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Background  
The COVID-19 pandemic had drastic consequences on medical education, especially in 
surgical exposure and procedural learning. Cognitive task analysis (CTA) simulators, 
including Touch Surgery, are gaining prominence as a learning tool for surgical training 
in a low-risk environment virtually. The study objective was to investigate the training 
effect of Touch Surgery’s knee arthroscopy module in both theoretical and technical 
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knowledge acquisition for novices, and qualitative feedback on CTA simulators for 
surgical education. 

Methods  
Thirteen medical students were recruited in an Institutional Review Board-approved 
study to complete the knee arthroscopy simulation module on Touch Surgery, a clinically 
validated, cognitive task mobile-app based surgical simulator. Participants were given an 
expert-validated questionnaire evaluating surgical theory and technique on knee 
arthroscopy before and after at least three consecutive attempts on the module, along 
with qualitative questions assessing attitudes towards using the platform. A 2-tailed 
paired Student t-test was used to assess for statistically significant changes between pre- 
and post-study scores, with p-value < 0.05 considered significant. 

Results  
Mean scores for pre- and post-simulator use demonstrated statistically significant 
improvements for technical and overall knowledge acquisition (p < 0.05). Improvement in 
theoretical knowledge acquisition was also observed, but the difference was not 
statistically significant (p = 0.052). Participants generally found the app “easy to use”, 
“fun to use” and “more interactive compared to other study material”. 

Conclusion  
CTA simulators provide an effective means of technical knowledge acquisition for novices 
such as medical students, and serve as an engaging and useful training adjunct for 
surgical education. 

BACKGROUND 

When the coronavirus disease 2019 (COVID-19) pandemic 
ravaged the globe in 2020, clinics and hospitals were 
quickly overwhelmed by critically ill, infectious patients 
and medical education came to a screeching halt in view 
of concerns for student safety (Research Education INno
vation in Surgery (REINS) initiative COVID-19 group et al. 
2021; TMS Collaborative et al. 2021). While medical schools 
quickly pivoted to distance learning and other remote op
tions in efforts to provide quality education for their stu
dents, the unfortunate and significant detrimental effect 
on surgical and procedural learning was unmistakable 
(DEDEILIA et al. 2020; Foong et al. 2020). For medical 
students in Singapore, pandemic restrictions translated to 
halting, shortening, or imposing significant restrictions on 
hospital rotations and hands-on practice for procedural 
skills or observing surgeries (DEDEILIA et al. 2020; Liang, 
Ooi, and Wang 2020). 

As a direct consequence of pandemic restrictions, virtual 
reality and surgical simulators received unprecedented at
tention as an attractive alternative for providing interac
tive, hands-on training for surgical education (DEDEILIA et 
al. 2020; Ehrlich, McKenney, and Elkbuli 2020; Sommer et 
al. 2021). One such simulator is Touch Surgery, a mobile 
surgical simulation application available on iOS and An
droid for free (Nehme, Bahsoun, and Chow 2016; “Touch 
Surgery,” n.d.). Endorsed by the Royal College of Surgeons 
of Edinburgh (“RCSEd Endorses Touch Surgery App | 
RCSEd,” n.d.) and created through the collaboration of ex
perts from prominent academic medical centers such as 
Stanford, Duke, Harvard, Johns Hopkins University, and Im
perial College London (Uzoho, Doganay, and Watson 2015), 
the Touch Surgery application utilizes cognitive task analy

sis (CTA) in conjunction with anatomically accurate ani
mations to provide an interactive, immersive virtual reality 
cognitive simulation and rehearsal tool (Paro, Luan, and 
Lee 2017; Sugand, Mawkin, and Gupte 2015; Wingfield et 
al. 2014). The platform has since been acquired by 
Medtronic’s Surgical Robotics business in 2020 (“Medtech 
Conglomerate Medtronic Purchases Digital Surgery in Bid 
to Expand Their Surgical Robotics Arm” 2020). 

For medical students barred from entering operating 
theatres or emergency departments, the app provides an 
engaging means of learning from world class experts about 
surgical decision making and rehearsing the steps to per
forming surgery in a comfortable, low-risk environment 
without fear of harming real patients. Being able to pause 
and replay modules, test their own knowledge, and access 
modules from anywhere with a mobile device further en
ables learners to learn comfortably at their own pace. 

With the rise of virtual reality and surgical simulators, 
the opportunity arises for surgical education to move from 
the traditional opportunistic, random learning model to 
a structured, targeted curriculum with deliberate practice. 
Especially with growing concerns over training hour restric
tions and patient safety issues, the pressure is on for sur
gical education to equip trainees with both the skills and 
surgical decision making to produce safe, effective surgeons 
at the end of their training (Ahmed et al. 2014). Touch 
Surgery and other surgical simulators may be the solution 
to addressing this gap in surgical education. In fact, previ
ous studies have demonstrated that specific Touch Surgery 
modules in intramedullary nailing and carpal tunnel re
leases have construct, face, and content validation and in 
certain instances, are superior to traditional learning meth
ods in instructing novices on how to perform procedures 
(Paro, Luan, and Lee 2017; Sugand, Mawkin, and Gupte 
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2015; Wingfield et al. 2014). We sought to identify if the 
knee arthroscopy module in Touch Surgery could be used 
as an educational tool for novices in both theoretical and 
technical knowledge acquisition. 

The primary objective of this study was to identify the 
training effect of Touch Surgery’s knee arthroscopy module 
in novices using validated objective multiple choice ques
tion testing administered before the first and after three 
consecutive attempts. Secondary objectives consisted of 
qualitative feedback on CTA simulators for surgical educa
tion. 

MATERIALS & METHODS 
TOUCH SURGERY APPLICATION 

The Touch Surgery application is a clinically validated, im
mersive, and interactive virtual surgical cognitive-task sim
ulator that is available for free on mobile smart devices 
such as iOS and Android. Simulations are authored by qual
ified surgeons across the world, further developed at Touch 
Surgery Labs, and feature anatomically accurate illustra
tions or real patient videos. Simulations on the app feature 
step-by-step tutorials to complete common surgical proce
dures across a wide range of surgical disciplines, including 
general surgery, obstetrics & gynaecology, orthopaedics, 
plastic surgery, otorhinolaryngology, ophthalmology, and 
others. Test modules require users to complete manual 
steps (e.g. positioning of the patient, insertion of a scope, 
examining the lateral gutter). Surgical decision-making is 
assessed with single best answer questions out of four op
tions at critical steps of the procedure. Participants were 
given the Touch Surgery app preloaded on a mini-iPad with 
the knee arthroscopy module already installed. 

The knee arthroscopy simulation (Figure 1) was further 
divided into the following sections: 

(i) patient preparation 
(ii) arthroscope insertion 
(iii) assessment of knee joint 
(iv) arthroscopic probe insertion 
(v) inspection of medial knee joint 
(vi) inspection of anterior cruciate ligament 
(vii) inspection of lateral knee joint 
(viii) closure 

STUDY PARTICIPANTS 

Study approval was obtained from our academic medical 
center’s Institutional Review Board. All graduate medical 
students enrolled in the school’s integrated Musculoskele
tal medicine clerkship - consisting of rotations through or
thopaedic, hand, and plastic surgery, as well as rheumatol
ogy - were eligible to enroll in the study from 2019-2020. 
Prior to the start of the clerkship, an email detailing the 
study and requesting for volunteers were sent to students. 
Enrolling in the study was on a purely voluntary basis and 
participation in the study had no impact on clerkship grade. 
Students were also given the option of withdrawing from 
the study at any time. Inclusion criteria included graduate 
medical students, over the age of 18, and naive to use 
of both the Touch Surgery application and the knee 
arthroscopy procedure. Exclusion criteria included having 
previously used the Touch Surgery application or observing 
and/or assisting in a knee arthroscopy prior to study partic
ipation. 

DATA COLLECTION 

Participants who enrolled in the study were given a ques
tionnaire consisting of a multiple-choice questions (MCQ) 
test assessing both surgical theory and surgical technique 
on knee arthroscopy and a qualitative survey on attitudes 
towards use of mobile medical apps in surgical education. 
The MCQ test assessed the primary learning objectives of 
the knee arthroscopy simulation. No MCQs were repeated 
from the MCQ given within the app. The MCQ test was val
idated by five orthopaedic surgeons selected as the expert 
cohort and who could perform knee arthroscopy indepen
dently. The survey consisted of questions presented either 
on a 7-point Likert scale or a multiple-choice selection and 
focused on assessing existing behaviors regarding surgical 
education, mobile medical apps, and their perception on 
the convenience and efficacy of the mobile medical apps in 
surgical education. After completing at least three attempts 
on the knee arthroscopy simulation, the participants were 
asked to answer the questionnaire again. See Supplemen
tary Material 1 for MCQ test questionnaire. 

STATISTICAL ANALYSIS 

The Statistical Package for the Social Sciences (SPSS)® ver
sion 21 (IBM Corp., Armonk, New York) was used for the 
analyses performed in this study. Descriptive statistics in
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Figure 1. Screenshots of Touch Surgery Knee Arthroscopy module –         
A: Module launch page including “Learn” and “Test” mode option 
B & C: Featuring individual steps of interactive simulation in tutorial mode 
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cluding mean, mode, median, and standard deviations were 
calculated for MCQ answers before and after simulator use. 
A 2-tailed paired student t-test was used to assess for sta
tistically significant changes between pre- and post-study 
MCQ scores. A result was considered statistically significant 
when a two-tailed p-value < 0.05. 

RESULTS 
DEMOGRAPHICS 

A total of 13 participants were initially recruited to the 
study without any dropouts. The mean age of the student 
group was 27.8 years of age with 69% females. All students 
had at least a bachelor’s degree, all of which were in the 
science, technology, engineering, and mathematics (STEM) 
fields. The mean completed years of medical school studies 
was 3 years. 

BASELINE STUDYING BEHAVIORS 

Table 1 shows the most common materials and methods 
employed by students for knowledge acquisition during 
medical school. Table 2 shows the most common usages for 

Table 1. Study Materials used as reported by student        
subjects  

Types of material Number of students (%) 

Didactic Lectures 11 (85%) 

Textbooks 11 (85%) 

Videos 8 (62%) 

Mobile applications 7 (54%) 

Research Papers 3 (23%) 

Workshops 3 (23%) 

mobile applications during medical school. Of note, mobile 
applications were not as popular as classical knowledge ac
quisition modalities such as lectures and videos and none 
of the students reported using mobile applications as sim
ulators. 

KNOWLEDGE ACQUISITION 

Median simulation performance scores demonstrated sig
nificant improvements with each attempt across all partic
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Table 2. Usage purpose of medical apps as reported by         
study subjects   

Usage purpose Number of 
students (%) 

Reference & information gathering (e.g. 
UpToDate) 

12 (92%) 

Information management (e.g Google 
Drive) 

10 (77%) 

Patient management & monitoring (e.g. 
Medcalc) 

8 (62%) 

Education & training (e.g. Medpage) 0 (0%) 

Communication (e.g. Tigertext) 0 (0%) 

Simulation (e.g. Touch Surgery) 0 (0%) 

ipants within the study (p < 0.05). Mean scores for pre- 
and post-simulator use demonstrated statistically signifi
cant improvements for technical and overall knowledge ac
quisition (p < 0.05). While mean scores for pre- and post-
simulator use demonstrated improvements for theoretical 
knowledge acquisition, the difference was not found to be 
statistically significant (p = 0.052) (Figures 2 & 3). 

ATTITUDES TOWARDS SURGICAL SIMULATORS 

After usage of the Touch Surgery simulators, students were 
significantly more likely to have had a positive experience 
with mobile medical apps, feel they were easy to use and 
were a useful adjunct to medical education (p < 0.05). On 
average, the students agreed with the following statements: 

Figure 2. Comparison of knowledge acquisition across Theory, Technical domains, and Total scores before and              
after simulation use.    

DISCUSSION 

This is the first study that evaluated the effectiveness of 
CTA simulators like Touch Surgery in improving surgical 
knowledge acquisition for medical students, since most of 
the earlier studies have usually focused on experts includ
ing senior trainees and consultants. Our results demon
strate that these simulators lead to a significant improve
ment in technical and overall knowledge acquisition in this 
cohort. There was also an improvement in theoretical 
knowledge, although not as significant. This is expected 
since these simulations likely focus more on the technical 
aspects of the surgery, which is also likely more difficult 
to acquire. This is similarly seen in other studies assessing 
the training effect of Touch surgery. For instance, Sugand 
et al (Sugand, Mawkin, and Gupte 2016) demonstrated sub
stantial training effect via logarithmic learning curves that 
there was a strong positive correlation between the number 
of attempts using and scoring on the app procedural mod
ules, with scoring variability and distribution being reduced 
and more predictable per attempt. It has been argued that 
CTA-based training might be less effective when applied 
to the medical student population compared to expert sur
gical candidates (Bathalon et al. 2005; Kowalewski et al. 
2017; Sugand, Mawkin, and Gupte 2015). In context, it has 
been suggested medical students should first have some ex
perience within surgery and the operating theatre to at
tain those complex learning points as provided by the CTA- 
based training, based on theory of constructivism proposed 
by Piaget. Our study results demonstrate that there is still 

• “The Touch Surgery app was easy to use.” 
• “The Touch Surgery app was fun to use.” 

• “Compared to other study material, I find Touch 
Surgery to be more interactive.” 
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Figure 3. Individual pre- & post-test scores for (A) Theory, (B) Technique domains and (C) Total scores                

efficacy for CTA training in medical students. We recom
mend that they might benefit even further with at least 
some prior exposure to observing and assisting cases in the 
operating theatre, and providing relevant structured foun
dational learning material beforehand, to equip them with 
some baseline knowledge. 

Mobile surgical simulators offer a useful adjunct to tra
ditional learning methods in surgical education. From our 
qualitative feedback, the Touch Surgery platform was 
widely regarded as an easy, fun to use, engaging way of 
learning based amongst study participants, which are in 
line with acceptability validity similarly demonstrated in 
other studies13,14. The interactive modules provide a more 
engaging medium than the more traditional and passive 
forms of education (e.g. lecture notes, medical textbooks, 
journal articles, videos etc). They also enable spaced and 
repetitive learning outside time in the theatre, that is low 
cost, accessible, and safe for both students and patients. 

Click here to learn more about Mako Total Knee 2.0           

There are some limitations to our study. First, our results 
are based on a small sample size over a short period with 
the lack of a control group. There is no longitudinal follow 
up to evaluate if there is continued retention of this knowl
edge. Second, within this group of medical students itself , 
there might be inherent bias since these students recruited 
on a voluntary basis might be more interested in surgi
cal subspecialties with higher overall inherent abilities, and 
thus might perform better on the simulators than the gen
eral cohort. The exclusion of orthopaedic residents from 
the test group also means that the results of these novices 
may not be transferable to orthopaedic residents. Third, the 
assessment of theoretical and technical knowledge acquisi
tion was limited to MCQs. This is not designed to evaluate 
whether skills were acquired or improved in theatre perfor
mance. Third, these simulations lack transferability to sur
gical errors and complications. There is an inability to make 
a mistake in a surgical step and continue along that path to 
see the outcome of the error. This has been recognized by 
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former CEO and co-founder Jean Nehme of Touch Surgery 
app, who also shared future plans to address this by build
ing an adaptive behavior engine based around predictive 
decision-tree analysis, coupled with a real-time 3D graph
ics system.11 

Further research should be conducted beyond this pilot 
study to assess how to better incorporate CTA simulators 
in surgical education. This could include larger and more 
definitive cohorts with appropriate control groups – in
cluding a broader profile of medical students, and also an
alyzing and comparing against expert candidates such as 
orthopaedic residents. Coming out of post-covid era with 
greater access to hospital facilities, it would be worthwhile 
to explore whether a combination of CTA and surgical 
hands-on experience might outweigh just CTA alone. 

More longitudinal studies would be useful to evaluate 
learning retention and performance over time. More robust 
evaluation of training effectiveness might also be achieved 
by considering newer modalities and outcomes to measure, 
including specific steps, accuracy versus precision, time for 
procedure, translation to actual procedural skills etc. 

This would be useful to identify more specific benefits 
that these simulations can potentially offer, beyond our 
current understanding that they help technical – but less 
so for theoretical- knowledge acquisition. For expert candi
dates, it is also worth exploring if providing a more struc
tured study protocol – such as starting with a stipulated 
reading or lecture material, followed by simulation, then 
actual surgery – might further enhance their learning out
comes. Finally, as technological solutions continue to 
evolve, evaluating and comparing the impact of newer tools 
including virtual reality platforms (e.g. PrecisionOS, Osso 
VR), web-based multimedia tools or other mobile app based 
simulations on surgical education would also be an exciting 
area to explore. 

CONCLUSION 

Cognitive task simulations including Touch Surgery provide 
an effective means of the technical knowledge acquisition 
for novices such as medical students and offer a useful 
training adjunct for surgical education. 

AUTHOR CONTRIBUTION 

ACC Chou, PPY Chen and S Compton were responsible for 
the study conceptualization and design. JSD Cheng was re
sponsible for the data collection and data analysis. FDJ Ng 
was responsible for the data analysis and manuscript prepa
ration under the supervision of ACC Chou. 

FUNDING STATEMENT 

There is no funding source to report for this study. 

COMPETING INTEREST STATEMENT 

The authors have no competing interest to declare in this 
study. 

ETHICS APPROVAL STATEMENT 

The study is approved by NUS Institutional Review Board 
(Reference number: S-17-275). 

Submitted: April 30, 2023 EDT, Accepted: June 23, 2023 EDT 

This is an open-access article distributed under the terms of the Creative Commons Attribution 4.0 International License 

(CCBY-NC-ND-4.0). View this license’s legal deed at https://creativecommons.org/licenses/by-nc-nd/4.0 and legal code at 

https://creativecommons.org/licenses/by-nc-nd/4.0/legalcode for more information. 

Assessing the training effect of knee arthroscopy cognitive-task surgical simulations on the theoretical and…

Journal of Orthopaedic Experience & Innovation 7

https://journaloei.scholasticahq.com/article/82077-assessing-the-training-effect-of-knee-arthroscopy-cognitive-task-surgical-simulations-on-the-theoretical-and-technical-knowledge-acquisition-in-novice/attachment/172142.png
https://www.conmed.com/en-us/products/implants-and-suture-anchors/biobrace-implants/biobrace-implant


REFERENCES 

Ahmed, Najma, Katharine S. Devitt, Itay Keshet, 
Jonathan Spicer, Kevin Imrie, Liane Feldman, 
Jonathan Cools-Lartigue, et al. 2014. “A Systematic 
Review of the Effects of Resident Duty Hour 
Restrictions in Surgery: Impact on Resident Wellness, 
Training, and Patient Outcomes.” Annals of Surgery 
259 (6): 1041–53. https://doi.org/10.1097/
sla.0000000000000595. 

Bathalon, Sébastien, Dominique Dorion, Simon 
Darveau, and Marcel Martin. 2005. “Cognitive Skills 
Analysis, Kinesiology, and Mental Imagery in the 
Acquisition of Surgical Skills.” The Journal of 
Otolaryngology 34 (05): 328. https://doi.org/10.2310/
7070.2005.34506. 

DEDEILIA, AIKATERINI, MARINOS G. SOTIROPOULOS, 
JOHN GERRARD HANRAHAN, DEEPA JANGA, 
PANAGIOTIS DEDEILIAS, and MICHAIL SIDERIS. 
2020. “Medical and Surgical Education Challenges 
and Innovations in the COVID-19 Era: A Systematic 
Review.” In Vivo 34 (3 suppl): 1603–11. 
https://doi.org/10.21873/invivo.11950. 

Ehrlich, Haley, Mark McKenney, and Adel Elkbuli. 2020. 
“We Asked the Experts: Virtual Learning in Surgical 
Education During the COVID-19 Pandemic—Shaping 
the Future of Surgical Education and Training.” World 
Journal of Surgery 44 (7): 2053–55. https://doi.org/
10.1007/s00268-020-05574-3. 

Foong, Wei-Sheng, H L Terry Teo, D H Bryan Wang, and 
S Y James Loh. 2020. “Challenges and Adaptations in 
Training during Pandemic COVID-19: Observations 
by an Orthopedic Resident in Singapore.” Acta 
Orthopaedica 91 (5): 562–66. https://doi.org/10.1080/
17453674.2020.1786641. 

Kowalewski, Karl-Friedrich, Jonathan D. Hendrie, Mona 
W. Schmidt, Tanja Proctor, Sai Paul, Carly R. Garrow, 
Hannes G. Kenngott, Beat P. Müller-Stich, and Felix 
Nickel. 2017. “Validation of the Mobile Serious Game 
Application Touch SurgeryTM for Cognitive Training 
and Assessment of Laparoscopic Cholecystectomy.” 
Surgical Endoscopy 31 (10): 4058–66. https://doi.org/
10.1007/s00464-017-5452-x. 

Liang, Zhen Chang, Shirley Beng Suat Ooi, and Wilson 
Wang. 2020. “Pandemics and Their Impact on 
Medical Training: Lessons From Singapore.” 
Academic Medicine 95 (9): 1359–61. https://doi.org/
10.1097/acm.0000000000003441. 

“Medtech Conglomerate Medtronic Purchases Digital 
Surgery in Bid to Expand Their Surgical Robotics 
Arm.” 2020. MobiHealthNews. February 18, 2020. 
https://www.mobihealthnews.com/news/emea/
medtech-conglomerate-medtronic-purchases-digital-
surgery-bid-expand-their-surgical. 

Nehme, Jean, Ali N. Bahsoun, and Andre Chow. 2016. 
“Development and Evaluation of a Novel Pan-
Specialty Virtual Reality Surgical Simulator for 
Smartphones.” Medicine Meets Virtual Reality 22, 
251–55. https://doi.org/10.3233/
978-1-61499-625-5-251. 

Paro, John A. M., Anna Luan, and Gordon K. Lee. 2017. 
“Validation of a Cognitive Task Simulation and 
Rehearsal Tool for Open Carpal Tunnel Release.” 
Archives of Plastic Surgery 44 (03): 223–27. 
https://doi.org/10.5999/aps.2017.44.3.223. 

“RCSEd Endorses Touch Surgery App | RCSEd.” n.d. The 
Royal College of Surgeons of Edinburgh. Accessed 
July 29, 2022. https://www.rcsed.ac.uk/news-public-
affairs/news/2015/may/touch-surgery. 

Research Education INnovation in Surgery (REINS) 
initiative COVID-19 group, M Yiasemidou, J 
Tomlinson, I Chetter, Chandra Shekhar Biyani, P 
Abdulhannan, A Andreou, et al. 2021. “Impact of the 
SARS-CoV-2 (COVID-19) Crisis on Surgical Training: 
Global Survey and a Proposed Framework for 
Recovery.” BJS Open 5 (2): zraa051. https://doi.org/
10.1093/bjsopen/zraa051. 

Sommer, Guillermo Marcos, Johannes Broschewitz, 
Sabine Huppert, Christina Gesine Sommer, Nora 
Jahn, Boris Jansen-Winkeln, Ines Gockel, and Hans-
Michael Hau. 2021. “The Role of Virtual Reality 
Simulation in Surgical Training in the Light of 
COVID-19 Pandemic.” Medicine 100 (50): e27844. 
https://doi.org/10.1097/md.0000000000027844. 

Sugand, Kapil, Mala Mawkin, and Chinmay Gupte. 2015. 
“Validating Touch SurgeryTM: A Cognitive Task 
Simulation and Rehearsal App for Intramedullary 
Femoral Nailing.” Injury 46 (11): 2212–16. 
https://doi.org/10.1016/j.injury.2015.05.013. 

———. 2016. “Training Effect of Using Touch SurgeryTM 

for Intramedullary Femoral Nailing.” Injury 47 (2): 
448–52. https://doi.org/10.1016/j.injury.2015.09.036. 

TMS Collaborative, Kasun Wanigasooriya, William 
Beedham, Ryan Laloo, Rama Santhosh Karri, Adnan 
Darr, Georgia R. Layton, et al. 2021. “The Perceived 
Impact of the Covid-19 Pandemic on Medical Student 
Education and Training – an International Survey.” 
BMC Medical Education 21 (1): 566. https://doi.org/
10.1186/s12909-021-02983-3. 

“Touch Surgery.” n.d. Accessed July 30, 2022. 
https://www.touchsurgery.com/download-the-
app?_branch_match_id=933000711270533304. 

Uzoho, Chukwudi, Emre Doganay, and Lara Watson. 
2015. “Touch Surgery: Is This the Future for Surgical 
Training?” The Bulletin of the Royal College of 
Surgeons of England 97 (8): 353–54. https://doi.org/
10.1308/rcsbull.2015.353. 

Wingfield, Laura R., Myutan Kulendran, Andre Chow, 
Jean Nehme, and Sanjay Purkayastha. 2014. 
“Cognitive Task Analysis: Bringing Olympic Athlete 
Style Training to Surgical Education.” Surgical 
Innovation 22 (4): 406–17. https://doi.org/10.1177/
1553350614556364. 

Assessing the training effect of knee arthroscopy cognitive-task surgical simulations on the theoretical and…

Journal of Orthopaedic Experience & Innovation 8

https://doi.org/10.1097/sla.0000000000000595
https://doi.org/10.1097/sla.0000000000000595
https://doi.org/10.2310/7070.2005.34506
https://doi.org/10.2310/7070.2005.34506
https://doi.org/10.21873/invivo.11950
https://doi.org/10.1007/s00268-020-05574-3
https://doi.org/10.1007/s00268-020-05574-3
https://doi.org/10.1080/17453674.2020.1786641
https://doi.org/10.1080/17453674.2020.1786641
https://doi.org/10.1007/s00464-017-5452-x
https://doi.org/10.1007/s00464-017-5452-x
https://doi.org/10.1097/acm.0000000000003441
https://doi.org/10.1097/acm.0000000000003441
https://www.mobihealthnews.com/news/emea/medtech-conglomerate-medtronic-purchases-digital-surgery-bid-expand-their-surgical
https://www.mobihealthnews.com/news/emea/medtech-conglomerate-medtronic-purchases-digital-surgery-bid-expand-their-surgical
https://www.mobihealthnews.com/news/emea/medtech-conglomerate-medtronic-purchases-digital-surgery-bid-expand-their-surgical
https://doi.org/10.3233/978-1-61499-625-5-251
https://doi.org/10.3233/978-1-61499-625-5-251
https://doi.org/10.5999/aps.2017.44.3.223
https://www.rcsed.ac.uk/news-public-affairs/news/2015/may/touch-surgery
https://www.rcsed.ac.uk/news-public-affairs/news/2015/may/touch-surgery
https://doi.org/10.1093/bjsopen/zraa051
https://doi.org/10.1093/bjsopen/zraa051
https://doi.org/10.1097/md.0000000000027844
https://doi.org/10.1016/j.injury.2015.05.013
https://doi.org/10.1016/j.injury.2015.09.036
https://doi.org/10.1186/s12909-021-02983-3
https://doi.org/10.1186/s12909-021-02983-3
https://www.touchsurgery.com/download-the-app?_branch_match_id=933000711270533304
https://www.touchsurgery.com/download-the-app?_branch_match_id=933000711270533304
https://doi.org/10.1308/rcsbull.2015.353
https://doi.org/10.1308/rcsbull.2015.353
https://doi.org/10.1177/1553350614556364
https://doi.org/10.1177/1553350614556364

	Assessing the training effect of knee arthroscopy cognitive-task surgical simulations on the theoretical and technical knowledge acquisition in novices
	Background
	Methods
	Results
	Conclusion

	Background
	Materials & Methods
	Touch Surgery application
	Study participants
	Data collection
	Statistical analysis

	Results
	Demographics
	Baseline Studying Behaviors
	Knowledge Acquisition
	Attitudes Towards Surgical Simulators

	Discussion
	Conclusion
	Author Contribution
	Funding statement
	Competing Interest Statement
	Ethics approval statement

	References

