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Abstract

Purpose The purpose of this study is to investigate the importance of general and specific surgical skills for hip arthroscopy
from the perspective of surgeons in China. Concurrently, we intend to identify the preferred type of simulation that would
facilitate competency of surgical trainees in performing arthroscopy and reinforce their preparation for carrying out the actual
surgical procedure.

Methods An online survey comprising 42 questions was developed by experts in hip arthroscopy and sent to 3 online
communities whose members are arthroscopic surgeons in China. The responses collected were based on a 5-point Likert
scale, with an open-ended comment section. Data were analyzed using one-way AVOVA and post hoc Tukey’s test.

Results A total of 159 valid responses from 66 junior specialist surgeons, 68 consultant surgeons, and 25 senior consultant
surgeons (from 130 institutions in 27 out of 34 provincial administrative districts in China) were collected. Cognitive ability
was identified as the overall most important attribute for hip arthroscopic trainees to possess, while skills relevant to the
treatment of femoroacetabular impingement (FAI) were considered as the most important specific skills by the surgeons
surveyed. In addition, simulation using cadaveric specimens was considered the most favorable method for surgeons to
practice their surgical skills.

Conclusion In designing a training program for hip arthroscopy, it is essential to incorporate features that evaluate cognitive
skills. It would be helpful for trainees to specifically practice skills that are often used in the treatment of some very common
diseases of the hip joint, such as FAI Using high-fidelity physical models for simulation to train skills of hip arthroscopy could
be an ideal alternative and effective way to overcome problems arising from the lack of accessibility to cadaveric specimens.
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Introduction

Hip arthroscopy is one of the most important hallmarks of
arthroscopic techniques. This surgical technique has been
used for the treatment of labral tears, chondral defects, lig-
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amentum teres lesions, and femoroacetabular impingement
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field of vision, limited degrees of freedom of instrument, and
the requirement of integrating two-dimensional (2D) infor-
mation projected on screens and mental reconstruction into
useful three-dimensional (3D) spatial information [3-5]. Fur-
thermore, there are additional concerns such as safe access
to the anatomical location, as well as time constraints for the
surgery that need to be taken into consideration as a whole
by hip arthroscopic surgeons, in order to avoid or reduce the
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risk of iatrogenic injury [5]. The challenges and limitations
of hip arthroscopy increase the learning difficulty of this spe-
cialized surgical procedure [6].

However, the implementation of simulation-based train-
ing has shown great potential in enhancing hip arthroscopic
training [7, 8], and different types of simulators have already
been used in arthroscopic training [8—12]. Simulation-based
training provides a risk free and conducive learning envi-
ronment for trainees to hone their surgical skills [12].
Previous studies have revealed that simulation is an effective
method for learning technical skills, with the skills acquired
being transferable to clinical settings [12, 13]. Moreover,
simulation-based training also shortens the learning curve
and enhances intraoperative learning capacity [14]. Hence,
reducing the training duration required for surgical trainees
to acquire proficiency in hip arthroscopy [15, 16]. Before
the advent of simulation-based training, it was common for
novice surgeons to spend years in the operating room, prac-
ticing their surgical skills before they can achieve an optimal
level of skills.

Despite mounting evidence that support the effectiveness
of simulation in surgical training, the orthopedic community
has still not fully embraced this advanced educational method
[17]. Conceivably, this is because implementing simulation-
based training is often a complex organizational effort that
involves many people at different stages of implementation
and necessitates adaptation depending on the local scenarios
[17]. As highlighted by Sutherland et al. [18], the three main
factors affecting simulation-based training are the simulator,
educator, and curriculum. Hence, it is important to elucidate
the relationship between these factors, and doing so would aid
in improving the efficiency of the simulator, and augmenting
the strategy for curriculum design.

Earlier research studies conducted by Safir et al. [19] and
Hui et al. [20] have revealed a list of demanding arthroscopy
skills that should be trained in simulation settings. Based
on their research findings, the most important skills for
arthroscopic surgery from the perspectives of surgeons and
residents were related to identification of anatomical struc-
tures, and the preferred type of simulation was the use of
cadaveric specimens. These findings are useful as a basis
for developing a practical framework for simulation-based
training program for arthroscopic surgeons. However, the
research focused on surgeons and residents in the Canadian
orthopedic community (Canadian Orthopedic Association
and Canadian Orthopedic Resident Association) and only
encompass knee related arthroscopic skills, but not other
skills required to operate on other joints such as the hip.
Moreover, it is known that work culture can vary drastically
depending on customs, lifestyle, and the region concerned
[21]. Therefore, to develop an appropriate training program,
it is necessary for medical professionals to investigate the
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characteristics of a specific clinical procedure which is based
on their own local community [22, 23].

In this study, we investigated the importance of general
and specific surgical skills for hip arthroscopy. Concurrently,
we also explored which simulation method is most effective
for arthroscopic training from the perspective of experienced
surgeons, as well as how simulation can affect surgeons’
learning behavior and performance in the operating room.

Method

The invitation to participate in the online survey was pub-
lished in three social media groups organized by Chinese
Medical Association and exclusively used by specialists of
Lower Limb Sports Medicine. The invitation included a brief
introduction that described the purpose of the study and an
internet link to access the online survey. The online survey
was developed using the Website www.wenjuan.com and had
42 questions adapted from the work of Safir et al. [19], which
were modified by 3 surgeons, each of whom have a minimum
of 5 years of experience in hip arthroscopy.

Atthe beginning of the survey, surgeons were asked to pro-
vide background information about their training level and
their experience in performing arthroscopic procedures. The
participants were then asked their perception of the impor-
tance of general skills and specific skills for hip arthroscopy
on a 5-point Likert scale from least important (given a score
of 1) to most important (given a score of 5). There was
an open-ended question section that surgeons were able to
give comments about any essential techniques needed for
hip arthroscopy that were missing in this survey, following
which, surgeons were surveyed on the optimal type of simu-
lation for learning hip arthroscopic skills on a 5-point Likert
scale from least useful (given a score of 1) to most useful
(given a score of 5). The data were collected from June to
August 2021.

As this study did not involve treatment of patients or the
revelation of any identifiable personal information, ethics
approval was waived by the research ethics committee
of Chongqing Medical University. Informed consent was
obtained from the participants in the online survey before
they proceeded to answer questions.

Analysis and statistics

For analysis, the questions relating to specific skills (24 skills)
were further divided into three categories based on the nature
of skills [19, 20]: (a) preparation of the patient and instru-
ments; (b) identification of structures and navigation of the
arthroscope; (c) instrument handling. For statistical analy-
sis, one-way ANOVA with Tukey pairwise comparisons was


http://www.wenjuan.com

International Journal of Computer Assisted Radiology and Surgery (2022) 17:1813-1821

1815

Table 1 Participants demographics

Number of participants n

Average years of
performing arthroscopies

Average number of
arthroscopic operations

Total number of hip
arthroscopic operations

mean (+ SD) per year mean (£ SD) mean (+ SD)

Junior Specialist 66 5.39 (£ 2.80) 164.12 (£ 134.96) 178.71 (£ 252.79)

Surgeons®
Consultants” 68 9.71 (£ 3.86) 276.93 (£ 179.22) 377.71 (£ 435.65)
Senior Consultants® 25 13.28 (£ 5.25) 514.80 (£ 257.71) 1050.48 (£ 980.02)
All participants 159 8.48 (£ 4.71) 267.50 (£ 214.08) 400.89 (£ 583.73)
Total number of 34 Surveyed provincial 27 Coverage 79.4%

provincial administrative districts

administrative district

in China

a compared with b, **; a compared with ¢, ¥***; b compared with c, ****

"represents P < 0.01; ***#represent P < 0.0001

Table 2 Five general surgical skills trainees should possess prior to performing in operating room, rated by surgeons with different levels of

experience

Junior specialist Consultants Senior All

surgeons consultants participants
Value Mean (+ SD) Mean (+ SD) Mean (£ SD) Mean (+ SD)
Anatomical knowledge® 4.65 (£ 0.79) 4.71 (£ 0.60) 4.52 (£ 0.98) 4.65 (£ 0.75)
Triangulation/depth perception (using tools to access a specific spot from two portals 4.50 (£ 0.91) 4.47 (£ 0.74) 4.08 (£ 1.02) 4.42 (£ 0.87)

simultaneously)”

Spatial perception (navigating in a 3D space)“ 4.35 (£ 0.88) 4.46 (£ 0.78) 4.00 (£ 1.17) 4.34 (£ 0.90)
Manual dexterity? 4.11 (£ 1.02) 4.34 (£ 0.87) 3.80 (£ 1.02) 4.16 (£ 0.97)
Tactile sensation® 3.89 (£ 1.17) 3.85 (£ 1.13) 3.32 (£ 1.54) 3.79 (£ 1.24)

a compared with ¢, *; a compared with d, ****; g compared with e, ****; b compared with e, ****; ¢ compared with e, ****; d compared with e, **

*Represents P < 0.05; **Represents P < 0.01; ****Represents P < 0.0001

performed, and Cronbach’s alpha test was used to evaluate
the internal consistency of the questions. The R software (R
Foundation) version 4.1.1 was used to complete all statistical
analyses.

Results

A total of 225 arthroscopic professionals responded to the
survey. Invalid data and responses received from partic-
ipants who have no prior experience of hip arthroscopy
were excluded. Altogether, 159 responses from surgeons of
130 institutions located across 27 provincial administrative
districts of China were finally included in the dataset. Cron-
bach’s alpha test performed on 33 survey questions (o =
0.967) showed that the internal consistency of this survey is
“Excellent.” Of the 159 valid responses, 66 responses were
from junior specialist surgeons, 68 responses from consul-
tants, and 25 responses from senior consultants. The average
number of years of experience for performing arthroscopy

was 8.48 (£ 4.71) years, while the average number of arthro-
scopic procedures per year was 267.5 (£ 241.1) operations.
Details of the demographic information of the participants
are presented in Table 1.

One-way ANOVA test on participants’ experience level
and average number of performed arthroscopic procedures
revealed a significant difference (P < 0.01). Tukey test
for pairwise comparison revealed significant differences
between all pairs of experience groups (P <0.01). Itis not sur-
prising that senior consultant surgeons tend to perform more
arthroscopic procedures than consultants and junior special-
ist surgeons.

General skills

The importance of the five general skills from the perspective
of professional surgeons as shown in Table 2 is as follows:
(1) anatomical knowledge, (2) triangulation/depth perception
(using tools to access a specific spot from two portals simul-
taneously), (3) spatial perception (navigating in a 3D space),
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(4) manual dexterity, and (5) tactile sensation (Table 2). One-
way ANOVA test revealed significant difference across the
five different skills (P < 0.01).

Statistical analysis for the average scores of individual
questions among surgeons with different experience levels
revealed no significant differences, showing that surgeons
concur on the importance of these five general skills.

Specific skills

To establish the trends on the importance of specific surgical
skills, the analysis was conducted based on three identified
categories, including: (1) identification of structures and nav-
igation of the arthroscope, (2) instrument handling, and (3)
preparation of the patient and instruments. The average score
of each category was first compared. Next, the mean scores
from the surgeons with different levels of experience were
compared within each individual category.

As shown in Table 3, surgeons considered skills relating to
the identification of structures and navigation as the most cru-
cial skills in the preparation of trainees before they perform
the actual surgery. A post hoc Tukey test revealed that skills
relating to the preparation of patients and instruments were
significantly lower than the other two categories (P < 0.05).
There were no significant differences found when comparing
the scores from surgeons with different levels of experience
for each individual category.

As shown in Table 4, top skills perceived as important for
hip arthroscopy include treatment of cam deformity (where
the head of the femur does not sit symmetrically on the neck
of the femur), establishing the mid-anterior portal under the
direct vision of camera on anterior triangle, suturing of the
labrum with passing/shutting devices, identification of the
insertion needle location, and treatment of pincer deformity
(which is an abnormality of the acetabulum). The least impor-
tant skill for trainees to possess prior to performing actual
surgery includes operating room set-up followed by the drap-
ing system, removal of tissue with basket forceps and use of
arthroscopic blades.

Preferred types of simulation

Surgeons were asked to score the usefulness of four most
common types of simulation: (1) cadaveric specimens, (2)
virtual reality (VR) simulator, (3) high-fidelity physical mod-
els, and (4) low-fidelity bench-top models, in terms of how
much it would help them to practice their surgical skills. As
presented in Table 5, simulation using cadaveric specimens is
the most popular choice, ranking much higher than the other
three methods.

The scores for the 4 simulation methods were significantly
different (P < 0.01). Tukey test for pairwise comparison of
the four simulation methods revealed significant difference
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among all pairs (P < 0.01), except between VR simulator
and high-fidelity physical models (P = 0.35). The surgeons,
regardless of their level of experience, were consistent in their
consideration of the importance of each type of simulation.
Hence, it is clear that simulation types with higher fidelity
are preferred over those with lower fidelity.

For the open-ended question section, participants high-
lighted that reading skills and interpretation of medical
images, time for performing joint traction, and knowledge
of the equipment used are items that should be considered
in the survey, as these are also important considerations for
arthroscopic surgeons to perform the operational procedure
successfully.

Discussion

This present study shows similar trends with earlier studies
conducted on Canadian orthopedic professionals [19, 20],
although the focus was on arthroscopy of a different joint.
Basically, the recognition of the importance of cognitive abil-
ity and the method of arthroscopy training for orthopedic
professionals in Canada and China converge, even though
our present study focused on skills related to hip arthroscopy.
The current study has also noted some significant findings
that could help to enhance the structure of future training
programs for hip arthroscopy.

Hip arthroscopy has proven to be a useful and valuable
clinical technique for treating many hip related diseases and
symptoms and often with similar or better clinical outcomes
in comparison to open surgery [24]. However, this tech-
nique has been hindered in the early stage of hip arthroscopy
development, by the complex anatomy of the hip joint and
related risks [25]. Despite advancements in technology over
the years, anatomical issues continue to plague surgeons in
the operating room. Surgeons, at all levels of experience,
consider sound anatomical knowledge as the most important
skill among the five general arthroscopic skills for trainees,
that are essential before performing the procedure in operat-
ing room.

Based on the survey of the three categories of specific
skills, surgeons rated the cognitive aspect of skills that are
related to anatomical knowledge and identification of struc-
tures higher than motor and technical skills. This could be
because cognitive ability have always posed a challenge to
endoscopic surgeons who are affected by visuospatial ability
[26-29]. During the hip arthroscopic procedure, cognitive
skills are required for portal placement since this initial pro-
cedure is important for visualization of the joint during the
arthroscopic procedure. However, due to the specific anatom-
ical location, portal placement for hip arthroscopy can cause
some iatrogenic injuries, such as neurovascular and chondro-
labral injuries [30-32], making this technique for hip joint
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Table 3 Categories of specific surgical skills important for trainees to possess prior to performing in operating room, rated by surgeons with different
levels of experience

Junior specialist Consultants Senior consultants  All

surgeons participants
Value Mean (£ SD) Mean (+ SD) Mean (£ SD) Mean (£

SD)
Identification of structures and navigation of the 4.15 (£ 0.81) 4.20 (£ 0.68) 4.09 (£ 0.78) 4.16 (£ 0.76)
arthroscope®

Instrument handling® 4.11 (£ 0.81) 4.07 (£ 0.65) 4.06 (£ 0.76) 4.09 (£ 0.74)
Preparation of the patient and instruments® 3.84 (£ 0.86) 3.92 (£ 0.77) 3.63 (£ 0.96) 3.84 (£ 0.85)

a compared with ¢, ***; b compared with c, *
*Represents P < 0.05; ***Represents P < 0.001

Table 4 Specific surgical skills trainees should possess prior to performing in operating room, rated by surgeons with different levels of experience

Junior specialist Consultants Senior All
surgeons consultants participants
Value Mean (£ SD) Mean (£ SD) Mean (£ SD) Mean (£
SD)
Treatment of cam deformity 4.44 (£ 0.94) 4.46 (£ 0.74) 4.16 (£ 1.16) 4.40(£0.91)
Establishing the mid-anterior portal under the direct vision 4.35 (£ 0.84) 4.46 (£ 0.72) 4.32 (£ 0.88) 4.39 (£ 0.80)
of camera on anterior triangle
Suturing the labrum with passing/shutting devices 4.36 (£ 0.95) 4.37 (£ 0.87) 4.40 (£ 0.75) 4.37 (£ 0.89)
Identifying the location of insertion needle 4.35 (£ 0.88) 4.35 (£ 0.82) 4.32 (£ 0.93) 4.35 (£ 0.86)
Treatment of pincer deformity 4.39 (£ 0.94) 4.35 (£ 0.76) 4.12 (£ 1.18) 4.33(+£0.92)
Incision and closure of joint capsule 4.23 (£ 1.08) 4.34 (£ 0.80) 4.28 (£ 0.72) 4.28 (0.92)
Assessment of Labrum stability 4.27 (£ 0.98) 4.25 (£ 0.88) 4.20 (£ 0.98) 4.25(£0.94)
Insertion of scope to anterolateral portal 4.30 (£ 0.89) 4.21(4+ 0.95) 4.16 (£ 1.01) 4.24 (£ 0.93)
Patient positioning 4.26 (£ 1.09) 4.31 (£ 0.81) 3.92 (£ 1.29) 4.23 (£ 1.03)
Establishing the anterolateral portal under fluoroscopic 4.09 (£ 1.07) 4.38 (£ 0.86) 4.08 (£ 1.13) 4.21(£1.01)
guidance
Establishing the distal anterolateral portal under the direct 4.19 (£ 1.01) 4.18 (£ 1.06) 3.88 (£ 0.99) 4.13 (£ 1.03)
vision of camera
Countertraction and air arthrogram (application of opposing 4.06 (£ 0.98) 4.24 (£ 0.89) 3.92 (£ 1.02) 4.11 (£ 0.96)
traction followed by fluoroscopy to ensure sufficient
distraction of the joint during the arthroscopic procedure)
Positioning the camera in the mid-anterior portal to view the ~ 4.12 (£ 0.96) 4.15 (£ 0.77) 3.96 (£ 0.82) 4.11(£0.87)
blindly placed anterolateral portal
Use of electrocautery 4.12 (£ 1.08) 4.10 (£ 0.88) 4.08 (£ 1.02) 4.11(£0.99)
Performing the diagnostic arthroscopy in the central 4.11 (£ 0.96) 3.99 (£ 0.95) 4.24 (£ 0.91) 4.08 (£ 0.95)
compartment
Precise portal placement 4.11 (0.91) 4.09 (0.98) 3.92(1.02) 4.07 (0.96)
Shaving of synovium, cartilage, and labrum 3.89 (£ 1.06) 3.93 (£ 0.88) 4.04 (£ 1.04) 3.93 (£ 0.98)
Palpation of articular surfaces with probe 3.98 (£ 1.08) 3.75 (£ 1.08) 3.84 (£ 0.97) 3.86 (+1.07)
Removal of loose bodies with grasping forceps 3.86 (£ 1.09) 3.78 (£ 0.94) 3.96 (£ 1.00) 3.84 (£ 1.01)
Establishing the posterolateral portal under the direct vision 3.83 (£ 1.07) 3.84 (£ 1.11) 3.68 (£ 0.88) 3.81 (1.06)
of camera
Use of arthroscopic blades 3.74 (£ 0.96) 3.66 (£ 1.01) 3.88 (£ 1.11) 3.73 (£ 1.01)
Removal of tissue with basket forceps 3.70 (+ 1.04 3.63 (1.03) 3.76 (£ 1.14) 3.68 (£ 1.05)
Draping system 336 (£ 1.14) 3.54 (£ 1.22) 3.44 (£ 1.13) 345 (£ 1.17)
Operating room setup 3.44 (£ 1.15) 343 (£ 1.13) 2.96 (£ 1.15) 3.35 (£ 1.15)
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Table 5 Usefulness of the simulation type in preparing trainees to perform in the operating room, rated by surgeons with different levels of experience

Junior specialist surgeons Consultants Senior consultants All participants
Value Mean (£ SD) Mean (£ SD) Mean (£ SD) Mean (£ SD)
Simulation using cadaveric specimens® 4.48 (£ 0.89) 4.57 (£ 0.77) 4.40 (£ 0.75) 4.51 (£ 0.82)8%7
Simulation using high-fidelity physical models? 3.95 (£ 0.99) 3.59 (£ 1.02) 3.80 (£ 0.80) 3.77 (£ 0.99)§x
Simulation using virtual reality simulators® 3.77 (£ 1.06) 3.38 (£ 1.11) 3.64 (£ 0.93) 3.58 (£ 1.08)%*
Simulation using low-fidelity bench top models? 3.08 (£ 1.09) 2.88 (£ 1.13) 3.16 (£ 1.25) 3.01 (£ 1.14)Fx*

a compared with b, ****; g compared with ¢, ****; g compared with d, ****; b compared with d, ****; ¢ compared with d, ****

*#**Represents P < 0.0001

even more demanding as compared to operating on other
joints. An earlier report has shown that inexperienced sur-
geons tend to spend a considerable amount of surgical time
on portal placement, which often results in a reduction in
time for other treatment procedures while maintaining com-
parable traction time [33]. This disproportionate allocation
of surgical time can deeply impact the overall quality of the
surgery and could explain why the participants of this study
rated the skills of the portal placement as the most impor-
tant category for surgical training. The skills in the category
of preparation of patient and instruments were rated signif-
icantly lower than skills in other two categories. This can
be attributed to the fact that the skills in this category are
performed prior to the start of the surgical operation. Hence,
they are likely to be less important during the surgical pro-
cedure than the skills in the other two categories. Moreover,
such skills are also easier for trainees to learn and practice
outside the operating room.

In this present study, a relatively large number of spe-
cific skills have been perceived as important for the surgery.
This could explain the reason for the steep and lengthy learn-
ing curve for hip arthroscopic surgery. Surgeons would need
proficiency in a range of skills before performing the actual
surgery in the operating room. It is noted that the top five
skills rated by the surgeons are related to FAI. There are
reports highlighting that high-impact athletic activities dur-
ing growth, such as playing soccer, basketball, and ice hockey
during adolescence can cause FAI [34—37]. Therefore, a large
population ranging from younger to elderly people could all
be affected. Hip arthroscopy, the most common surgical tech-
nique to address the various types of FAI, has shown optimal
clinical outcomes [38, 39]. However, as this surgical pro-
cedure is dependent on the acquisition of a good skill set,
it requires surgeons to have sufficient experience to make
surgical decisions quickly and handle instruments with great
dexterity. Therefore, to improve surgeons’ competence in the
operating room, it is imperative to enhance the training of FAI
related skills in the surgical training program.

In this current study, simulation using cadaveric spec-
imens was rated as the most preferred training method
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by surgeons. The use of cadaveric specimens have many
advantages, including the presence of anatomical structures
in-situ, realistic tissue handling and haptic feedback, making
this method an excellent approach for medical profession-
als to practice clinical skills [40]. This training technique
would allow trainees to appreciate spatial orientation and
handedness when performing clinical procedures, and the
combination of visual and haptic feedback can also augment
trainees’ memory and help them to recall motor patterns in
real clinical settings [40—42]. Using cadaveric specimens is
undoubtedly the most ideal method for surgical training as
it simulates most closely the scenario in the operating room.
Despite the number of benefits associated with using cadav-
eric simulation, routine application of this training method
has met with considerable challenges. This is in part due to
cultural, ethical, and legal issues [43, 44], that has limited
the availability of cadaveric specimens for medical training.
Furthermore, financial considerations, including access to
cadavers and costs related to maintaining modern anatomical
laboratories, such as establishing a fresh cadaveric facility,
are all barriers that could prevent trainees from having suf-
ficient practice [45]. Hence, for routine practice, medical
professionals are constantly looking for other practical alter-
natives.

Itis observed that use of a high-fidelity physical model and
VR simulator are the most favorable alternatives for medi-
cal professionals in practicing their clinical skills [46]. These
two kinds of simulation can replicate the clinical operation
with great details. Compared to high-fidelity models, a VR
simulator tends to have more varied functions that are able to
simulate various clinical procedures [11]. Furthermore, the
VR simulator gamifies the training experience. Trainees are
able to choose modules that are suitable for their experience
level, and the simulator can provide immediate feedback on
the trainees’ operation [47]. However, there are still con-
tentions broached with regard to the use of VR simulator for
clinical training. Since VR-based simulation is costly, the
efficiency of training with a VR simulator raises concerns
as the educational outcomes do not always justify its high
price [48]. Moreover, under certain circumstances, instead
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of enhancing clinical training, the VR simulator could also
possibly increase the cost and difficulty in learning the neces-
sary operative skills [49]. Itis therefore plausible that because
of these reasons, high-fidelity physical models are more pop-
ularly used among surgeons.

High-fidelity physical models can be a full body man-
nequin or a high-fidelity part-task trainer [10, 50]. This type
of simulation has accurate anatomical structures and vivid
haptic feedback. In some cases, a physical model combined
with electronic components can provide responses required
for physical diagnosis or clinical treatment [51]. Since the
introduction of medical imaging and 3D printing technolo-
gies into simulation design [44, 52, 53], accurate digital
models of human structures can be reconstructed and high-
fidelity human body replications can be produced by 3D
printing in a cost effective way. Using different materials and
designs, 3D printed models could be used for a wide range of
educational scenarios, from providing anatomical insights to
organ transplantation [54, 55]. 3D printed models can simu-
late general clinical procedures, and customized models that
are based on the patients’ medical data to simulate the rarer
cases can be developed [56]. Considering that details of bony
structure are well presented by medical images, the combi-
nation of medical imaging and 3D printing is a promising
technique to develop high-fidelity physical models for ortho-
pedic education.

Low-fidelity bench top model seems least favorable by
surgeons for the training purposes. This type of simulator
usually has simple structures which lack visual and phys-
ical representation of the human body and therefore does
not allow practice of many clinical procedures. However,
this does not mean that low-fidelity simulator is not useful
at all for surgical training as under some circumstances, it
may offer the same benefits as high-fidelity models [57-60].
For instance, low-fidelity simulation could help trainees to
familiarize with instruments and tools that are needed for the
surgical procedure and allows trainees to repeatedly practice
fundamental skills that are vital for surgery.

Conclusion

This present study has identified important skills for hip
arthroscopic trainees to possess from the perspectives of
expert orthopedic surgeons. As cognitive skills have been
highlighted as crucial for arthroscopy, medical educators
should pay more attention to improve the outcomes of train-
ing for cognitive knowledge and skills. The FAI-related skills
of hip arthroscopy are also highly emphasized by the sur-
geons. It would be helpful to design an individual module
for the training of such specific skills. Making enhancements
to training programs would be useful in helping early career
orthopedic surgeons achieve competence in hip arthroscopy,

which will result in better clinical outcomes for common
diseases of the hip joint. As higher fidelity is favored over
lower-fidelity simulation, the development and use of high-
fidelity 3D-printed simulator as a viable alternative when
cadaveric specimens are not accessible, is recommended to
help trainees learn in a more effective way. However, it would
also be useful to apply the lower-fidelity simulator in the ear-
lier stage of the training program, before progressing to the
use of higher-fidelity models.
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