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ABSTRACT 
Surgical simulation has become a commonly utilized 
and well-researched training adjunct in nearly all surgi-
cal specialties. Balancing high-quality orthopaedic sur-
gical training in the face of work hour restrictions and 
efficiency pressures has become a challenge to educators 
and trainees alike. Surgical simulation is an opportunity 
to enhance such training and potentially permit trainees 
to be better equipped for the operating room. In orthopae-
dics, various low-fidelity, high-fidelity, and virtual real-
ity simulation platforms are readily available to almost 
all trainees and permit simulation of a wide array of ar-
throscopic surgeries. In this review, we seek to highlight 
the potential utility of simulation-based training in or-
thopaedic surgery, the various types of available simula-
tors, and review the evidence for simulator use.
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INTRODUCTION

Surgical simulation has become an important tool for 
graduate surgical education in recent decades, in response 
to paradigm shifts in the training landscape. Mastery fol-
lowing the traditional Halstedian approach of “see one–do 
one–teach one” is no longer feasible in modern surgical 
education, despite a growing need for competent, efficient 
surgeons.1 It is increasingly difficult for trainees to strike a 
balance between prioritization of patient safety and satis-
faction, and the volume constraints of resident duty hour 
restrictions and operating room efficiency.1–3 To improve 
high-quality, efficient, and patient-centered care, interest 
in evidence-based, formal curricula to address core compe-
tencies of surgical training using models and simulators has 
grown.4,5 Orthopaedic surgical simulation offers a promising 
adjunct to the apprenticeship model, providing an accessible, 
controlled environment without the risk of patient harm.5 
Simulation to improve surgical skills hinges on the concepts 
of pedagogic consistency and deliberate practice, the latter 
defined as focused, effortful skill repetition in progressive 
exercises that provide informative, immediate feedback.5 
Surgical simulation allows residents to advance through 
appropriately challenging skills at their own pace, with 

progress tracked based on clearly defined outcome measures.
There is a growing body of evidence demonstrating the 

considerable benefits of  simulation in orthopaedic training, 
especially arthroscopy, though the incorporation of these 
methods into orthopaedics has lagged somewhat behind 
other disciplines.6–8 Frank et al conducted a meta-analysis 
of 57 studies published between 1999–2016 concerning val-
idated arthroscopic simulation models; the authors reported 
improvement in simulator task performance (24 of 25 stud-
ies that analyzed this metric; 96%) and improvement in 
operative performance after simulator training (4 of 4 stud-
ies; 100%), although they cautioned that the evidence for 
improved in vivo performance was limited.8 A more recent 
2021 systematic review from Lakhani et al added to this 
base with 44 studies regarding use of physical or augmented/
virtual reality (AR/VR) arthroscopic models for ankle, knee, 
shoulder, and hip environments.6 Similarly, they concluded 
that simulation is beneficial for orthopaedic trainees, with 
the majority of included studies demonstrating construct 
and transfer validity – important measures of the capabil-
ity of the simulator to differentiate between levels of exper-
tise, and the ability of the simulator to achieve learning 
and improvement outside of the simulation, respectively.6,9 
Although small scale studies have demonstrated improve-
ment of technical performance and patient safety measures 
following a simulator training regimen for procedures such 
as diagnostic shoulder arthroscopy, there remains a question 
of how well simulator skills can transfer to operative perfor-
mance and ultimately improve patient outcomes.10

Within orthopaedics, several simulator models are avail-
able, existing on a spectrum from low-fidelity self-made 
workstations to augmented and virtual reality environments. 
Despite evidence regarding the validity and success of these 
simulators, there is no consensus on a gold standard option 
for orthopaedic surgical simulation. We aim to provide evi-
dence on the accessibility, validity, and success of various 
simulators, to inform residency training programs on how 
to best incorporate simulation into orthopaedic training.

PROFIDENCY-BASED TRAINING
As minimally invasive surgery became more prevalent in 
the late 20th century, surgical training programs were faced 
with the challenge of training surgeons in procedures that 
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required distinctly unique skillsets from those utilized 
in open surgeries.11 Historically, competency in surgical 
skills was assessed through either successful completion 
of a predetermined number of cases (i.e., a case minimum) 
or observation and evaluation by a more senior surgeon.12 
Unfortunately, these methods are inherently flawed due to 
subjectivity and variability in trainee skill level (i.e., some 
residents may need more than minimum case numbers to 
become proficient in a given procedure), as well as variabil-
ity in the feedback provided to trainees. Thus, proficien-
cy-based progression (PBP), or proficiency-based training 
(PBT), was born. This training strategy focuses solely on 
performance, using goal-directed and deliberate practice in 
the form of simulation to achieve competency, with the goal 
of developing a uniform skill set for all trainees to improve 
safety and efficiency in the operating room.13

  PBT utilizes simulation-based training to allow learn-
ers to acquire specific skills, then uses objective measures 
to evaluate progress, and correct errors through direct feed-
back.14 In orthopaedic surgery, PBT has been studied primar-
ily within the realm of shoulder arthroscopy.15–17 Arthroscopy 
is a minimally invasive skill that requires unique technical 
proficiencies compared to open surgeries, such as instrument 
triangulation, bimanual dexterity, and the ability to manipu-
late three dimensional images on a two-dimensional screen. 
Therefore, to maintain operative efficiency and patient 
safety, mastering these skills prior to the operating room is 
certainly ideal. In his pivotal work, Angelo et al broke down 
the steps of an arthroscopic shoulder labral repair into the 
core “phases” and “steps.”15 Arthroscopic portal placement, 
mobilization of the capsule and labrum, and glenoid prepa-
ration for anchor placement were denoted as “phases” of the 
repair, while each arthroscopic view or instrument manip-
ulation was a “step.” This training technique thus permits 
a metric-based system to provide a grading system for a 
trainee’s performance, creating the opportunity to denote a 
trainee as competent at a given procedure if they can achieve 
certain metrics. Angelo et al demonstrated that PBT led to 
significant decreases in surgical error rate, as well as greater 
likelihood of achieving proficiency, when compared to tradi-
tional training techniques in arthroscopic Bankart repairs.16 
When coupling the metrics of arthroscopic Bankart repair 
performance with cadaveric shoulder training, Angelo et 
al found the ability to accurately measure surgeon skill.17 
These findings, which are in accordance with those of other 
authors,10,18 can potentially provide useful metrics for sur-
geons to possess to ensure they are proficient in the neces-
sary skills to safely perform arthroscopic surgery. Continued 
research into PBT and other arthroscopic and open ortho-
paedic surgeries would be a useful next step in advancing 
orthopaedic surgery simulation-based training. 

VALIDATION OF ARTHROSCOPIC SIMULATOR
Necessary to any discussion of surgical simulators is the 
principle of validity. For a surgical simulator to be truly 
useful, it must strive to replicate the surgical experience 
as closely as possible to reality. Therefore, any orthopaedic 
surgery simulation platform should ideally be validated in 
several different ways, including construct, content, trans-
fer, and face validity (Table 1).7 Construct validity is defined 
as the extent to which a simulator can differentiate the per-
formance between users of various skill levels.19 For exam-
ple, an arthroscopic surgical simulator would have high 
construct validity if it can discern an expert arthroscopist 
with years of experience from a medical student, who is a 
novice. Content validity instead refers to an estimate of a 
surgical simulator’s skill testing ability based upon a thor-
ough assessment of the contents of the test items. Gener-
ally speaking, content validity is determined by opinions of 
those deemed experienced or expert in the field.15 Transfer 
validity instead is an assessment of the ability to translate 
technical performance on a simulator to the operating room 
for a specific procedure.8 Finally, face validity measures 
how real a simulator feels, evaluating how its performance 
looks and feels relative to reality. While these are relatively 
subjective measures, they remain important tools to criti-
cally assess surgical simulators prior to application within a  
training program.

Terms Definition

Construct 
Validity

The extent to which a simulator can differentiate the 
performance between users of various skill levels

Content 
Validity

Measurement of a surgical simulator’s skill testing ability 
based upon a thorough assessment of the contents of 
the test items

Transfer 
Validity

The ability to translate technical performance on a 
simulator to the operating room for a specific procedure

Face 
Validity

How true a simulator feels to the surgical experience

Table 1. Types of Validity Related to Orthopaedic Surgery Simulation

LOW-FIDELITY SIMULATORS
The term fidelity describes the ability of a certain simulator 
to adequately mimic the real surgical environment or skill 
set being tested, similar to the aforementioned concept of 
face validity.20,21 Low-fidelity simulators therefore are phys-
ical models that may be associated with simulation mod-
ules that replicate aspects of surgical procedures, but with 
limited functionality and realism. According to a recent sys-
tematic review, these simulators are notably less expensive 
than their high-fidelity counterparts, and simpler to set-up, 
operate, and transport.21 Therefore, low-fidelity simulators 
are often a good option for novices and basic skills train-
ing. Low-fidelity models may be self-made or can be pur-
chased commercially. Ling et al compared the effectiveness 
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of a self-made arthroscopic training camera versus a com-
mercial camera, devices that cost roughly $30 and $50,000 
USD, respectively.20 The self-made construct was composed 
of an endoscopic camera fixed at 30 degrees of inclination to 
two parallel Kirschner wires, in addition to a small training 
box constructed using splint material; other “homemade” 
models are similarly composed of small USB cameras with 
built-in lights. Significant technical improvement was seen 
with both models, with no significant difference between 
the groups for any tests, suggesting equivalent learning 
effectiveness using the low-cost model.20 As first described 
by Ferras-Tarrago et al, 3-dimentional (3D) printing of an 
arthroscopic simulator device offers a low cost, accessible 
alternative; the simulator model pattern can be downloaded 
for free and printed easily on any domestic 3D printer, and 
combined with an inexpensive ($14 USD) endoscopic cam-
era.22 The physical model is combined with an open-source, 
validated, practical training program, through which sea-
soned surgeons can virtually provide instruction and feed-
back to novices. This construct currently lacks evidence of 
transfer validity.

The Fundamentals of Arthroscopic Surgery Training, or 
the FAST workstation (Pacific Research Laboratories, Inc., 
WA, USA) is a relatively low-cost, low-fidelity commercial 
option, consisting of a computer-controlled arthroscopic 
box construct, various surgical instruments, and a computer 
interface to record movement and provide real-time feed-
back on performance.23 This device is designed to develop 
the cornerstone skills of arthroscopy such as bimanual dex-
terity, grasping, triangulating, and knot tying; trainees can 
progress through the 6-module paired program consisting of 
various exercises, including visualization and probing, ring 
transfer, maze navigation, tissue biting, suture passing, and 
knot tying. Several studies have demonstrated the effec-
tiveness of the FAST workstation and associated models in 
improving novice task performance. Goyal et al reported 
reliable construct validity, as well as improvement in per-
formance with sequential tasks in a group of 20 orthopae-
dic surgeons of various skill levels.24 Similarly, Meeks et al 
demonstrated significantly decreased time to completion of 
task modules after 6 weeks of FAST training in medical stu-
dents.25 Notably, the mean time to completion and number 
of errors did not change following 12- or 24-week intervals 
of inactivity, suggesting promising psychomotor retention 
of tested skills. Additionally, this study among others posits 
the feasibility and success of formal teaching for true nov-
ices, which would allow for earlier access to competency 
training.25,26 However, there is some opposing evidence that 
several of the FAST modules have low construct validity – a 
multicenter study from Vaghela et al reported no demon-
stratable correlation between true arthroscopic experience 
and ambidextrous performance, as well as an inability of 
the modules to discriminate between participants’ experi-
ence levels; this suggests the inadequacy of the construct 

for assessing advanced arthroscopic proficiency.27 A similar 
study reported that the FAST simulator could discriminate 
between activities and training year, but not case experience 
as measured by score, path length, and time.28 The authors 
still maintain the importance of the FAST workstation in 
building crucial but novice-level arthroscopic skills, despite 
conflicting evidence regarding its construct validity. 

ArthroBox™ (Arthrex, Inc., Naples, FL, USA) is another 
example of a low-fidelity commercial training system for 
triangulation skills, comprised of a collapsible arthroscopy 
box with combined LED camera and light source that plugs 
directly into a personal computer.29 Bouaicha et al demon-
strated significant improvement in task performance follow-
ing novice use of an ArthroBox trainer, and also found it to 
have construct validity.30,31 Not only did they demonstrate 
improvement between baseline to follow-up on the low-fi-
delity model, subjects also showed subsequent improvement 
on high-fidelity, validated virtual knee simulators, suggest-
ing that training on a more accessible device is beneficial 
for future performance on a higher fidelity construct and 
potentially in the operating room itself. A recent systematic 
review found that low-fidelity workstations improve nov-
ice trainee performance in arthroscopic tasks, and are likely 
more cost effective and simple to implement than higher 
fidelity simulators.32 Ultimately, the cost effectiveness 
and potential training benefits of low-fidelity workstations 
make them a viable consideration for a training program’s 
armamentarium. 

HIGH-FIDELITY SIMULATORS

In comparison with low-fidelity simulators, high-fidelity 
simulators are more expensive but have improved realism 
and feel to the real world and operating room (Figures 1A, 1B).  
A common improvement in these simulators is the use 
of augmented reality (AR). Proprietary examples of high- 
fidelity simulators include ArthroS® (VirtaMed),33 ARTHRO 
Mentor™ (Sympbionix),34 and InsightARTHRO VR® (3D 
Systems).35 These products have the components of a man-
nequin, an arthroscopic video monitor, and simulated 
arthroscopic equipment. The arthroscopic equipment is 
nearly identical to operating room instruments and the 
majority of simulators provide tactile and haptic feedback 
for the instruments to simulate resistance and vibrations 
associated with their real use.

Several studies have sought to validate high-fidelity simu-
lators for use in orthopaedic surgery resident training given 
the advantages of ease of use and demands for patient safety 
and quality control. These studies have examined both the 
validity of these simulators as well as their impact on surgi-
cal training. Various arthroscopic simulators have been val-
idated both with face and construct validity and the general 
construct of the various proprietary simulators is overall 
similar amongst systems.36 To examine the impact of these 
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simulators on surgical training, Rebolledo and colleagues 
compared high-fidelity arthroscopic simulation using the 
InsightARTHRO VR to didactic lectures, finding that the 
residents assigned to the surgical simulator group had sig-
nificant improvement over those in the didactic session 
group in performing cadaveric diagnostic knee and shoulder 
arthroscopy.18 Wang and colleagues designed a randomized 
controlled trial to assess the impact of simulation training 
on performance of cadaveric arthroscopy using a high-fidel-
ity workstation. These researchers randomized novice par-
ticipants to simulation training or no simulation training 
(control group) prior to assessing arthroscopic skills on a 
cadaver. After the use of the simulator 1 time per week for 
3 weeks, the simulation group had significantly improved 
task-time completion scores for all tasks. However, when 
these groups practiced on a cadaveric models, these skills 
did not have significant transferable benefit as they found 
no difference between the groups in performing standard 
diagnostic arthroscopy of a knee and a shoulder.37 Interest-
ingly, they discuss a ceiling affect for task improvement that 
occurs after 3 trials for most of the tasks analyzed, conclud-
ing that there is some measurable improvement in coordi-
nation and efficiency for AR training models and that this 
improvement is rapidly obtained.

 The validity of high-fidelity simulators has been assessed 
through various studies. Lakhani et al performed a thorough 
systematic review of arthroscopic simulators synthesizing 
the body of available literature related to arthroscopy sim-
ulation.6 These authors found many studies which deter-
mined that several commercially available high-fidelity 
arthroscopic simulators demonstrate construct, transfer, 
and face validity, while only 3 studies assessed these sim-
ulators for content validity.6 These have been validated 
for use in several joints, including the knee, shoulder, and 
hip. It remains essential that all commercially available 

arthroscopic simulators undergo evalua-
tion of validity to ensure that the simu-
lators can truly provide a realistic benefit 
to orthopaedic trainees. Furthermore, 
residency program directors should scru-
tinize the literature regarding specific 
simulators when considering the pur-
chase of an expensive high-fidelity sim-
ulator to train their residents.

A meta-analysis of arthroscopic sim- 
ulator training by the same group 
reviewed 57 studies with 1698 partic-
ipants.8 Twenty-five studies compared 
pre-simulator training to post-simulator 
tasks and 24, or 96%, of these studies 
showed significant improvement after 
simulator use. Four studies examined 
results on live-patient arthroscopy of 
which all 4 showed improvements after 

simulator use. High-fidelity simulators likely will continue 
to have a growing role in resident education. However, they 
may be cost prohibitive in many situations as they can cost 
tens to hundreds of thousands of dollars; therefore, training 
programs should carefully consider their options to deter-
mine if high-fidelity simulators are a cost-effective means to 
improve resident education.  

While the aforementioned arthroscopy simulators utilize 
a form of virtual reality (VR), in which a mannequin and 
computer are utilized to experience an arthroscopic environ-
ment, commercially available VR headsets are emerging as 
another form of workstation. These headsets offer a wire-
less, computer-based simulation in which the user wears a 
VR headset and utilizes two controllers to manipulate a vir-
tual environment, such as the operating room, without the 
need for a computer. For example, PrecisionOS® has created 
a complete hip arthroscopy VR experience in which trainees 
can immerse themselves in the operating room to simulate 
the steps of this technically demanding procedure.38 While 
this platform has demonstrated good face and content valid-
ity, it has incomplete construct validity; further research on 
this type of VR arthroscopy simulation is necessary, but it 
remains an important emerging training tool to consider. 

CONCLUSIONS
Surgical simulation platforms, which have been well-stud-
ied in techniques such as arthroscopy, remain a viable and 
proficient tool for improving an orthopaedic surgery train-
ee’s skillset prior to entering the operating room. Low-fidel-
ity simulators are a relatively low-cost, accessible option 
for training certain basic skills, while high-fidelity simula-
tors afford an experience with higher face validity, but also 
substantially greater cost. Arthroscopic surgical simulators 
should be thoroughly evaluated for validity. While various 

Figures 1A, 1B. 

[A] An intraoperative arthroscopic image of a right knee demonstrating a lateral meniscal tear 

after debridement.

[B] An image of a right knee with a large radial tear of the lateral meniscus from a high-fidelity 

arthroscopic simulator. Note the high-quality graphical comparison to a true arthroscopic image.
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studies have evaluated construct, face, and transfer valid-
ity in specific arthroscopic simulators, content validity is 
infrequently reported. The future of orthopaedic surgical 
simulation includes continued work on these aforemen-
tioned simulators, and expansion of true VR experiences 
that encompass all realms of orthopaedics from arthroplasty 
to trauma surgery. Future work in validating various VR 
modules and platforms will be useful to help elucidate this 
expansile technology’s role in orthopaedic surgical training.

References
1. Reznick RK, MacRae H. Teaching Surgical Skills – Changes in 

the Wind. N Engl J Med. 2006;355(25):2664-2669. doi:10.1056/
NEJMra054785

2. Chikwe J, de Souza AC, Pepper JR. No time to train the sur-
geons. BMJ. 2004;328(7437):418-419.

3. Kneebone R, Aggarwal R. Surgical training using simulation. 
BMJ. 2009;338(may14 2):b1001-b1001. doi:10.1136/bmj.b1001

4. Martin KD, Akoh CC, Amendola A, Phisitkul P. Comparison 
of Three Virtual Reality Arthroscopic Simulators as Part of an 
Orthopedic Residency Educational Curriculum. The Iowa Or-
thopaedic Journal. 2016;36:20.

5. Thomas GW, Johns BD, Marsh JL, Anderson DD. A Review 
of THE ROLE OF SIMULATION IN DEVELOPING AND AS-
SESSING ORTHOPAEDIC SURGICAL SKILLS. Iowa Orthop J. 
2014;34:181-189.

6. Lakhani S, Selim OA, Saeed MZ. Arthroscopic Simulation: The 
Future of Surgical Training: A Systematic Review. JBJS Reviews. 
2021;9(3):e20.00076. doi:10.2106/JBJS.RVW.20.00076

7. Morgan M, Aydin A, Salih A, Robati S, Ahmed K. Current 
Status of Simulation-based Training Tools in Orthopedic Sur-
gery: A Systematic Review. Journal of Surgical Education. 
2017;74(4):698-716. doi:10.1016/j.jsurg.2017.01.005

8. Frank RM, Wang KC, Davey A, et al. Utility of Modern Ar-
throscopic Simulator Training Models: A Meta-analysis and Up-
dated Systematic Review. Arthroscopy. 2018;34(5):1650-1677. 
doi:10.1016/j.arthro.2017.10.048

9. Madan SS, Pai DR. Role of Simulation in Arthroscopy Train-
ing. Simulation in Healthcare. 2014;9(2):127. doi:10.1097/SIH 
.0b013e3182a86165

10. Waterman BR, Martin KD, Cameron KL, Owens BD, Belmont 
PJ. Simulation Training Improves Surgical Proficiency and 
Safety During Diagnostic Shoulder Arthroscopy Performed by 
Residents. Orthopedics. 2016;39(3). doi:10.3928/01477447-
20160427-02

11. Gallagher AG, De Groote R, Paciotti M, Mottrie A. Proficien-
cy-based Progression Training: A Scientific Approach to Learn-
ing Surgical Skills. Eur Urol. 2022;81(4):394-395. doi:10.1016/j.
eururo.2022.01.004

12. Hodgins JL, Veillette C, Biau D, Sonnadara R. The knee ar-
throscopy learning curve: quantitative assessment of surgical  
skills. Arthroscopy. 2014;30(5):613-621. doi:10.1016/j.arthro. 
2014.02.021

13. Scott DJ. Proficiency-Based Training for Surgical Skills. Seminars 
in Colon and Rectal Surgery. 2008;19(2):72-80. doi:10.1053/j.
scrs.2008.02.003

14. Lipsett PA. Surgical Training to Proficiency: Learning From 
Errors. JAMA Surgery. 2017;152(6):588. doi:10.1001/jamasurg. 
2017.0104

15. Angelo RL, Ryu RKN, Pedowitz RA, Gallagher AG. Metric De-
velopment for an Arthroscopic Bankart Procedure: Assessment 
of Face and Content Validity. Arthroscopy. 2015;31(8):1430-

1440. doi:10.1016/j.arthro.2015.04.093
16. Angelo RL, Ryu RKN, Pedowitz RA, et al. A Proficiency-Based 

Progression Training Curriculum Coupled With a Model  
Simulator Results in the Acquisition of a Superior Arthroscop-
ic Bankart Skill Set. Arthroscopy: The Journal of Arthroscopic  
& Related Surgery. 2015;31(10):1854-1871. doi:10.1016/j.arthro. 
2015.07.001

17. Angelo RL, Ryu RKN, Pedowitz RA, Gallagher AG. The Bankart 
Performance Metrics Combined With a Cadaveric Shoulder Cre-
ate a Precise and Accurate Assessment Tool for Measuring Sur-
geon Skill. Arthroscopy. 2015;31(9):1655-1670. doi:10.1016/j.
arthro.2015.05.006

18. Rebolledo BJ, Hammann-Scala J, Leali A, Ranawat AS. Arthros-
copy Skills Development With a Surgical Simulator: A Compar-
ative Study in Orthopaedic Surgery Residents. Am J Sports Med. 
2015;43(6):1526-1529. doi:10.1177/0363546515574064

19. Van Nortwick SS, Lendvay TS, Jensen AR, Wright AS, Horvath 
KD, Kim S. Methodologies for establishing validity in surgical 
simulation studies. Surgery. 2010;147(5):622-630. doi:10.1016/j.
surg.2009.10.068

20. Ling JL, Teo SH, Mohamed Al-Fayyadh MZ, Mohamed Ali MR, 
Ng WM. Low-Cost Self-Made Arthroscopic Training Camera 
Is Equally as Effective as Commercial Camera: A Comparison 
Study. Arthroscopy: The Journal of Arthroscopic & Related Sur-
gery. 2019;35(2):596-604. doi:10.1016/j.arthro.2018.08.038

21. Srivastava A, Gibson M, Patel A. Low-Fidelity Arthroscopic 
Simulation Training in Trauma and Orthopaedic Surgery: A 
Systematic Review of Experimental Studies. Arthroscopy: The 
Journal of Arthroscopic & Related Surgery. 2022;38(1):190-199.
e1. doi:10.1016/j.arthro.2021.05.065

22. Ferràs-Tarragó J, Jover-Jorge N, Miranda-Gómez I. A nov-
el arthroscopy training program based on a 3D printed simu-
lator. Journal of Orthopaedics. 2022;32:43-51. doi:10.1016/j.
jor.2022.04.006

23. Inc ASI. AANA | Arthroscopy Association of North America. 
Accessed March 29, 2023. https://www.aana.org

24. Goyal S, Radi MA, Ramadan IK allah, Said HG. Arthroscop-
ic skills assessment and use of box model for training in ar-
throscopic surgery using Sawbones – “FAST” workstation. SI-
COT J. 2:37. doi:10.1051/sicotj/2016024

25. Meeks BD, Kiskaddon E, Sirois ZJ, Froehle A, Shroyer J, Laughlin 
RT. Improvement and Retention of Arthroscopic Skills in Nov-
ice Subjects Using Fundamentals of Arthroscopic Surgery Train-
ing (FAST) Module. J Am Acad Orthop Surg. 2020;28(12):511-
516. doi:10.5435/JAAOS-D-19-00336

26. Oh GY, Gibson M, Khanom S, Jaiswal P, Patel A. Validat-
ing low-fidelity arthroscopic simulation in medical students: 
a feasibility trial. Ann R Coll Surg Engl. 2023;105(1):28-34. 
doi:10.1308/rcsann.2022.0008

27. Vaghela KR, Trockels A, Lee J, Akhtar K. Is the Virtual Reality 
Fundamentals of Arthroscopic Surgery Training Program a Valid 
Platform for Resident Arthroscopy Training? Clinical Ortho-
paedics and Related Research®. 2022;480(4):807. doi:10.1097/
CORR.0000000000002064

28. Tofte JN, Westerlind BO, Martin KD, et al. Knee, Shoulder, and 
Fundamentals of Arthroscopic Surgery Training: Validation of 
a Virtual Arthroscopy Simulator. Arthroscopy. 2017;33(3):641-
646.e3. doi:10.1016/j.arthro.2016.09.014

29. ArthroBoxTM Arthroscopic Triangulation Training System. Ar-
threx. Accessed March 30, 2023. https://www.arthrex.com/
resources/VID1-00422-EN/arthrobox-arthroscopic-triangula-
tion-training-system

30. Bouaicha S, Epprecht S, Jentzsch T, Ernstbrunner L, El Nashar 
R, Rahm S. Three days of training with a low-fidelity arthros-
copy triangulation simulator box improves task performance in 
a virtual reality high-fidelity virtual knee arthroscopy simula-
tor. Knee Surg Sports Traumatol Arthrosc. 2020;28(3):862-868. 

MEDICAL EDUCATION

50O C T O B E R  2 0 2 3   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S

http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2023-10.asp
https://www.rimedicalsociety.org


doi:10.1007/s00167-019-05526-y
31. Bouaicha S, Jentzsch T, Scheurer F, Rahm S. Validation of an 

Arthroscopic Training Device. Arthroscopy: The Journal 
of Arthroscopic & Related Surgery. 2017;33(3):651-658.e1. 
doi:10.1016/j.arthro.2016.08.026

32. Srivastava A, Gibson M, Patel A. Low-Fidelity Arthroscopic 
Simulation Training in Trauma and Orthopaedic Surgery: A 
Systematic Review of Experimental Studies. Arthroscopy: The 
Journal of Arthroscopic & Related Surgery. 2022;38(1):190-199.
e1. doi:10.1016/j.arthro.2021.05.065

33. VirtaMed | ArthroSTM simulator for knee, shoulder, hip and 
ankle arthroscopy training. Accessed March 22, 2023. https://
www.virtamed.com/en/medical-training-simulators/arthros/

34. ARTHRO Mentor|Simbionix. Accessed March 22, 2023. https://
simbionix.com/simulators/arthro-mentor/

35. [INSIGHTARTHRO]. Accessed March 22, 2023. http://in-
sightarthrovr.gmv.com/description/description.htm

36. Sci-Hub|Validation of the PASSPORT V2 training environment 
for arthroscopic skills. Knee Surgery, Sports Traumatology, Ar-
throscopy, 24(6), 2038–2045 | 10.1007/s00167-014-3213-0. Ac-
cessed March 22, 2023. https://sci-hub.se/https://pubmed.ncbi.
nlm.nih.gov/25103120/

37. Wang KC, Bernardoni ED, Cotter EJ, et al. Impact of Simulation 
Training on Diagnostic Arthroscopy Performance: A Random-
ized Controlled Trial. Arthroscopy, Sports Medicine, and Reha-
bilitation. 2019;1(1):e47. doi:10.1016/J.ASMR.2019.07.002

38. Feeley A, Turley L, Sheehan E, Merghani K. A Portable Hip 
Arthroscopy Simulator Demonstrates Good Face and Content 
Validity with Incomplete Construct Validity. Arthroscopy, 
Sports Medicine, and Rehabilitation. 2021;3(5):e1287-e1293. 

doi:10.1016/j.asmr.2021.05.009

Authors
Edward J. Testa, MD, Department of Orthopaedic Surgery, Alpert 

Medical School, Brown University, Providence, RI.

Jacob M. Modest, MD, Department of Orthopaedic Surgery, Alpert 
Medical School, Brown University, Providence, RI.

Rory A. Byrne, BA, Department of Orthopaedic Surgery, Alpert 
Medical School, Brown University, Providence, RI.

Brett D. Owens, MD, Department of Orthopaedic Surgery, Alpert 
Medical School, Brown University, Providence, RI.

Raymond Hsu, MD, Department of Orthopaedic Surgery, Alpert 
Medical School, Brown University, Providence, RI.   

Disclosures
BDO: Consultant to Mitek, Miteck, Miach; financial disclosures: 
Conmed, Vivorte

Correspondence
Edward J. Testa, MD
Rhode Island Hospital
2 Dudley Street, Providence RI 02909
Edward.j.testa@gmail.com

MEDICAL EDUCATION

51O C T O B E R  2 0 2 3   R H O D E  I S L A N D  M E D I C A L  J O U R N A L   R I M J  A R C H I V E S  |  O C T O B E R  I S S U E  W E B P A G E  |  R I M S

mailto:Edward.j.testa@gmail.com
http://rimed.org/rimedicaljournal-archives.asp
http://www.rimed.org/rimedicaljournal-2023-10.asp
https://www.rimedicalsociety.org

	COVER
	CONTENTS-Med Ed theme
	CONTENTS–Contributions
	CONTENTS–Features, News, People, Obituaries
	MED ED-Fischer
	MED ED-Hampton
	MED ED-Vera Cruz
	MED ED-Noguchi
	MED ED-Merritt
	MED ED-Lin
	MED ED-Tran
	MED ED-Van Deventer
	MED ED-Musisca
	MED ED-Berk
	MED ED-Testa
	HEALTH-Brown
	HEALTH–Vital Statistics
	PERSPECTIVE-Painter
	WE ARE READ EVERYWHERE
	RIMS NEWS
	NEWS
	PEOPLE/PLACES
	OBITUARIES

