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Abstract

Background Shoulder arthroscopy is a minimally invasive surgical procedure for diagnosis

and treatment of a shoulder pathology. The procedure is performed with a fiber optic camera,

called arthroscope, and instruments inserted through very tiny incisions made around the shoul-

der. The confined shoulder space, unintuitive camera orientation and constrained instrument

motions complicates the procedure. Therefore, surgical competence in arthroscopy entails exten-

sive training especially for psychomotor skills development. Conventional arthroscopy training

methods such as mannequins, cadavers or apprenticeship model have limited use attributed to

their low‐fidelity in realism, cost inefficiency or incurring high risk. However, virtual reality (VR)

based surgical simulators offer a realistic, low cost, risk‐free training and assessment platform

where the trainees can repeatedly perform arthroscopy and receive quantitative feedback on

their performances. Therefore, we are developing a VR based shoulder arthroscopy simulation

specifically for the rotator cuff ailments that can quantify the surgery performance. Development

of such a VR simulation requires a through task analysis that describes the steps and goals of the

procedure, comprehensive metrics for quantitative and objective skills and surgical technique

assessment.

Methods We analyzed shoulder arthroscopic rotator cuff surgeries and created a hierarchical

task tree. We introduced a novel surgery metrics to reduce the subjectivity of the existing grading

metrics and performed video analysis of 14 surgery recordings in the operating room (OR). We

also analyzed our video analysis results with respect to the existing proposed metrics in the

literature.

Results We used Pearson's correlation tests to find any correlations among the task times,

scores and surgery specific information. We determined strong positive correlation between

cleaning time vs difficulty in tying suture, cleaning time vs difficulty in passing suture, cleaning

time vs scar tissue size, difficulty passing vs difficulty in tying suture, total time and difficulty of

the surgery.

Conclusion We have established a hierarchical task analysis and analyzed our performance

metrics. We will further use our metrics in our VR simulator for quantitative assessment.
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1 | BACKGROUND

Shoulder arthroscopy is a minimally invasive surgery for diagnosis and

treatment of the tissues/joints in the shoulder area.1 Surgical treat-

ment of rotator cuff tears is one of the most common shoulder
; wileyonlinelibrary.com
arthroscopy procedures. Rotator cuff is a group of muscles and ten-

dons that connect the shoulder blade to the upper arm. These muscles

enable rotational motion of the shoulder and provide stability. An

injured rotator cuff can cause pain, movement constraints and

weakness in the arm and shoulder. If the problems are persistent and
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non‐surgical treatments are insufficient, surgical intervention is neces-

sary to avoid severe pain and to regain shoulder mobility; e.g. cases

with substantial rotator cuff muscle tears.2 Over the years, arthroscopy

has been adopted for the repair technique as opposed to open

surgery.3,4

During arthroscopy, the whole procedure is performed with a fiber

optic camera called an arthroscope and instruments inserted through

very tiny incisions made at the shoulder. Surgeons perform the whole

operation with 2D arthroscopic view on a screen. Arthroscopy, unlike

open surgery, is very challenging because of the constrained instru-

ment motions attributed to the limited and narrow space, unconven-

tional hand–eye coordination, and limited field of view arising from

the angle of the arthroscope.5 Arthroscopy requires surgeons

equipped with a high level of psychomotor skill to perceive a 3‐dimen-

sional environment from a 2‐dimensional camera image and manipu-

late instruments at the same time.6 In addition to basic hand–eye

coordination, arthroscopic rotator cuff repair requires proficiency in a

diverse set of specialized skills including but not limited to: suture‐to‐

bone fixation, suture‐to‐tendon fixation, and restoration of the ana-

tomic rotator cuff footprint (the surface area of bone to which the cuff

tendons are attached). The skill competence in these tasks requires sig-

nificant training, technical ability and experience.

Despite the need for rigorous training, there is no standard in

teaching or in performance assessment. Although associations such as

The Arthroscopy Association of North America (AANA) and American

Board of Orthopedic Surgery (ABOS) require a minimum number of

surgery cases for surgeon membership eligibility or certain specialty,

they do not mandate any guidelines and regulations about objective

measurement of the proficiency and training level of surgeons. The

medical curriculum in residency also does not specify any certification

or accreditation that is based on any objective examination.7 Therefore,

the minimum training and skills concerning the patient health and

safety in arthroscopy still remains unclear.

Traditionally, surgical training uses the 1‐to‐1 apprenticeship

model. Recent changes in surgical training to a more streamlined

approach in conjunction with a restriction in working hours have

resulted in difficulties in maintaining this apprenticeship model.8

Learning arthroscopic skills for novice surgeons in the OR with this

model is time‐consuming and might also cause iatrogenic injuries to

the patients.9 Also, arthroscopy training using cadavers and animals

are costly and limited with one‐time use only.9 In contrast, VR based

surgical simulators could offer a low‐cost, realistic risk‐free training

and assessment platform.10 Existing studies noted that continuous

training and receiving objective feedback in VR simulators can enhance

surgical performance.11–14 Quantitative performance assessment with

VR simulation needs to be translated to actual OR experience. This can

be only viable with derivation of the surgery metrics validated with

actual OR performance. However, the metrics respecting the measur-

able or less subjective scores for training as well as OR performance

are still lacking in arthroscopy especially for the shoulder. This inade-

quacy in the literature affects the efficacy of any VR based arthroscopy

simulation, as there is no consensus and validation for the ground truth

in quantifiable rubric and proficiency level.15

Our ultimate goal is to develop a VR based arthroscopic rotator

cuff tear diagnosis and repair surgery simulator platform (VATDEP)
integrated with a valid scoring rubric, which could objectively identify

the skill level of a shoulder arthroscopy surgeon. As a first step of

development of the VATDEP, we analyzed the procedure and derived

tasks/subtasks (Actions) and goals associated with ideal and optional

actions.10 For objective evaluation of technical ability, we have devel-

oped surgery specific metric in collaboration with expert arthroscopy

surgeons to minimize subjectivity. The derivation scoring metrics was

used in surgery video time analysis. We also analyzed our metrics with

previously proposed rubrics.16,17 Our rubrics will be used to perform

construct validation studies to evaluate the effectiveness of the

VATDEP as a training platform.

In this work, our contribution is as follows: (a) derivation of hierar-

chical task analysis (HTA) tree specific to rotator cuff surgery;

(b) development of quantifiable metrics for performance assessment;

(c) time and performance analysis of actual surgery videos of expert

surgeons at different skill levels with unbiased raters; further (d) analy-

sis of our results with early proposed work.
2 | METHODS

2.1 | Procedure analysis

Hierarchical task analysis (HTA) describes the details of all surgery nec-

essary and optional tasks and actions taken to achieve goals. In addi-

tion, HTA demonstrates task relations and their execution sequence.

The HTA in this work was derived via consultation with expert sur-

geons that routinely perform shoulder arthroscopy. In HTA, three main

phases were identified: (a) pre‐procedure; (b) start of examination; and

(c) start of repair procedure. In Figure 1, these three main phases are

illustrated. The rectangle diagrams refer to the tasks needed to be per-

formed. The forward arrows indicate linear progression of the proce-

dure. The branching in subtasks simply specifies optional paths that

can be taken based on preference.

The shoulder arthroscopy procedure starts with preparation of the

patient. The patient is first given general anesthesia. This is followed by

positioning in the lateral decubitus or the ‘beach chair’ position.18 The

next step is preparation and draping the patient. In this phase, the

patient's shoulder is disinfected and draped. Once draping is com-

pleted, the mobility of the patient arm is externally examined in detail.

After examination, skin markings for landmarks (e.g. acromion, clavicle,

and the coracoid possible portal locations) are marked on the shoulder

with a sterile pen. The next phase is the examination phase where the

shoulder undergoes detailed inspection with the arthroscope. First,

arthroscope vision is established by making a 5 mm incision posteriorly

with continuous irrigation of the joint with saline to create expansion

in the shoulder volume. This continuous fluid flow is provided with

either gravity or a pump system attached to the arthroscope. The

incoming and outgoing fluid flow creates pressure differences which

are important to establish clear arthroscopic view. Otherwise, the view

can be obstructed with bleeding, air bubbles, and body fluids such as

synovial fluids or debris (during the cleaning task). Preceding the exam-

ination or during intra‐examination, additional portals can be needed.

These portals can be established either using inside‐out or outside‐in

technique. Inside‐out technique is performed by pushing the



FIGURE 1 Hierarchical task analysis tree
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arthroscope to the designated portal location through an incision using

a scalpel and inserting a cannula. Outside‐in technique is performed by

first checking the location with a spinal needle, then creating a skin

incision at the location of the needle. A switching stick is inserted par-

allel to the needle and then the cannula is inserted through the inci-

sion. During the examination of the patient anatomy, a probe is used

to assist with the inspection to manipulate the muscles, tendons, and

ligaments to have a better arthroscopic view. It is essential to examine

the injured area and assess the size of the tear if present. The next

phase following the detailed examination is the repair phase. Bursal tis-

sue is cleaned using a shaver and/or an electrocautery. The cleaning

phase allows clear view and better assessment of the tear. Figure 2A

and B shows the view before and after cleaning, respectively. After

assessment, the type of suture anchors and number of sutures are

determined.

As part of the tear repair, the suture anchor is inserted through the

lateral port or a separate incision. The anchor is placed on the footprint

at a 45° angle away from the tear. After the suture anchor is placed,

the suture locations need to be identified. The suture location should

be distributed evenly to ensure that the muscle with tear can be

secured to the anchor as firmly as possible. This is critical for uniform

distribution of the tension forces to the anchors. The sutures are

deployed using a suture passer and then tied in square knots. This pro-

cess is repeated until the knots are secured. After knots are secured,

the sutures are cut using a suture cutter. After repair the arthroscope

and the instruments are taken out and the incisions are closed to com-

plete the procedure.
2.2 | Scoring metric

Our surgery metrics, unlike other existing metrics1617 which are

generic or subjective, focuses on the task specific scoring with minimal
subjectivity. The score is based on a likert scale19; the best/preferred

action is scored as 5, an acceptable but less ideal as 3, not adequate

as 1, and a failing maneuver is given a score of zero. Details of the scor-

ing system are shown in Table 1–4.

In arthroscopy, correct pressure of the fluid is essential. High pres-

sure can cause swelling while low pressure can make it difficult to con-

trol the bleeding. Too much bleeding and swelling can make the

surgery more challenging or even impede the surgeon from completing

the procedure. Control of the pressure and avoiding bleeding attains

the highest score, which otherwise could easily obstruct the view. Fail-

ing to complete the procedure owing to excessive swelling and/or

bleeding will result in an overall failing score.

A posterior portal is generally used for the arthroscope. After open-

ingof theposterior portal using theoutside‐in techniqueananteriorpor-

tal is established.20 Any other portals can be established if necessary.

Excess portals or not properly established portals will lower the perfor-

mance score. During the inspection phase, the surgeon needs to identify

major anatomical landmarks. This is important to determine the spatial

location and navigation. Failing to identify each one of these landmarks

results in loss of points on the task checklist in the grading metric.

During bursectomy, if cleaning is not sufficient (see Figure 2A, and

B for inadequate and adequate cleaning), the surgeon must perform a

re‐cleaning process. Excessive aggressive burring of the bone can

weaken the stability of suture anchor, affect healing of the tendons,

cause bleeding and prolong the procedure time.

Placement of the anchors is very critical for tear treatment. The

anchors should be placed at a 45 degree angle to the footprint, which

is the optimal angle for the stability of anchors. Improper placement of

the anchor, extreme angles (e.g. 60–75°) receive one point. Once the

sutures are passed through the tendon, square knots should be used

to secure the repair. A second row of sutures can also be used to per-

form double row rotator cuff repair.



FIGURE 2 A, Before cleaning; B, after cleaning

TABLE 1 Preparation for the surgery

Technique Scoring

Pressure of fluid

No swelling or bleeding 5

High pressure‐ swelling

Able to finish 3

Not able to finish 0 (Fail)

Low pressure‐ bleeding

Able to stop bleeding directly and promptly 5

Able to stop bleeding and finish surgery 3

Not able to finish 0(Fail)

Number of portals

Necessary portals 5

Unnecessary portals 3

Unable to establish appropriate portals 1

Identifying / establishing portals

Proper technique 5

Improper technique 3

Damaging tendon or other muscles 0

TABLE 2 Task checklist for inspection of the rotator cuff area

Task checklist 1 or 0

Inspect Superior Labrum and Biceps

Inspect Anterior Labrum and Capsule

Inspect rotator cuff muscles (Supraspinatus, Infraspinatus,
teres minor, subscapularis)

Inspect Glenohumeral ligaments (middle, inferior)

Inspect Rotator Interval (space situated between the
supraspinatus and subscapularis tendons)

Inspect Glenoid

Inspect Humeral Head

TABLE 3 Repairing procedure for the rotator cuff surgery

Technique Scoring

Bursectomy

Adequate cleaning 5

Aggressive bursectomy(bleeding) 3

Not enough cleaning (need to go back and reclean) 1

Debris cleaning

Sufficient cleaning 5

Not adequate cleaning (e.g. increase healing time) 3
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In our study, we considered two existing rubrics for further analy-

sis of our metrics; the arthroscopic surgical skill evaluation tool (ASSET)

global rating scale16 and the basic arthroscopic knee skill scoring sys-

tem (BAKSSS).17 We have merged these two scoring systems to create

one unified metric to analyze our metrics.
2.3 | Video timing analysis methodology

In the timing analysis, each surgery video was analyzed using Windows

and VLC media players. We determined each major task time defined

in HTA. In order to have consistent timings among the raters, we iden-

tified the start and end times for the timed tasks (Table 5). Scores and

times for each rater were collected for statistical analysis. An inter‐

rater reliability test was performed to see the degree of agreement

between the raters using IBM SPSS 22 software.
2.4 | Surgeon questionnaire

After completion of each procedure, expert surgeons were asked to fill

out a questionnaire regarding the details of the procedure. The aim of

the questionnaire is to systematically categorize the surgeries to

understand the impact of the type, location, size of the tear, suturing

and cleaning on difficulty levels, time and also performance ratings.

Moreover, we would like to identify any rare cases (e.g. surgeons were

asked to put additional feedback such as any extreme cases, unusual

treatment or procedure applied) in the surgery that might have had



TABLE 5 Start and end times for each timed task

Task name Start time End time

Diagnostic Start using probe Stop using probe

Pre‐cleaning End of diagnostic stage Placement of suture anchor

Anchor suture Hammering of anchor Final suture is tied

Cleaning Final suture is tied End of Surgery

Total cleaning Pre‐ cleaning and cleaning time

Total surgery Start of procedure End of procedure

TABLE 4 Suturing procedure for the rotator cuff surgery

Technique Scoring

Burring the bone

Adequate burring 5

Aggressive burring 0

Position of anchor

Evenly distanced 5

Not evenly distanced 1

Placing of the anchor

45 degrees 5

30–45 or 45–60 degrees 3

15–30 or 60–75 degrees 1

Other 0

Identification of suture locations

Proper repair 5

Sutures are unable to repair the tear completely 3

Unable to establish suture on rotator cuff within 3 attempts 0

Knot tying

Square knot 5

Not square knot 1

Unable to create knot 0
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negative impact on the task times (e.g. unexpected prolonged tasks

times). The sample questionnaire is shown in Table 6.
3 | RESULTS

Fourteen shoulder arthroscopy videos (total ≈10 h length) performed

by expert surgeons were used in the analysis. Of 14 surgeries, two

were full thickness, one was L‐shaped and 11 were crescent shaped
TABLE 6 Surgery questionnaire form

Type of tear: ____________________________________
Location of tear: _________________________________
Size of tear: _____________________________________
Un‐anchored sutures required (if any): ____
Anchored sutures required: ___
Cleaning done (before / after) suturing (circle one).
Overall difficulty of procedure: 1 2 3 4 5

(1: significantly easier than usual, 3: as expected, 5: significantly
harder than usual)

Amount of scar tissue: 1 2 3 4 5
Amount of cleaning necessary: 1 2 3 4 5
Difficulty passing sutures: 1 2 3 4 5
Difficulty tying sutures: 1 2 3 4 5
Any additional comments/feedback about the video (any information
that you would like to note):
tears. All tears were located on the Supraspinatus and the tear sizes

varied from 1 cm to 3 cm.

All the videos were examined by four raters. Raters had shadowed

the surgery in OR many times and were competent in the details of

procedure and the HTA. Precise guidelines were given to the raters

for the task time measurements. Once timings of each video were

completed, raters were asked to measure the scores using our metrics.

Pearson's correlation test was conducted to find any correlation

between the times and surgeon questionnaires. The correlation test

results showed a strong positive correlation (R = 0.8823) with a statis-

tical significance (P = 0.00003) between the difficulty of procedure and

total surgery time. Similarly, more tasks had strong positive correla-

tions. These tasks are shown in Table 7.

Figures 3–6, respectively, show time and rating comparisons in

percentage values for difficulty of procedure and total surgery time,

difficulty of passing sutures and cleaning time, amount of scar tissue

and cleaning time, difficulty of tying suture and cleaning time.

Figure 7 shows a comparison of ratings in percentage values for diffi-

culty passing suture and difficulty tying suture.

In our study, we measured diagnostic time; the average time that

the probe is active in the scene is 118.8 s. The pre‐clean/prep time,

that is the time after the diagnostic and includes debris cleaning, the

bursectomy and any bone burring that is performed prior to placement

of the suture anchors. The average time for this task is measured as

607 s. The tool efficiency refers to the active time of the tool while

inside the shoulder divided by the total time that the tool is in the

body. We recorded the efficiency of the shaver tool and the electro-

cautery tool at 86.4% and 87.9%, respectively. Suture timing consists

of several substeps; time to place the anchor, time to pass the suture,

time to secure the knot, and transition time. These timings indicate the

per suture timings and in most cases there exist three sutures per

anchor. Per suture average timings are time to establish anchor,

50.13 s; time to punch anchor, 38.63 s; time to pass sutures, 85.1 s;

time to secure suture knots, 136.56 s; transition time per suture,

14.2 s; and transition time per suture. Transition time, the percentage

time spent not performing a notable task during the suturing and

includes tasks that may not be required for every single suture such

as time to grab the suture within the body and additional cleaning.

Our results have shown that anchor punching time is relatively inde-

pendent, with times spanning 17 to 71 s with little to no relation to

other tasks. Anchor punching time and anchor placement time, respec-

tively, indicate the time spent to hammer in the anchor and time spent

to place the anchor in the cavity created on the humeral head.
TABLE 7 Correlation results

Correlation task/s
and time/s

Pearson correlation
(R)

Significance
(P)

St
ro
ng

P
o
si
ti
ve

C
o
rr
el
at
io
n

Difficulty of passing
sutures and cleaning
time

0.8359 0.000196

Amount of scar tissue and
cleaning time

0.8136 0.0004

Difficulty of tying suture
and cleaning time

0.9065 <0.00001

Difficulty of passing
suture and difficulty
tying suture

0.8343 0. 000207



FIGURE 3 Time and rating comparison plot in percentage values for difficulty of procedure and total surgery time

FIGURE 4 Time and rating comparison plot in
percentage values for difficulty of passing
sutures and total cleaning time

FIGURE 5 Time and rating comparison plot in
percentage values for amount of scar tissue
and total cleaning time
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Task efficiency for the anchor suture task is calculated by the

total time spent for anchor placement and suturing tasks divided

by total anchor suture task time. The average task efficiency for

the anchor suture task was 84.59%. The task efficiency measure-

ment is computed as a measure to evaluate proficiency of the sur-

geon in the task. Figure 8 shows anchor suture task efficiency for

each video.
Cleaning time represents the total time spent cleaning the bursal

tissue and the footprint after the surgeon completes the suturing.

Average total cleaning time was 786.36 s. Figure 9 shows the box plots

for each timed task in seconds for expert surgeons.

In some certain cases, there were drawbacks in assessing the

expert surgeon experience level using our grading metric and also in

the existing metrics. To overcome this, we have extended our scoring



FIGURE 6 Time and rating comparison plot in
percentage values for difficulty of tying suture
and total cleaning time

FIGURE 7 Rating and rating comparison plot
in percentage values for difficulty of tying
suture and difficulty of passing suture

FIGURE 8 Anchor suture task efficiency for each video
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system. The extension to our metric was developed by relating the task

scores with task times. Each task is clearly defined by a series of events

that can be easily identified by a lay person with minimal training. Each

task is assigned an optimal completion time, established based on the

average task time. The optimal time required to complete a task was

calculated by AT + (1.5*σ), where AT is the average time and σ is the

standard deviation of the specific task. Time intervals are created
based on the complexity and duration of the task. If the surgeon is able

to complete the task within the optimal time, a score of 5 is given. If

the amount of time exceeds the optimal time, 1 point is taken off for

each time interval exceeding the optimal.

Each video received maximum scores in preparation step and

inspection checklist received maximum scores for each video. The

average score acquired for the preparation step, and inspection



FIGURE 9 Box plots for expert surgeons for rotator cuff surgery tasks
in seconds
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checklist were 15 and 7, respectively. The average procedure score

was 8.6 (max: 10, min: 2), while for the suturing the average grade

was 28.5 (max: 30, min: 24). Overall average score for the videos were

59.1 (max: 62, min: 51). Figure 10 shows the box plots for each metric

component scored for expert surgeons.
FIGURE 10 Box plots for each scored metric component for expert
surgeons

TABLE 8 The mapping of our scoring metrics and times for each BAKSSS

Scoring
Metrics

Metrics based on BAKSSS
and ASSET

Field of
view

Cam
dexte

1 Identification of suture locations X X

2 Inspection checklist X X

3 Number of Portals X

4 Identifying/establishing portals X

5 Bursectomy

6 Debris cleaning

7 Preparing the bone

8 Knot tying

9 Suture passing efficiency

10 Transition speed

11 Position of anchor
3.1 | Analysis with BAKSSS and ASSET metrics
systems

BAKSSS and ASSET metrics comprised of general categories rather

than task specific categories. In order to perform a comparison study,

we mapped each category to at least one of our scoring metrics. Based

on this mapping matrix (see Table 8), our scoring metric results were

populated in the unified (BAKSSS and ASSET) metric by averaging the

correlated scoring metric categories for each merged metric category.

Field of view, camera dexterity, knowledge of procedure, quality

of procedure and autonomy received maximum scores5 for each video.

The average score acquired for the instrument, and bi‐manual dexter-

ity were 4.62 and 4.5 respectively. The average efficiency score was

4.44 (max: 5, min: 3), while for flow of procedure the average grade

was 4.27 (max: 5, min: 3). Overall average score for the videos were

52.72 (max: 55, min: 50.6). Figure 11 shows the box plots for merged

metric components: instrument dexterity, bi‐manual dexterity, effi-

ciency and flow of procedure for expert surgeons.
4 | DISCUSSION

Interrater‐reliability test results showed a perfect degree of agreement

among raters for each task. This is due to the consistency among the

rater's timings, which showed negligible deviation (e.g. couple of sec-

onds for each task, average standard deviation per video, σ = 1.124).

Pearson's correlation test shows there is strong correlation between

the cleaning time and the difficulty in passing the sutures. It is

expected that a longer time spent on adequate cleaning would stream-

line the subsequent processes and make the suture passing task easier.

As seen in the time–score correlation, the difficulty of the procedure

increases the cleaning time. Therefore, the cleaning time and suture

passing time correlation stem from the difficulty of the task. In other

words, both cleaning time and suture passing time increase as a result

of a difficult case.

Correlation between the time and the amount of adequate cleaning

in the questionnaire could conclude that cleaning more than an ade-

quate amount does not affect the performance rating. Overall cleaning

time had an indirect impact on the difficulty of passing sutures, the

amount of scar tissue and the difficulty tying sutures. These correlations

are results of excess scar tissue caused by large sized tears.
and ASSET metric

era
rity

Instrument
dexterity

Bi‐manual
dexterity

Efficiency Flow of
procedure

X

X X

X X

X

X X X X

X X X

X

X



FIGURE 11 Box plots for merged matric components: instrument
dexterity, bi‐manual dexterity, efficiency and flow of procedure
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Tool and task efficiency results were all >84%, evidencing that the

surgeons are proficient in using the tools and completing the tasks.

Higher percentages should indicate that the surgeon is more efficient

with the tool and that the surgeon has a better awareness of the flow

of the procedure and are an indication of smooth tool use. In cases

where the tool is switched constantly and rapidly (< 10 s) the efficiency

is not recorded.

In one of the surgery videos, knot tying score was computed as a

score of one using the extension of our metric. This was due to techni-

cal difficulties with the suture passer tool and debris getting caught in

between the knots. The suture passer failed to shoot up the suture

multiple times and the suture passer had to be reloaded. As our

extended metrics considers the average task times, the failure in sutur-

ing in this task for even an expert surgeon is innately determined.

Positioning of anchor was scored as 5 in every video due to the

proper location and angle of the anchor. In the BAKSSS and ASSET

metrics, knowledge of instruments, knowledge of specific procedure

and quality of procedure were scored as 5 (in post timing and score

computation phase) due to all expert surgeons having performed

approximately 150 arthroscopic rotator cuff surgeries in the last

6 months. Autonomy knowledge was also scored as 5 due to each sur-

gery having completed the examination phase and surgeries without

any intermittence during the surgery.

Although this study involves only videos analysis of the rotator

arthroscopic videos and does not contain any patient and private infor-

mation at any phase, we had submitted the proposal of the study to

the Institutional Review Board (IRB) at University of Arkansas for Med-

ical Sciences. The IRB committee determined that the study is classi-

fied as not a human subject study as defined in federal regulations

stated in 45 CFR 46.102, which had allowed the study.
5 | CONCLUSION

As the preliminary phase of developing VATDEP, we presented a HTA

for arthroscopic rotator cuff surgery. We have derived a specific grad-

ing metric from the HTA for forthcoming use in our VR simulator for
the construct validation studies. We performed video analysis of the

actual surgery videos. As a result of analysis, with our metrics system,

the surgery performance skills of a surgeon can be computed. In addi-

tion, the variation of the expert level can be determined with the time

related task scores.

Currently, residents in orthopaedic training cannot perform the

whole procedure without attending expert surgeon involvement. This

precludes us to utilize surgery videos with resident involvement and

compare with the expert videos. Therefore, we are currently timing

the task of each resident involvement for that task. As a future work,

this will enable us to perform unified objective metric framework to

assess and compute the performance of surgeons with different skill

levels.
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