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23 ABSTRACT

24  Traditionally, otologic surgical training consisted of microscopic cadaveric
25 dissections. However, during the last decades the endoscope has significantly
26  changed the surgical perspective in the otologic field. Thus, the modern ear and
27 lateral skull base surgeon should master the entire spectrum of endoscopic and
28  microscopic approaches, with the aim of tailoring the procedure and guaranteeing
29 the best possible functional outcome. This work proposes a step-by-step guided and
30 illustrated dissection course, including indications for the setup of the cadaver lab
31 and the integration of the microscope and endoscope to enhance the use of both
32 instruments. The alternation of the endoscope and microscope allows the novice to
33 train the correct handling of the instruments in the surgical field under both optical
34 views. This aspect is of utmost importance since it is not advisable to start off a
35 technique without practicing the other one, as both are important and complementary
36 in the modern otologic surgery setting.

37

38 INTRODUCTION

39  Traditionally, otologic surgical training consisted of microscopic cadaveric dissection
40 in order to develop both transcanal and transmastoid procedures. However, during
41 the last decades the endoscope has significantly changed the surgical perspective.
42  Nowadays, a consistent number of patients can benefit from minimally invasive
43 endoscopic ear surgeries®. Thus, the modern otologic surgeon should master the
44  entire spectrum of both endoscopic and microscopic approaches, with the aim of
45 tailoring the procedure to the disease and the patient and guaranteeing the best
46  possible functional outcome.

47

48 Dissection courses are notably expensive due to the high prices of the cadaveric
49  specimens and the need of up-to-date technological equipment (e.g., microscope,
50 endoscope, high-definition cameras and monitors, high-speed drills, piezoelectric
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devices, etc.). Moreover, the availability of fresh human cadavers is limited and
might be further restricted by financial and regulatory issues. Therefore, it would be
wise to maximize the efficiency of the resources to perform any possible microscopic
and endoscopic dissection step on one single specimen.

Here, we present a protocol that systematizes all the steps for a comprehensive
middle ear and lateral skull base dissection course that enhances the trainee’s
experience on different surgical procedures, with both the microscope and the
endoscope. This work proposes a step-by-step guided and illustrated dissection
course, including indications for the setup of the cadaver lab. This innovative
approach consists in the integration of the microscope and the endoscope, which are
repeatedly alternated throughout the dissection course. By doing this, the trainee can
perform a stepwise dissection that preserves the anatomical landmarks needed for
the further surgical steps, exploiting the use of both instruments. This protocol
derives from the wide experience of our team in teaching both surgical approaches
in gross anatomy lab. In fact, this method has been applied for years during both
national and international dissection courses.

PROTOCOL

The following protocol follows the guidelines of our institution’s human research
ethics committee. The ethics committee approved the protocol.

1. Preparation of the specimen
1.1. Position a vacuum mattress on the dissection table and cover it with a sterile
and resorbable blanket. Lay the anatomical specimen in a surgical position on the

mattress with the head rotated to the contralateral side.

1.2. Cover the specimen with a blanket sparing the external ear and retroauricular
area, just as in the operating theater.

1.3. Consider the possibility to preliminarily scan the specimen through cone-beam
or traditional CT, for radiologic guidance during dissection.

NOTE: Please see the Table of Materials for a complete list of the equipment
required.

2. Getting started

2.1. Adopt a comfortable sitting position in front of the specimen, adjust the
endoscope screen and the microscope.

2.2. Perform a white balance of the camera.

2.3. Perform the following under microscopic and/or endoscopic vision (Table 1).
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NOTE: The letter at the beginning of each paragraph, indicating the preferred tool to
perform dissection (microscope = M; endoscope = E). M/E indicates that the choice
of the technique to adopt is up to the trainee in that step.

3. M: Retroauricular skin incision

3.1. Use a scalpel to perform standard retroauricular skin incision about 1 cm
behind the retroauricular sulcus, covering 180° degrees of the external auditory
canal (EAC).

NOTE: The autologous fascia of the temporalis muscle can be harvested for further
steps (e.g., myringoplasty, scutum reconstruction).

3.2. Denude the bony area behind and above the auricle by means of a periosteal
elevator to place the self-retaining retractors before the following steps. It is of
particular importance to skeletonize the zygomatic root above the EAC in order to
perform the epitympanotomy in a later step.

4. M: Cortical mastoidectomy (Figure 1)
4.1. General recommendations about drilling

4.1.1. Start the dissection using the largest burr possible, since small burrs have
higher penetration potential into the bone and can be dangerous if not adequately
controlled.

4.1.2. Perform most of the bone work with cutting burrs. Reserve diamond burrs for
working near delicate structures (i.e., facial nerve, sigmoid sinus, middle cranial
fossa dura).

4.1.3. Hold the drill like a pen and try to apply the drill in a tangential rather than
perpendicular direction to the structures being drilling to use the burr's equator
instead of its tip.

4.1.4. Apply minimal or no pressure during drilling.

4.1.5. Start drilling from most dangerous structures, when identified, to the least
dangerous ones.

4.1.6. To help stabilize the surgeon’s hand and drill, place the small finger on the
head of the specimen. Another useful trick is to place the sucker between a structure
of importance and the burr. In this way, if the control of the burr is lost, it may hit the
sucker instead of the structure of interest.

4.2. Begin drilling of the mastoid cortex using a large cutting burr identifying the
middle cranial fossa (MCF) dura, approximately at the level of the temporalis ridge.
The signal that the level of the dura is close is usually provided by the appearance of
the different dural color through the bone and by the change in the burr’s noise to a
high-pitched sound.
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4.3. Start drilling at the expected level of the sigmoid sinus, which is on an oblique
line connecting the posterior edge of the temporal ridge to the tip of the mastoid
bone.

4.4. Join the two lines of drilling created by drilling the posterior tangent of the
posterior EAC wall, thus creating the so-called “triangle of attack”.

4.5. Drill out the bone in the center of the triangle by deepening the cavity evenly
and gradually. Saucerize the cavity to provide the optimal visualization. Thin out the
bone over the sigmoid sinus and the MCF dura with a diamond burr (3-5 mm
diameter).

4.6. Follow the MCF plane to identify and open the antrum, achieving an adequate
view on the lateral semicircular canal (LSC).

4.7. Tilt the specimen away from the surgeon to identify the body and the short
process of the incus. Take care to avoid touching it with rotating burr to preserve the
ossicular chain intact for further steps.

5. M/E: Myringotomy (optional)

5.1. Advance a myringotomy knife towards the eardrum and perform a radial
incision at the antero-inferior tympanic quadrant. The incision must be large enough
to accommodate a ventilation tube.

5.2. Pick a standard Donaldson type tube with Hartmann forceps, introduce in the
EAC and place on the eardrum close to the myringotomy incision.

5.3. Using a 1.5 mm, 45° hook, rotate the inner flange through the myringotomy
incision so that the tube straddles the tympanic membrane.

6. M/E: Tympanomeatal flap and middle ear anatomy exploration (Figure 2
and 3)

6.1. Raise the tympanomeatal flap by means of microscope or endoscope, as
preferred by the surgeon. A 0° endoscope is adequate for this step. Adjust the
endoscope screen to achieve a comfortable neck position while dissecting.

6.2. Clean the EAC from ear wax and any desquamated skin debris with the
suction tube and Hartman forceps, as needed.

6.2.1. Trim EAC hair with a pair of small scissors to prevent the endoscope to
become dirty during every passage through the EAC. Keep the scissors’ blades
perpendicular to the EAC surface, to effectively cut the hairs and not to damage the
skin.

6.3. Incise the EAC skin with a round knife from the 11 o’clock to the 6 o’clock
positions.



197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242
243
244
245

6.3.1. Gently dissect the skin of the EAC with an elevator, from lateral to medial,
until the fibrous annulus and the Prussak space is reached.

6.3.2. Dissect the pars flaccida of the lateral process of the malleus by pulling it
inferiorly with Hartmann forceps. Elevate the tympanomeatal flap, keeping it attached
to the handle of the malleus.

6.3.3. To complete the flap elevation, free the handle of the malleus from its
adhesion to the eardrum, by pulling it using a Hartmann forceps or by dissecting it
with a hook from superiorly to inferiorly.

6.3.4. At the end, detach the eardrum from the umbus by cutting it with
MICroscissors.

6.4. Explore the middle ear anatomy by means of 0° and 45° endoscope, as
already described in a previous protocol’.

6.5. In the epitympanum, identify the malleus (neck, short process, manubrium
and umbo; the incus (body, long process, lenticular process, incudostapedial joint);
the epitympanic diaphragm (anterior and lateral malleolar ligaments, lateral
incudomalleolar ligamental fold); the anterior and posterior spine; the chorda
tympani®; the tympanic isthmus and ventilation patterns to the antrum; the
cochleariform process; the tensor tympani muscle; the tendon and bony canal; and
the tensor fold.

6.6. In the mesotympanum, identify: the stapes (head, anterior and posterior crus,
footplate); the tendon of stapedial muscle; the pyramidal eminence; the promontory
bone; and the Jacobson nerve with inferior tympanic artery.

6.7. In the retrotympanum, identify: the facial sinus®; the posterior sinus; the
ponticulus; the sinus tympanil®, the subiculum; the styloid eminence; the
subtympanic sinus??; the fustis bone; the round window niche with tegmen, anterior
and posterior pillar; the round window membrane; the subcochlear canaliculus'?; and
the finiculus.

6.8. In the hypotympanum, identify hypotympanic cells and estimate localization of
the jugular bulb®34 if not visible.

6.9. In the protympanum, identify: the protiniculus!®; the internal carotid artery
(ICA); and the eustachian tube (ET).

7. M/E: Myringoplasty (optional)
7.1. Refresh the perforation’s edges (e.g., myringotomy hole) with a knife slightly
enlarging the perforation. Measure the perforation with a bended hook. Pull the

tympanomeatal flap anteriorly onto the anterior aspect of the EAC.

7.2. Remodel the chosen graft (e.g., temporalis muscle fascia, heterologous
membrane) according with the perforation’s size. Then, place it in the EAC and
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position it over the handle of the malleus and under the anterior lip of the perforation,
in contact with the eardrum.

7.3. Pack the tympanic cavity, especially the anteroinferior area, with gelfoam
soaked with water, to sustain the gratft.

NOTE: The tympanomeatal flap and the graft can be repositioned to complete the
step.

8. M: Epitympanotomy

8.1. Start from the posterior position, and choose a burr of sufficient size to fit into
the space between the MCF dura and the superior wall of the EAC. Drill from the
medial to the lateral direction, taking care not to touch the underlying ossicular chain.

NOTE: The anterior extent of the epitympanotomy should be sufficient to expose the
anterior epitympanic space, lying anteriorly to the cog.

9. M: Posterior tympanotomy

9.1. Use a small diamond burr (1-2 mm diameter) to open the facial recess,
starting from bone below the short process of the incus (below the buttress) up to the
chorda tympani. When performing this step, take care to not drill too far
anterolaterally, jeopardizing the anulus and the eardrum.

9.2. Finish the posterior tympanotomy once the triangle between the buttress. Drill
out the chorda tympani and the mastoid portion of the facial nerve (FN), achieving an
adequate access to the retrotympanum and the round window niche (e.g., cochlear
implant).

9.3. Tailor the inferior extension of the posterior tympanotomy and extend over the
chorda tympani to improve the visualization of the middle ear cleft. To widen the
posterior tympanotomy (extended facial recess), transect the chorda along the FN
and following the annulus, all the bone anterior to the FN, inferior to the annulus
plane and lateral to the jugular bulb and ICA is removed.

10. M: Decompression of the mastoid portion of the facial nerve (optional)

10.1. Identify the digastric ridge by drilling the pneumatization of the mastoid tip.
The FN is found in an anteromedial position with respect of it.

10.2. Start identification of the mastoid segment of FN with a large cutting burr,
which is moved parallel to the FN, whose position can be estimated by the position
of the LSC and the short process of the incus.

10.3. Once the whole segment of the FN can be seen through the bone, use a
diamond burr (3-4 mm diameter) to skeletonize to a total of 270° of the FN canal.

10.4. Remove the last shell of thin bone covering the FN using a curved hook, thus
uncovering the FN from the second genu up to the stylomastoid foramen.
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10.5. Using a new Beaver knife with the sharp border facing away from the nerve,
incise the perineural sheath of the nerve, completing the decompression of the
mastoid portion of the FN.

11. E: Atticotomy and ossicular chain removal (Figure 4)

11.1. Remove the lateral wall of the epitympanum (scutum) with the curette, the drill
or piezosurgery, if available. Beyond the instrument, be careful not to disarticulate
the incudo-malleolar joint. Start atticotomy from the free inferior and posterior bony
edge of the EAC, and progressively extend upward, to completely expose the
incudo-malleolar joint.

11.2. Disarticulate the incudo-stapedial joint with round knife, and gently remove the
incus. Identify the LSC, the tympanic tract of the FN, the geniculate ganglion area,
the cochleariform process, the tegmen tympani (already thinned and smoothened
through the microscopic epitympanotomy).

11.3. Use the malleus punch to cut the malleus neck and displace the malleus
head. Then, use Bellucci’'s scissors to cut the tendon of the tensor tympani muscle
and remove the malleus handle.

12. M/E: Ossiculoplasty (optional)

12.1. Use either the incus or the malleus head. Under microscopic view, use the
drill to model the graft (remove the long and short process of the incus or smoothen
the edges of the malleus head). In both cases, perform a small hole (around 1 mm —
same as the burr diameter), to fit the stapes head.

12.2. Under endoscopic view, place the carved graft in the ear canal, and with the
hook, gently move it to position it on the stapes, making sure that good contact is
maintained.

NOTE: Moreover, it is possible to perform ossicular chain reconstruction by means of
titanium prosthesis, if available, to try a device often employed in real-life situation.

13. E: Tympanic facial nerve decompression and access to the geniculate
ganglion?

13.1. Remove the cochleariform process with the curette, free the tensor tympani
muscle from its canal and displace it towards the ET (you can also cut it).

13.2. Using the curette or the round knife, gently peel off the Fallopian canal
covering the whole tympanic tract of the FN (from the cochleariform process to the
area of the second genu). This bone is very thin and sometimes the nerve is already
dehiscent.

13.3. Drill the tegmen tympani to expose the dura mater of the MFC. Check the
microscopic view of the tegmen tympani from the retroauricolar approach: imagine
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the line of dural exposure in the posterior cranial fossa (triangle of attack) continuing
anteriorly with the dura of the tegmen antri and tegmen tympani.

13.4. Remove any bone between the most proximal part of the tympanic FN and the
anterior dura, to expose the geniculate ganglion and the greater superior petrosal
nerve (GSPN).

13.5. Gently stretching the completely freed FN with the aid of a bended dissector,
identify the first genu and the proximal part of the labyrinthine segment of the FN,
heading towards the internal auditory canal, in an inferior and medial direction
(respect to the plane of the tympanic segment).

13.6. Note that parallel and anterior to the geniculate ganglion is the tympanic nerve
of Jacobson, which runs towards the MCF dura with an inferior-to-superior path.

14. M: Endolymphatic sac decompression (Figure 5)

14.1. Complete the skeletonization of the sigmoid sinus; the drilling on its medial
wall should be deep enough into the bone of the posterior cranial fossa (PCF).

14.2. Complete the skeletonization of the posterior semicircular canal (PSC), trying
not to open it, and identify the Donaldson’s line: this line passes through the LSC,
bisecting the PSC, pointing at the sigmoid sinus.

14.3. Localize the endolymphatic sac as a thickening of the dura of the PCF inferior
and medial to the Donaldson’s line, so that the area to be drilled is between the PSC
and the sigmoid sinus, and between the superior petrosal sinus and the jugular bulb,
towards the retrofacial recess.

14.4. The location of the sac could be variable: look for a white pearl thickening of
the dura or a fine hypervascular net on the dura. Use the diamond burr to slightly
peel off the bone covering on the sac.

14.5. Identify the endolymphatic duct as an apical extension towards the PSC in the
postero-superior part of the sac, gently pushing on the sac itself with a dissector.

14.6. Open the sac with a sickle or round knife and identify its medial wall.

15. M: Retrofacial approach

15.1. To simulate retrofacial approach, drill the retrofacial cells, staying parallel to
the posterior wall of the third tract of the FN. The limits of this approach are the PSC
and the cochlea superiorly, the dura of the PCF posteriorly (with the endolymphatic

sac already opened) and the jugular bulb antero-inferiorly.

16. E: Round window niche anatomy and transpromontorial approach to the
internal acoustic canal (Figure 6)

16.1. To achieve adequate surgical area of maneuvering, use the drill or
piezosurgery to skeletonize: the temporo-mandibular joint (anterior superficial limit),
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the ICA in the protympanic region (anterior deep limit) and the jugular bulb in the
hypotympanic region (inferior deep limit). The other landmarks (MCF dura —superior
superficial limit, the second segment of the FN — superior deep limit, and the third
segment of the FN — the posterior limit) have already been skeletonized!6-18,

16.2. Using the curette, remove the tegmen of the round window to identify the
round window membrane, and to study the relationship with the subcochlear
canaliculus and the fustis.

16.3. After cutting the stapedial tendon, remove the stapes. It is possible to identify
the spherical recess by means of 0° endoscope.

16.4. Widen the oval window opening inferiorly towards the round window using the
curette and the area of the vestibule is enlarged.

16.4.1. Identify three landmarks on the medial wall of the vestibule (vestibular
bony labyrinth): the lowest is the spherical recess (termination of the inferior
vestibular nerve fibers), the highest is the elliptical recess (termination of the superior
vestibular nerve fibers) and in between the two recesses, the vestibular crest could
be identified. Note that the bone of the promontorial region is thick, thus some
strength should be applied to remove it.

16.5. Remove the round window membrane with a hook, and identify the scala
vestibuli, scala tympani, and the spiral lamina in between.

16.6. Progressively drill along the promontorium with a small diamond burr, on the
lateral surface of the cochlea, to expose basal, middle and apical cochlear turns and
the modiolus. To avoid damage, follow the dissection lines as parallel to the turns of
the cochlea, gently drilling the bony surface.

16.7. To get access to the medial wall of the cochlear bony labyrinth, remove the
bony septa in between the cochlear turns and the modiolus.

16.8. Dirill to reach the fundus of the internal auditory canal and to possibly see the
entrance of the cochlear nerve into it (sometimes it is not possible to clearly
distinguish the cochlear nerve after extensive drilling on the modiolus). Following the
labyrinthine segment of the FN, identify the intrameatal portion of the FN and
observe the relationship with the cochlear nerve posterior to it (the two nerves draw
a “Y” figure in this area)

17. M: Canal wall down (CWD) tympanoplasty

17.1. To perform CWD tympanoplasty, most of the steps have already been
performed (cortical mastoidectomy, epitympanotomy, thinning of the posterior bony
EAC, skeletonization of the FN). Drill the posterior wall of the EAC with a cutting
burr. Flatten the anterior buttress (bony crest between the posterior wall of the EAC
and the tegmen tympani), as well as the posterior (incus) buttress, if kept so far.

18. M: Labyrinthectomy and translabyrinthine approach to the internal
auditory canal (IAC) (Figure 7)
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18.1. Complete the skeletonization of the sino-dural angle. Remove the shell of
bone over the sigmoid sinus and the dura posterior to it using a large diamond burr.
The MCF dura is similarly uncovered.

NOTE: Understanding the relationship between the SCCs is fundamental for
labyrinthectomy. The labyrinth dissection starts with the skeletonization of the LSC,
along its major axis, to reach the so called “blue line”, which is the appearance of the
membranous labyrinth inside it. The procedure similarly continues with the drilling of
the PSC and the superior semicircular canal (SSC). The SSC runs posterior and
medial to create the common crus, connecting with the PSC. The latter must be
drilled until the most infero-anterior portion, close to the third tract of FN.

18.2. Identify of the subarcuate artery in the hard bone at the center of the circle
drawn by the SSC.

18.3. Open the vestibule, which is situated in front of the common crus, and widen
this region with progressive drilling to remove all the membranous labyrinth
(vestibule and SCCs).

18.4. Drill the bony cover of the most medial part of the dura of the PCF and MCF
that are now reachable by the drill.

18.5. Identify the margins of the IAC: the superior margin is a line between the
subarcuate artery and the SSC ampulla, running between the FN anteriorly and the
sino-dural angle posteriorly; the inferior margin, parallel to the superior one, is
marked by the line between the PSC ampulla antero-superiorly (area of the
retrofacial cells) and the jugular bulb antero-inferiorly, towards the PCF dura
posteriorly; the vestibule marks the lateral end of the IAC (the fundus)

18.6. Gain access to the IAC. There are two approaches:

18.6.1. Lateral approach: Drill the medial wall of the vestibule and detect color
change while drilling to identify the transverse crest first, then the IAC. Proceed with
the drilling towards the porus acusticus, thinning the bone superior and inferior to the
IAC, to achieve 270-degree exposure.

18.6.2. Medial approach: Drill along the PFC to identify the IAC medially
(around the porus), then proceed laterally and anteriorly, towards the fundus.

18.7. Incise the dura of the IAC and try to identify the superior and inferior vestibular
nerves, separated at the fundus by the transverse crest; separate them with a hook
to identify in a more medial plane the intrameatal portion of the FN and the cochlear
nerve, if preserved during transpromontorial approach.

19. M: Transotic approach
19.1. After the skeletonization of the IAC, extend the translabyrinthine approach

anteriorly towards the cochlea. Drill out the infralabyrinthine cells using a diamond
burr, between the jugular bulb inferiorly and the PCF dura medially.
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19.1.1. Drill also any residual bone in the area anterior to the mastoid segment
of the FN. Keep a thin layer of the medial all the Fallopian canal to support the FN.

19.2. Complete the skeletonization of the ICA in the protympanum towards the
cochlear region. The cochlea has already been drilled out during endoscopic
transcanal transpromontorial approach, as well as the anterior wall of the IAC has
been opened. Remind that the middle turn of the cochlea is a landmark for the genu
of the artery in this approach.

19.3. Remove the bone overlying the PCF dura and lying anterior to the IAC, to
complete the skeletonization of the IAC. At the end of this dissection, the facial nerve
is lying as a bridge at the center of the surgical field.

19.4. Further skeletonization of the ICA is possible to uncover its vertical portion
and to reach the petrous apex as far as the level of the midclivus, and to expose the
dura of the posterior surface of the temporal bone. Posterior rerouting of the FN
could be considered to guarantee further anterior exposure, in a modified transotic
approach.

REPRESENTATIVE RESULTS

We organized two dissection courses at the University Hospital of Modena, Italy
during the COVID pandemic period, to enhance the learning process of the ENT
residents. In fact, the activity of most of Otorhinolaryngology Departments
significantly reduced during the above-mentioned period, impacting the academic
activities for residents who were also involved in the intensive care units when
needed!®. A preliminary study of the CT scan images of every specimen was
conducted. Thereafter, a total of 18 temporal bone specimens were dissected by 18
trainees following the steps described in the present paper.

FIGURE LEGENDS

Figure 1. Left ear. Microscopic view. Cortical mastoidectomy. an, antrum; dr,
digastric ridge; ks, Koerner's septum; Isc, lateral semicircular canal;mcf-d, middle
cranial fossa dura; sda, sinodural angle; ss, sigmoid sinus.

Figure 2. Right ear. Endoscopic view. Tympanic cavity after elevation of the
tympanomeatal flap, exploration of the mesotympanic and hypotympanic regions.
tmf, tympanomeatal flap; fa, fibrous annulus; ba, bony annulus; ce, chordal
eminence; se, styloid eminence; jbr, jugular bulb region; ct, chorda tympani; in,
incus; Pr, promontorium; jn, Jacobson nerve; ps, posterior spine; py, pyramidal
eminence; p, ponticulus, st, sinus tympani; stt, stapedial tendon; isj, incudo-stapedial
joint; fn, facial nerve (tympanic segment); rw, round window; ap, anterior pillar; teg,
tegmen of the round window; pp, posterior pillar; proT, protympanic space; fin,
finiculus,

Figure 3. Right ear. Endoscopic view. Tympanic cavity after complete elevation of
the tympanomeatal flap, exploration of the mesotympanum and epitympanum. cp,
cochleariform process; ct, chorda tympani; in, incus; jn, Jacobson nerve; ps, Prussak
space; sc, scutum; st, sinus tympani; tmf, tympanomeatal flap; ttc, tensor tympani
canal.
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Figure 4. Left ear. Endoscopic view. Ossicular chain disarticulation and attic
exploration. cp, cochleariform process; ct, chorda tympani; fn, facial nerve; fs, facial
sinus; gg, geniculate ganglion; Isc, lateral semicircular canal; st, sinus tympani; tt,
tegmen tympani; ttc, tensor tympani canal.

Figure 5. Right ear. Microscopic view. The yellow line is Donaldson’s line, an
imaginary plane passing through the lateral semicircular canal and bisecting the
posterior semicircular canal (dotted black line). The endolympahtic sac region
(yellow circular area) is found below the level of this line, close to the bending of the
posterior cranial fossa dura from the sigmoid sinus. Isc, lateral semicircular canal;
psc, posterior semicircular canal; ss, sigmoid sinus; dr, digastric ridge, fn, facial
nerve; Ptym, posterior tympanotomy; mcf-d, middle cranial fossa dura; pcf-d,
posterior cranial fossa dura; p-EAC, posterior wall of the external auditory canal.

Figure 6. Left ear. Endoscopic view. Transpromontorial approach: view after
removal of the stapes (panel A) and after initial dissection of the vestibule and the
cochlea (panel B). MCF, middle cranial fossa; Isc, lateral semicircular canal; gg,
geniculate ganglion, fn, facial nerve; Pr, promontorium, ttc, tensor tympani canal
(opened); jn, Jacobson nerve; et, Eustachian tube; vest, vestibule; rw, round window;
sr, spherical recess, er, elliptical recess; vc, vestibular crest; btC, basal turb of the
cochlea; sv, scala vestibuli; st, scala tympani; sl, spiral lamina.

Figure 7. Left ear. Microscopic view. Labyrinthectomy. bu, buttress; fn, facial
nerve; Isc, lateral semicircular canal; mcf-d, middle cranial fossa dura; psc, posterior
semicircular canal; pt, posterior tympanotomy; ss, sigmoid sinus; SsSc, superior
semicircular canal.

DISCUSSION

The proposed integrated microscopic and endoscopic dissection course manual is
thought to maximize the capability to perform different otologic approaches on a
single anatomic specimen. By alternating the two instruments, the trainee can
perform a stepwise dissection that preserves the anatomical landmarks needed for
the further surgical steps, enhancing the use of the microscope and the endoscope.
In fact, the modern ear and lateral skull base surgeon should master the entire
spectrum of these approaches to tailor the intervention with respect to the extension
of the disease, guaranteeing to the patient the best possible functional outcome. As
is often the case in surgical training, the initial experiences are usually collected
during dissection courses. In fact, while these procedures can be learned in books
and by sharing experiences with mentors, the manual skills require frequent practice.
However, the availability of human cadavers is reduced and might be further limited
by economic issues or authorizations. Thus, the capability to optimize the
organization of a gross anatomy lab and the utilization of a specimen to perform as
many procedures as possible would be desirable.

In addition, the alternance of endoscope and microscope allows the novice to train
the coordination between the eye and the instrument as well as the correct handling
of the instruments in the surgical field under both optical views. This aspect is of
utmost importance since it is not advisable to start off a technique without practicing
the other one, being both important and complementary in the modern otologic
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surgery setting. For instance, it is quite common to convert a transcanal endoscopic
tympanoplasty for a cholesteatoma into a combined procedure, where the surgeon
takes advantage of the microscope to perform a cortical mastoidectomy and remove
the residual disease located in the antrum and mastoid. Another relatively common
example is the application of the endoscope in the lateral skull base surgery, where
the microscope keeps a prominent role in most of the surgical approaches. This type
of dissection course can be easily replicated letting the participant gain experience in
tissue manipulation, instruments movement and surgical steps using both
microscope and endoscope.
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Editorial and production comments:

Changes to be made by the Author(s) regarding the written manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that there are
no spelling or grammar issues.

The manuscript was proofread, checking for spelling and grammar issues thoroughly.

2. Please include a Summary that clearly describes the protocol and its applications in
complete sentences between 10-50 words: “Here, we present a protocol to ...”

A Summary sentence was added to the Introduction subheading, as requested.

3. Please include an ethics statement before the numbered protocol steps, indicating that the
protocol follows the guidelines of your institution’s human research ethics committee.

The ethics statement was added to the main text.

4. Please ensure that all text in the protocol section is written in the imperative tense as if
telling someone how to do the technique (e.g., “Do this,” “Ensure that,” etc.). The actions
should be described in the imperative tense in complete sentences wherever possible.

Ok.

5. Please add more details to your protocol steps. Please ensure you answer the “how”
guestion, i.e., how is the step performed?

Technical details on how to perform steps were added throughout the manuscript.
Further technical details are shown in the Video.

6. Please specify all surgical tools used.

All surgical tools used across the dissection were specified throughout the main text
and the table of materials was completed.

7. 3.3: Denude how?

The bony area behind and above the auricle should be denuded by means of a
periosteal elevator. This was specified in the corresponding lines.

Reviewers' comments:

Reviewer #1:

Manuscript Summary:

This work is of great interest given the increasing place of endoscopic surgery in otology field.
The steps are well described and clearly explained.



We are glad that you appreciated our manuscript, understanding the educational role
of the presented protocol in the otologic field.

Major Concerns:

The first major concern is that there is not a clear definition of the aim of the study in the
introduction part. If the aim is to describe the different steps of dissection course, the aim is
achieved. If the aim is to know the interest of this document for the students, it should be
important to provide evaluation of the course by the students, and in the best of case a pre
and post-test allowing to determinate enhancement of skills following the detailed course. In
this manner, the representative results part doesn't fulfill his role, and have to be rewritten.

A sentence regarding the protocol’s aim was added to the Introduction.

The second major concern is about the completion of the dissection course with microscope
and endoscope. Indeed it is really important to master these two surgery ways. But it is not
detailed in the dissection step by step course when endoscope could be optimally used, and
which specific role could it take. For example a single highlighting of the differents steps
reachable with endoscope.

Thank you for your comment. We described every single step specifying the preferred
instrument used to perform dissection (M or E) at the beginning of each following
paragraph. Only in limited cases, where we deemed appropriate and equivalent both
endoscopic and microscopic dissection, we let the trainee choose the preferred
instrument to perform those surgical maneuvers (M/E). This was explained at point 2.
of the protocol (“The following steps will be proposed under microscopic (M) and/or
endoscopic (E) vision”) and we further specified how to properly interpret the legend.
An additional table (Table 1) was created to facilitate the trainee’s understanding of the
technique to adopt across the course.

Minor Concerns:

L. 76 : Cortical mastoidectomy : it could be interesting to provide a short paragraph about the
good way to hold the bur, adopting an high speed, various type of burs existing and relation
with the moment of mastoidectomy, etc for example " general recommendations about
drilling". Or reporting to another more general article about this generals rules.

A paragraph regarding general recommendations about drilling was added to the main
text.

L. 120 Very interesting for the novice to find anatomical landmarks, but dont you think that this
list is too much precise, and make longer the surgical procedure for the student ? If it is so
relevant to know the position of cochleariform process or tendon of stapedial muscle, i am not
sure that finiculus or protiniculus are essential to know before acting a safe and complete
tympanoplasty. Maybe too precise for the objective of this study.

We agree with you that some of the highlighted landmarks are very precise and
meticulous. Some of them are less important for a novice surgeon to perform a safe
and complete tympanoplasty. However, since this is a cadaveric dissection protocol,



we deem appropriate to stress even the most specific anatomic details in order to let

the trainee achieve the best anatomic and surgical knowledge of the temporal bone..

Some of the above-mentioned anatomic landmarks (i.e., finiculus) might be important
in selected cases (i.e., identification of jugular bulb and Jacobson’s nerve area).

L 223 : In most of cases ossicuplasty is realised with a titane prostesis. Don't you think it
could be relevant to provide such kind of prothesis to the student, in order to train specifically
for a wide surgical procedure ?

Such idea would be great. However, the present training protocol is thought to
maximize the utilization of the bony specimen to save money and to organize less
expensive cadaveric dissection courses. Probably, the supply of different prosthesis to
the participants would raise the cost of such course. Therefore, we described the
different techniques of autologous ossiculoplasty that can be performed without any
additional cost.. However, a sentence regarding the possibility for the organizer and the
trainee to perform ossicular chain reconstruction with prosthesis was added to the main
text.

L369 : 18 temporal bone specimens were dissected, it could be interesting to know if it
concerned 18 students or lower.

Such information was added to the main text.
L382 : In, fact --> In fact,
Corrected.
Table of materials : | do not understand the relevance of the ‘catalog number' and ‘comments
description’ columns if not completed. Maybe just provide a list of the material available, but
more precisely (cf my commment about the different tools available, for the novice)
We followed the reviewer’s suggestion and removed the catalog number and the
comments description columns.The list has been integrated with other tools, as
suggested.
Bibliography : Names of journal have to be consistent. Ref 9 : add otol neurotol
References have been reviewed, according to this comment.
Figures : very good quality
Thank you.
Reviewer #2:
Manuscript Summary:

This manuscript provides a dissection guide for temporal bone cadavers, and fills a critical
need within the literature for concurrent microscopic and endoscopic training in otologic



surgery. The target audience of otolaryngology residents in training. The manuscript outlines
the steps of the dissection. it is very clear regarding which steps utilize the endoscope and
which use the microscope. Included figures are photographs of temporal bone anatomy and
will be useful to the reader completing this dissection. The results are limited, which is
appropriate for this type of manuscript. Overall, this manuscript adds to the available literature
and provides guidance on temporal bone surgical training as we move in the era of
endoscopic ear surgery.

Thank you for the comment. We are proud that you recognize the aim and the value of
the present protocol.

Major Concerns:

Step 6.4) includes a large list of structures to be identified, but there are no accompanying
photographs or figures. While the authors refer the reader to a prior dissection guide for these
structures, this limits the usefulness of the current paper as a stand alone dissection guide.
The list of anatomic structures is less useful to the learner without guidance on the proper
identification of these structures. | would recommend including photos/figures for reference or
removing the list of structures.

An additional figure was added to the step 6.4 to help trainers in understanding the
anatomy, according to your request. Further anatomical details are integrated in the
Video.

Minor Concerns:

The following areas would benefit from increased clarity.

Step 6.3) It is unclear what middle ear mucosa is to be elevated. "The mucosa of the middle
ear cleft and the tympanomeatal flap is elevated keeping it attached to the handle of the
malleus" Presumably this refers to the mucosal lining to medial aspect of the tympanomeatal
flap, as the mucosa overlying the promontory and cochleariform process appears intact in
figure 2. Clarification would be helpful.

The sentence was changed accordingly to avoid misunderstandings.
Step 14.2) Inclusion of a note on technique for skeletonizing the posterior canal would be
timely at this point in the dissection. Inclusion of Donaldson's line in a figure would be
informative.

A figure to show the Donaldson’s line was added.
Step 16.3) "After cutting the stapedial tendon, remove the stapes to identify the spherical
recess” It is unclear if the spherical recess is readily identifiable after removal of the stapes, or
if it should be identified in the next step, after widening the oval window. If it is readily
identifiable through the oval window, this should be stated.

A statement regarding the identification of the spherical recess was added to step 16.

Step 16.4) A photo/figure of the medial wall of the vestibule would be highly informative at this



step, as the spherical recess, elliptical recess, and vestibular crest structures are not
identified in any figure.

A new figure was added to show anatomical details of the access to the vestibule and
the initial opening of the cochlea.

Overall the steps are informative regarding choice of instruments, (i.e. which endoscope
angle to use, preferred instruments). Guidance on choice of drill bits is inconsistent
throughout and the junior resident utilizing this dissection guide would benefit from inclusion
of this detalil.

This detail was added to the main text.
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Endoscope

E/M

Microscope

Tympanomeatal flap and
middle ear exploration

Atticotomy and ossicular
chain removal

Tympanic facial nerve
decompression and access
to the geniculate ganglion

Round window niche
anatomy and
transpromontorial
approach to the internal
acoustic canal

Myringotomy

Myringoplasty

Ossiculoplasty

Retroauricular skin incision
Cortical mastoidectomy

Epitympanotomy
Posterior tympanotomy
Decompression of the mastoid portion of the
facial nerve

Endolymphatic sac decompression
Retrofacial approach

Canal wall down (CWD) tympanoplasty

Labyrinthectomy and translabyrinthine
approach to the internal auditory canal (IAC)

Transotic approach
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