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BACKGROUND: The aim of the study was to measure the distance of the tympanic nerve to the oval window and round window niche in adult
cadavers for evaluating its usability as an anatomical landmark during middle ear-related surgeries, including stapedotomy and cochleostomy,
and for preventing its iatrogenic damage during surgical practices such as otosclerosis surgery and cochlear implantation.

METHODS: The middle ears of 10 adult cadavers aged 74.70 + 14.56 years were bilaterally dissected with the help of an endoscope and micro-
scope to measure the distance of tympanic nerve to round window niche and oval window.

RESULTS: Tympanic nerve was found as 1.60 + 0.86 mm (range, 0-3.11 mm) and 1.55 = 0.38 mm (range, 1.04-2.20 mm) away from round window
niche and oval window, respectively. In relation to the quantitative values of these 2 distances, neither right-left nor male-female significant
differences were determined (P > .05). Tympanic nerve was observed in all temporal bones. In terms of the shape and twigs of tympanic nerve,
extreme variations among cadaveric temporal bones were determined. Tympanic nerve-round window niche distance between 0-1 mm was
defined as type 1 (20%), between 1 and 2 mm as type 2 (45%), between 2 and 3 mm as type 3 (30%), and between 3 and 4 mm as type 4 (5%).

CONCLUSION: Tympanic nerve may be vulnerable at round window niche- or oval window-related surgeries (e.g., cochleostomy).
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INTRODUCTION

The tympanic nerve (TN; origin: the glossopharyngeal nerve, synonym: Jacobson'’s nerve), arising from the inferior (petrosal) gan-
glion of the ninth cranial nerve, enters the middle ear through a small passage (the inferior tympanic canaliculus) situated on an
osseous ledge dividing the jugular vein from the internal carotid artery. Tympanic nerve and the caroticotympanic nerves converge
on the cochlear promontory to form the tympanic plexus. Preganglionic parasympathetic fibers within the plexus are transmitted
to the otic ganglion through the lesser petrosal nerve for secretomotor supply of the parotid gland. The plexus also grants sensory
twigs to the middle ear mucosa, tympanic membrane inner surface, mastoid air cells, and Eustachian tube.™ Moreover, TN plays an
important role in the regulation of tympanic cavity pressure.*” Owing to pathological entities such as intractable otalgia, chronic
secretory otitis media, Meniere's disease, Frey's syndrome, parotid sialectasis, schwannoma, crocodile tearing, otosclerosis, chronic
parotitis, parotid duct stenosis, and parotid salivary fistula,>>#'? the twigs and function of TN are of great importance for otologists
in terms of tympanic neurectomy. Its position also has surgical importance to prevent involuntary damage during interventions
such as cochlear implantation.’>™ These clinical implications make the twigs and location of TN a significant area of interest for
otologists.

Some surgeons report that TN may be used as an anatomical landmark to guess the location of the round window niche (RWN).'*'*
As a hint for the detection of RWN in cases where the niche is not describable during the facial recess approach, Goravalingappa'?
proposes the use of TN as a reference point to perform a successful cochleostomy. For instance, in cases with ossification or oblit-
eration at the basal turn of the scala tympani (e.g., patients with otosclerosis, or meningitis), the cochleostomy should be carried
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out anterior to TN or through the nerve.”® The distance between
RWN and TN may be thought of as a critical area for minimal inva-
sive cochlear implantation.'*™ This distance was measured in only
2 cadaveric studies; 1 of them was an adult,'* and the other was a
fetal investigation.’” On the other hand, oval window (OW)-related
interventions (e.g., stapes surgery) may lead to involuntary damage
of TN." As far as we know, TN-OW distance was not measured in any
adult populations. Hence, we think that a novel adult morphometric
examination focused on the location of TN relative to RWN and OW
may be handy for ear surgeons to approach the windows during sta-
pes surgery or cochlear implantation. For this reason, we aimed to
measure the distances between the windows and TN.

METHODS

Study Population

The Clinical Research Ethics Committee approved the present cadav-
eric study (09/18/2019-2019/398). After ethical confirmation, the
work was carried out in the gross anatomy laboratory of the univer-
sity, between December 01, 2019, and March 01, 2020. The ears of
10 (5 women and 5 men) cadaver heads between the ages of 45 and
92 years (mean age: 74.70 + 14.56 years) were included in the work.

Dissection Technique

The senior neuro-otologist (DUT) of the study team carried out all
dissections using a micromotor (Bien Air Surgery SA, le Noirmont,
Switzerland, handpiece length: 70, 95, and 125 mm, burr diameter:
minimum 0.6 mm). With the help of an endoscope (Karl Storz Gmbh
& Co,, Tuttlingen, Germany, length: 18 cm, degree: 0°, 30°, and 70°,
diameter: 2.7 and 4 mm) and microscope (Carl Zeiss f170, Carl Zeiss
Meditec AG, Oberkochen, Germany), the dissections from the exter-
nal auditory canal to the cochlear promontory were performed to
determine the spatial relationship of TN with RWN and OW. The steps
were summarized for each ear as follows: (a) the head was positioned
according to otologic surgery, (b) the skin near the external audi-
tory canal was cut with a circumferential incision, (c) the auricle was
retracted anteriorly, (d) the skin of external auditory canal, tympanic
membrane, chorda tympani, malleus, and incus were removed, (e) a
wide canalplasty was done, (f) after cutting the stapedial tendon, the
stapes pulled carefully out using a surgical hook, (g) finally, TN, RWN,
and OW were exposed, and (h) from the same position and distance,
the cochlear promontory was photographed with a millimeter scale
using the microscope camera (Nikon d3300 digital camera, Nikon,
Tokyo, Japan).

MAIN POINTS

. The distance of tympanic nerve (TN) to round window niche (RWN)
was measured in cadavers for evaluating its usability as an anatomi-
cal landmark during cochleostomy.

Tympanic nerve-round window niche distance was classified into 4
types (type 1: between 0 and 1 mm, type 2: between 1 and 2 mm,
type 3: between 2 and 3 mm, and type 4: between 3 and 4 mm).
Patients with type 1 (TN-RWN < 1 mm), in particular, may be at risk
for iatrogenic damage of TN during the cochleostomy. Therefore,
tympanic neurectomy may be considered simultaneously with the
cochleostomy in patients with type 1, if TN trauma is recognized
with a surgical microscope under appropriate magnification.

Morphometric Parameters

Two independent researchers measured parameters in triplicate
using digital image analysis software (Rasband, WS, Imagel, US
National Institutes of Health, Bethesda, MD, USA, https://imagej.nih.
govV/ij/, 1997-2018). For this purpose, the photographs were posted
to Imagel. According to previous studies,'** the measured param-
eters were as follows: (a) TN-RWN: the shortest distance between TN
and RWN and (b) TN-OW: the shortest distance between TN and OW
(Figure 1).

Statistical Analysis

The interobserver reproducibility was checked with the intraclass
correlation coefficients (ICCs), while intraobserver reproducibility
was checked with the repeated measures analysis of variance (post-
hoc Tukey test). Shapiro-Wilk was utilized to check normality con-
trols of distance measurements. The Pearson correlation coefficient
test was used to correlate TN-RWN and TN-OW. Student’s t-tests were
employed to assess right-left (the paired sample t-test) and woman-
man (the independent sample t-test) comparisons. In addition, the
Pearson product-moment correlation coefficient was utilized to
determine the relationship between the measurements on right and
left sides. Statistical P value was .05.

RESULTS

The ICC score was found as 0.990 for TN-RWN distance (P < .001),
while 0.998 for TN-OW distance (P < .001). The measurements per-
formed by the same researcher did not display significant differences
(P > .05). These analyses displayed that the intra- and interobserver
reproducibility was excellent for both parameters. Tympanic nerve-
RWN (P=.659) and TN-OW (P=0.102) measurements showed nor-
mal distributions; thus, the values were given as average + standard
deviation. Our findings were as follows:

e Round window niche was measured as 1.60 + 0.86 mm (range, 0-3.11
mm) away from TN.

« Oval window was measured as 1.55 + 0.38 mm (range, 1.04-2.20 mm)
away from TN.

« Neither right-left nor male-female significant differences were deter-
mined in relation to quantitative values of these distances (P > .05).

« Tympanic nerve-RWN was strongly correlated with TN-OW (P < .001,
r=10.859).

TN

Figure 1. The photograph shows the middle ear and parameters. (A) TN-OW
distance and (B) TN-RWN distance. CP, cochlear promontory; OW, oval
window; RW, round window; TN, tympanic nerve.
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Figure 2. The photographs show the different branching patterns of TN. TN, tympanic nerve.

« Bilateral symmetry was not apparent for either measurement. A
negligible positive correlation was found between the right and left
TN-RWN (P=.775, r=0.104) and the right and left TN-OW (P=.878,
r=0.056).

o Extreme variations amid cadaveric temporal bones were observed in
terms of TN shape and twigs (Figure 2).

« Considering the study of Beger et al."” we classified the distance
between TN and RWN as 4 types. The distance between 0 and T mm
was defined as type 1, between 1 and 2 mm as type 2, between 2 and 3
mm as type 3, and between 3 and 4 mm as type 4. Type 1 was observed
in 4 ears (20%), type 2 in 9 ears (45%), type 3 in 6 ears (%30), and type
4in 1 ear (5%) (Figure 3).

« The frequency of TN-RWN distance types on the right sides, from the
largest to the smallest, was as follows: the type 2 (4 sides) > type 3 (3
sides) =type 1 (3 sides), whereas on the left sides as follows: type 2 (5
sides) > type 3 (3 sides) > type 1 (1 side) =type 4 (1 side) (Figure 3).

« The frequency of TN-RWN distance types in males, from the largest to
the smallest, was as follows: the type 3 (4 sides) > type 2 (3 sides) =type
1 (3 sides), whereas in females as follows: type 2 (6 sides) > type 3 (2
sides) > type 1 (1 side) =type 4 (1 side) (Figure 3).

« The distance between TN and OW was found between 1 and 2 mm in
16 ears (80%) and between 2 and 3 mm in 4 ears (20%).
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DISCUSSION

The anatomy of TN including its location relative to adjacent struc-
tures (the facial nerve, cochleariform process, RWN, OW, etc.), twigs,
and function attracts otologists’ attention for some reason. First,
tympanic neurectomy may be preferred by ear surgeons to treat
pathological entities such as Frey's syndrome, tinnitus, chronic par-
otitis, and crocodile tearing.>**#° Second, involuntary damages may
occur during OW- or RWN-related interventions such as cochlear
implantation, stapedectomy, or stapedotomy.'®' For instance,
Anand et al'” performed laser tympanic neurectomy to stop the
pain in 2 patients consulted only with pain 6 months after cochlear
implantation. After diverse middle ear interventions, Naraev and
Linthicum' encountered recurrent otalgia on account of a trau-
matic neuroma of TN. Some surgeons stated that the nerve stimu-
lation during cochleostomy might result in throat or ear persistent
pain.'®’ In addition, studies in which TN was cut in animal models
to examine the effect of TN function on the tympanic cavity dem-
onstrated that middle ear gas exchange was negatively affected
by nerve interruption.®’ Lastly, TN may be utilized as a landmark
for cochleostomy.’*' In light of these explanations, we think that a
novel algebraic investigation conducted on the distances between
TN and RWN or OW may be handy for ear professionals to prevent
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Figure 3. A-E. The charts show the distribution percentage of TN-RWN distance types. (A) in all samples, (B) on right sides, (C) on left sides, (D) in females, and

(E) in males. RWN, round window niche; TN, tympanic nerve.
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involuntary damages during window-related surgeries such as
cochlear implantation.

The literature available for TN-RWN distance was limited to 2
works."" In the study by Todd™ focused on 82 adult temporal bones,
TN-RWN was measured as 2.10 mm (range: 0-3.20 mm). The other
measurement was reported in the study by Beger et al'® (mean: 1.21
+ 0.60 mm, range: 0-2.13 mm) conducted on 30 temporal bones of
15 fetuses between the ages of 19 and 30 weeks of gestation. This
data seemed smaller in fetuses compared to adults''®; however,
Beger et al'® suggested that this difference was not due to age but
due to the extreme variation of TN. In this scope, we thought that
our value (mean: 1.60 + 0.86 mm, range: 0-3.11 mm) for TN-RWN
was compatible with the previous studies.''> The area between TN
and RWN is considered to have surgical significance for cochlear
implantation.’'* In patients whose cochlear basal turn is obliterated
by ossification (e.g., post meningitis deafness), TN may be utilized as
a reference point for the insertion of electrode array to the cochlea
directly.” In such cases, cochleostomy carried out anterior to TN or
through the nerve may enable bypassing the hook area (initial turn)
of the cochlear basal turn, facilitating an electrode array insertion
and reducing trauma through direct access.” Cochleostomy per-
formed posterior to TN may not result in a cochlear canal and even
may lead to a hypotympanic cell.”* Not only in patients with sclerosed
or obliterated basal turn but also in patients whose RWN is not visible
owing to the position of the vertical part of the facial canal, TN-RWN
distance may serve as a potential clue for successful electrode array
placement. For this purpose, Todd™ reports that if the main trunk of
the nerve is not visible, TN location within 3.30 mm of the RWN lip
should be kept in mind by otologists. His interval was close to our
maximum value for TN-RWN (3.11 mm).

To the best of our knowledge, the distance between TN and RWN was
classified with this cadaveric study for the first time in the literature.
Tympanic nerve-RWN distance between 0 and 1 mm was defined as
type 1 (4 cases, 20%), between 1 and 2 mm as type 2 (9 cases, 45%),
between 2 and 3 mm as type 3 (6 cases, 30%), and between 3 and 4
mm as type 4 (1 case, 5%). In the fetal study of Beger et al'* incidences
were given according to distance interval; however, the classification
was not performed. According to the present study, their incidences
of distance intervals were as follows: type 1, 36.7% (11 ears); type 2,
53.3% (16 ears); and type 3, 10% (3 ears). The extreme variation of
TN may trigger the difference between the 2 studies. We think that
this standardization has surgical implications. The round window
approach is generally preferred by otologists for cochlear implanta-
tion; nevertheless, calcification, narrow window, or invisible niche via
facial recess may require the use of cochleostomy (a more invasive
technique).?>?* On the market, electrode arrays have apical ends of
0.2-0.6 mm and basal ends of 0.4-1.3 mm.?"?* Therefore, patients with
type 1 (TN-RWN < 1 mm, 20%), in particular, may be at risk for iatro-
genic damage of TN during the cochleostomy. In the postoperative
period, the injury or stimulation of the nerve may result in recurrent
otalgia, throat or ear persistent pain, or change in middle ear pres-
sure. A careful surgical procedure is necessary because injuries may
occur in about 20% of the population. In our opinion, tympanic neu-
rectomy may be considered simultaneously with the cochleostomy
in patients with type 1, if TN trauma is recognized with a surgical
microscope under appropriate magnification.

In the current study, TN was measured as 1.55 + 0.38 mm (range,
1.04-2.20 mm) away from OW. In the fetal study of Beger et al.”®
TN-OW was found as 1.18 + 0.54 mm (range, 0-2.67 mm). Their mean
value seemed smaller than our value, but we thought that this differ-
ence was owing to the over-variation of TN. Moreover, in the study by
Beger et al.’ 0-1 mm for TN-OW was observed in 14 (46.7%) ears, 1-2
mm interval in 14 (46.7%) ears, and 2-3 mm interval in 2 (6.7%) ears.
In this study, the distance was between 1 and 2 mm in 16 ears (80%)
and between 2 and 3 mm in 4 ears (20%). These 2 works showed that
in more than 80% of cases, TN was within an interval of 2 mm. During
OW-related surgeries such as vestibular schwannoma via OW, stapes
surgery, or trans-oval-window implant,'#**2® TN may become dam-
aged. For example, Talas et al'® reported the expanded transcanal
supracochlear approach for the resection of vestibular schwannoma
via extended OW. After the approach, they increased OW width from
2.45 + 0.44 t0 5.58 + 1.09 mm."* This enlargement may lead to stimu-
lation or injury of TN.

Our findings have to be thought in light of some limitations that
could be addressed in future studies. The main limitation of this work
is the failure to evaluate the relationship between TN and OW or
RWN in accordance with specific surgical interventions such as the
facial recess approach, or the expanded transcanal supracochlear
approach; thus, we recommend future studies evaluating the pos-
sibility of injury to TN during RWN- or OW-related surgeries. The sec-
ond limitation is the lack of sample size in the study. In this context,
we suggest future works on more cadavers.

CONCLUSION

As far as we know, TN-RWN was first classified with this study in the
literature. Patients with type 1 (TN-RWN < T mm) may be at risk for
iatrogenic injury of TN during cochleostomy. Otologists should keep
in mind that some postoperative complaints (e.g., only pain or recur-
rent otalgia) after RWN- or OW-related surgeries may be associated
with TN injury.
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