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PrZds. A structured vocabulary is proposed for supporting the
design of advanced surgical simulators. It is simple,
comprehensive, and will fadlitate communication between
surgeons and bioengineers developing @igh-fidelityGsurgical
simulators.
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Abstract

Objective. A structured vocabulary is proposd for suppoting the design and
development of advanced surgical smulators.

Design. Historically linked to Sushruta, the ather of SurgeryO (500BC).

Main Result. Nine fundamental surgical ingrument-tissue actions or manipulations are
defined, and common synonyns provided. Thevocabulary focuses on Gerget skillsCthat
are familiar to surgeons in compaison to @nabling skillsO from the lexicon of
ingructiond designas and psychonetricians

Conclusion. The adopion of this vocabulary will facilitate communication between

surgeonsand bioengineers developing Gigh-fiddityOsurgical smulators.
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A. Introduction

Althoughmedical and surgical education has changed dramatically in the last 100 years,
it remainsa prooess that can be characterized by a Gee one do one teach onedapproach.
This long-standing Gapprenticeship moddO of training has particular limitations and
missed oppotunities for contemporary academic surgery. Using the opeating roomas a

prindpd tool for teaching basic surgical skills is impractical and raises issues of cog-

effectiveness and patient safety .

Computer technology is beginning to change the way in which many surgeons are
trained. In paticular, entirely new training approaches are necessary for minimal access
surgey (MAS). With computer-based virtud environments, the repetitive execution of
basic MAS maneuves can be learned and practiced by residents, and evaluaed by
teachers, before proceeding to the opeaating room (OR). Recent studies incorporating

simulation-based indruction with part-task tranes have demondrated the enhanced
performance of trainees in either animal or human OR settings4’5. In onestudy in which

safety was consdered, the number of surgical errors was also reduced °.

In this paper, we outline a new perspective tha extendsthe activities incorporated into
part-tasks training to the highe level of complexity characteristic of MAS ingrument-
tissue manipulations. To accomplish this goa, we draw on a historical set of
fundamental surgical manipulationstha we consder comprising the technical curriculum

of surgery. These fundanenta manipulations are beng introdued into advanced,
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second-generation surgical simulators being designal for trainees who have mastered

basic kills.

B. Fundamental Manipulations and Technical Curriculum:
Eight fundamental manipulations of surgery have served as the building blodks for the

technical component of surgical procedures for about 2500 years. These basic

manipulations taught since the time of Sushruta”™” are Exploration, Aspiration/Injection,
Incision, Excision, Evacuation, Extraction, Scarification, and Closure. A ninth
manipulation (Implantation/Transplantation) has been addel to reflect practices of the
moden era. The vocabulary, the définition of terms, and common synonyns are

provided in Table 1.

The first term, exploration, is sub-divided to accommodae both the visuad and hgptic
senses, a new consderation introduced in several advanced surgical smulator designs.
Applications of the structured vocabulary as it was implemented millennia ago, as
applied in moden in vitro trainers, and as used in virtud reality simulators of today, are
compaed in Table 2. The materias utilized for indruction in in vitro trainegs have
changed little from antiquity to the present; in fact, some @art-task trainersOcontinueto
incorporate animal parts, fruit, and vegetables into training exercises. Some of the

manipulation terms of this vocabulary are incorporated into a proposed curriculum for

gynecologic laparoscopic surgerys.

Examples of the application of the vocabulary for tubd sterilization and laparoscopic
cholecystectomy appear in Table 3. Initial steps are Exploration both visudly and by

pdpaion, followed successively by identification and grasping the site of proposd tissue
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injury (Scarification) and completing tha manipulation. In developing a curriculum, the
string of progressive terms toward procedures is steps (several manipulationg, methods,

and then procedures. This latter nomendature of curricular development is similar to

tha recently proposd by Rosen, et a.’.

C. Discussion

Historically, surgical training has been accomplished by observation, demondration, and
assisting during surgery, and by practicingonanimals. (Figure 1A). Until thelast decade
of the 20" century, this was the exclusve paradigm used by all surgical trainees, and it
remainsthe standad today. However, this pahway is dow, unfocused, and expensvein
time and resources. Ethical issues are also involved. Recent approaches for laparoscopic
training incorporate stationswith bench exercises of motionsand gestures practiced with

inanimate objects or animd tissues . These training paradigms were begun as an

assessment tool (Objective, Structured Assessment of Technical Skills, OSATS)H.

Thefirst geneation of simulators (Figure 1B) was designed for repetition and mastery of
the psychomotor gestures (enabling skills) utilized in performing surgical procedures.
This approach has been useful for learning some of the elementary actions needed for

conduding surgical procedures. Intheredudive process of procedure decongdruction and

Qask andysisO’, these enabling skills are mastered by performing exercises on (art-
tasksOtrainers.  As such, practice results in the acquisition of psychonotor gestures,
which are the Gnabling skillsOutilized in performing surgery. For example, learning with
a @art-taskOtrainer to navigate a grasper, grasping a peg, and tranderring the peg to a

different site on a pegboad is a useful GenablingQGexercise worthy of practice. However,
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in surgical practice, more complex surgical actions (manipulationg are comprised of
multiple, aggregated movements, many of which can belearned from @art-taskQtrainers:
A surgeon moves the grasper tip to an anaomic site and grasps it for stabilizing or
exposng it, so tha a corollary action, such as cutting with a scissors or scalpd, can be
accomplished. The training regimen of compsitive figure skaters offers a broader
andogy. The movements of the skatersObody, paticularly the feet, must be learned and
practiced repeatedly (enabling exercises) before the specific steps and jumps (target
exercises) can even be attempted. Simulation of this more complex action involves
cognitive processes tha seek to answer the questions QVhy am | doing this exercise?0
and QHow is it best don€?O  This thoughtprocess informs the psychonotor systems on

how to proceed efficiently in accomplishing the manipulations

Obvioudy, the practice of enabling skills with first generation smulatorsfalls short of the
subsequent steps necessary for surgical proficiency. For example, part-tasks identified
and defined during Gesk andysisOmug be integrated back into a total performance, a
process relying on a cognitive @xecutive sub-routine®.  Once kills are learned,

practiced, and integrated into manipulations, implementing them into procedures

. . 14
becomes semi-automatic .

To address this chdlenge technological advances have recently spavned a second
geneation of surgica smulators (Figure 1C), dlowing the practice of manipulations
(target skills) that more closely resemble discrete surgica actions. These newer
technologies offer advanced simulation features with the greater realism afforded by

virtud 3D modds of tissues and organs In the process of smulator design, engineers
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benefit from the structured vocabulary by intuiting how an ingrument @ollides with the
polygonpostioned at the virtud tissue site where a user causes a virtud insrument to
toudh. In orde to smulate a virtud incision, for example, the smulator software mus
recognize the arrival of the ingrument and respond propottiondly to the strength and
direction of theinteraction. The software then changes the surface and degper structures
both visudly and mechanically as they are divided by a straightline and ssimulated blood
mus emerge.  The changing position mugt also beidentified by the thapticsOcomponent
of the simulation, to provide an appropriate amount of force feedback to the usersO

ingruments.

Adopton of thevocabulary presented in Table 1 offers severa advantages for the design
of advanced surgical simulators and training curricula.  These manipulations describe
actions at the instrument-tissue interface, and apply to both surgical indruments and
tissue manipulations. Thus thisvocabulary is consistent with how surgery is traditiondly
taught The attention of students is focused primarily on the actions of ingrument tips
affecting tissues, and little on the motion of how the instrument tip arrived at it® desired
destination. The vocabulary also incorporates terms smilar to the languaye used by
surgeons at the opeaating table during surgery.  Findly, these terms are familiar to
surgeons compaed to theterms of the psychometrics literature tha pervade much of the
formative literature of surgical performance, (i.e., @®ick-and-place® Gime-to-target®
Gvershooterrorsdetc.) .

The methodsof surgica training over time have changed, and continueto change Table
2 compares and contrasts the methodsused in antiquity by Sushruta and thoe utilized in

the moden era. Currently employed methods focus heavily on endascopic surgical
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training with images viewed directly or displayed on video monitors. An example of a
difference is the remova of a pebble placed within an animal bladde, representing a
bladde stone through an indsion through the bladde wall followed by scooping the
pebble out with a ladle forceps compared to the excision and extraction of seeds from
within a bdl peppe udng a cuppel forceps guded by a videoendoxope a second
geneation smulator would offer afirm, smooth virtud object tha is grasped with a blunt
forceps (also virtud), and puled outward through the urethra opening of a virtud
bladde modded from cadaveric dices of a human pdvis.

An important conduson illugrated in Figure 1 is tha Gnabling skillsOlearned with
(art-taskBtrainers, althoughvery useful in OR performances are not the Qarget skillsOof
second generation simulations or surgery. Rather, the Qarget skillsO utilized during
surgery are encompassed by the comprehensive group of fundamental ingrument-tissue
manipulations defined in the proposd vocabulary. The terminology of the @nabling
tasksOlacks a sufficient match to surgical actions for engineers to efficiently develop

simulators tha will accomplish therequired visud and haptic changesin real-time.

Evidence exists for the bendit of acquiring enabling surgical skills by training on first-

geneation smulators ™™ ug ng both physcal smulators and computer-based trainers. It
remainsto be deermined whether acquiring target surgical skills will hasten the learning
curve of trainees, improving ther surgical proficiency and safe peformances. Another
important question is whether second-generation simulators can be incorporated into
surgica curricula indgpendently of first-generation methodobagies. Still another question

iswhether advanced trainees will beattracted to utilize such learning technologies.
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In conduson, moden surgica training continues to draw on aspects of each training
paadigm. A structured vocabulary based on target skills will hdp surgeons and
engineers communicate more effectively during the design of the next geneation of
complex, highly biofiddic surgical smulaors . In addition, the technica curriculum
derived from such a shared vocabulary will hdp resolve an elusive problem in surgical

education: the development of arobug tool for oljective assessment of peformance and

. . . . 31016,17
qudity assurance in surgical practice :
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Table and Figure Legends

Table 1. Proposed structured vocabulary comprised of nine surgical instrument-
tissue manipulations. Each term is defined after Sushruta, and synonyns are listed.

Othe and additiond synonyns may be preferred in some regionsby individud surgeons

Table 2. Applications of the structured vocabulary through the Ages. For each term,
the method of teaching it ove the ages is described. Animal tissues, fruit, and plant
componelts are common objects to be manipulated. Examples of moden uses are
grasping and extracting seeds from a bdl peppe, indsing and suturing the skin of a
chicken breast, cannulating the vein of a leaf, or resecting the epithdium of a sheepsD

bladde.

Table 3. Structured vocabulary terms applied to (a.) tubal sterilization by
electrosurgery; On the SUMMIT Surgical Workbench, the necessary actions for
performing the electrosurgical method of the tubal sterilization procedure are named as
ordered steps Each step incorporates several skills required for peforming the
manipulation. Mog of the manipulations are necessary for implementing other methods
of accomplishing this god. Severa methods are practiced widdy, e.g. patia
salpingectomy, Fallope ring placement, Filche clip application. and (b.) laparoscopic
cholecystectomy and common bile duct exploration. The procedure described uses
clips for cloaure of the cystic artery and dud, but laser dissection and coagulation is

another methodfor doing the procedure.
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Figure 1. A simplified schema for the three major training paradigms used for the
development and transfer of surgical skills to the operating room. Historicaly,
surgical training was accomplished by observation, demondration, practicing on animals,
and by assisting during surgery (Row A). This pahway is dow, unfocused, and
expengve in time and resources. The first generation of simulators (Part-task trainers;
Row B) were designed for repdition and mastery of the psychonotor gestures utilized in
performing surgical procedures (enabling skills). This pahway has been established as
useful for learning some of the elementary actions needed for conduding surgica
procedures. Technological advances have recently spavned a second generation of
surgica simulators (Row C) alowing the practice of manipulations tha more closely
resemble actud surgica actions(target skills). This pahway offers advanced smulation
features with the greater realism of virtud 3D modds of tissues and organs and the
oppotunity of expangoninto pahological structures. Modean surgical training continues
to draw on aspects of each training paradigm. A structured vocabulary based on target
skills not only serves as a practical tool for surgical assessment, but also facilitates
communication between surgeons and engineers in the design of the next generation of

complex, highly biofiddic surgica smulators.
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TABLE 1. The Nine Fundamental Manipulations of Surgery:
Definitions and Common Synonyms

1 EXPLORATION: Inspection of astructure or space by visualizaion or palpation.

(1a) Visualization D looking at Oisual landscapesDscamed by ones eyes directy, or on a
monitor displaying the scere capguredby anendoscopic camaa. Synonyms: Inspect, Visualize,
Examine, See,L ook, OSopeé)Zoom In, Zoom Out, Measire, Compare

(1b) Palpation D inspecton of a part by touching or probing, usually with the hand or an
instrumert, either through entry of a natural ostium (opening) or anincision. Synonyms: Prdbe,
Touch, Grag, Grab, Retact, Dissect (blunt), Push, Pdul, Stretch, Papate, OFeIC),SqJeeza,
Move, Slide, Dilate, Denude, Mark, Expose, Statilize,Tea&,GPd@ONudge,Twist, Flex, Berd

2. ASPIRATION/INJECTION: Peretration into a hollow or fluid-filled structure,
usually with a sharptubulartool, followed by the application of a vacuum to the exterral port of
the instrumert, or introduction of fluid, with or without chemicals. Synonymns:
IntroduceMithdraw, Stick (into), Suck (out), Puncture, Hydro-dissect, Prabe, Instill, Insuffl ate

3. INCISION: Opening into a structure by cutting. Synonyms: Cut, Slice, Divide,
Semrate, Section, Trarsect, Spatulate, Snip, Sawv

4, EXCISION: Complete removal of a structure from within a body spaceby a set of
incisions, or other marpulations. Synonyms. Excise, Cut out, Remove (all)

5. EVACUATION: Emptying of an anatomic space, or cavty, or a pathological leson.
Synonyns. Suction, OSakQ(out), Scamp (out), Remaove (conternts)

6. EXTRACTION: Forcefd removal of a normal or disea®d structure from its location.
Synonymms. Remove, Extract, Withdraw, Take (out), Pul (off, out),

7. SCARIFICATION: Puposeful injury of tissues and orgars, to control hemarhage,
promote new tissue relationships, degroy pathological ledons, etc. This manipulaton may
utilize any one of several methods of tissue injury. Synonymns:,Desccae, Ablate, Burn,
Denature, Degroy, Coagulate, Vaporize, Freez

8. CLOSURE: Binding together, or apposition of surfacesor the ligature closure of
tubular parts, usually with sutures This maripulation includesall typesof sutures surgical clips,
defocusedlaser agglutination, and of tissue glue. Synonyms. Approximat, Suure, Sew, Tie
(knot), Plicate, Apply (clip/stapes screw), Fire (clip, staper suture device), Thread Affix,
Fagen

9. IMPLANTATION/TRANSPLANTATION: Insertion of a medcal device or organ
for normalizing function, substitution with a heakhy organ or artificial structure, or temporary
placenent of a device for diaghosis ( Add: IUD; catheter) Synonyms. Paosition, Place, Fix,
Install, Attach




