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Improve Cadaver Temporal Bone Dissection? Results of a
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Objectives/Hypothesis: This study aims to determine whether there are improved performances in cadaver temporal
bone dissection after training using a VR simulator as a teaching aid compared with traditional training methods

Study design: Randomized control trial.
Methods: Twenty participants with minimal temporal bone experience were recruited for this randomized control trial.

After receiving the same didactic teaching they were randomized into two groups. The traditional group were to receive addi-
tion teaching via traditional teaching methods such as small group tutorials, videos, and models. The VR group received
supervised teaching on the VR simulator. At the end of their teaching they were asked to perform a cadaveric temporal bone
dissection and had their performance videoed and assessed by blinded assessors. The assessors judged the videos on four
domains of assessments looking at the end product, injury size, overall performance, and technique. These assessments were
based on the Welling’s scale and OSATS.

Results: The VR group performed significantly better in the end product of the dissection (VR 80% vs. traditional 45%,
P-value <.001) and caused smaller injuries to anatomic structures (VR 19% vs. traditional 36%, P-value ¼ .01). They also did
better in the overall performance score (VR 55% vs. traditional 35%, P-value ¼ .04) There were no differences in the tech-
nique score. There was a fair to moderate degree of interrater reliability between the assessors (kappa ¼ 0.33–0.47; Intra-
class correlation coefficient ¼ 0.34–0.76).

Conclusion: Supervised teaching using a VR simulator seems to improve cadaveric temporal bone dissection perform-
ance compared with traditional teaching methods.

Key Words: Virtual reality simulation, temporal bone surgery, cadaveric temporal bone dissection, objective
assessment of temporal bone dissection.

Level of Evidence: 1b—individual randomized control trial.
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INTRODUCTION
Cadaveric temporal bone dissection exercises are

the cornerstones of otologic surgical training, but there
is an increasing shortage of temporal bones world
wide.1–3 This, combined with increasing number of oto-
rhinolaryngology trainees in many countries, means
additional training tools need to be considered to supple-

ment learning from the limited number of cadaver
temporal bones.

Virtual reality (VR) simulation has been extensively
utilized in aviation industry4,5 and is now increasing recog-
nized as having a role in surgical education and training.6–8

In the field of general surgery, several virtual reality simu-
lators have been shown to improve surgical performance on
cadaveric or animal models as well as operating room per-
formance.9–12 In endoscopic sinus surgery, the Endoscopic
Sinus Surgical simulator has been shown to have a signifi-
cant positive effect on early operative performance of
trainees.13 VR simulation training offers the great advant-
age of providing a standardized, reproducible environment
for repeated and optimized training with the number of pro-
cedures practiced not limited by patient numbers or
cadaveric temporal bone availability.14–17 This can provide
trainees with relevant experience at an early stage in their
surgical training while conserving scarce educational
resources, such as cadaver bones, and thus potentially
accelerating the learning curve.13

VR temporal bone simulators have been validated
to have a degree of realism in previous studies.18,19

Although it is critically important that the validity of
simulators be established, it is equally important to
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address the transferability of skills from the simulator
to real-life surgical performance. The aim of this study
was to determine whether trainees who received super-
vised VR simulator-based training differed in their
performance on cadaver temporal bone dissections to
trainees who received traditional instruction.

METHOD
A group of 20 novice trainees with 8 trainees with minimal ex-

perience and 12 trainees with no previous experience on cadaver
temporal bone dissection were recruited for a randomized blinded
control trial. All participants were given 2 hours of didactic teaching
outlining the anatomy and a basic surgical approach to the mastoid.
At the end of the didactic teaching they were given a multiple choice
question (MCQ) test to ascertain their baseline knowledge of tempo-
ral bone surgery (refer to Appendix 1 for a sample of the MCQ). The
participants were randomised into two groups and each group
received an additional 2 hours of teaching. Randomization was
done using random number generator after initial stratification of
experience so the participants who had dissected before were evenly
distributed into both groups. The ‘‘traditional’’ group received teach-
ing in the form of small group tutorials using computed
tomography (CT) scans, temporal bone models, as well as video of
cadaveric temporal bone dissection. The ‘‘virtual reality’’ (VR) group
was given 2 hours of supervised teaching using the MediseusV

R

Sur-
gical Drilling Simulator (SDS) as outlined below.

The MediseusV
R

SDS is a commercial simulator from Medic
Vision (Australia) that is based on The CSIRO/University of Mel-
bourne temporal bone whose architecture has been extensively
described within the literature.18,20,21 The Mediseus SDS consists of
a simulated operating microscope with two projected images
slightly offset given the visual illusion of 3D perception. The user
interacts with 3D volumetric virtual rendering of a cadaver tempo-
ral bone with which the surgeon interacts using two haptic
motorized 3D pointing devices. These devices allow the computer to
track the exact movement of the tools in relationship to the virtual
bone model. When the haptic pointing devices collide with the vir-
tual bone model, the computer sends signals to the device to provide
resistance to the user and thus provids a sensation of ‘‘touch.’’ This
allows the user to be immersed in a 3D virtual environment where
they, in addition to seeing a 3D model, also interact with it in a real-
istic manner with tactile sensation (Fig. 1).

Both groups were provided with basic surgical instruction
in two 1-hour sessions over 2 weeks. Interval teaching was

selected for this study as students have previously been shown
to have better knowledge retention using this method, as it
accommodates reflection and integration of concepts.6 The
method of teaching was different between the traditional group
and the VR group, with the traditional group receiving small
group tutorials and the VR group receiving one-on-one super-
vised teaching. However, although the method of teaching was
different, the content covered was the same with both groups,
focusing on the surgical steps and techniques of mastoidectomy.

At the end of the teaching sessions, participants were asked
to perform a canal wall down modified radical mastoidectomy on
a cadaveric temporal bone. Individual anatomic variability in
pneumatization of the cadaver bone would significantly influence
the ease of dissection. Thus, 10 pair of cadaver bones were
selected for the assessment, with one of each pair being assigned
to either the traditional group or the VR group, ensuring groups
were matched on the bones they were required to dissect. While
the participants were performing the cadaveric dissection, their
drilling was recorded using a camera mounted to the operating
microscope. As many of the participants were junior otolaryngol-
ogy trainees with minimal experience, they were allowed access
to temporal bone dissection manuals.22,23 during their dissection.

At the end of the dissection exercise, the participants were
asked to complete a questionnaire relating to their experience of the
teaching and assessment sessions. For the VR group, additional
questions were asked regarding their perception of VR simulator
and the feedback provided by the senior otologist.

All the videos and dissected temporal bone were then shown to
two otologists who were blinded to whether the participants received
traditional or VR training. These otologists were not involved in the
teaching component of the experiment nor did they meet the partici-
pants at any stage. They were only given access to video recorded
through an operating microscope during the cadaveric temporal
bone dissection with no audio, which only showed the hands of the
participants, and the cadaver bone dissection. There were no distin-
guishing features on the videos for the otologists to ascertain the
identity of the participants. The videos and dissected cadaver bones
were assessed using our assessment tool developed from previously
validated scale for objective assessment of cadaver temporal bone
dissection. Within the literature, Zirkle et al.25 combined the OSATS
(Objective Assessment of Technical Skills)24 with a final product
analysis that focused purely on the end result of the dissection, and
demonstrated that these tools have use in differentiating between
junior and senior otolaryngology residents.26 Butler et al.27 devel-
oped the Welling scale, which is a 35-point scale with binary
assessment of various steps within a temporal bone dissection and
focuses mainly on the end product analysis of injury and
skeletonization.

By combining both assessment tools outlined in the avail-
able literature, we designed an assessment tool that focused on
four key domains. Binary assessment of the end product of dis-
section used in the Welling’s scale was maintained and is
referred to as the ‘‘End Product’’ score (range 1–22; Appendix
2). We also assessed the size of the injuries when they occurred
in the dissection exercise, referred to as the ‘‘Injury’’ score (Ap-
pendix 3). To give an overall impression of the performance the
assessors were asked to rank participants between 0 (novice) to
10 (expert) as an ‘‘Overall’’ score (Appendix 4). This provided
the assessors scope to give their opinions of the participant.
Finally, we focused our assessment toward individual anatomic
structures using binary assessment of drilling techniques (the
‘‘Technique’’ score) such as drilling parallel to anatomic struc-
tures and selecting appropriate tools for the dissection. The
Technique score had a total of 30 criteria (Appendix 5).

Statistical analyses were carried out using SPSS. Given
the data was nonparametric Mann-Whitney ranked test were
used to determine whether differences existed between the two

Fig. 1. Photo of VR temporal bone simulator. [Color figure can be
viewed in the online issue, which is available at wileyonlinelibrary.com.]
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groups. As there were two assessors, interrater reliability was
calculated. The kappa coefficient was used on binary data from
the End Product score and the Technique score. A total of 440
data points (22 criteria by 20 participants) were compared for
the End Product score while 600 data points were compared for
the Technique score. For nominal data such as Overall score
and Injury score, interrater reliability was calculated using the
intraclass correlation coefficient (ICC). Significance of the inter-
rater reliability is often judged by with a scale that states a
score of 0–0.2 as slight, 0.2–0.4 as fair, 0.4–0.6 as moderated,
0.6–0.8 as substantial and 0.8–1 perfect.28–30

RESULTS
The average age of participants was 28.2, with a

male to female ratio of 1:1. Most participants were sec-
ond-year residents in otolaryngology with minimal
experience in temporal bone drilling and reported low
confidence in their ability to drill independently in the
operating room. The baseline MCQ test after initial di-
dactic teaching showed no significant difference in the
scores obtained from the two groups.

The interrater reliability showed fair to substantial
amount of agreement between the assessors as outlined in
Table I. Substantial interrater agreement was seen in the
Overall score with ICC at 0.76. Only moderate agreement
was seen in the Injury score (ICC ¼ 0.341) and Technique
score (kappa ¼ 0.33). The End Product score had moder-
ate interrater agreement (kappa ¼ 0.47) between the two
assessors. In terms of comparison between the VR and the
traditional group, the End Product score showed the most
statistically significant difference between groups (P-value
<.001), as well as absolute difference with the VR group
performing 35% better than the traditional group. The VR
group also performed better in terms of the injury score
causing 17% fewer injuries than the traditional group.
With regard to overall performance, the VR group also
scored better than the traditional group in the Overall
score, although only by 15% (P-value ¼ .036). Although
there was a trend toward improved performance for the
VR group on Technique score, this was not statistically
significant (Table I).

As performing mastoidectomy consists of a series of
steps identifying and skeletonizing anatomical landmarks,
the assessment tools used in this study can be similarly
subdivided according to anatomical structures. To further
examine the differences between the traditional and VR
groups, a comparison was made for each of the anatomical
structures within the End Product score (Table II). We
found that the VR group performed significantly better
(36%) compared to the traditional group in the correctly
formed overall cavity (P-value <.001). Deeper anatomical
structures were also better identified and skeletonized by
the VR group. For the lateral semicircular canal (LSCC),
the VR group performed 16% better (P-value ¼ .026) and
for the facial nerve, the VR group performed 24% better
(P-value ¼ .030). There were no statistically significant
differences between the two groups in dissection of the
dura and the sigmoid (Table II).

The Injury score was similarly analyzed by looking
at the different anatomical structures. The results in Ta-
ble III show that the VR group caused significantly
smaller injuries compared with the traditional group on
the LSCC (30% less) and the facial nerve (24% less). In
terms of other anatomical structures such as the dura
and sigmoid there were no statistically significant differ-
ences between the two groups.

The technique score was broken down to anatomical
structures and outlined in Table IV. There were no statis-
tically significant differences between the groups on
technique scores across any of the anatomical structures.

DISCUSSION
Virtual reality simulation has been shown to have

educational benefits with regard to the acquisition of sur-
gical skills, particularly in the area of general surgery.9–12

In temporal bone simulation, previous research has shown
there is transferability of surgical knowledge from the
simulator to real life in terms of anatomical recognition
and the ability to outline surgical approaches after teach-
ing on the VR simulator.18 This study aims to extend this
further by conducting a randomized control trial to

TABLE I.
Summary of the Results.

Subscore (Maximum) End Product Score (22) Injury Score (30) Technique Score (30) Overall Score (10)

Mean value (%) VR group 17.5 (80%) 5.7 (19%) 21.4 (71%) 5.5 (55%)

Traditional group 13.2 (45%) 10.8 (36%) 17.6 (59%) 3.5 (35%)

Mann-Whitney <0.001 0.011 0.053 0.036

Interrater reliability (type) 0.47 (kappa) 0.341 (ICC) 0.33 (kappa) 0.76 (ICC)

ICC ¼ intraclass correlation coefficient.

TABLE II.

Mean End Product Score Subdivided into Anatomic Structure.

Mean End Product Score Subdivided Dura (%) Sigmoid (%) LSCC (%) Facial (%) Overall Cavity Appearance (%)

VR group 3.1 (78%) 3.5 (88%) 1.6 (53%) 2.45 (82%) 6.7 (84%)

Traditional group 2.65 (66%) 3.9 (98%) 1.1 (37%) 1.75 (58%) 3.8 (48%)

Mann-Whitney 0.147 0.389 0.026 0.030 <0.001

LSCC ¼ lateral semicircular canal.
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compare actual drilling performance on cadaver temporal
bones between VR training and traditional training.

We have found that when the virtual reality temporal
bone simulator was used as a teaching aid, participants per-
formed significantly better compared with those who were
provided traditional teaching methods. Although both
groups achieved similar baseline understanding at the end
of a preliminary didactic teaching session, significant differ-
ences in the performance of the cadaver dissection emerged
after additional training. In the assessment of the End Prod-
uct score, which focused on the skeletonization and injury to
anatomical structures as well as the overall mastoid cavity
appearance, the VR group performed almost 35% better
than the traditional group. This indicates that the VR group
performed the dissection more completely with better skele-
tonization and more safely with fewer injuries. When
considering the overall mastoid cavity appearance and treat-
ment of specific anatomical structures, the most significant
between-group difference was for an improved overall cavity
appearance in the VR group. Assessors judged the cavity
space by well established criteria31 including the removal of
mastoid tip and adequate saucerisation. The deeper ana-
tomic structures such as the LSCC and the facial nerve
were also better exposed by the VR group, while for superfi-
cial structures such as the dura and sigmoid sinus there
were no difference between the two groups. This suggests
that traditional training may be just as good as VR training
for the superficial structures, whereas VR training is supe-
rior for deeper critical structures. This may be because the
superficial structures are essentially on the same surgical
plane, and in order to expose them, all that is required is to
remove the cortex bone to a sufficient degree, although on
the other hand, the dissection of deeper structures requires
more detailed knowledge. This requires a deeper under-
standing of the 3D anatomic relationship as well as
important surgical steps, such as bone rotation to provide an
appropriate trajectory for the drill to safely enter the
antrum allowing exposure of the lateral semicircular canal.
These components of the operation may be difficult to appre-
ciate using traditional teaching methods but are easier to
appreciate through practical experience on a VR simulator.

The VR group not only performed better in terms of ex-
posure of anatomic structures but when injuries to
anatomical structures occurred, the VR group also caused
smaller injures compared with the traditional group. A
closer examination of the injury score showed that the pri-
mary differences were associated with the LSCC and the
facial nerve. This finding is consistent with the End Product
score where the VR group performed better in the deeper
structures. It is interesting to note that injures to the incus
were similar between the two groups. This finding could be
explained by the fact that the incus was not always exposed
and as a result relatively few injuries occurred to it.

The VR group performed significantly better on the
measure of overall performance, although the absolute
mean difference was relatively small (1.5 in 10 point scale).
A number of factors should be considered when reviewing
this difference between groups. First, the overall perform-
ance was rated on a 10-point scale where ‘‘1’’ represented
‘‘novice’’ performance and ‘‘10’’ represented expert perform-
ance. It is difficult to conceive how, after a short period of
training, novice students could be transformed into experts
or remain complete novices. This is reflected in very few
participants being scored over ‘‘7’’ or less than ‘‘3’’ on the
scale. The result is a tendency for participants’ scores to
cluster around the midpoint of the scale. This central tend-
ency has also been seen in subjective in-training
assessments where assessors do not use the entire scoring
scale.32 The differences may be reduced if the assessors
were asked to assess relative to others within this cohort
group rather than comparing scores with expected expert
performance, but this is difficult to calibrate/bench mark.
Although the difference is small, there is nevertheless an
improvement when the VR arm is compared with the tradi-
tional arm in terms of performance on the cadaver bone.

There was no difference between groups for Technique
score, which focused on how the dissection was performed,
although there was a trend toward better performance in
the VR group. There may be several reasons for this lack of
difference. This may reflect either no real differences in sur-
gical techniques between the traditional and the VR group
or poor agreement between assessors as shown by the

TABLE III.
Mean Injury Score Subdivided by Anatomic Structures.

Mean Anatomic Structure
Injury Score as % EAC (%) Dura (%) Sigmoid (%) Incus (%) LSCC (%) Facial (%)

VR group 4.8 (96%) 3.35 (67%) 4.35 (87%) 4.35(87%) 4.3 (86%) 4.6 (92%)

Traditional group 4.25 (85%) 2.85 (57%) 4 (80%) 4.3(86%) 2.8 (56%) 3.4 (68%)

P-value .123 .315 .739 .796 .004 .043

LSCC ¼ lateral semicircular canal; EAC ¼ external auditory canal.

TABLE IV.

Mean Technique Score for Each Anatomic Structure.

Mean Anatomical Structure
Technique score as % Cortex (%) Dura (%) Sigmoid (%) LSCC (%) Facial (%) Cavity (%)

VR group 4.8 (80%) 4.5 (75%) 4.9 (82%) 0.8 (40%) 4.4 (63%) 2.0 (67%)

Traditional group 3.9 (64%) 3.8 (63%) 3.8 (63%) 0.8 (40%) 3.6 (51%) 2.1 (70%)

P-value .063 .218 .123 .481 .143 .853

LSCC ¼ lateral semicircular canal.
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moderate kappa scores. With the latter explanation, it may
be that surgical techniques are more difficult to assess than
injuries. Moreover, assessment difficulties may have also
been exacerbated by the use of binary measure for surgical
technique. For example, it may be difficult for assessors to
make a judgement on techniques such as dissection parallel
to structure using a binary scale, as there are more subtle
areas of grey within the assessment of surgical technique.
One potential improvement for future assessment could be
to use graduated scales for technique instead of the binary
categorization as used in this investigation. Although the
assessment of techniques maybe difficult, it is nevertheless
important and possible as evidenced by the successful vali-
dation of OSATS used in general surgery, which takes into
account the technique used to achieve the end result.28,33 It
is also important to realize that focusing purely on the end
product of the dissection can be misleading, as poor techni-
ques can by chance result in adequate end product, albeit
less reliably.26 The process of surgical education should not
be purely focused on the end result but ensuring the process
used to achieve that result was also safe and proficient. An
understanding of how surgical techniques can be taught on
the simulator could provide valuable insight into how feed-
back can be built into the simulator to allow for self-guided
learning in this environment.

Across both groups, the anatomical structure that
scored the lowest of all was the LSCC. This highlights
the difficulty both groups had regarding finding and pre-
serving this structure. LSCC is the anatomical turning
point in the mastoid operation and the most difficult to
recognize.23,34 These finding suggest that LSCC deserves
particular attention from the educators in order to
improve understanding of the structure.

This study demonstrates that education and training
environments that use a VR simulator as a teaching tool
can produce superior performance in novice trainees on
cadaveric temporal bone dissection. The VR environment
gives trainees a more active learning experience and allows
them to engage in deliberate practice supported by an in-
structor. It is well established in educational psychology
literature that guided discovery or inquiry-based learning
methods leads to better performance and retention, and
deeper understanding.35 It would appear from the results of
our study that deliberate and guided practice using the VR
simulator would appear to foster greater retention of knowl-
edge and understanding in key steps in the operation.36

This seems particularly true for the dissection of the deeper
structures within the temporal bone. We suggest that this
is because the VR group were able to experience and prac-
tice the important surgical steps that are difficult to
appreciate in other ways, for example, as mentioned above;
rotating the temporal bone to provide good approach into
the antrum. Another important advantage of the VR simu-
lator is the ability to learn how to troubleshoot mistakes
through practice. This is difficult to achieve using a tradi-
tional training environment where typically the procedure
to deal with difficult situations are either described or dem-
onstrated rather than allowing trainees to experience,
practice, and master, these techniques. On the other hand,
the VR simulator gives the opportunity to make these mis-
takes and the ability to learn how to troubleshoot during

the procedure. These factors certainly give VR simulation
an edge over traditional teaching methods, but there are
still some deficiencies with the VR simulator, in particular,
realism. From subjective feedback of the VR trainees, it was
reported that although the trainees knew the anatomical
structures they sought to expose and the steps required to
achieve this, they still had significant difficulties in recog-
nizing the anatomy in real life. This indicates that there
still needs to be either improvement on the visual realism of
the simulator, or supplementation of this experience with
realistic images and videos.

With the current technology, the only feasible way to
use the VR simulator in training is with supervised or
guided instruction. With this approach, it is difficult to sep-
arate how much of the improvement in performance was
derived from the simulator itself and how much was related
to the presence of the otologist. Clearly, improvements seen
by the VR group could be related to the fact that they
received one-on-one tutorials from an otologist rather than
being a result of using a VR simulator. An alternative
instructional approach would have been to adopt unguided
exploratory training using the VR simulation. However,
this approach is considered an inefficient and ineffective
training model to teach novices.35 The participants reported
that both components of the teaching environment (the
supervising otologist and the VR simulator to practice) were
important. Although this study may not be able to delineate
conclusively the relative contribution of the VR simulator
and the trainer toward the final performance, it neverthe-
less demonstrates beneficial effects from using the VR
simulator as a teaching aid. These results pave the way to
pursue further research into developing a self-guided learn-
ing system within the VR simulator, in which the
simulation environment is programmed to emulate the
feedback provided by otologists. Future studies could
explore whether similar benefits could be achieved using
such a system.

CONCLUSIONS
This study indicates that there are improved per-

formances on cadaveric temporal bone dissection after
supervised training using a virtual reality simulator
compared with traditional teaching methods. This
improvement in performance is seen in the end product
analysis of temporal bone dissection assessing skeletoni-
zation and injury to anatomic structures. The VR group
not only made fewer injuries, but when injuries occurred
they were smaller in size compared with the traditional
group. Both of these were most significant for the deeper
structures within the temporal bone. Although there
was improvement in the overall performance score, there
was only a trend toward statistical significance in the
technique scores. A transferability of skills from the sim-
ulator to cadaver dissection was demonstrated in this
study. Future research directions could focus on improv-
ing anatomical recognition in real operative conditions,
as well as the development of ‘‘intelligent tutors’’ within
the simulator that would allow for training to be inde-
pendent of contemporaneous consultant supervision.
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APPENDIX 1 - SAMPLE OF MCQ TEST FOR VR
SIMULATION IN TEMPORAL BONE STUDY

Q14: Which of the following is NOT a landmark for the
facial nerve?

A - digastric ridge
B - sigmoid
C - Short process of the incus
D - Lateral semicircular canal

Q15: Which of the following is a landmark that defines the
border of the initial cut in a cortical mastoidectomy

A - EAC
B - Temporal line
C - Spine of Henle
D - Macewen’s triangle
E - All the above

Q16: Which of the following is correct regarding burr
selection in mastoidectomy

A - the largest cutting burr should be selected for
initial cortex removal

B - Cutting burrs is useful in haemostasis control
C - Diamond burr generate too much heat to be use-

ful around delicate structures
D - Downsizing the burr when exposing the antrum

is not important as you can more easily enlarge
it by using the largest cutting burr

E - The largest diamond burr should be selected for
initial cortex removal

Q17: Which of the following is NOT correct regarding
drilling skills

A - Drilling around corners is dangerous as you
always need full visualization of the burr head

B - Direction of drilling should always be parallel to
the vital structures located near by

C - Minimal force is required through out the dril-
ling process. Drill should be used more like a
paint brush

D - speed of the drill is vitally important and should
be modulated constantly through the operation

E - Drill and sucker need to placed close together to
remove bone dust and irrigate water

Q18: Which of the following is NOT part of the exposure
in a cortical mastoidectomy

A - Thinning the tegmen
B - thinning the bone over the sigmoid sinus
C - thinning the bone over the lateral semicircular

canal
D - expose the mastoid antrum
E - define the facial nerve
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Dura/Tegmen Yes No

1 Finds tegmen (at some point in procedure) 1 0

2 Adequately blue-lined (for complete
cortical mastoidectomy)

1 0

3 No penetration through the tegmen
(ie dura not exposed)

1 0

4 No overhang 1 0

Sigmoid Sinus

5 Finds sigmoid sinus (at some point in the procedure) 1 0

6 Adequately blue-lined for complete cortical
mastoidectomy

1 0

7 No penetration of sigmoid no damage to sigmoid 1 0

8 Sino dural angle defined 1 0

Lateral Semicircular canal

9 Finds Lateral semicircular canal 1 0

10 LSCC not injured or breached 1 0

11 No other SCC were injured 1 0

Facial nerve

12 Found the facial nerve (at some point
in the procedure)

1 0

13 Facial nerve sheath not exposed 1 0

14 Facial ridge lowered sufficiently 1 0

Cavity Appearance

15 Mastoid tip removed 1 0

16 Dissection to the limit of a canal wall down
mastoidectomy

1 0

17 Sausarization performed 1 0

18 Edge of dissection round with no overhangs 1 0

19 Gradual slope of cavity around the cavity 1 0

20 Anterior EAC and the cavity is one smooth cavity 1 0

21 Superior canal wall removed sufficiently 1 0

22 Inferior canal wall removed sufficiently 1 0

Drilling defects – circle 5 5 no defect; 4 5 defect <2 mm;
3 5 defect <4 mm; 2 5 defect <6 mm; 1 5 defect >6 mm.

Post EAC wall 1 2 3 4 5

Tegmen/Dura 1 2 3 4 5

Sigmoid sinus 1 2 3 4 5

Semicircular canal 1 2 3 4 5

Incus 1 2 3 4 5

Facial 1 2 3 4 5

Overall rating for this TB performance.

Very poor Expert ability

1 2 3 4 5 6 7 8 9 10

Cortex Yes No

1 Selected appropriate drilling bit i.e.
large cutting burr selected

1 0

2 Correct bone orientation 1 0

3 Drill with broad strokes 1 0

4 Long and smooth strokes 1 0

5 Correct initial cuts and boundary for
the cortical mastoidectomy

1 0

6 Good continuous drilling, 1 0

Dura

7 Dura - found at an appropriate time
during procedure

1 0

8 Dura - Appropriate drilling technique used to find dura 1 0

9 Dura - Appropriate bur selection 1 0

10 Dura - Dissection parallel to the
tegmen before discovery

1 0

11 Dura - Progressive tegment exposure
from point of discovery

1 0

12 Dura - Clear visualization of burr head
during tegmen exposure

1 0

Sigmoid

13 Sigmoid - found at an appropriate time
during procedure

1 0

14 Sigmoid - Appropriate drilling technique used 1 0

15 Sigmoid - Appropriate bur selection 1 0

16 Sigmoid - Dissection parallel to the sigmoid
before discovery

1 0

17 Sigmoid - Progressive exposure from
point of discovery

1 0

18 Sigmoid - Clear visualization of burr head and sigmoid 1 0

LSCC

19 LSCC - Found at an appropriate time during
the procedure

1 0

20 Incus found after recognition of LSCC 1 0

Facial nerve

21 Facial - Appropriate magnification to identify the facial 1 0

22 Facial - Appropriate rotation of bone do improve view 1 0

23 Facial - Found at an appropriate time during procedure 1 0

24 Facial - Appropriate drilling technique used 1 0

25 Facial nerve found first before posterior tympanostomy 1 0

26 Chorda tympani preserved 1 0

27 Facial recess opened sufficiently 1 0

Cavity

28 Large cutting burr to remove canal wall effectively 1 0

29 Mastoid tip removed correctly 1 0

30 Dissection initiated within the anatomic confines 1 0

APPENDIX 2 END PRODUCT SCORE

APPENDIX 3 INJURY SCORE

APPENDIX 4 – OVERALL SCORE

APPENDIX 5 - TECHNIQUE SCORE

Laryngoscope 121: April 2011 Zhao et al.: Virtual Reality Simulator and Cadaver Temporal Bone Dissection

837


