pigs, and it has been
found that application to the external auditory canal is safe
in terms of damage to the inner ear (8). However, there is no
data on the toxicity of the intratympanic 5-FU solution form in
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the literature. It is crucial to understand whether or not 5-FU
given intratympanically is ototoxic before using it to treat
cholesteatomas both intraoperatively and postoperatively.
The original value of the study is that it aimed to investigate
the potential ototoxic effects of intratympanic administration
of 5-FU solution form to the middle ear in rats.

MATERIALS AND METHODS

Rats

The approval for the study was obtained from the Ethics
Committee for Animal Experimentation (Date: 21.05.2019,
no: 77.637.435). In line with the Guide for the Care and Use of
Laboratory Animals, animal rights were protected in our study.
In this investigation, a total of 11 healthy male rats weighing
between 300 and 400 grams (0.66 and 0.88 pounds) were
employed. The rats were kept in cages in the same room, with
12 hours of light and 12 hours of darkness, and an average
temperature of 21°C. They had access to food and water. Care
was taken to keep the background noise level below 50 dB.
The study was conducted in the Laboratory of Experimental
Animals in accordance with the principles of Helsinki, and a
histopathological examination was performed in the Laboratory
of Histology and Embryology.

Anesthesia and Drug Administration

General anesthesia was provided with a mixture of 10 mg/
kg xylazine HCl and 100 mg/kg ketamine HCI. The rats were
first divided into 2 groups: 25 mg amikacin/rat (Amikacin
sulfate, 500 mg/2 ml vial, Zentiva) was administered to 4
rats in the amikacin group as a positive control. In the 5-FU
group, 5 mg 5-FU/rat (Fluorouracil, 1000mg/20 ml vial, Kocak)
was administered to 7 rats. Both drugs were administered
via intratympanic injection at a dose of 0.10 ml to the inferior
quadrant of the right eardrum using a 27-gauge needle.
The same anesthetic dose was intracardially injected into
the amikacin and 5-FU groups one week after the drug
administration, and then the rats were sacrificed, and their
cochlea was dissected (Figure 1). The left cochleas of 3 rats in
the 5-FU group, which was not given any drug, were included
in the study as the third group (negative control).

Figure 1: The rat cochlea

Histopathological Examination

Rat cochleas were fixed in a 10% formalin solution for 24 hours.
After 2 weeks of decalcification in 0.1M EDTA (ethylene diamine
tetra-acetic acid) solution, the tissues were rapidly dehydrated
with a series of increasing concentrations of alcohol. The
routine paraffin follow-up procedure was completed after
the dehydrated tissues were embedded in paraffin and made
transparent with xylene. From paraffin blocks, five micron-thick
sections were sliced, deparaffinized, rehydrated, stained with
H&S (Hematoxylin-Eosin), and examined using an Olympus
BX-40 light microscope. TUNEL (Terminal deoxynucleotidyl
transferase-mediated dUTP Nick End Labeling) staining was
performed to determine apoptotic cell death.

With Hematoxylin-Eosin (H&S) staining, cochlear edema,
cytoplasmic changes, stria vascularis thickness, and signs of
inflammation as well as edema, cytoplasmic changes, lipid
accumulation, vacuolization, signs of inflammation in the spiral
limbus, and edema, nucleus pycnosis, increased acidophilia,
satellite cell changes, and signs of inflammation in the spiral
ganglion were evaluated and graded as 0- No histopathological
change, 1-Minimal change, 2-Moderate change, 3-Severe
change. Semi-quantitative histopathological examination was
performed according to the number of degenerated cells; 0: No
histopathological change, 1-5: Minimal change, 6-10: Moderate
change, >10: Severe change. Apoptotic cells in the stria vascularis,
spiral limbus, and spiral ganglion were counted and graded at 40x
maghnification as 0: No apoptotic cells, 1: 1-5 apoptotic cells, 2:
6-10 apoptotic cells, and 3: more than 10 apoptotic cells.

Statistical Analysis

Using power analysis, the sample size for each group was
determined. The study used a minimum of 7 experimental
animals due to a power of 80%, an effect size of d=1.40,
and a significance level of 0.05. IBM SPSS Statistics v15.0
software was used for statistical analysis. Since the number of
experimental animals was <30 in the study, nonparametric tests
were used. The Chi-square test was used for the comparison of
categorical data, and Fisher’s exact test was applied when the
frequency determined in the 4-cell evaluation was <5. Kruskal
wallis test and Mann-Whitney U test were used for intergroup
evaluation of stria vascularis thickness. Bonferroni corrections
were performed for multiple comparisons. The significance
level was established as a=0.05.

RESULTS

Evaluation of histological changes: The spiral ganglion and spiral
limbus were the most severely affected structures, and the
overall cochlear structure was impaired in the Amikacin group,
according to the analysis of H&S-stained preparations. There
was no significant difference between the 5-FU group and the
amikacin group in terms of edema and cytoplasmic changes
in the stria vascularis (p>0.05), and no statistical evaluation
was made since no inflammation was observed in both group
(Table 1). Stria vascularis thickness (um) was compared in pairs
between the amikacin group, the 5-FU group, and the negative
control group; the 5-FU group (median 17.30; min-max 15.03-




21.57) had a lower stria vascularis thickness than the amikacin
group (median 22.56; min-max 18.85-26.04) and a higher stria
vascularis thickness than the negative control group (median
13.31; min-max 12.83-13.70), with a statistically significant
difference between the groups (p<0.05) (Table 1).

The difference in lipid accumulation and vacuolization
seen in the spiral limbus between the 5-FU group and the
amikacin group was not statistically significant (p>0.05),
according to the semi-quantitative histopathological
grading presented in Table.1. While spiral limbus edema
was minimal in the 5-FU group, it was minimal (25%) and
moderate (75%) in the amikacin group. The 5-FU group had
minimal cytoplasmic changes (86%) and no change (14%),
while the entire amikacin group had moderate changes.
While no spiral limbus inflammation was observed in the
entire 5-FU group, the amikacin group had moderate (50%),
minimal (25%) spiral limbus inflammation, and no change
(25%), with statistically less spiral limbus inflammation in
the 5-FU group (p<0.05).

Spiral ganglion edema was minimal (57%) and moderate
(43%) in the 5-FU group, while it was moderate (50%) and
severe (50%) in the amikacin group, with statistically less
spiral ganglion edema in the 5-FU group (p<0.05). There was
no statistically significant difference between the 5-FU and
amikacin groups in terms of nucleus pycnosis and acidophilia
increases in the spiral ganglion (p>0.05) (Tablo.1). Satellite
changes in the spiral ganglion were moderate (25%) and severe
(75%) in the amikacin group, while no change was observed
in the 5-FU group (p<0.05). While the signs of spiral ganglion
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inflammation were minimal (75%) and moderate (25%) in the
amikacin group, no sign of spiral ganglion inflammation was
noted in the 5-FU group (p<0.05) (Figure 2,3,4).

Evaluation of apoptotic cells: The comparison of the amikacin
group with the 5-FU group showed a lower number of apoptotic
cells in the stria vascularis, spiral limbus, and spiral ganglion
in the 5-FU group, with a statistically significant difference
(p<0.05) (Figure 5). In addition, there was no statistically
significant difference in the apoptosis grading of the stria
vascularis, spiral limbus, and spiral ganglion in the 5-FU group
compared to the negative control group (p>0.05) (Table 2).
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Figure 2: Hematoxylin-Eosinstaining (x400, bar= 10 pm).
Spiral ganglion-The 5-FU group

Table 1: Grading of histopathological changes in the groups

The Amikacin group

The 5-Fluorouracil group The Negative group

Rat no: 1 2 3 4 1 2 3 4 5 6 7 1 2 3
Stria Edema 2 1 3 0 1 1 0 2 1 1 1 0 0
vaskularis  cytoplasmic 2 1 3 0 0 0 0 0 0 0 0 1 0 0

Changes

Signs of 0 0 0 0 0 0 0 0 0 0 0 0 0 0

inflammation

Thickness (um) 21.20 18.85 26.04 23.93 16.12 17.30 1623 15.03 21.57 19.02 20.23 13.31 13.70 12.83
Spiral Edema 2 2 2 1 1 1 1 1 1 0 0 0
limbus Cytoplasmic 2 2 2 2 1 0 1 1 1 1 1 0 0 0

changes

Lipid 0 1 0 0 1 0 1 1 0 0 0 0 0 0

accumulation

Vacuolization 2 1 0 0 0 0 0 0 0 0

Signs of 0 2 1 2 0 0 0 0 0 0 0 0

inflammation
Spiral Edema 2 2 3 2 1 1 2 2 0 1 0
ganglion Nucleus 1 0 1 0 1 0 1 0 1 0

pycnosis

Increased 3 1 1 3 0 2 1 1 1 1 1 0 1 0

Acidophili

Satellite cell 2 3 3 3 0 0 0 0 0 0 0 0 1 0

changes

Signs of 1 2 1 1 0 0 0 0 0 0 0 0 0 0

inflammation




The Turkish Journal of Ear Nose and Throat

b \f"' -
# - . 4 § . #
. . i L ‘r“‘ T.
o VR -— - e
(@ "9
'y v b. -
- "‘ ‘ 5 f:'r -
-.. * 4“ « - n';
AT, G LA
fw - . < ;’Il“ y
N | - * T
[ “ " v ‘(."
o (e
t,‘ ’ ?

Figure 3: Hematoxylin-Eosinstaining (x400, bar= 10 um).
Spiral ganglion — The Negatif group
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Figure 4: Hematoxylin-Eosinstaining (x400, bar= 10 pm).
Spiral ganglion — The Amikasin group

(In amikacin group compared to the other two groups, there is an
increase in pycnosis and edema in the nucleus and a deterioration in
satellite cell distribution around the ganglion cell.)
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Figure 5: TUNEL method (bar= 10 um). Spiral limbus — The
Amikasin group

(Black arrows -TUNEL positiveBrown apoptotic cells with nucleus
pushed aside)

DISCUSSION

Our study demonstrated no ototoxic effect of intratympanic
administration in 5-FU to rats in the histopathological
examination performed by evaluating apoptosis. While
there is no universally accepted medical treatment for
cholesteatoma, surgery is the known treatment. Studies
on both humans and animals have demonstrated the
effectiveness of topical 5-FU in the management of
cholesteatoma (4, 8, 9). Considering that residual and
recurrent cholesteatoma may develop depending on
the surgical technique, the location and extent of the
cholesteatoma, and the surgeon’s experience, we think that
intratympanic 5-FU may be a complementary treatment (2).

Our study aimed to investigate the middle ear, where
cholesteatoma is most common. The intratympanic technique,
which is currently used for the treatment of many diseases
and is very practical and applicable, was chosen to access the
middle ear. Ototoxicity was considered to be a limiting factor
for intratympanic 5-FU administration. Therefore, rat cochlea

Table 2: Distribution of apoptosis in the groups

Apoptotic The Amikacin The 5-Fluorouracil The Negative
cell number group (n=4) group (n=7) group (n=3)
Stria (i} - 1(14.3%) 2 (66.7%)
Vascularis 1-5 1 (25%) 6 (85.7%) 1(33.3%)
p=0.009 6-10 3 (75%) - -
>10 - - -
Spiral 0 - - 1(33.3%)
Limbus 1-5 - 4(57.1%) 2 (66.7%)
P=0.020 6-10 1(25%) 3 (42.9%) ;
>10 3 (75%) - -
Spiral 0 - - -
Ganglion 1-5 - 2 (28.6%) 3 (100%)
P=0.004 6-10 ; 4(57.1%) ;
>10 4 (100%) 1(14.3%) -

118




was examined to investigate drug ototoxicity, considering
intratympanic pharmacokinetics (10). 5-FU is a water-soluble
chemotherapeutic agent. We believe that this feature may
affect both its passage through the round window as well as
its absorption by the middle ear mucosa and its residence time
in the tissue. Additionally, the drug’s molecular weight may
have an impact on ototoxicity. Studies have shown that one
of the excipients in the cream form of 5-FU, propylene glycol,
lowers the endocochlear potential and induces ototoxicity.
However, it is unclear whether the ototoxicity brought on by
the cream form is caused by an increase in molecular weight
or by propylene glycol (11, 12).

In their study on guinea pigs, lwanaga et al. applied the cream
form of 5-FU only to the external auditory canal of the first
group and to the external auditory canal and the middle ear of
the second group with myringotomy (5). They did not find any
change in the stria vascularis thickness by light microscopy in
both groups, concluding that 5-FU did not cause degeneration
in the inner ear. The results of our study showed that stria
vascular thickness was higher in the 5-FU group than in the
negative control group and lower than in the amikacin group
(p<0.05). However, considering apoptosis, 5-FU was similarly
found to not cause degeneration in the inner ear. Iwanaga
et al. connected the study’s findings that the cream form of
the drug might result in ototoxicity by increasing molecular
weight to the group receiving drugs with myringotomy’s poor
electrophysiological measurements (5).

Chemotherapeutic agents usually cause ototoxicity via
apoptosis (13). Examination by the TUNEL method gives
an idea about apoptotic cell detection and ototoxicity.
Electrophysiological tests could not be used in our study
due to technical deficiencies. However, we think that more
comprehensive results can be obtained by supporting
histopathological findings with electrophysiological tests
(7). In addition, we think that it would be useful to examine
ototoxicity biochemically (14).

In our study, 5-FU was administered at a dose of 7.5-10 mg/
rat, considering the maximum bulla volume of the rat. In
intratympanic administration of 5-FU, it can be thought that
middle ear volume limits the maximum administrable dose of
the drug. However, we believe that 5-FU, which is known to
have no ototoxic effect even in systemic administration, can
be administered via intratympanic injection at repeated doses
to increase its efficacy.

In ototoxicity, symptoms may arise immediately after drug
administration or may develop within days or weeks (15). In our
study, ototoxicity was assessed one week following 5-FU and
amikacin administration. We think that prolonging the research
duration and giving the medicine in multiple doses will lead to
more accurate results for ototoxicity.  Considering the side
effects of 5-FU, the most serious complication observed with
the cream form is chronic ulceration of the skin. Smith reported
chronic ulceration in humans with the application of topical
5-FU cream to patients undergoing open surgery (4). There
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is no information on whether the 5-FU solution form causes
pain or ulceration in the middle ear mucosa after intratympanic
administration.

The histopathological examination performed by evaluating
apoptosis revealed no ototoxic effect of the intratympanic
administration of 5-fluorouracil in rats. The current findings
imply that topical 5-FU application may be preferred as an
adjunct to surgical treatment for early-stage cholesteatomas
to prevent residual and recurrent cholesteatomas or to stop
the progression of cholesteatoma in patients who cannot
undergo the procedure because of underlying diseases.
However, there is a need for controlled randomized studies
supported by the electrophysiological technique to examine the
efficacy of intratympanic 5-FU in both experimentally induced
cholesteatoma and cholesteatoma patients.
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ABSTRACT

Objective: The Video Head Impulse Test (V-HIT) is a non-invasive diagnostic test that evaluates the functions of the semicircular canals separately.
This test records eye movements in response to head movements, and the vestibulo-ocular reflex gain (VOR-G) is calculated. V-HIT is frequently
used in diagnosing adult patients and has been increasingly used in children in recent years. Indeed, V-HIT measurements may be useful in the
diagnosis, especially in pediatric patients where vestibular pathologies are difficult to evaluate. In this study, V-HIT findings of pediatric patients
with dizziness were examined, and the results were compared with healthy volunteers.

Methods: Thirteen pediatric patients who applied to our clinic with dizziness and nine healthy children were included in the study. The necessary
evaluations and radiological imaging were performed, and children diagnosed with any pathology were excluded. Each patient underwent GN
Otometrics ICS Impulse V-HIT examination, and the results were recorded. The Video Head Impulse Test (v-HIT) results of children with vertigo
were compared with those of healthy volunteers and analyzed.

Results: The mean age of the patients included in the study was 10.5+3.5 years (range: 5-16). Five of these children were boys, and 8 were girls.
In the control group, there were five girls and four boys, and their mean age was 9.3+3.9 years (range: 5-16). None of the children had any
additional disease. When the groups were compared, the left anterior canal and left lateral canal VOR-Gs were significantly different between
the patients and healthy volunteers (p=0.027 and p=0.007, respectively). No statistically significant difference was observed between the groups
in terms of the right anterior canal, right lateral canal, left posterior canal, and right posterior canal VOR-G measurements (p=0.928, p=0.738,
p=0.588, and p=0.780,).

Conclusion: V-HIT, a non-invasive method for evaluating the etiology of vertigo in children, can be easily applied even in very young children. The
use of glasses suitable for children will facilitate the procedure.

Keywords: Video head impulse test, Video Head Impulse Test, dizziness in children, vertigo

INTRODUCTION The main vestibular tests used for the evaluation of children

are video electronystagmography (VENG), cervical vestibular-
Childhood dizziness has a prevalence of 8% to 15%, and its evoked myogenic potential (cVEMP), ocular vestibular-evoked
etiology is usually different from that in adults. It is not easy myogenic potential (0VEMP), caloric test, rotatory chair, and
for a child to describe dizziness, and physical examination is video head impulse test (V-HIT), the use of which has increased

also challenging in children. Therefore, it is more challenging to in recent years (2).

diagnose pediatric cases than adults, and vestibular tests come V-HIT is a relatively new technique used in the diagnosis of

to the fore in evaluating vertigo and dizziness in this patient dizziness. This technique can measure the functions of six

group (1). semicircular canals (SCC) separately (3). Eye movements in
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response to head movement are recorded by a camera installed
on eyeglasses that can record high-speed motion. This is called
vestibulocular reflex gain (VOR-G) (3, 4).

Compared to VENG, cVEMP, oVEMP, and caloric test used
in diagnosing dizziness, V-HIT, which is simpler to apply in
children, provides information about all SSCs, unlike the former
that mainly give information about lateral SCC. Since V-HIT is
a non-invasive test, its applicability is higher in the pediatric
age group (5).

Children put on glasses with a camera placed on the right side
and are asked to look at a fixed point. During this procedure,
VOR-G is recorded while head movements are made by
following a sequence. The V-HIT test is frequently used in
adults, and many studies have been conducted on normal V-HIT
values in this patient group. However, studies on the pediatric
patient population are lacking (5-8).

In this study, we aimed to evaluate the applicability of the
V-HIT test in the pediatric patient group and V-HIT findings in
pediatric patients with dizziness.

MATERIALS AND METHODS

This study was conducted on both healthy volunteers and
patients who applied to the Otolaryngology Clinic of a private
tertiary care hospital for dizziness between 2019 and 2022.

Ethical Board Approval

This study was approved by Acibadem University and Acibadem
Healthcare Institutions Medical Research Ethics Committee
(ATADEK) (Date: 25.03.2022, No: 2022-06/11).

Study Design and Participants

In this study, two groups of pediatric populations were
evaluated with V-HIT. Medical records of pediatric patients with
dizziness were reviewed retrospectively, and healthy volunteer
children with parental consent were invited to the study for the
V-HIT test as the control group.

The patients included in the study were evaluated with the
diagnostic criteria of chronic idiopathic dizziness. Patients with
normal neurological and ENT examinations in addition to a non-
vertiginous imbalance condition were evaluated to see if they
met the criteria. Patients were included in the study if 3 of the
following 5 conditions were present: dizziness with the feeling
of swaying; light-headedness; subjective unsteadiness during
standing and/or walking; something wrong in the head; a
feeling of a disturbance of balance. As a time criterion, patients
whose dizziness had been present at least 8 days per month
for the previous 3 months were included.

The children with dizziness underwent routine otolaryngology
and head and neck examinations, and audiological evaluations
were also conducted. These children were also evaluated by
a pediatric neurologist, and contrast-enhanced inner ear
and cranial MRIs were taken. Neurological and vestibular
examinations of the children in the patient group were normal.
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Children detected with hearing loss in pure tone audiometry
and children with any pathology detected in cranial and ear
MRI were excluded from the study. Nine children in the control
group had no symptoms, and their vestibular examinations
were normal. V-HIT was applied to all children, and the results
were recorded.

Sixteen pediatric patients were evaluated for inclusion in the
study. One patient was excluded from the study because of
labyrinth inflammation in the MR imaging, and two patients
were excluded because they could not comply with the test.
After those patients were excluded, the study continued with
22 participants, including 13 children who were evaluated
retrospectively in the patient group and 9 children in the
control group.

Statistical Anylasis

SPSS 24.0 was used for statistical analysis. The “Shapiro-Wilk
test” was used for the distribution and normality of the data,
and the “Independent Samples t Test” was used to compare
the VOR-G mean values of both groups, and the significance
level was determined as p<0.05.

Video Head Impulse Test

Tests were performed in a well-lit test room using the V-HIT
Otometrics ICS Impulse (A/S Taastrup, Denmark) instrument.
Before the test, participants and parents were informed. First,
the subject was asked to keep their head still, and calibration
was performed with the help of laser lights displayed around
an object placed 1m away. Then, the participant was asked
to follow a sinusoidally moving target with head movements,
and thus the calibration control was performed. Following the
completion of the calibration, the subject was asked to lock
their gaze on a target object and to keep it fixed on the object
even if the operator moved the subject’s head. All tests were
conducted by a single operator. During the test, the operator
made random movements of the patient’s head 10-20 degrees
in all three planes. To test the vertical channels, the subject’s
head was made to move 30 degrees to the right or the left. The
same settings were used for each test (8). The device processes
all the data and outputs the information separately for each
SSC as a graphic output (Figure 1).

RESULTS

Of the 22 children included in the study, 13 were girls, and 9
were boys. The mean age of the children included in the study
was 10+3.6 years. In the patient group, 5 of the children were
boys, 8 of them were girls, and their mean age was 10.4+3.5
years. The mean age of the children in the control group was
9.343.9 years, and 4 of the children in this group were boys, and
5 were girls. None of the children had any additional disease
(Table 1). The mean VOR-G values in the patient group were
as follows: left anterior canal mean VOR-G value: 0.75+0.07
(0.64-0.92); right anterior canal mean VOR-G value: 0.85+0.15
(0.65-1.12); left lateral canal mean VOR-G value: 0.77+0.09
(0.56-0.88); right lateral canal mean VOR-G value; 0.96+0.14
(0.75-1.34); left posterior canal mean VOR-G value: 0.86+0.16
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Table 1: Demographic informations

Study group Control group Both
10.543.5 9.3+3.9 1043.6
Age
(5-16) (5-16) (5-16)
Gender  Male 5 4 9
Female 8 5 13
Number 13 9 22

(0.65-1.13); right posterior canal mean VOR-G value: 0.85+0.16
(0.7-1.24). Similarly, the VOR-G values obtained from the
children in the control group were as follows: mean VOR-G of
the left anterior canal: 0.84+0.11 (0.68-1); mean VOR-G of the
right anterior canal: 0.8440.13 (0.68-1.1); mean VOR-G of the

Table 2: Comparison of channel functions in the two groups
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Figure 1: Graphical representation of the vestibulocular reflex gains of the six semicircular canals.
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left lateral canal: 0.89+0.1 (0.69-0.98); mean VOR-G of the right
lateral canal: 0.94+0.17 (0.79-1.22); left posterior canal mean
VOR-G: 0.90+0.18 (0.76-1.3); mean VOR-G of the right posterior
canal: 0.86+0.15 (0.69-1.2). Left anterior canal and left lateral
canal VOR-G values were significantly different between the
groups (p=0.027 and p=0.007). No statistically significant
difference was observed between the groups in terms of the
mean VOR-G values of the right anterior canal, right lateral
canal, left posterior canal, and right posterior canal (p=0.928,
p=0.738, p=0.588, and p=0.780) (Table 2).

DISCUSSION

A number of standards have been defined as a result of V-HIT
studies performed on healthy adult subjects (6, 7). However,
the use of V-HIT in children with vertigo is relatively new, and

Anterior Lateral Posterior
Age n Left Right Left Right Left Right
>16 13 Study (0.6(4)1.—7(-;’.92) (o.sgfls.lz) (0.5(()5.—7;.88) (0.7(;?5.34) (0.6%—816.13) (0.3;331%24)
5-16 9 Control 0.84 0.84 0.89 0.94 0.90 0.86
(0.68-1) (0.68-1.1) (0.69-0.98) (0.79-1.22) (0.76-1.3) (0.69-1.2)
p 0.027 0.928 0.007 0.738 0.588 0.780
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one of the biggest concerns is the standardization of results.
Studies have been conducted in recent years that help provide
reliable information on the normal values of V-HIT in children
(5, 8). Emekci et al. examined 100 adolescents aged 11-18 and
did not find any significant age-related changes in VOR-G (8).
In the study conducted by McGarvie et al., which also included
children, it was shown that the normal values of VOR-G do
not significantly change with age (6). However, in the study
conducted by Bachmann et al., in which the adult and pediatric
populations (<10 years) were compared, no age-related
difference was observed within the pediatric population, but
a significant difference was found between adult and pediatric
subjects in terms of VOR-G values. Especially in the lateral
canal VOR-G values, higher thresholds were found in children
compared to adults. However, in all subjects, the VOR-G values
of the right lateral canal were higher than those of the left
side. The authors suggested this might be because the camera
recorded the right eye during the test. In the same study, it
was recommended to use lower thresholds for right anterior,
left posterior plan (RALP) and left anterior, right posterior plan
(LARP) VOR-G values in children compared to adults, in that
the VOR-G values of these channels in children were found
to be quite variable. This study was conducted on normal
children under ten years of age and yielded valuable results;
however, the small number of subjects included constitutes a
limitation (5). In our study, V-HIT evaluation was performed in
normal children without any complaints, as well as in children
with vertigo. The small subject size, the broad age range, and
unequal age distribution made the interpretation of the test
results somewhat difficult.

In our study, when a total of 6 semicircular canals were
evaluated, it was observed that the left anterior and left lateral
canal gains were statistically lower in the pediatric dizziness
group. Other channel gain averages were not significantly
different between the patient and control groups. A possible
reason for this could be that the cause of dizziness in this
limited patient group might be due to a disease which does
not affect some canal gains.

In many previous studies in the literature, while investigating
the relationship between patient age and VOR-G, the subjects
were divided into defined age ranges, and the differences
between these groups were compared (5, 6, 8). In our study,
however, it was impossible to place subjects into age categories
due to the small number of patients and the non-homogeneous
distribution of their ages.

Another concern with V-HIT is its test-retest reliability. In our
study, the test was administered to each patient once, and
the results were analyzed afterward. Singh et al. reported that
the test-retest reliability of VOR-G and refixation saccades
evaluated with V-HIT in both healthy individuals and individuals
with vestibulopathy is high. These researchers demonstrated
that both measurements were highly reliable and repeatable
between the sessions, with the exception of vertical canal
refixation saccades in some individuals and measurements in
the affected ear in patients with vestibulopathy. In the study
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conducted by Singh et al., it was stated that inconsistent
VOR-G results obtained between repeated measurements
in individuals with vestibulopathy might be due to variable
channel functions rather than inconsistency in repeated
measurements (9). Mahfuz et al. reported no significant
changes in VOR-Gs between repeated test applications (10).
Therefore, the absence of repeated testing does not appear
to be a significant limitation. However, it should be noted that
variable values may be obtained between retests, and this may
be due to changes in channel functions.

The advantages of the test are that it is both non-invasive
and easy for the patient to cooperate with. It can also provide
objective information about the semicircular canals. In this
respect, it has significant advantages over the caloric test
and the rotary chair (11). Khater et al. found that 84% of
the children who were examined for dizziness and who had
a normal caloric test result showed abnormal V-HIT findings,
13% of whom had lateral canal abnormality. Detection of
abnormalities in one or both lateral canals despite normal
caloric test results in 13% of children indicates that V-HIT is
more sensitive than caloric testing in demonstrating lateral
canal function. In addition, V-HIT stands out as an important
and superior alternative to caloric test in children who cannot
undergo this test due to external or middle ear pathologies
and in children who cannot cooperate with the test (12). The
youngest of the children in our study was five years old, and the
oldest was 16 years old. None of the children had difficulties
during the test. There are, however, some disadvantages of this
test, such as device dependency, operator requirement, long
testing times in some children, and the absence of specially-
designed glasses for pediatric patients. The application can be
complicated, especially in children with a small head and face,
thin and slippery hair, and large pupils (5). Glasses can easily be
fixed on the children’s heads with simple bandages. However,
the use of glasses designed for children will undoubtedly
increase the applicability of the test.

CONCLUSIONS

Since it is challenging to evaluate dizziness in pediatric patients,
V-HIT may be helpful in cases of clinical necessity. The non-
invasiveness of the test is a significant advantage. Although
it may be difficult for young children to comply with the test,
it is generally well-tolerated. Hardware improvements, such
as special eyeglasses designed for children, and increased
experience can make the test more feasible.
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ABSTRACT

In this manuscript, we report an anatomic variation of the spinal accessory nerve for the first time in the literature. The spinal accessory nerve
was exited from the skull base in duplicate, and these two branches merged in the anterior triangle of the neck and continued as a common
branch in a 68-year-old male patient who underwent total laryngectomy and bilateral modified neck dissection.

Keywords: Anatomy, anatomic variations, cranial nerves, spinal accessory nerve

INTRODUCTION

The spinal accessory nerve (CN 11), with its intracranial and
extracranial branches, forms the CN 11 plexus together with
other cranial, cervical, and sympathetic nerves. Functionally,
it provides the union of the autonomic, motor, and sensory
nerves of the mouth, palate, pharynx, and larynx for effective
functioning of swallowing, phonation, and respiration (1).
This plexus has high individual flexibility. Variable connections
between intracranial and extracranial nerve roots and nerves
make the neural composition of the plexus very different
amongst individuals (2).

The most common cause of CN 11 damage is surgical
procedures in the head and neck region. It may occur especially
after lymphadenectomies are performed in the posterior
cervical triangle, neck dissection, or tumor excision (3).
Therefore, knowing the morphology and topography of cervical
nerve structures and variations will positively result in head and
neck surgeries. This case report describes a branching variant
of CN 11 that has not been reported in the literature before.

CASE REPORT

A 68-year-old male patient underwent total laryngectomy
and bilateral modified neck dissection due to advanced-stage

laryngeal squamous cell carcinoma (T3N2bMO). The 11* CN
was found in its standard anatomical location on the left side
of the neck. However, it was observed that the nerve exited
from the skull base in duplicate and that these two branches
merged in the anterior triangle of the neck and continued as
a common branch (Figure 1). Stimulating both nerve branches
with a Medtronic NIM 3.0 Nerve Monitor nerve stimulator
with 0.5 mA caused a contraction in both SCM and trapezius
muscles. We preserved both of the nerve branches. There was
no variation in the CN 11 and other anatomical structures in the
right neck of the patient. We did not observe any complications
in the early and late postoperative periods. The patient gave
informed consent for the publication of this case report.

DISCUSSION

The accessory nerve has motor fibers consisting of spinal and
cranial roots. The spinal root consists of C1 and C5 cervical
segments and enters the skull base with the foramen magnum
and joins with the cranial roots. The nerve descends inside
the skull to the jugular foramen and exits the jugular foramen
together with the vagus nerve and the glossopharyngeal nerve
(4-7). It is the only nerve among the cranial nerves that receives
some of its branches from the spinal cord. CN 11 trunk passes
through the jugular foramen into the neck. Then it lies between
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Figure 1: Intraoperative photograph taken during left selective
neck dissection, showing the accessory nerve double exiting
from the skull base and merging into a single branch. The
sternocleidomastoideus muscle was retracted laterally. (The
white arrow indicates the separate branches of the duplicated
accessory nerve, the black arrow indicates the joining
accessory branch, the star indicates internal jugular vein, and
double little star indicates posterior belly of digastric muscle)

the internal jugular vein (1JV) and the internal carotid artery.
It crosses the 1)V at the posterior part of the digastric muscle.
The common trunk enters the retrostyloid space (8). CN 11
descends forward and past the IJV laterally, although there are
some variations. Then CN 11 generally traverses the transverse
process of the atlas anteriorly. Occasionally, it lies medial or
lateral to the transverse process of the atlas. It then descends
medially to the styloid process and passes the digastric muscles
and stylohyoid (6). Then it descends inferiorly to give motor
branches to the SCM muscle. The SCM branch extends over the
occipital artery and enters the inside of the upper part of the
SCM muscle. Once inside the muscle, it connects with fibers
from C2 only or C3 only, or both C2 and C3 (9). After that, it
enters the posterior triangle inferior to the intersection of the
upper and middle third of the sternocleidomastoid muscle,
shows a posterior-inferior course, and disappears at the level
of the upper part of the trapezius muscle (2, 9).

Anatomical variations of the CN 11 have been reported in
the literature. The anterior and posterior rootlets of the first
five cervical nerves contribute to the spinal portion of it.
Four different patterns have been defined with the intradural
connection of the CN 11 and first spinal rootlets. For the type 1
variant, the posterior root of C1 is absent, and CN 11 connects
with the anterior root of C1. In the type 2 variant, there is no
connection between the CN 11 and the roots of C1. In the type
3variant, CN 11 connects at the junction of the rootlets of C1 or
the anastomotic branch of C1 to the posterior rootlet. Finally,
in the type 4 variant, it connects the CN 11 with the C1 root,
which does not have a spinal cord connection (10, 11).

In a cadaveric study, it was observed that in 87% of the cases,
the CN 11 starts from the anteromedial of the IJV within the
jugular foramen. In neck dissections, it was observed that 67%
of the nerve was lateral to the IJV after exiting the foramen
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jugulare (4). In another study, it was observed that the CN 11
crossed the 1)V anteriorly (7).

The differences in the course of the CN 11 in the posterior
cervical triangle and the differences in the number of branches
ending in the trapezius are among the most common variations
seen in the literature (5-7). Apart from this, Overland showed
that the CN 11 passes inside the IJV (6). In another study, it
was shown that by connecting the CN 11 and the facial nerve,
both nerves provide the innervation of the SCM muscle. In the
same study, it was shown that the CN 11 made intracranial
duplication for the first time (7).

In our case, when the SCM was retracted laterally in the second
region during neck dissection, it was observed that the CN
11, which was detected in its standard anatomical location,
split into two branches before exiting from the skull base. We
confirmed the nerve by using the nerve simulator with 0.5 mA
as itis in the literature (12). With the stimulation of both nerve
branches, muscle activation was observed in both the SCM
and the trapezius muscle. The fact that the nerve converges
distally before entering the SCM makes our case different from
the first duplication described by Tubbs et al. (7). The variation
described with this feature is the first in the literature.

CN 11 is one of the essential structures of the head and neck.
It is vital for the surgeon to know the anatomy of the CN 11,
as iatrogenic injuries to the nerve will significantly impair the
patient’s quality of life. So, care should be taken when working
around the nerve, bearing in mind that variations can occur.
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Abstract: Abstract should be submitted with all submissions except for Letters to the Editor. The abstract of Original Articles should
be structured with subheadings (Objective, Materials and Methods, Results, and Conclusion). Abstracts of Case Reports and Reviews
should be unstructured. Abstracts should be 200-250 words.

Keywords: Each submission must be accompanied by a minimum of 3 to a maximum of 6 keywords for subject indexing at the end
of the abstract. The keywords should be listed in full without abbreviations. The keywords should be selected from the National
Library of Medicine, Medical Subject Headings database (http://www.nIm.nih.gov/mesh/MBrowser.html) .

Manuscript Types
Original Articles: This is the most important type of article since it provides new information based on original research. The main text
of original articles should be structured with Introduction, Material and Method, Results, Discussion, and Conclusion subheadings..

Statistical analysis to support conclusions is usually necessary. Statistical analyses must be conducted in accordance with international
statistical reporting standards (Altman DG, Gore SM, Gardner MJ, Pocock SJ. Statistical guidelines for contributors to medical journals.
Br Med J 1983: 7; 1489-93). Information on statistical analyses should be provided with a separate subheading under the Materials
and Methods section and the statistical software that was used during the process must be specified.

Units should be prepared in accordance with the International System of Units (SI).

Invited Review Articles: Reviews prepared by authors who have extensive knowledge on a particular field and whose scientific
background has been translated into a high volume of publications with a high citation potential are welcomed. These authors
may even be invited by the journal. Reviews should describe, discuss, and evaluate the current level of knowledge of a topic in
clinical practice and should guide future studies. The main text should contain Introduction, Clinical and Research Consequences,
and Conclusion sections. Please check Table 1 for the limitations for Review Articles.

Case Reports: There is limited space for case reports in the journal and reports on rare cases or conditions that constitute challenges
in diagnosis and treatment, those offering new therapies or revealing knowledge not included in the literature, and interesting
and educative case reports are accepted for publication. The text should include Introduction, Case Presentation, Discussion, and
Conclusion subheadings. Please check Table 1 for the limitations for Case Reports.

Letters to the Editor: This type of manuscript discusses important parts, overlooked aspects, or lacking parts of a previously
published article. Articles on subjects within the scope of the journal that might attract the readers’ attention, particularly educative
cases, may also be submitted in the form of a “Letter to the Editor.” Readers can also present their comments on the published
manuscripts in the form of a “Letter to the Editor.” Abstract, Keywords, and Tables, Figures, Images, and other media should not
be included. The text should be unstructured. The manuscript that is being commented on must be properly cited within this
manuscript.

Tables

Tables should be included in the main document, presented after the reference list, and they should be numbered consecutively in
the order they are referred to within the main text. A descriptive title must be placed above the tables. Abbreviations used in the
tables should be defined below the tables by footnotes (even if they are defined within the main text). Tables should be created
using the “insert table” command of the word processing software and they should be arranged clearly to provide easy reading. Data
presented in the tables should not be a repetition of the data presented within the main text but should be supporting the main text.

Figures and Figure Legends

Figures, graphics, and photographs should be submitted as separate files (in TIFF or JPEG format) through the submission system.
The files should not be embedded in a Word document or the main document. When there are figure subunits, the subunits
should not be merged to form a single image. Each subunit should be submitted separately through the submission system.
Images should not be labeled (a, b, ¢, etc.) to indicate figure subunits. Thick and thin arrows, arrowheads, stars, asterisks, and
similar marks can be used on the images to support figure legends. Like the rest of the submission, the figures too should
be blind. Any information within the images that may indicate an individual or institution should be blinded. The minimum
resolution of each submitted figure should be 300 DPI. To prevent delays in the evaluation process, all submitted figures should
be clear in resolution and large in size (minimum dimensions: 100 x 100 mm). Figure legends should be listed at the end of the
main document.

All acronyms and abbreviations used in the manuscript should be defined at first use, both in the abstract and in the main text.
The abbreviation should be provided in parentheses following the definition.
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Revisions
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manuscript is sent to the corresponding author and their publication approval is requested within two days of their receipt of the
proof. The latest status of the submitted manuscripts and other information about the journal can be accessed at http://tr-ent.com.
The editorial and publication processes of the journal are conducted in accordance with the guidelines of the International Council
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