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Abstract. We hypothesized that a simulator designed to train surgical novices
angled laparoscopic navigation would show an improvement in subjects
performance, a high test re-test reliability and high internal validity as measured
by standardized coefficient apha. It was also predicted that simulator
performance would be strongly related to objectively assess perceptual and
visuospatial ability. EndoTower has good face validity in that it mimics precisely
the performance of an angled laparoscope and previous studies suggest construct
validity. In this study, EndoTower is shown to be a trainer intended for
laparoscopic skill than can test for inherent perceptual and visuospatial ability.

1. Background/Problem:

The Penn State EndoTower (EndoTower) is a PC based smulator/traner that
utilizes the Virtud Laparoscopic Interface (VLI, Immersion Corp., San Jose, CA). An
additiond hardware component attached to the VLI device represents an angled
laparoscope structure and function. It is designed to provide ingtruction and practice in the
skills necessary for camerallaparaoscope navigation for minimaly invasve surgery [1].

All surgicd procedures require some degree of visud navigation within an
operative fidd. Laparoscopy presents additional challenges as visud and spatid cues are
dtered. Most commercidly available angled lgparoscopic camera and lens systems must
be independently rotated, or not rotated by the user in order to achieve the desired angle of
view while mantaning correct right-sde-up orientation. This camera and angled rigid
lens sysem is used in many different operations covering a number of surgical specidties.

The function, orientation, and correct manipulation of an angled lgparoscopic lens
in combination with an independently rotating camera sysem is not necessxily intuitive.
As the surgeon peforms the actud operation, the duty of camera navigation fdls to the
assgant, often a less-experienced team member. Robotic asssted camera navigation dso
requires that the surgeon have a fluid understanding of the workings of the optica system.

Severd dudies suggest that an inherent trait, visuospatid ability, corrdae with a
higher level of surgicd skill [2-4]. Visuospatid abilities relate to the ability to mentaly



represent three-dimensond sStuation usng key landmarks, and to have a clear mentd
picture of ther relationship in space [5]. While other studies do not support this concluson
[6], it is gpparent that some degree of visuospatia ability is required for surgica
performance,

Surgeons usng video assgance need to form visud impressons of three
dimendgona dructures, organs and indruments, from a two-dimendond teevison monitor.
While this is often described as loss of binocularity [7], it is Smpler and more accurate to
cdl it pictoria perception. So-cdled primary cues — binocular disparity and convergence,
accommodation, and motion pardlax — are present in abundance. The difficulty is that the
primary cues and other cues rdaed to lighting and texture yidd a concluson that is
inimical to surgery. The concluson specified is that the dructures in view form a dngle
surface, virtudly flat and usudly verticd. The surgeon has to sat aside tha concluson in
order to register the information carried by subtler ‘pictorid’ cues and to recongtruct the
dructure that they specify despite the incompleteness of the information provided.
Individuals differ in this &bility and such differences could dearly contribute to
performance differences for pictorialy guided laparoscopic surgery.

Although EndoTower was designed to provide ingruction in angled laparoscope
navigation, we hypothesized that it would dso serve as a tesing platform to reliably assess
visuospatid and perceptud ability. A smulation tool that is able to rdiably assess these
abilities, identifying levds of inherent ability in surgeons while incressng skill acquistion
may have additiond vaue for surgical education.

2. Methods:

The task for the EndoTower testing sesson entaled identifying randomly placed
arows in the virtud "EndoTowe™. The EndoTower is a three-dimensond (3D) block
tower with cylindrica holes within its various arms (Figure 1). The EndoTower provides a
relatively complex three-dimensond dructure for exploration with the virtud angled lens.
In the gmulator, 3D arows of varying colors and directiona orientation are randomly
placed around the tower and indde the cylindrica cut-outs. Arrows were chosen as the
targets so that participants would be required to maintain right-side-up orientation in order
to be able to properly identify them. Arrows could have one of four colors and Sx
directiond orientations giving 24 possble combinations. Sx arows were randomly placed
on and within the virtual EndoTower as part of the software program (Figure 2).

To operate the smulator, the subject held one of the VLI lgparoscopic tools,
modified to amulate the angled lens lgparoscope.  Rotation of this mock camera and lens
rotated the horizon and angle of view from the longitudind axis of the virtud laparoscope,
respectively. The virtud world mimics the red world as the user's viewpoint is placed at
the tip of the lgparoscopic tool. Due to the 3D nature of the EndoTower and the cylindrical
cutouts, identifying dl the arrows entailed manipulating the lgparoscope to many different
and chdlenging orientations and postions.

Once a target arow was found and identified, the student sdected the matching
arow from a lig usng the foot-pedd function of the VLI. Any collison with the
EndoTower caused the view to become fuzzy and blurry with 'red out, smulaing touching
the laparoscope to an organ and smudging the lens with blood. The learner was required to
withdraw the virtuad laparoscope and awat a cleaning mode, thus pendizing the user’s
score in terms of time efficiency and dso scoring an eror.  EndoTower mechanism
recorded the amount of time to correctly identify the color and orientation of each arrow
and the number of arrows.
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Figure2: A randomly placed arrow within the virtua EndoTower



A time limit of four minutes was sdected to complete the task of correctly
identifying dl sx arows. Computerized scoring was determined by the time to find dl sx
of the target arrows plus the number of “red-out” errors multiplied by a factor of 10. If a
the end of the four minute time limit, dl of the arows were not identified, the number of
arrows not found was multiplied by 30 and added to the score.  Therefore, a lower score
indicated a better performance.

Twenty-five laparoscopic novices completed three trils on EndoTower. None of
the subjects had ever used EndoTower or manipulated a rigid laparoscopic lens. All
subjects received a brief and standardized ingtruction sesson on the gods and function of
EndoTower. One testing was accomplished and the computer-generated score was
recorded.

All subjects dso completed the Pictorid Surface Orientation (PicSOr) test battery, a
perceptua task that assesses the ability to reconstruct 3-D from 2-D perceptua cues [8].
They dso completed three tests that assess fundamentad visuospatid abilities, Card
Rotation (CR), Cube Comparison (CC), and Map Plan (MP) [9]. Gdlagher e a have
reported that these tests are rdiably associated with laparoscopic performance [10, 11].
The sudy was gpproved by the inditutional review board with informed consent obtained

from dl participants.

3. Results:

The mean EndoTower scores were, trial 1 = 337 + 50, trial 2 = 324 + 73 and tria 3
285 + 71. Subjects peformance improved consgtently across the three trids. Andysis of
vaiance for repeated measures showed that there was a datisticaly sgnificant difference
between the trids (F(2, 24) = 13.05, p < 0.00001). Differences between the different trids
were compared for sgnificance with Scheffe Post Hoc F-Tedts.  Although there was an
improvement in scores between trid 1 and trid 2 this improvement was not datigticdly
ggnificant.  The improvement in scores between trid 1 and 3 was datigticaly Sgnificant
(Scheffe F = 12.62, p < 0.0001) as were the differences between trids 2 and 3 (Scheffe F =
6.87, p < 001). A datidicaly dgnificant within subject effect was dso observed. The
within subject effect means tha some subjects EndoTower scores were datisticaly
different from the mean EndoTower score (F(2, 24) = 5.05, p < 0.0001).

The test re-test reliability of EndoTower was cdculated usng Pearson’s Product
Moment Correlation Coefficient. The observed corrdation coefficient was r = 0.8 (F(1,
23) = 33.82, p < 0.0001) and r* = 0.6.

To determine the interna validity or consstency of EndoTower as a measurement
device Standardize Cosfficient Alpha was calculated and was observed to be p = 0.88 (F(2,
24) = 13.574, p < 0.00001).

The correlations between EndoTower performance and PicSOr, CR, CC and MP
were r=0.591, r=0.296, r=0.354 and r=0.392 respectively. However, when any single
visuospatia tet was combined with the PicSOr perceptua test in a multiple regresson
modd the corrdations increased dramdicdly. The results for the different regresson
models showed that for, PicSOr and CR, r=0.658, r’=0.43 (F(2,37)=14.2; p<0.00001);
PicSOr and CC, r=0.701, r’=0.49 (F(2,37)=17.89; p<0.00001); and PicSOr and MP,
r=0.708, r*=0.50 (F(2,37)=118.6; p<0.00001).



4. Discussion / Conclusions:

A number of factors cumulate in the successful peformance of an operdtion.
Spencer suggested that “probably about 75% of the important events in an operation are
related to making decisons, and about 25% to dexterity” [12]. Although this may be true,
an opeaaion is the result of manipulation of tissues ultimatdy requiring technicd
performance and skill. At this point in time, the acquigtion of operative technicd ill is
poorly understood, both from the standpoint of the ingredients or abilities that serve as the
bass for skill and which individuas might posses those ingredients. A test that replicates
tasks for which surgicd <kill is required, yet can asess inherent abilities, may hdp to
further the underganding of <kill acquigtion.  One factor that will affect operdive
performance is practice.

The human brain has a limited cgpacity to atend to different sources and amounts
of information. This means that the surgeon can only attend to a given amount of
information a any given time. The more familiar the surgeon is with informetion, or the
more frequently they have come in contact with it, the less attentional processng resources
that information will require.  The opposte is also true.  This is important in surgery
because atentiona resources that are used on behaviors such as indrument navigation are
not avalable for the most important aspect of surgery, i.e, surgicd peformance. We
believe tha smple but fundamenta aspects of video assisted surgery such as camera
navigation should be largdy learned in the laboratory so that resdents can hone ther skills
in the operating room rather than acquire them from basics.

One of the primay functions of a dmulator, virtud redity or otherwise, is to
improve performance.  Ancther function of a virtud redity Smulaior is to provide
objective assessment of performance, however, assessment cannot be accepted at face
vdue. Saava [13] has suggested that if a virtud redity system purports to assess
performance, validation metrics associated with that clam must be reported. In this paper
we have reported that EndoTower has good face vdidity in that it mimics precisdy the
performance of an angled lgparoscope.  Interestingly, EndoTower also appears to be able to
discriminate those individuas who have difficulty performing the task as indicated by the
ggnificant probability value for between subjects ANOVA reaults It dso has been
demongrated to have high test re-test reliability and a high dpha coefficient. In this sudy,
we have aso taken the vaidation a stage further.

Visuospatid ability and perceptua ability have been hypothesized and reported to
be correlated with laparoscopic performance [10, 11]. These hypotheses appear sensible
but need further experimentd vdidation. In this sudy these abilities were found to be
grongly relaed to EndoTower peformance, particularly when included in a multiple
regresson modd. In fact, smple regresson models accounted for 43-50% of the variance.
This is an important point because multimoda behaviors (eg., perceptud, cognitive and
psychomotor) required for complex red-world performance, such as surgery are unlikely to
be explaned by a smple corrdation model, more likdy a multiple regresson modd or
idedly a Structural Equation Modd.

Intuitively, it would seem that an ability to mentally reconstruct 3D from 2D cues
and manipulate complex 3D dructures and environments would be fundamenta to
performing operdive manipulaions. However, there is disagreement in the surgica
literature regarding their ability to predict surgica skill. The study reported here shows
that objectively assessed perceptud and visuospatia  abilities predict angled scope
navigation performance. This lends support to the hypothesis that these abilities are related
to lgparoscopic surgicd performance.  Furthermore, EndoTower assessment of these
abilities has greater face vadidity for the assessment of a surgicd ill, ie, the test is



smulated angled scope navigetion.  However, further vdidation work on this issue is
required.

Virtud redity smulation has moved from ‘is it pretty’ to ‘does it work and where is
the evidence to sophigicated metrics about performance parameters. Satava [13] has
suggested that dl virtud redity smulators must meet these fundamental criterion markers
to be consdered as a scientificaly vaidated smulator. EndoTower has gone some way to
meet these criteria however one of the mgor chdlenges for virtud redity remains, “Does
traning in the virtud environment transfer to the OR?" This work is currently underway in
our laboratories and we are optimistic about the outcome.
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