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Abstract

Background: Three-dimensional (3D) endoscopy has been rgcaritbduced in endonasal skull base surgery.
Only a relatively limited number of studies havangared it to two-dimensional, high definition (2[BH
technology.

Objective: To analyze, in a preclinical setting for endonasatloscopic surgery, surgical maneuverability
comparing 2D-HD and 3D endoscopy.

Methods. A group of 68 volunteers, both novice and expexésl surgeons, were asked to perform two tasks,
namely simulating grasping and dissection surgioaheuvers, in a model of the nasal cavities. Time t
complete the tasks was recorded. A questionnaiieviestigate subjective feelings during tasks wbedf by
each patrticipant. In 25 subjects, the surgeons’ emmnts were continuously tracked by a magnetic dbase
neuronavigator coupled with dedicated software (ApphViewer — part of GTx-UHN) and the recorded
trajectories were analyzed by comparing “jittesum of square differences”, and “funnel index”.

Results Total execution time was significantly lower wiBD technology (p<0.05) in both beginners and
experts. Questionnaires showed that beginnersrpedf@D endoscopy more frequently than experts.idority
(14%) of beginners experienced discomfort with 3lascopy. Analysis ofitter showed a trend towards
increased effectiveness of surgical maneuvers 3ittendoscopy. Sum of square differences and fundelx
analyses documented better values with 3D endosoopyperts.

Conclusions In a pre-clinical setting for endonasal skull dasirgery, 3D technology appears to confer an

advantage in terms of time of execution and pregisif surgical maneuvers.

Running title: 3D vs 2D-HD endoscopy

Keywords: endoscopic surgery; skull base; three-dimensiendbscopy; neuronavigation; preclinical; surgical
maneuverability.

Abbreviations: 2D: two-dimensional; 3D: three-dimensional; CT: Qmuied Tomography,GTx-UHN:
Guided-Therapeutics software developed at Uniyetdgalth Network — Toronto, Canaddp: high

definition; SD: standard definition; S.1.M.O.N.TSinus Model Othorino-Neuro Trainer.
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INTRODUCTION
Three-dimensional (3D) technology has been receimtyoduced in endoscopic surgery. To date, only a
relatively small number of studies have compared-dimensional, high definition (2D-HD) with 3D
technologies in skull base surgery; the majoritystiyoexplored the efficacy of 3D endoscopy in dadi
practicé™* and cadaveric dissectidh™ '’ reporting on qualitative and subjective data. éilthh almost all
authors agree on the benefits of 3D technologyatiaable data are not entirely conclusive: thénrtianits of
descriptive clinical studies and questionnairestlaeé subjectivity and strong variability of thatd collected. A
number of confounders, such as experience of thgicalh team, uniqueness of the treated lesion, @hdr
uncontrolled biases, may influence the restilts.
Only a few preclinical studies have performed qitative, comparative analysis of 3D versus 2D-HD

}1922and laparoscopic surgefy?®

endoscopy in a controlled preclinical setting foidescopic endonadd
These investigations are characterized by the ¢ecaf simulated surgical maneuvers in stylizeddels of
body cavities. Execution time and number of erveese the most frequently analyzed outcomes.

In this study, we performed a preclinical, contdll quantitative comparison of 2D-HD versus 3D sodpy
for endonasal skull base surgery. In addition fassic” outcomes, i.e. time to perform the tasks subjective
surgeons’ impressions, we objectively analyzed tilagectories of the instruments, traced by a magnet

neuronavigation system, and introduced new matheahgiarameters for their evaluation.

MATERIALS AND METHODS

Subjects

Two groups of subjects were enrolled: experts anttaxperts in nasal endoscopic surgery. The exgetp
included surgeons from the Units of Otorhinolarylegy and Neurosurgery of the University of Bresaiao

had performed at least 200 endoscopic endonasakeguees. Non-experts were enrolled among medical
students and physicians without any experiencadogcopic endonasal, endoscopic ventricular, @régeopic

surgery.

Phantom and endoscopes

Subjects were asked to perform surgical tasksdryanatomical model of the nasal cavities and uppgays
(S..LM.O.N.T. - SInus Model Othorino-Neuro Train@toDelphu8, Olinda, Brasil) (Figure 1). Two different
endoscopes were compared: the SD (Standard Defihi8D endoscope by Visionsense Ltd Petach (Tikva,
Israel) and the 2D-HD endoscope by Karl Stérz (hgen, Germany). The 0° optics were fixed usingplder

in the upper part of the left nasal cavity througththe tasks (Figure 1). The field of view was #iere constant

for each participant, task, and endoscope.

Tasks

Participants were asked to perform two differeak$avideo 1):
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- Task 1: simulation of the “grasping” movement. Tédssisted in grabbing and removing from the nasal
fossa, with Weil-Blakesley forceps, three spheri@afets positioned in different sites of the nasal
cavity: the first in the upper border of nasal amahe second in the posterior wall of the nasgphxa
(midline), and the third in the posterior part lo¢ inferior meatus (Figure 2, A-C);

- Task 2: simulation of the “dissection” movement.isThonsisted in positioning the tip of an angled
Seeker dissector through a metal circle 5 mm imméiar, located on the posterior wall of the
nasopharynx and sagittally oriented (Figure 2, DHgrticipants were asked not to touch the borfler o
the circle with the dissector; if touched, a newempt was allowed until the task was performed
correctly.

Both tasks were designed to test depth perceptidnglsurgical maneuvers.

Randomization

Experts and non-experts were randomized into tiegrawps (Figure 3). Subgroup A used 3D first arhtBD-

HD endoscopy; subgroup B performed the tasks wilbHD first and then with 3D. Each task was repeated
twice in each session. An interval of at least gsdaetween the two sessions was set to avoid assilpe bias

in the second session due to expertise acquirgeifirst (Figure 3f>%

Outcome measures

The main outcome measured was the time needednplete each task. All participants also completed a
guestionnaire to record subjective feelings dutiregtasks, i.e. preference for 2D or 3D technolagyl possible
sense of discomfort or dizziness.

In a subpopulation of subjects the Aufdoraagnetic navigation system (Northern Digital Irend “Approach
viewer” software (part of Gtx-UHN) were used to record #mede the trajectories of the instruments used by
each participant during the tasks (Figure 4 — videoA CT scan of the phantom was performed usidgla
frame with contiguous slices, at 0.4 mm. CT wadagoered at a gantry of 0° with a scan window diamete
225 mm and a pixel size of more than 0.44 x 0.Afages were recorded on a CD in DICOM format and
imported in the navigation system.

Three mathematical parameters were used to elabestking data: “jitter”, “sum of square differ&st and
“funnel index”.

- Jitter

This index derives from the third derivative of tingjectory curve function. The value has a geoimeteaning
and aims at summarizing uncertainty, tremor, anaber of attempts of the subject (the lower the @athe
better the performance). It is a well-recognizedein for analysis of complex data, such as sound and
oscillations?®?’

- Sum of square differences
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This index was applied only to analyses of tas@tftained with both 3D and 2D-HD. It representsdisance
between the trajectory of the tip of the instrumamd the curve that is considered ideal, whichbtaioed from
the average of all the trajectories (the lowenthiee, the better the performance) (Figure 5, A).
- The funnel index or ideal path
This was applied only to the analyses of task epgtesents the proportion of a single trajectbat transits in
the ideal area that leads to the target. The aasaahtriangular shape with the apex correspondinthe
circumference of the target (the higher the vallue better the performance) (Figure 5, B).

Statigtical analyses

The differences between the two groups and dembigrdgatures at baseline were tested using Stgdeatid
chi-squared tests for mean and proportion compasjg@spectively. We evaluated the associatiomx@tution
time, jitter, sum of square differences, and furinééx with group and endoscopic vision in thelttial, task 1
(only for execution time and jitter), and task 2dathe associations of data improvement betweertvibe
repetitions of the task with group and endoscosmom were assessed using a Student’s t-test. Aivatiate
analyses, we fit linear mixed data with randomritegts for subjects. A log transformed for the ¢adi was
considered where appropriate.

For statistical tests, P values <0.05 were consitisignificant in two-tailed tests. All computatiowere carried
out using the STATA program for personal computeession 12.0 (STATA Statistics/Data Analysis 12.0
STATA Corporation, College Station, TX, USA).

RESULTS

A total of 68 subjects were enrolled, including eperts and 50 non-experts. All subjects complétedrial.
The magnetic tracking system was used by 25 (36@&t)cipants (6 [33.3%] experts and by 19 [38%fh-no
experts).

No expert surgeon experienced physical discomfirtgu3D endoscopy, while 7 (14%) non-experts regubit
Beginners preferred 3D endoscopy more frequenty texperts (72% and 44.4%, respectively). Halfhaf t
experts expressed no preference, while only 18beginners preferred 2D-HD endoscopy.

Sensitivity analyses showed no difference betwadrgmups A and B, confirming that randomization was
effective.

All execution times are reported in Table 1. Expdrad a lower execution time compared to non-esper8D
and 2D visions, considering the tasks both togetiner separately. In the expert group, mean totatuion
times (task 1 + task 2) were 84.1 and 69.9 secon@®-HD and 3D endoscopy, respectively; insteaih-n
experts took 114.9 and 110.0 seconds, respectiVbly.advantage in execution time related to 3Dowisvas

more evident in experts (p= 0.005).
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Reduction in execution time between the first aadoad repetitions are detailed in Table 2. In thskhe
improvement between the two repetitions reachetistital significance in both groups and both ermdqsc
views (p< 0.002). These data were confirmed in ivaritate analysis (Table 3).
Values of jitter are reported in Tables 1 and 2.
In multivariate analysis, overall jitter (task lask 2) was significantly lower among experts (p20,0rable 3),
while 3D vision did not give any remarkable advgetaver 2D-HD (p> 0.05; Tables 1 and 3). There n@s
difference in jitter between the two repetitionsither univariate (Table 2) or multivariate anaky¢Table 3).
Table 4 compares the values of sum of square diffeys and funnel index according to groups andssagic
visions. Experts had lower values of sum of squlifferences and higher of funnel index in 3D endqst
while non-experts showed an opposite trend.
A considerable reduction of the sum of square difiees between the two repetitions was documentbd o
with 3D endoscopy for both experts and beginned§.@vs 66.56, Table 5). The funnel index variatietween

the two repetitions was not significant for eitB& or 2D-HD endoscopy (Table 5).

DISCUSSION

The aim of this preclinical study was to compare-2D and 3D technology when applied in endonasal
endoscopy. We created a controlled set-up in wHifflerent variables (e.g. type of task, field oewi) were
uniform and constant. In particular, an endoscoglddr was used to create a constant field of vied @avoid
possible biases related to endoscope handfli®gl.M.O.N.T faithfully reproduces the anatomy betnasal
cavities and paranasal sinuses, making the resuit® applicable to clinical practiég. Randomization
eliminated possible biases due to unbalanced divisf participants into groups A and B. The enrelftof
both experts and non-experts allowed investigatiotihe effectiveness of 3D and 2D-HD endoscopy sdply

in each subgroup. The repetition of each task edabxploration of possible differences in the leagrcurve
according to the endoscope adopted. Finally, bathjestive and objective outcomes were analyzed. In
particular, a tracking system was used to studytrijectories of the instruments, and mathemapeshmeters
were applied for the first time to objectively gtin the advantage provided by each endoscopic view
Continuous and highly informative variables alloweddetailed statistical analysis.

A recent systematic literature review by Zagdiaf® has provided an overview of both clinical and pinécal
studies on 3D endoscopy for ventral skull base esyrgSubjective judgments are usually favorable3ip
endoscopy, although dizziness and non-optimal qmoception were sometimes reportdd.our study, a small
proportion of participants (all non-experts) repdrtsome degree of physical discomfort with 3D. The
guestionnaire also assessed personal preferentegstingly, beginners chose 3D endoscopy morpiénely
than experts. This could be interpreted as evidehat 3D endoscopy is more intuitive and easiegéb
accustomed to, but significant biases (e.g. williegs to accept the newest technology by beginnads a

difficulty in adapting to a new technology by exsg cannot be excluded.
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All currently-available clinical reports are deefigsed by the small number of patients and otheontrolled
factors (i.e., type of disease, type of resectmmngeon’s experience, patient’s anatomy, &tclp eliminate this
variability, some authors designed preclinical Eadn which participants had to perform specifisks in a
controlled setting®!**92°2229 | this study, we designed two tasks with the ainsimulating two different
surgical maneuvers (grasping, dissecting) to empbabke importance of depth perception. In botlkdabhe
perception of the spatial orientation of the ingtemt was essential, but in the second exercisera atzurate
estimation of the depth of the instrument in theymal field was required (video 1).
Three-dimensional endoscopy was significantly egldb a shorter execution time, a finding thahiagreement
with previous studie%?>%
When analyzing the difference between the first secbnd execution of each task, we documentedrainga
process, whatever the task (1 and 2) or endoscdpeted (3D and 2D-HD). However, different from athe
reports?? we could not demonstrate any advantage of 3D eoggsin terms of a steeper learning curve when
analyzing execution times.
As expected, the advantage conferred by 3D endgsgap more evident in task 2 (video 1). In facg tise of
3D endoscopy lowered the margin of error, as dooete by the decrease in execution time. This is in
agreement with the lower error rate reported bgioguthors when 3D endoscopy is uSed?*
The analysis of instrument trajectories in a préchl research setting for endonasal surgery westlyfi
introduced by Inoue et al.,, who used an optic iragksystem to study the length of each route. They
demonstrated a shorter trajectory in beginners \v@@eendoscopy was used (p< 0.85).
In our study, we further developed the analysisurjeons’ movements. The AurBraystem, coupled with
dedicated software developed at the University afomto (ApproachViewer — part of GTx-UHN), allowéuk
recording of surgeon’'s movements in the surgicaeldfi The data were investigated by comparing the
mathematical parameters of “jitter”, “sum of squdifferences”, and “funnel index”.
The total value of jitter was lower in experts whesing 3D technology. However, we could not denrast
any significant advantage conferred by 3D technplmgr se when compared to 2D-HD.
The sum of square differences and funnel index gawtroversial results. Experts showed better \wabfesum
of square differences with 3D technology, while theginners showed the opposite. Moreover, beginners
showed a trend toward a steeper learning curvey éweith worse absolute values. The tendency ol
index values was similar as for the previous pataméut no remarkable differences were observeéadmn
the two repetitions of the task.
These data can be difficult to interpret. One cotlithk that experts better capitalized on the athges
conferred by 3D technology, which resulted in meffective and direct trajectories of the instrunsefibwer
jitter and sum of square differences, higher furindex). Conversely, beginners felt more confideith 3D
endoscopy, which is corroborated by their subjectpreference and better execution time. However, th
analysis of their trajectories did not reveal aigngicant advantage of 3D endoscopy, probably bseahe

uncertainty of the surgical maneuvers due to tlma@ixperience marred the possible benefit of the new

7
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technology. We did document a possible advantagerins of the learning process, albeit not sigaific that
may possibly due to the relatively small sample siz
To summarize, these preclinical data add evideacelihical impressions and other preclinical datatbe

possible advantage of 3D technology in terms dfatsr learning curve and increased surgical efficy.

Limitations

Some limitations of our study should be expresg@dt, 3D endoscopy was not HD, which could hawiiced
the potential advantage of 3D due to lower imagaityucompared to 2D-HD. The mathematical paranseter
used to analyze surgical trajectories are noveddrarther validation, and, possibly, a larger gapon study.
Finally, the low number of experts could lead tlma statistical power and low-precision estimatdewever,
we selected a ratio of 1:2.7 between "experts"ramdexperts to increase the power of statisticabtéor group

comparisons.

CONCLUSIONS

In a preclinical model of endonasal endoscopic Iskake surgery, three-dimensional, standard difimit
endoscopy offered an advantage in terms of lowecwtion time both for both experts and beginnemspared

with 2D-HD technology. A statistically significanfjore direct, and efficient trajectory with 3D argoexperts

was also documented. We recorded a trend towasti®er learning curve only for beginners, who gaihe

preferred 3D technology.
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FIGURE LEGENDS

Figure 1. Laboratory setup. The Phantom S.I.M.O.N.T. (SIinusd® Othorino-Neuro Trainer, ProDelpfius
Olinda, Brasil) lies in front of the operator. A 8Adoscope is fixed by a holder in the upper pattieleft nasal

cavity. In the screen, the field of view (unchanfmdevery task) is evident.

Figure 2. Tasks. (A-C) Task 1. simulation of “grasping” mowemh This consisted in grabbing three spherical
targets positioned in different sites of the nasality with Weil-Blakesley forceps: the first ingtupper border
of nasal choana (A), the second in the posteridrafghe nasopharynx (B), and the third in thetpdsr part of
the inferior meatus (C). Each target had to bdexhout in the nasal fossa.

(D-F) Task 2: simulation of the “dissection” movem€eThis consisted in positioning the tip of an ladgSeeker
dissector through a metal circle 5 mm in diaméteated on the posterior wall of the nasopharyrtk sagittally

oriented.
Figure 3. Study flow diagram (see text for further details).

Figure 4. Examples of recorded trajectories. A, correct etienuof task 1 is shown; B, a double attempt for

completing task 2 can be observed (see also vifleo 2

Figure 5. A, “sum of square differences” (yellow dotted aréd)is expresses how much the trajectory of the
instrument (blue line) is distant from the ideaédred line), obtained by the average of all thgetitories. B, "
funnel index”. This expresses the percentage @diary (green area) that runs in the region thabnsidered
ideal to reach the target in task 2 (identified &g dotted lines).

12
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TABLE LEGENDS

Table 1.Execution time and jitter according to groups andascopic visions.
NS: not statistically significant; SD: standard id¢ion.

Table 2.Execution time and jitter in first repetition, sadorepetition, and difference between

repetitions according to groups and endoscopionssi
*No difference between 1st repetition and 2nd ri¢gipet and between endoscopic vision (2D vs. 3D).

NS: not statistically significant; SD: standard @d¢ion.

Table 3. Multivariate linear mixed models: associations xad@ution time and jitter with endoscopic

vision, groups, and repetition of exercise.

NS: not statistically significant; Cl: confidenageérval.

Coefficients anatonfidence intervals were log transformed.

Table 4.Values of sum of square differences and ideal @attording to groups and endoscopic
visions.

NS: not statistically significant
Table 5. Sum of square differences and ideal path valuegrding to task repetition, expertise, and

endoscopic vision.

SD: standard deviation.

13
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VIDEO LEGENDS
Video 1. Tasks performed by study participants
00:00-00:18 grasping task
00:19-00:30 dissection task

(see text for further details)

This video shows the two tasks performed in thdystin the first, participants were asked to retie
with Weil-Blakesley forceps, three spherical tasgabsitioned at different levels of the simulatedad
cavity.

In the second task, participants were asked to hlgough a metal circle, located deep in the

nasopharynx, with the tip of an angled Seeker disseavithout touching the ring.

Video 2. Retrieval of data with magnetic navigatiorsystem in ApproachViewer — part of GTx-
UHN

00:00-00:17 retrieval and visualization of recardi@jectories from one session

00:18-00:32 visualization of a trajectory recordedtask one (grasping task)

00:19-00:39 visualization of a trajectory recordedtask one (grasping task): an incorrect attempt
was recorded before the task was correctly comglete

(see text for further details)

This video shows the retrieval and visualization re€orded trajectories in Guided-Therapeutics
software developed at University Health Networkeranto, Canada. Once all recorded trajectories are
retrieved, a single one can be visualized. The fias recorded during task one, clearly showing the
retrieval of the spheres at different levels, witile last was recorded during task 2, with theigpgnt
clearly performing an incorrect attempt before ctetipg the task.
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Execution time (seconds)

Jitter

2D 3D P value
Mean (SD) Mean (SD) 2Dvs3D

+ 2D 3D P value
 Mean (SD) Mean (SD) 2Dvs3D

P value

Expertsvs

Beginners

Total
Experts
Beginners

Total 1°task
Experts
Beginners

Total 2° task
Experts
Beginners

106.7 (49.4) 99.4 (49.0) NS
84.1(29.4) 69.9(29.9)  0.005
114.9 (52.7) 110.0 (50.4) NS

58.4(33.4) 54.3(29.2) NS
42.9(17.7) 38.9(21.0)  0.070
64.0(36.0) 59.8(29.9) NS

48.3(205) 45.1(27.7)  0.045
41.2 (15.7) 31.0(14.6)  0.002
50.9 (21.5) 50.2(29.6) NS

7.48 (3.45)  6.95 (.85 NS

2D 0.035 |  6.16 (2.71)3.95 (0.6) NS
3D<0.001;  7.94(3.63) .9573.96) NS

4.43(2.85)  4.34 (2.91)NS

2D0.023 | 3.53(1.99)2.23(0.41) NS

4.72 (3.08) 35%) NS

2.86(1.13)  2.58)1. NS

2D 0.099 |  2.63(1.05)1.72 (0.4) NS

2.94 (1.17) 82B39) NS

2D NS
3D 0.016

2D NS
3D 0.015

2D NS
3D 0.046

Table 1.Execution time and jitter according to groups andascopic visions.

NS: not statistically significant; SD: standard @¢on.




Execution time (seconds) Jitter
P value :
1° repetition 2° repetition Mean 1° repetition P value ! 1° repetition 2° repetition Mean
Mean (SD) Mean (SD) difference VS 2Dvs3D | Mean (SD) Mean (SD) difference*
2° repetition '
Total 2D 34.1 (22.0) 24.4 (13.4) 9.7 (14.6) <0.001 NS 221%) 2.22 (1.46) 0.01 (0.58)
Total 3D 30.3 (16.6) 23.9 (14.2) 6.4 (10.3) <0.001 2.187]). 1.17 (1.42) 1.00 (0.71)
Experts 2D 24.6 (10.3) 18.3 (8.5) 6.3 (6.4) <0.001 NS 1.703). 1.75 (1.06) 0.03 (0.66)
1°task Experts 3D 23.1 (15.4) 15.8 (6.9) 7.3 (11.3) 0.002 1.14 (0.4) 1.08 (0.05) 0.05 (0.40)
Beginners 2D 37.5(24.2) 26.5 (14.2) 11.0 (16.5) <0.001 0.069 35%1.57) 2.37 (1.57) -0.02 (0.57)
Beginners 3D 32.9 (16.4) 26.9 (15) 6.0 (10.0) <0.001 249 (1.66 2.51 (1.48) -0.01 (0.79)
Total 2D 26.5 (12.5) 21.8 (13.5) 4.7 (16.2) 0.002 NS 1.381p 1.54 (0.89) -0.22 (1.02)
Total 3D 23.0 (12.1) 22.1 (18.6) 0.9 (14.8) 0.081 1.384D.9 1.21 (0.46) 0.17 (0.70)
2° task Experts 2D 22.4 (11) 18.7 (9.7) 3.7 (13.5) NS NS 1.16 (0.40) A4710.73) -0.31 (0.51)
asK' Experts 3D 16.7 (8) 14.3 (10.0) 2.4 (10.9) NS 0.87 (0.28) 40 15) 0.03 (0.21)
Beginners 2D 27.9 (12.8) 22.9 (14.6) 5.0 (17.2) 0.003 NS 1.387p 1.57 (0.96) -0.20 (1.16)
Beginners 3D 25.2 (12.6) 24.9 (20.2) 0.3 (16.1) NS 1.55(1.02) 1.32(0.47) 0.22 (0.81)

Table 2. Execution time and jitter in first repetition, sedorepetition and difference between repetitiorededing to groups and endoscopic visions.

*No difference between 1° repetition and 2° reftitand between endoscopic vision (2D vs 3D).

NS: not statistically significant; SD: standard don.




Total Task 1 ' Task 2
Coef CIl95% P value! Coef CIl95% P value ' Coef Cl95% P value
1 1

Execution time : :

Model A 3D vs 2D 020 -0.39,-001 0.035, -0.15 -0.38,0.09 NS , -0.3 -0.51,-0.08 0.006
Non-experts vs Experts 0.44  0.20, 0.67 <0.001: 0.43 0.16,0.71 0.002 : 0.45 .20,.70 <0.001
Interaction 2D non- 017 -039,005 NS , -01 -0.37,017 NS 1 024 90001 0.055
experts vs 2D experts . .

1 1

Jitter : :

Model B 3D vs 2D 036 -90,018 NS ! -033 -0.99,0.35 NS ! 036  -008B1 NS
Non-experts vs Experts  0.58 014,1.02 001 ' 035 012119 0016 ' 043 @@L 0.029
Interaction 2D non- 035 -0.98,027 NS | -044 -1.20031 NS ! 032 7ma2 NS
experts vs 2D experts | |

1 1

Execution time : :

ModelC 3D vs 2D '-0.07 -0.14,0.01 0091 ! -01 -0.20, -0.01 0.037
Non-experts vs Experts 10.39  0.15,0.62 0.001 , 033 0.11, 0.55 0.003

o 11 o 1 1

2° repetition vs 1 1-0.27 -0.35,-0.19 <0.001 1 -0.17  -0.26,-0.07 .00
repetltlon 1 1
1 1

Jitter : :

Model D 3p vs 2D 1002 -0.23,0.26 NS 1-0.08  -0.26,0.09 NS
Non-experts VS Experts 10.42 0.14,0.70 0.004 10.24 0.00,0.48 0.050

o 1 o I I
2° repetition vs 1 10.01 -0.23,0.26 NS 10.04 -0.13,0.21 NS
repetltlon | |

Table 3. Multivariate linear mixed models: associations xé¢@ution time and jitter with endoscopic visionpigps and repetition of exercise.
NS: not statistically significant; Cl: confidenagérval.

Coefficients andconfidence intervals were log transformed.



Sum of square differences Funnel index
2D 3D P value 2D 3D P value
Mean (SD) Mean (SD) 2D vs 3D Mean (SD) Mean (SD) 2D vs3D
Total 2° task 106.42 (92.2) 169.17 (189.67) <0.05 1.20 (0.40) 3110.59) NS
Experts 239.63 (116.41) 42.26 (24.35) <0.05 0.91 (0.28) 8710.1) <0.05
Beginners 70.09 (39.57) 232.63 (205.3) <0.05 1.28 (0.4) 1@34) NS

Table 4.Values of sum of square differences and ideal @attording to groups and endoscopic visions

NS: not statistically significant



Sum of square differences

' |deal path

1° repetition

2° repetition | 1° repetition

2° repetition

Mean (SD) Mean (SD) | Mean (SD) Mean (SD)
2°task Total 2D 44.04 (53.34) 62.57 (65.41) 0.66 (0.23) 0.51 (0.23)
Total 3D 106.6 (136.1) 66.56 (80.1) : 0.62 (0.33) 0.65 (0.31)
Experts 2D 81.91(87.24)  116.99 (72.4) |  0.64 (0.26) 0.31 (0.04)
Experts 3D 20.75(11.59)  21.51(18.26) |  0.93 (0.06) 0.94 (0.06)
Beginners 2D 30.52 (29.14)  50.01 (59.69) |  0.66 (0.23) 0.56 (0.23)
Beginners 3D 146.2 (149.5) 26.9 (15) 0.49 (0.31) 0.53 (0.29)

SD: standard deviation.

Table 5.Sum of square differences and ideal path valuesrding to task repetition, expertize and endoscuigion.
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Highlights

A novel, navigation based method to quantify surgical maneuverability was applied to the
comparative analysis of 3D and 2D-HD endoscopy in a preclinica model for endonasal
endoscopic skull base surgery

Total execution time was significantly lower with 3D technology (p<0.05), in both
beginners and experts.

Analysis of jitter showed atrend towards increased effectiveness of surgical maneuvers with
3D endoscopy. Sum of square differences and funnel index analyses documented better

values with 3D endoscopy in experts.

The study confirms some previous papers, reporting again in precision and efficacy with 3D
endoscopy in experts, and introduces novel mathematical analyses for surgical

maneuverability



Abbreviations: 2D: two-dimensional; 3D: three-dimensional; CT: Computed Tomography; HD: high

definition; SD: standard definition; S.I.M.O.N.T. - SInus Model Othorino-Neuro Trainer.



