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Abstract

Introduction

Cortical mastoidectomy is a common Otolaryngology procedwaepresents a compulsory
part of Otolaryngelogy training. As such, a specific valdatssessment score is needed for
the progression©f competency-based training in this proceditmneugh multiple temporal
bone dissection scales have been developed, they haveraldidated for advanced
temporal bone"dissection including posterior tympanotomy, rétherthe task of cortical

mastoidectomy.

Methods

The Melboeurne Mastoidectomy Scale, a 20-item end-productctiissescale to assess
cortical mastoidectomy, was developed. The scale wastediidasing dissections by 30
participants. (10 novice, 10 intermediate and 10 expergwetual realty temporal bone
simulator. All=dissections were assessed independently dwy binded graders.

Addtionally,,.alprocedures were graded with an abbreviateding/eéScale by one grader.

Results

There was‘high inter-rater reliability between thedhgraders (r = 0.9210, p < 0.0001).
There was a significant difference in scores betweethtee groups (p < 0.0001).
Additionally, there was a large effect size betweenhedet groups: the differences between
the novicé _group and both the intermediate group (p = 0.82%90.2482) and expert group
(p <0.001, n2= 0:6356) were significant. The difference between the inteateedjroup and
expert group again had a large effect size (n?= 0.3217), but was not significant. The
Melbourne Mastoidectomy Scale correlated wel with an alteel Weling Scale (r =
0.8485, p < 0.0001).
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Conclusion
The Melbourne Mastoidectomy Scale offers a validated soonas€ in the assessment of

cortical mastoidectomy.

Key Words: cortical mastoidectomy; virtual reality; Otolaryngologyompetency-based

education; ‘simulation training; educational measurement.

Key Points
e Cortical_mastoidectomy is a foundational core competencytala@ngology.
e Competency based surgical training needs validated obje&iige assessments.
e We developed a binary 20-item scale for assessment of conésdbidectomy.
e Validation was performed with 30 participants on a virtualityeaimulator.

e The seale:has high inter-rater reliability and cgrasste groups by skill level.

I ntroduction

Cortical mastoeidectomy is a common operation for Otologists avitlumber of indications
including chronic otitis media with or without cholesteagpni is also the initial step of
cochlear implant surgery and various lateral skull baseatgas. In additon, general
Otolaryngologists need to be able to carry out cortical rdestimmy safely as an emergency
procedure for acute mastoiditis. Subsequently, it is a compusacedure for
Otolaryngology=training in the United Kingdom (1). Duriagmastoidectomy, the surgeon
comes into. elose, proximity with a number of important strastuthe middle fossa dura
mater superiorly;” the sigmoid sinus posteriorly, and thalfawrve, semicircular canals, and
incus medially (2). Clearly, it is important for surgidedinees to gain competency in this
procedure 1o avoid major complications and allow progression toadwanced temporal
bone operations.

Until recently, surgical competency has been assebsmayhh logbooks of surgical

experience, written and oral exams, and informal observafi@perating skil by

supervisors as part of a surgical apprenticeship (3). Modagadutraining programmes are
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increasingly being buit upon the principle of competency-dhasaning (4), relying on
validated scores to standardise the assessment of tectkilisa At present, various scales
have been developed for the assessment of temporal bong g6rged), with the Welling
Sale being the most widely used of these (6). All theseeiuscores have been developed
and valdated=for the assessment of canal-wall up corieatoidectomy with facial recess
exposure (610), which represents an important but advanced milesto@olaryngology
training (1). Onthe other hand, cortical mastoidectomy repiesekey early surgical
competency in Otology, and a skil that all Otolaryngologistsspective of sub-specialty
need to be able.to master to manage acute mastoiditis, amewobut potentially life-
threatening ,condition. At present a cortical mastoidectonsynbaspecific objective

assessment’scale to determine proficiency.

The majority of Scales are designed to assess the fiodliqir of temporal bone dissection
(6-9), although _some task-based checklists have also been devidopgskss the dissection
process (9,10). Despite providing more information about surgchhigue, task-based
checklists aresconsiderably more time consuming than @iradluct scores, requiring the

assessor to,watch the entire procedure.

Previous scales have been scored in a variety of wayegaingm Likert Scales (9), to more
complex sums of positively weighted items for procedure coopleind negatively
weighted items for errors (8), to binary scoring systems (@afiflation of these scales has
been predominantly performed using cadaveric temporal bonetdeseby a small number
of Otolaryngology registrars (6,8,9). Only one study has aemiuthe validity of such
assessment_scales on virtual realty (VR) temporal bomgators (11), using a modified
version of the Weling Scale; the only assessment ¢ sedidity in this study was interrater
reliability for.34 novice registrars. The properties andlatibn work for previously

published temparal bone final product assessment scalesvemnarssed in table 1.

In this study;*we developed a new end-product dissection twlelbourne

Mastoidectomy, Scale (MMS), which is specifically tailortedthe foundational
Otolaryngology operation of cortical mastoidectomy, with aime of providing an objective
tool for assessing competency performing this core proceduréhéWevalidated this scale as

to its objectivity (inter-rater reliability), abiity to difentiate between skil levels, and its
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correlation withapre-existing means of cortical mastoidectomy assessnieniMgling

Scale) using a VR simulator.

M ethods

Ethical consderations

This study was approved by the Human Research Ethics @eenrof the Royal Victorian
Eye and Ear, Hospital (HREC number: 19/1419HL). All participantsvigeed signed consent.

Devel opment of the Mel bourne Mastoidectomy Scale

The MMS scale was developed as a consensus decision betwe@&rotagy consutants and
an Otolaryngology researcher, with the goal of creatirgymple, easy to use scale targeted
specificallyat cortical mastoidectomy and with the paéenb be automated on VR
simulators. ;fhesend-result was a 20-item end-product disestore (Table 2). This scale
was tailored, to.assess the foundational core competency iclcamastoidectomy, which is
required fof"al"Otolaryngology trainees, with considerat@movice registrars learning the
procedure. The'scale was designed to be easy to use with alsnapie scoring system
comprising only 20-items, each with clear definitions. Addiibn each tem was defined in
terms of volumes of bone removed or volumes of structures ddmadaciitate automation

of the score on VR simulators.

Similar to the Weling Scale and CanadaWest Scale (6&sdalle has a binary scoring
system, which aims to minimise grader subjectivity to imprioter-rater reliability. The
assessment.criteria owe much to the original WelingeS@&); however, only 20-items were
included in*the"scale to reduce grader exhaustion asbaih the 35-items of the original
Weling Scale=Each item of the scale is clearly defite help standardise its interpretation
by different.graders, the CanadaWest Scale is the ordy stiale to include similar
definitions (7).;Also in common with the CanadaWest SE8lepoint dependencies have
been introduced to the scale to reduce the number of points arseswarded due to an
incomplete dissection. For example, a point for not damagingigtheid sinus is only
awarded if the sigmoid sinus has been identified duringdiigection. Additionally, 4 items

of the scale have been defined as major complicationsh wheck the dissection as
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unacceptable, irrespective of the total score achieved. afldgional classification is
necessary in addition to a numerical score to safely dafineinee as competent to perfoam

cortical mastoidectomy and to progress to more advanced tempoeaptomedures.

The virtual reality s mulator

Validation of theMMS was carried out on the University of Melbourne VR Temp&athe
Simulator (@2). This simulator presents the user witbetttimensional (3D) virtual models
of temporal bones, generated from microCT scans of human &nfpmmes. A haptic device,
represented,.in the virtual operating space as a surgidalidrsed to interact with the
temporal bones and provides tactile feedback such as resistadcvibrations (Figure 1).
Although the simulator has several automated guidandardsa such as proximity warnings

when approaching an important structure, these weraltwiidor the purpose of this study.

Study participants

Study participants (n = 30) of three experience levels vesreited for tle validation of the
MMS: navice™(n"= 10), intermediate (n = 10), and expert (n = 10). Noviceipants were
University students with an interest in surgery, rinkdliate participants were

Otolaryngology registrars training in Melbourne rangingnf Australian Surgical Education
Training program stage 1 (juniotd stage 5 (senior), and expert participants were consultant

Otologists.

Study procedure

Al participants..were given time to famiiarise therassl with the VR simulator before being
asked to carry"out a cortical mastoidectomy, defifvigcEwan’s triangle and identifying the
middle fossasplate, sigmoid sinus, incus, and verticalogeofi the facial nerve. The novice
participantsswere shown a 15-minute video tutorial on how forpera cortical
mastoidectomy, before carrying out their dissection. Alig@ants were presented with the
same temporal bone on the VR simulator, which was interolde &n easy specimen with

no abnormal or pathological anatomy.

Outcomes
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A screen recording of the final product of each corticadtoidectomy procedure was
captured for later grading. Cortical mastoidectomies by dicipants were graded with the
MMS by three graders (two Consultant Otologists and ooda@ngology researcher).
Addtionally,=all=procedures were graded with an abbreviatediove of the Weling Scale,
using only items relevant to the cortical mastoidectaask used in this study (18/35 items
appendix A), by one grader (Otolaryngology researcher). cAes recordings were
anonymised before assessment, blinding the graders to rikigy idlnd experience level of

the participant.

Statistical methods

Statistical analysis was carried out using MATLAB R20IMlathworks, Natick, USA).
Inter-rater reliability was assessed using the-ioklas correlation coefficient (ICC) (13). A
one-way ANOVA with post-hoc Tukey-Kramer tests for migticomparisons between the
three experiencer groups: novice, intermediate, and expa&stconducted to test for the
abiity to diferentiate skill levels. Effect sizes betwegroups were calculated using partial
etasquaréd."Pearson’s Correlation Coeflicient was used to assess correlation of theMMS

with an abbreviated Weling Scale. All statistical testye performed at the level of alpha =
0.05. Effect sizes were interpreted as negligibfe< 0.01; small, 0.01 <n?< 0.06; moderate,
0.06 <12 <0.14; and large, 12> 0.14 (14,15).

Results

A total of 30 procedures were assessed independently by taeersyrThere was high
interrater _reliability between the three graders (r 200 p < 0.0001). Mean + standard
deviation MMSrseores for the novice, intermediate, and expert groups Meret 3.51, 14.4
+ 2.79, and=l7:3 + 1.28 respectively. There was a significant differenigV#$ score
between thesthree groups (p < 0.0001; figure 2). When lookingealfis groups, novices
were significantly worse than both intermediates (p = 0.0119)xpette (p < 0.001), but
there was no significant difference between the ietdiate and expert groups. However,
large effect sizes were observed between all three gfoopses and intermediates? =
0.2482, novices and experts: n2= 0.6356, and intermediates and experts: 2= 0.3217).
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On examination of individual points on the scale, thereeviage effect sizes between the
three groups for 12 items, of which 10 were significant. Whertlyireomparing the novice
and expert groups, there was a large effect size agai® fitems, of which 9 were
significant; when comparing the novice and intermedgieup 7 of these items had a large
effect sizey ofswhich 4 were significant. There was gelegffect size for 5 items when

comparing /the intermediate and expert group, of which onkaslsignificant (appendix B).

The MMS correlated well with the abbreviated Weling Scale usetiignstudy (r = 0.8485,
p < 0.0001, figure 3).

Discussion

Previous temporal bone assessment scales have been develogehnced temporal bone
dissections. This_study developed and valdated the fresssent scale explicitly for the

core foundational competency of cortical mastoidectomy.

There was ‘high_inter-rater reliability for tMMS between the three graders, which was
higher (6;11)"orequivalent (7,8) to previously reported temporal lssessment scales.
Inter-rater reliability is a key feature of any assesgntool for surgical training, allowing it
to be used in different centres by different assessors. stmsusage of the scale by
different graders is supported by the provision of a cleanitid for each tem. Only one

other temporal bone assessment scale has similar dessrifitr each item (7).

The ability of the MMS to distinguish between low and highlitgudissections as performed
by operators of different experience levels was demonstiatdbe large effect size when
comparing.cortical mastoidectomy performance between eaitie dfiree groups. As
expected, thengvice group performed significantly worse ltwh the intermediate and
expert groups==However, there was not a significant difierein performance betweeneth
intermediatesand expert groups, which is not surprisimgngthat cortical mastoidectomy is a
relatively basic,procedure in which Otolaryngology treshevould be expected to achieve
competency in early in their training. Furthermore, sitiee intermediate group contained
trainees across the full range of postgraduate trairstapds 1-5 of the Australian Surgical
Education Training program), we would expect a degree of ovedapeen the two groups.

The large effect size of the difference between tternediate and expert groups suggests
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that its lack of significance is lkely to be attributati¢e an insufficient number of participants

in the two groups to account for their overlap in ability.

When looking at specific items of the scale there wasga leffect size for 12 items (10
significant): between the novice and the expert groups/ ilems (4 significant) between the
novice and/intermediate groups, and for 5 items (1 significketjveen the intermediate and
expert groups. A'substantial contribution to the differeeesn between the novice group
and the intermediateexpert groups of surgeons were attributable to damage of @anport
structures, representing 4 and 6 of the items with a lafget size between the two groups
respectively.. Whilst, 4 of the 5 items with a large effépt between the intermediate and
expert groups/represent inadequate removal of bone to expdseigs rather than damage
to important structures. Of note, novices scored significawtyse than both the
intermediate and expert groups for four points with laefiiect sizes: opening of the antrum,
identifying the incus, and avoiding damage of the ossiculain admd semicircular canals.
These represent key stages of the cortical mastoidecfwogedure that novices need support
completing, sand-fit with a previous study highlighting the Begontly greater incidence of
ossicular chain,and labyrinth damage in novice verspsriexced Otolaryngology trainees
(7). Future“studies to identify the stages of the comiwdtoidectomy procedure that cause
the greatest difficultyto trainees at each stage of their training could be heipfallow the
development of a targeted task-specific VR surgical cunoulinvolving extensive practice

of the identified operative steps.

The Weling Scale is the most widely used of the curtemiporal bone scores. TMMS
correlated wel with the abbreviated Weling Scale useithisnstudy (appendix A),
demonstrating equivalence with the current standard adaorbastoidectomy assessment.
Of note, only.18'of the 35 points of the original Weling Scadgewused in this study as the
scale includesTassessment of posterior tympanotomy anedietaatomical dissection of the

temporal beneywhich was not the task being investigateks irstudy.

Clinical applicability of the study

The high objectivity of the scale, as evidenced by its mierrater reliability and its abilty
to separate high qualty dissections from poorer qualty ondsrmped by individuals with

varying surgical experience makes it appropriate for useriical mastoidectomy
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competency assessments. The objective assessment of coypeteortical mastoidectomy
would help determine when trainees are able to progress éocqooplex temporal bone
procedures and allow effective revalidation of competendieinprocedure by subspecialised
Otolaryngologists, who all may be expected to perform a corieatoidectomy in the
emergeney context of life-threatening acute mastoiditiee dlassification of four of the

items of the/scale ‘as major complications is important to help determine individuals’ safety

performing "a cortical mastoidectomy in addtion to their nwaérscore.

Limitationsof the study

A limitationgofithis study is that cortical mastoidectomyrf@@nance was only assessedaon
VR simulator.” Itwould be beneficial to additionally valdate thalesfor use on cadaveric
temporal bones, other modes of simulation such as 3D printedt fases, and in the
operating room. However, as an end-product dissection scalepuik xpect the MMS to
translate well to these other settings; atthough thieoement changes for the operator, the
end goal of.thesprocedure stays the same and the onlgheage for the assessor is the
varying appearance of anatomical structures inherenadoo setting such as colour. As the
MMS is 'Spéecific“to the task of cortical mastoidectomy, it istmelsvant to junior surgical
trainees, who.would beneft most from practice on VR simdateonserving the valuable
resource of cadaveric bones for more senior trainees. Adtijtiotitais the only scale that has
been robustly validated for assessing VR dissections. Althamghprevious study assessed
VR dissections using a modified Weling Scale, the onlyaabn they carried out for this
score was (inter-rater reliability for two graders, whisé modification of the score itseff was
not validated (11). VR simulation presents an ideal platffmncompetency tests able to
both present a standardised dextrous task and record detai@s roatperformance of the
task. Suchiwork/based competency assessments have been aocgngassof surgical
training in United" Kingdom since 2007 and have shown valigiityhe assessment of
Otolaryngolegy=trainees (16Another advantage of valdating this score for use on VR
simulators_isithe potential for its automation. The sing@sign of this scale using binary
points and focussing on structure exposure or damage supeoiadibility of its

automation using routinely collected simulator metrioshsas volumes of bone drilled.

Conclusion
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In conclusion, theMMS offers a valdated temporal bone score for assessment chtorti

mastoidectomy. As such, it could be of particular value te#wy training of

Otolaryngology registrars, who must gain competency iticabmastoidectomy before

progressing to more advanced temporal bone procedures, and subsgecial

Otolaryngologists seeking to revalidate their competendieiprocedure.
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Figure Legends

Figure 1. The University of Melbourne Virtual Reality Temporal Bone Sitoulpresents the

user with a_3Dsimage of a temporal bone model which can be interacted with wsitgah

drill provided by/the haptic arm.

Figure 2=Thereswas a significant difference in Melbourne Mastoidectony Soare

betweenthethree groups (p < 0.0001).

Figure 3. The Melbourne Mastoidectomy Scale correlated well with the\adtae Welling
Scale used in'this study (r = 0.8485, p < 0.0001).
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Table 1. The structure and validation methods of the four current final product

temporal bone dissection scales.

Scalename | Number ofitems Scoring Validation Validation modality Interrater reliability
participants
University |z 14 Five-step Likert Scale| 19 registrars | Cadaveric bones (x19) [ 2 graders
of Toronto
Moderate (r =0.60)
University | 3itemsfor dissection| Worth7to 10 points | 30 registrars | Cadaveric bones (x30) [ 5 graders
of lowa completeness (max +25)
High (r =0.883)
20 items for errors Worth -1 to -4 points
(max 25)
Welling 35 Binary 12 registrars | Cadaveric bones (x21)| 6 graders
Scale and plastic bones (x5)
Moderate ¢ =0.584)
CanadaWes| 14 Binary 19 registrars | 3D printed bones (x19)| 4 graders
Scale

(4 dependent on prio

item)

High (k= 0.858)
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Table 2. The Melbourne Mastoidectomy Scale.

Definition Disagree | Agree
M acEwans Triangle defined as
1. Temporal line Cortex removed along the temporal line, 0 1
delineating the superior imit of dissection
2. Posterior, external Cortex removed behind the posterior wal 0 1
auditory..canal wall of the external auditory canal, defining th
anterior limit of dissection.
3. Sigmoid sinus Cortex removed over the suspected cour 0 1
of the sigmoid sinus, from the temporal lir
towards the mastoid tip, defining the
posterior imit of dissection.
Middle fossaplate
4. |dentified Partial exposure/clear identification of thg 0 1
middle fossa plate.
5. Adequately exposet! Skeletonised middle fossa plate from 0 1
sinodural angle to tegmen tympani withou
overhanging cortex.
6. Identified without minor | No small holes in the middle fossa plate. 0 1
damage*
7. ldentified, without major | No large holes in the middle fossa plate ¢ 0 1
damage® driling of the underlying dura.
Sigmoid sinus
8. Identified Partial exposure/ clear identification of th 0 1
sigmoid sinus.
9. Adequately exposet Skeletonised sigmoid sinus from sinodur 0 1
angle towards mastoid tip, without
overhanging cortex.
10. Identified without No holes in the overlying bone or direct 0 1
damage® t driling of the sigmoid sinus.
11.Sinodural angle defined | Sharp angle between the exposed sigmo 0 1

sinus and middle fossa plate.
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External auditory canal

12.Canal wall preserved

Grosely skeletonised external canal wall.

13. Posterior canal wall

adequately thinned2

Precisely skeletonised external canal wal

on at least 130 degrees.

14.Canal'wal thinned with

no‘holes®3

No holes in the external canal wall.

M astoid antrum

15. Antrum opened

Driling to open the mastoid antrum with

exposure of lateral semi-circular canal.

16. Antrum«0pened with no
damage |of the

semicircular canald®+

All the semicircular canals remain intact,

with no holes.

17.Incus identified

The entire superior edge of short procesy

the incus is visible.

18. Incus..identified without

damaget’

No driling or disruption of the ossicular

chain.

Facial nerve

19. Veriical section
identified

The vertical section of the facial nerve is

visible.

20.Identified with no

damage!®t

No exposure of facial nerve sheath.

TOTAL SCORE

120

1 These items represent major complications of the procedure and damage afkée m

structures can class the dissection as unacceptable regardlesalbiooee.

7 Superscripted humbers??) represent the dependency of that item on a previous item on

the scale denoted by the number.
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