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Abstract

Background: Surgical educators are increasingly exploring surgical simulation and other nonclinical teaching adjuncts in
the education of trainees. The simulators range from purpose-built machines to inexpensive smartphone or tablet-based
applications (apps). This study evaluates a free surgery module from one such app, Touch Surgery, in an effort to evaluate
its validity and usefulness in training for hand surgery procedures across varied levels of surgical experience. Methods:
Participants were divided into 3 cohorts: fellowship-trained hand surgeons, orthopedic surgery residents, and medical
students. Participants were trained in the use of the Touch Surgery app. Each participant completed the Carpal Tunnel
Release module 3 times, and participants’ score was recorded for each trial. Participants also completed a customized
Likert survey regarding their opinions on the usefulness and accuracy of the app. Statistical analysis using a 2-tailed t test
and analysis of variance was performed to evaluate for performance within and between cohorts. Results: All cohorts
performed better on average with each subsequent simulation attempt. For all attempts, the experts outperformed the
novice and intermediate participants, while the intermediate cohort outperformed the novice cohort. Novice users
consistently gave the app better scores for usefulness as a training tool, and demonstrated more willingness to use the
product. Conclusions: The study confirms app validity and usefulness by demonstrating that every cohort’s simulator
performance improved with consecutive use, and participants with higher levels of training performed better. Also, user
confidence in this app’s veracity and utility increased with lower levels of training experience.
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Introduction specialties.16 The app guides the user through operations by
breaking them down into their component steps. The user
can practice an operation by taking a “tutorial” module and
then take a “test” module to assess his or her understanding
of the component steps and techniques. The app does not
teach either the pathology of a disease or the actual techni-
cal surgical skill needed to manage it, but rather it aims to
familiarize and prepare the user of a particular procedure’s
surgical anatomy, relevant medications and instruments,
and the necessary surgical steps to be taken by the surgeon
during the operation.

Surgical training has been historically built upon extensive
patient-based exposure in the operating room under the
apprenticeship model.! The original Halstedian model
emphasized graduated responsibility throughout training
until self-sufficiency was accomplished by the end of resi-
dency. With recent limitations in postgraduate training duty
hours, increasing complexity of surgical interventions,
heightened focus on operating room efficiency, and expec-
tations of patient safety and satisfaction, the importance of
simulated surgical training as an adjunctive measure to sup-
plement the traditional apprenticeship surgical education
model is becoming increasingly evident."’

Touch Surgery is a free interactive smart device applica-
tion (app) that aims to provide a realistic, cognitive motor f i ) ) )
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Initial studies using the Touch Surgery app observed
construct, content, and face validity of orthopedic trauma
modules and demonstrated the difference based on user
experience.'>' However, no prior work has assessed the
app’s validity and user satisfaction in Hand Surgery.

The primary aim of this study was to assess the app’s
validity and correlations between app performance and sur-
gical expertise level, as well as to determine whether prac-
tice with the simulator translates to improved participant
performance. The study’s secondary aim was to evaluate
user satisfaction of the app and to obtain end-user informa-
tion regarding its utility in medical training.

Methods

Touch Surgery Module

The Carpal Tunnel Surgery Phase 2: Carpal Tunnel Release
module in the Touch Surgery app was used. Medical stu-
dents, orthopedic surgery residents, and hand surgery fel-
lowship-trained orthopedic attendings were recruited for
participation in the study. Medical students with prior expo-
sure to (1) Touch Surgery or (2) prior clinical exposure to a
carpal tunnel release were excluded from the study. Exclu-
sion criteria for orthopedic surgery residents and attendings
were: (1) previous exposure to the Touch Surgery App; and
(2) alack of prior clinical exposure to a carpal tunnel release.

Medical students, orthopedic residents, and hand surgery
attendings meeting inclusion criteria were placed into nov-
ice (medical students), intermediate (residents), and expert
(attendings) cohorts based upon level of training. All study
participants carried out the study modules on standard iPad
tablets (9.4 inches x 6.6 inches; Apple, Cupertino, Califor-
nia) to ensure a similar operating interface. All participants
then carried out the Touch Surgery module “learn” and
“test” simulations in a standardized fashion as shown in the
study flow diagram in Figure 1. Participants were then
asked to begin with the Dupuytren’s Contracture Learn
Module to gain familiarity with the application’s interactive
touch screen movements and commands. Next, participants
completed the Carpal Tunnel Release Learn Module, fol-
lowed by the actual Carpal Tunnel Release test module 3
consecutive times. Scores, as generated by the Touch Sur-
gery app, were recorded for each cycle.

After completing these modules, all participants were
polled on their level of agreement with statements pertain-
ing to the Touch Surgery app. Answers were assessed using
a 5-point Likert scale questionnaire, with assessments from
1 to 5 being defined as follows: strongly disagree, disagree,
neutral, agree, and strongly agree.

The novice cohort was also given a 12-item Likert ques-
tionnaire assessing both face validity of the Touch Surgery
app and user satisfaction with the app. The intermediate
and expert cohorts were surveyed with a 15-item Likert

questionnaire, with an additional 3 items assessing content
validity of the surgical simulations. Poststudy tests on the
sequence of surgical steps involved in a Carpal Tunnel
Release (8-item test) were carried out by all study partici-
pants at the conclusion of the study.

Statistical Analysis

All entries were logged into a database and analyzed for
differences within cohorts using a 2-tailed Student ¢ test and
across cohorts using analysis of variance and descriptive
statistics.

Results

A total of 18 out of 22 medical students recruited for the nov-
ice cohort met inclusion criteria and were enrolled in the
study. Four students had prior experience with the Touch Sur-
gery app and were excluded. Demographic analysis showed
an average age of the novice cohort of 23.2 years. Overall,
61.1% of the novice cohort participants were male and 83.3%
of participants were first-year medical students, with the
remaining 16.6% being second-year medical students.

In the intermediate cohort, 12 out of 14 residents
recruited for the intermediate cohort met inclusion criteria
and were enrolled. Two of the recruited participants had
prior experience with the Touch Surgery app and were
excluded. The average age was 29 years, and all but one
participant were male.

In the expert cohort, 9 out of 10 recruited attendings met
inclusion criteria and were enrolled in the expert cohort.
The average age of the attending participant was 43 years.
All attendings were hand surgery fellowship-trained ortho-
pedic surgeons.

All cohorts performed better on average with subsequent
simulation attempts (P < .05; Table 1). Novice, intermedi-
ate, and expert users demonstrated average improvements
of 24%, 19%, and 15%, respectively, over the course of the
3 consecutive simulations. For all attempts, the experts out-
performed the novice and intermediate participants, while
the intermediate cohort outperformed the novice cohort in
all attempts (P < .05).

When queried about how accurately the simulation fol-
lows the steps of a carpal tunnel release surgery (Table 2),
the average Likert score was 2.7 for both intermediate and
expert users, while novice users reported an average Likert
score of 4.6 and 4.4, respectively, in their opinion that the
app would be useful to learn and rehearse a new surgical
procedure. Moreover, novice users consistently gave the
app better scores for usefulness as a training tool, and dem-
onstrated more willingness to use the product. The lowest
scores for realism and usefulness came from the expert
cohort, with all average measures of usefulness and realism
rated at neutral or negative.
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Medical Students, Orthopaedic Residents, and Hand Swrgeons recruited for study

Pre-Study Questionnaire

Excluded Intermediates/Experts (n=3)

Cohort Sizes
* Novices =18
+ Intermediates = 12
+ Experts=9

»{ * Previous exposure to Touch Surgery (n=3)
* Lack of swgical exposure (n=0)

Excluded Novices (n=4)

» Previous exposure to Touch Surgery (n=1)

« Previous exposure to carpal tunnel release (n=1)
» Previous exposure to Olecranon TBW (n=0)

» Failed to complete study (n=2)

.| Perform 3 consecutive times

Figure |. Study flow diagram.

Table I. Performance Scores for CTR.

P value for differences within

CTR | CTR 2 CTR 3 cohort performance
Novice performance 72.1 82.7 89.5 <.001
Intermediate performance 79.7 89.4 95.0 <.001
Expert performance 83.9 95.3 96.1 .004
P value for differences between <.0l <.001 <.0l

cohort performance

Note. Scores for each cohort from attempts | to 3. Scores are provided by the Touch Surgery app as a normal function of the program, and are graded
out of 100 points. Scores demonstrate statistically significant increase throughout the study within each cohort. Scores are significantly higher in each
cohort as the participant level of training increases. CTR = carpal tunnel release.
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Table 2. Participant Survey Results.

Average novice
Likert score

Average intermediate
Likert score

Average expert
Likert score

Touch Surgery is a useful surgical training tool.

Touch Surgery is a useful surgical assessment tool.

Touch Surgery would be very useful in learning
new operations.

Touch Surgery would be very useful to rehearse a
known operation.

Touch Surgery should be implemented in surgical
training curriculum.

Touch Surgery graphics were realistic.

Touch Surgery simulated environment was
realistic.

Touch Surgery procedural steps were realistic.

I am willing to use Touch Surgery in the future.

Touch Surgery was easy to use.

Touch Surgery would be my first choice to
prepare for an operation.

Touch Surgery should be made available to all
surgical trainees.

Touch Surgery accurately describes and presents
the correct sequence of operative steps in the
carpal tunnel module.

Touch Surgery is a valid training module for
teaching Orthopaedic Surgeries.

43 38 29
3.6 3.1 2.8
4.6 39 3.0
44 3.8 29
4.1 35 27
34 3.1 2.8
3.1 2.5 23
3.8 3.2 28
44 3.6 3.0
39 4.0 3.0
3.0 1.5 2.0
43 38 3.0

— 2.7 27

— 33 29

Note. Average responses to the questions on the customized Likert survey administered after use of the app. Questions are graded on a scale of |

(strongly disagree) to 5 (strongly agree).

Discussion

Interest in surgical simulation training in medical school
and residency has increased as a consequence of reduced
duty hours and decreased surgical assisting opportunities. '
As a result, surgical simulation mediums have come under
scientific analysis in various surgical specialties. Within the
General Surgery literature, both analog® and electronic™'”’
simulation techniques have been demonstrated to improve
surgical skill in randomized controlled trials. Similar trials
have demonstrated effective simulator training in Gynecology,'
Anesthesiology,'® and Endovascular Surgery."!

In the orthopedic literature, much of the early research
has focused on arthroscopic procedures. This is in part a
result of the technology available in the form of arthroscopic
simulators, and in part due to the difficulty of training
arthroscopic surgeons. Studies by Gomoll et al** and Sriv-
astava et al'* demonstrated that more-experienced surgeons
perform better on arthroscopy simulators. Martin et al’
demonstrated that electronic simulator performance trans-
lates to performance in cadaver models. These early studies
have demonstrated surgical simulation effectiveness, but
none demonstrated that the simulators provided training
that later improved surgical performance. However, How-
ells et al in a 2008 randomized controlled trial demonstrated

that training with an arthroscopy simulator resulted in
improved operating room effectiveness in inexperienced
trainees.® This study provided direct evidence in the ortho-
pedic literature that simulator training is directly transfer-
rable to operating room efficiency.

We analyzed the performance of medical students, resi-
dents, and attending hand surgeons on the Touch Surgery
app’s Carpal Tunnel Release module over 3 consecutive tri-
als on the program to demonstrate the app’s validity, assess
whether performance was consistent with expertise level,
determine whether user performance improved with prac-
tice, and obtain user reviews. Overall, the study demon-
strated that every cohort’s simulator performance improved
with every consecutive use, that performance was consis-
tent with the user’s level of training, and that user confi-
dence in simulator veracity and utility decreases with
increased levels of training.

We found that each cohort’s performance on the simula-
tor reliably improved with practice. This is an important
aspect of simulation training, as it indicates a positive, dose-
dependent effect on participants’ knowledge and technical
proficiency (cognitive aspects of the surgical task). Galla-
gher and colleagues discussed surgical training as consist-
ing of psychomotor and cognitive elements.’ Based on their
interpretation, simulator training in one element reduces the
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attention required for that element of the task, and allows
greater attention to the other. By this formulation, improve-
ment of participants’ awareness of procedural steps, equip-
ment requirements, anatomy, and so on, will allow for more
focus during actual training on psychomotor aspects of the
procedure. Improved app performance, therefore, is an indi-
cation of progression in the cognitive aspects of the proce-
dure, and may allow for operative training to focus more on
the psychomotor aspects of surgery.

Our study results also demonstrated that higher levels of
surgical experience correlated with better performance on
the app’s module. While this is not indicative that the simu-
lator improves surgical skill, it does provide evidence of
validity, or that there is a relationship between surgical
experience and simulator performance.

In terms of user feedback, all but one Likert question
(Touch Surgery would be my first choice to prepare for an
operation), medical students had the most favorable average
responses to the Touch Surgery simulator, followed by resi-
dents and then attendings. Medical students were highly
enthusiastic with regard to the simulator’s ability to assess
surgical understanding and efficacy in teaching new opera-
tions. It is unclear why participants with a higher level of
training were less confident in the utility of the program,
and further research will be required to determine the simu-
lation needs (if any) of this cohort.

The remaining Likert questions demonstrated a high
level of satisfaction with the app, especially among the nov-
ice cohort. Overall measures of perceived usefulness in this
group averaged 4.6/5 and 4.4/5 for practicing unknown and
known surgeries, respectively, and average agreement with
the statement “I am willing to use Touch Surgery in the
future” averaged 4.4/5 in this group. These results, taken
together, indicate that this type of simulation app fulfills a
perceived need among the novice trainee cohort.

The most significant weakness of this study is the
absence of proof that enhanced simulator performance
translates to enhanced clinical performance. In general, sur-
gical simulation involves the development of both cognitive
and technical skills of the surgical trainee. The Touch Sur-
gery app focuses on cognitive development, specifically
cognitive task analysis. Therefore, while participants clearly
improved their skills in the simulator with practice, the pos-
sibility remains that these skills are useful in the simulator
only and not translatable to clinical practice. Further assess-
ment of the real-world efficacy of this simulator will require
a randomized trial of simulator training with real-world
operating room efficacy as an outcome measure.

In the current era of rapidly improving electronic and
virtual reality technology, surgical simulators provide a
promising means for enhancing surgical training. The use
of smaller, less expensive simulators may allow for
improved dissemination of these benefits as surgical train-
ing moves into the 21st century. In conclusion, this study

demonstrates that participants using the Touch Surgery
app demonstrated better initial performance based on prior
surgical experience, and improved performance of a simu-
lated surgical procedure with practice. These are impor-
tant early indicators of the app’s validity and utility as a
training tool. The study also demonstrates that medical
students and residents were most enthusiastic about the
app’s real-world utility in helping them prepare for surgi-
cal procedures.
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