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Use of a Dry Surgical Simulator Improves
Orthopaedic Residents’ Competency and Technical

Skills for Arthroscopic Rotator Cuff Repair

Claudio Chillemi, M.D., Domenico Paolicelli, M.D., Carlo Paglialunga, M.D.,

Gennaro Campopiano, M.D., Mario Guerrisi, M.D., Riccardo Proietti, M.D., and
Cristina Carnevali, M.D.
Purpose: To evaluate whether an anatomic dry shoulder Dexter training model surgical simulator would be effective in
augmenting orthopaedic residents’ skills for arthroscopic rotator cuff repair. Methods: Nine residents, enrolled for this
prospective study, watched a video presentation about transosseus equivalent (TOE) double-row, rotator cuff repair
technique, repeating the aforementioned technique twice on the simulator. The time to complete all steps to final repair,
as well as the quality of the final repair, were measured. Results: The data for repair completion time showed a sta-
tistically significant difference in the total duration time of performing the procedure, when comparing the timing in tests
1 and 2, demonstrating a reduced operative time. The qualitative data collected show an increase in the final score in
100% (9 out of 9) of the participants between the first and second tests, with an improvement in the average score of
16.4% (3.22 points with a standard deviation of 2.64). Hence, there is a statistically significant difference (P ¼ .006)
between the total scores obtained by the participants at the end of tests 1 and 2, presenting an improvement of the quality
score, shifting from the first (average score 19.7) to the second (average score 22.9) test. Conclusion: The dry simulator
may be a valuable device to improve arthroscopic technical skills. This improvement was observed both in the resulting
reduced operative time required to carry out the surgical procedure and the increased quality score (established to
evaluate the quality of the required tasks). Clinical Relevance: In order to provide as many training opportunities as
possible, an arthroscopy simulator could be used to supplement clinical arthroscopy skills training for orthopaedic
residents.
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Arthroscopy, Sports Medicine, and Rehabilitation,
societies to search for teaching and training
alternatives.1,2

All surgical skills have a learning curve and require
dedicated practice to obtain mastery; arthroscopic
techniques present additional challenges to the learning
curve.3 The master-apprentice approach has dominated
surgical training for more than 100 years,4 but specif-
ically regarding minimally invasive surgery, it has been
shown that operating during the period of initial skill
acquisition can lead to increased rates of complica-
tions.5 New methods and new criterion standards for
the training of surgeons must be developed.
Simulation-based training (SBT) can be used to develop
surgeons’ knowledge, skills, and behaviors, e.g., by
allowing surgical trainees to develop diagnostic skills
with simulated patients (SPs), or learn technical skills
on various models, including virtual-reality (VR) sim-
ulators, animal tissue, live anesthetized animals, and
human cadavers6 without exposing patients to risks.7,8

The overall aim of SBT is to increase patient safety
by improving the competency of surgeons.4,9 It has
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Fig 1. (A) Proximal humerus. Left side. Posterior view. To precisely localize anchor position, the greater tuberosity was divided
into 3 equal zones in the sagittal plane (A-C), and four rows (1-4) were defined in the coronal plane. Row 1 consists of the area
included from the articular surface to the summit of the greater tuberosity and is subdivided in medial (m) strictly adjacent to the
cartilage (A1m, B1m, C1m), and lateral (l) (A1l, B1l, C1l); Row 2 (A2, B2, C2), 0 to 7 mm below the summit; Row 3 (A3, B3,
C3), 8 to 14 mm below row; Row 4 (A4, B4,C4), 15 to 21 mm below row. (B) Anchor positioning was scored. Quality variables:
For each of the qualitative variables, points were assigned on the basis of a specifically predetermined numerical reference
system: for the Bone Bridge from 7 to 13 mm three points were assigned, for more than 13 mm were assigned two points, one
point was awarded for less than 7 mm. For the anterior tendon bridge, three points between 10.1 and 15 mm were assigned,
between 7.1 and 10 mm, two points were assigned and one point was assigned between 4 and 7 mm. For the posterior tendon
bridge, three points between 10 and 15 mm were assigned, two points between 7.1 and 10 mm and one point between 4 and 7
mm. To evaluate the tension of the anterior and posterior knots, 3 points were assigned when the tightness of the knots was
optimal, when the tightness was intermediate, two points were assigned, and one point was assigned when the tightness was
poor. The evaluation of the inclination of the medial anchor on the coronal plane was made by attributing three points from 36�

to 45�, two points between 25� and 35�, and zero points for values less than 25�. The inclination of the medial anchor on the
sagittal plane was evaluated by attributing three points from 0� to 10�, attributing two points between 11� and 20� and zero
points for values greater than 21�. The positioning of the anchors was evaluated on the basis of the scheme (Table 3A). For the
positioning of the medial anchor three points in 1Bm, two points in 1 Am and 1Cm, one point in 1Al, 1Bl, and 1Cl were
attributed. For the positioning of the front lateral anchor, three points were attributed in 4C, two points in 4B, 3C, one point in
3B, zero points in 2B, 2C. For the positioning of the rear lateral anchor three points in 4C, two points in 4B and 3C, one point in
3B, zero points in 2C and 2B were attributed.
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been shown that VR-based training has at least equal
value to direct observation, animal and/or cadaver
models or videotape learning tools.1,10 To accelerate
the learning process, numerous methods can be used
to create an arthroscopic experience; within the wide
range of possibilities, there are courses involving
surgery on a corpse, nonanatomical models,
anatomical models, virtual models on electronic
platforms, and computer models. However, several
anatomic virtual-reality or laboratory-based trainers
may be impractical or cost-prohibitive, leading to
barriers in implementation.11 Therefore, mid-range
price and portable training models may solve impor-
tant accessibility, flexibility, and financial barriers
faced by some orthopaedic trainees and in residency
programs.
The purpose of this study was to evaluate whether an

anatomic dry shoulder Dexter training model surgical
simulator would be effective in augmenting orthopae-
dic residents’ skills for arthroscopic rotator cuff repair.
The hypothesis of this study was that the anatomic dry
shoulder Dexter training model would be an effective
tool to improve arthroscopic skills of orthopaedic
residents.”



Fig 2. Dexter Training Model Surgical Simulator: modular
simulator and spare parts in portable system.
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Methods
All 9 residents in the department of orthopaedics and

tramatology at the authors’ institution were asked to
participate in this study. The exclusion criterion was if
Fig 3. Dexter Training Model Surgical Simulator components: left
soft, is made of polyol and isocyanate. All the bony components
polylactic acid (PLA) 3D printed. Labrum and biceps tendon are m
White Jacquard tissue and the muscle is made of silicone.
the resident had previous experience with shoulder
arthroscopy simulations or training models.
The study was a prospective trial consisting of a group

of residents repeating the assigned tasks twice on the
simulator and evaluating the results between the ses-
sions. Four months were necessary to complete all the
planned sessions. Before the tutorial session, each
participant reviewed the study objectives and scoring
system and was informed about the evaluation criteria
used. All participants viewed a video presentation
(performed by the senior surgeon) clearly explaining
the technique to be reproduced with a specific focus on
the key surgical steps to address (e.g., anchor posi-
tioning, the geometry of the repair, type of knots, knot
tension, etc.). Participants were then given 5 minutes of
undirected arthroscopy time to become further famil-
iarized with the simulator. The evaluation metric was
divided into two main categories: time and quality. The
former variable consists of the time measurement of the
overall steps completed to accomplish the final repair
configuration (surgery start, medial anchor placement,
knot, first lateral anchor placement, second lateral an-
chor placement, and the end of the surgery).
The latter variable (including assessment of the motor

tasks at the base of the repair configuration) comprises
evaluations about the configuration geometry, the
proper anchors’ insertion, the correct suture tension
(evaluated qualitatively at the end of the repair by
opening the simulator and analyzing the final repair by
naked eyes) and the anchors’ placements in the correct
areas. To identify the proper anchors’ placement, the
proximal humeral head was mapped beforehand onto
different areas. The size and position of these areas
were geometrically defined (Fig 1A). An appropriate, a
predefined score was assigned to every qualitative
variable based on the measured value (Fig 1B).
shoulder, lateral decubitus, anterior view. The skin, elastic and
(acromion and coracoid tip, glenoid, humerus) are made of
ade of white bioflex. The semi-elastic rotator cuff is made of



Fig 4. Proximal humerus, left side, lateral view. Rotator cuff
(RC) repair. Transosseus equivalent configuration. Keep in
mind to maintain an 8-10 mm “bone bridge” between lateral
anchors ()/) to avoid the risk of cortex cracking
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Training Model
The shoulder simulator used was the Dexter Training

Model Surgical Simulator (for brevity named Dexter)
(NCS Lab, Carpi, Italy), consisting of a portable system
enclosed in a rigid case (Fig 2). It can be used in the
beach chair or lateral decubitus position, with the pos-
sibility to choose internal and external rotation and
abduction/adduction position. Lastly, it is equipped
with a 0� arthroscope camera (Teslong) with intensity-
adjustable LED lights and with plug-and-play adaptor
type USB 2.0/USB mini-B usable with any computer,
tablet, or smartphone that supports these USB ports.
All the Dexter components are composed of different

materials and may be changed (Fig 3).

Surgical Technique
All participants were required to perform a double-

row rotator cuff repair (1 medial anchor and 2 lateral
knotless anchors) (Fig 4). To reproduce the surgery, 3
portals were required: standard posterior (for the
scope), lateral, and antero-superior (working) portals.12

Another percutaneous small accessory supero-lateral
portal was performed to correctly place the medial
row anchor near the cartilage margin, to avoid the risk
of the anchors’ pull-out. Cannulas were not used. The
required instrumentation and the anchors employed
are reported in Fig 5.
Medial row
One metal anchor (Titanium IntraLine Suture An-

chor, 5 mm; Stryker, Kalamazoo, MI) with 2 sutures of
different colors was placed medially. All 4 sutures limbs
were then passed through the tendon from posterior to
anterior, followed by closure of the medial row with
knots in the opposite way. The knot to be used was
chosen by each participant among three different types:
SMC’s knot13 (sliding), Fisherman’s knot14 (sliding),
and Revo’s knot15 (nonsliding). All of the limbs were
maintained and employed to close the lateral row

Lateral Row
Two knotless anchors (ReelX STT 4.5 mm, Stryker,

USA) were necessary. One limb from each medial knot
was crossed over and loaded on the knotless anchors
(1 anterior and 1 posterior) and then tensioned in order
to compress the tissue to the anatomical footprint. The
anchors were positioned through the lateral working
portal, as distal as possible to the apex of the greater
tuberosity, where a higher pull-out strength has been
demonstrated.16 In addition, it is advisable to maintain
an 8-10 mm of “bone bridge” between them to avoid
the risk of cortex cracking (Fig 4).

Training Sessions
The surgical simulation was planned in 4 sessions as

reported in Table 1. Data were collected in each test
session. After the initial testing session (time 0), resi-
dents received a video lesson in awebinar format (Time1)
and after that, all subjectswere tested twicemore (Time 2,
Time 3).
The WATCH AND LEARN session was an online

training webinar carried out by the senior surgeon to
elucidate key surgical steps to perform a 3-anchor
arthroscopic rotator cuff TOE double row repair on
the training model.
Each test session was accomplished following this

procedure: The model was secured in the requested
orientation (all participants choose the lateral decubitus
orientation). The assistants were instructed to act only
at the specific direction of the operating surgeon.
Prompting and coaching (of technique) were pro-
hibited, and the procedures were monitored by the
senior surgeon (the shoulder expert, external
observer).
Every surgeon performed the TOE repair according to

the technique above reported.

Statistical Analysis
Mathematical means and standard deviations were

calculated for continuous variables, and frequencies
and proportions were calculated for categorical vari-
ables by group and time points (between first and
second session). For continuous variables, independent
t tests were used to evaluate between-session



Fig 5. Rotator cuff repair: anchors
tipology. (A) From the left to right
titanium IntraLine suture anchors
5.5 mm and The ReelX STT
knotless anchor (Stryker, USA).
(B) Basic set of arthroscopy in-
struments for rotator cuff repair:
1, retrievers; 2, grasper; 3, suture
passer; 4, cutter; 5, knot pusher.
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differences. Dependent t-tests were used to evaluate
within-group differences, between preintervention and
postintervention, for continuous variables. All statistical
analyses were completed using Minitab and a type I
error rate of P < .05 was used to assess statistical
significance.
Results
All the 9 residents completed the study.
Quality Scores
The quality scores collected for all participants in the

first and second tests are shown in Table 2. Bone bridge
data showed an improvement in 56% (5 out of 9) of the
participants, an unchanged score in 22% (2 out of 9)
and a worsening in 22% (2 out of 9). The data on the
tightness of the anterior suture showed an improve-
ment in 56% (5 out of 9) of the participants, an un-
changed score in 44% (4 out of 9) and a worsening in
0% (0 out of 9). On the posterior knot tension, the data



Table 1. Surgical Simulation Sessions

Time 0 The first surgical simulation test was performed by all
participants without any previous experience with the
simulator, neither theoretical nor practical.

Time 1 WATCH AND LEARN e WEBINAR lesson.
Time 2 FREE PRACTICE e Training session performed with the

help of the expert surgeon followed by a theoretical
study of surgical technique.

Time 3 Second surgical simulation test.
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showed an improvement in 11% (1 out of 9) of the
participants, an unchanged score in 44, 5% (4 out of 9)
and a worsening in 44, 5% (4 out of 9). Data on the
amount of tendon tissue sutured anteriorly (for brevity
named Tendon bridge) showed an improvement in 44,
5% of the participants, an unchanged score in 44, 5%
(4 out of 9), and a worsening in 11% (1 out of 9). Data
on the amount of posterior tendon bridge showed an
improvement in 78% (7 out of 9) of participants, an
unchanged score in 11% (1 out of 9) and a worsening
in 11% (1 out of 9). For the coronal inclination of the
medial anchor, the data showed an improvement in
33% (3 out of 9) of the participants, an unchanged
Table 2. Quality Scores of the First and Second Test Session

1st Te

Step

Points f

R#1 R#2 R#3 R#4

1 3 2 2 3
2 1 0 2 0
3 2 3 3 2
4 2 0 2 3
5 2 0 2 3
6 3 3 2 3
7 3 3 3 3
8 3 3 3 0
9 2 0 3 2
10 3 0 0 3
Total 24 14 22 22

2nd Te

Step

Points f

R#1 R#2 R#3 R#4

1 3 3 3 1
2 2 3 2 3
3 0 3 0 3
4 3 2 3 3
5 3 2 3 3
6 3 3 2 2
7 3 3 3 3
8 3 3 3 0
9 3 2 3 3
10 3 0 2 2
Total 26 24 24 23

1: bone bridge; 2: anterior knot tension; 3: posterior knot tension; 4: ant
inclination (coronal plane); 7: anchor medial inclination (sagittal plane)
anterior; and 10: postero-lateral anchors positioning. R#1,2,3,4.etc: part
score in 45% (4 out of 9) and a worsening in 22% (2
out of 9). The data on the sagittal inclination of the
medial anchor showed an improvement in 11% (1 out
of 9) of the participants, an unchanged score in 67% (6
out of 9), and a worsening in 22% (2 out of 9). The data
on the positioning of the medial anchor showed an
improvement in 22% (2 out of 9) of participants, an
unchanged score in 67% (6 out of 9) and a worsening
in 11% (1 out of 9).
The data on the positioning of the anterior lateral

anchor showed an improvement in 56% (5 out of 9) of
the participants, an unchanged score in 33% (3 out of
9), and a worsening in 11% (1 out of 9). Finally, the
data on the positioning of the lateral posterior anchor
showed an improvement in 33% (3 out of 9) of the
participants, an unchanged score in 45% (4 out of 9),
and a worsening in 22% (2 out of 9).
Overall, the qualitative data collected showed an in-

crease in the final score in 100% (9 out of 9) of the
participants, between the first and second tests, with an
improvement in the average score of 16.4% (3.22
points with standard deviation of 2.64) (Fig 6A). The
total of qualitative scores and the difference between
the first and second test for every participant are
st

or Each Participant

R#5 R#6 R#7 R#8 R#9

1 1 3 3 2
2 3 3 2 3
3 3 3 3 3
1 2 2 3 1
1 1 1 2 0
2 2 0 0 3
3 3 2 3 3
2 3 1 1 3
1 2 2 1 2
1 3 0 0 0

17 23 17 18 20

st

or Each Participant

R#5 R#6 R#7 R#8 R#9

3 3 1 3 3
3 3 3 3 3
0 3 1 3 3
2 2 2 1 1
2 2 2 1 2
3 2 3 3 2
3 3 3 2 2
3 3 0 3 3
0 2 3 2 2
0 3 2 0 2

19 26 20 21 23

erior edge-knot depth; 5: posterior edge-knot depth; 6: anchor medial
; 8: medial anchor positioning; 9 antero-lateral anchors positioning:
icipants.



Fig 6. Rotator cuff repair using a
simulator training model per-
forming two test sessions. Quality
scores. (A) Average of the quality
scores divided by each qualitative
target of the first and second test
session. 1: bone bridge; 2: ante-
rior knot tension; 3: posterior
knot tension; 4: anterior edge-
knot depth; 5: posterior edge-
knot depth; 6: anchor medial
inclination (coronal plane); 7:
anchor medial inclination
(sagittal plane); 8: medial anchor
positioning; 9: antero-lateral an-
chors positioning: anterior; 10:
postero-lateral anchors posi-
tioning. (B) Total of quality scores
to complete the surgical simula-
tion of every participant in the
first and second test session.
R#1,2,3,4.etc: participants.
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presented in Fig 6B. The two test sessions have been
compared on the basis of the total score obtained at the
end of the procedure during the various trials. There is a
statistically significant difference between the total
score obtained in the two trials at the end of the session,
showing an increase in quality score comparing the first
to the second trial (Table 3).

Time Scores
The time scores collected for all participants in the first

and second tests are shown in Table 4. Time data were
collected and analyzed in 5 consecutive steps for every
test session.
The first step corresponds to the time elapsed between

the start of the simulation and the moment in which
the positioning of thefirst anchor (medial) takes place: the
data showed an improvement (i.e., less time to
execute) in 56% (5 out of 9) of participants, an un-
changed execution time in 33% (3 out of 9) and a
worsening in 11% (1 out of 9). The second step cor-
responds to the time taken to suture the first stitch of
the medial anchor: the data showed an improvement
in 78% (7 out of 9) of the participants, an unchanged
score in 0% (0 out of 9) and a worsening in 22% (2 out
of 9). The third step corresponds to the time taken to
place the first lateral anchor: the data showed an
improvement in 66% (6 out of 9) of the participants, an
unchanged score in 0% (0 out of 9) and a worsening in
44% (4 out of 9). The fourth step corresponds to the
time taken to place the last anchor (posterolateral): the
data showed an improvement in 78% (7 out of 9) of
participants, an unchanged score in 0% (0 out of 9) and
a worsening in 22% (2 out of 9). The fifth and last step
corresponds to the end of the surgical simulation: the
data showed an overall improvement in the total test
time in 78% (7 out of 9) of the participants, an un-
changed time in 0% (0 out of 9) and a worsening in
22% (2 out of 9).
The average of each single time-score in the first and

second tests for each of the participants is represented
in Fig 7A. The Total of the time scores and the differ-
ence between the first and second test for every



Table 3. Increasing of the Quality Score Shifting From the
First to the Second Trial

Test 1 Test 2

P ValueAverage Score Average Score

19.7 22.9 0.006
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participant are presented in Fig 7B. The two test ses-
sions have been compared both in the intermediate
steps of the procedure and in the overall length.
There is a statistically significant difference in the total

duration of the accomplished procedure, when
comparing the timing in trials 1 and 2, demonstrating a
reduction in operative time. There is no significant
difference at the intermediate level (Table 5).

Discussion
The hypothesis of this study was verified and the

anatomic dry shoulder Dexter training model revealed
to be an effective tool to improve arthroscopic skills of
orthopaedic residents. Moreover, it is possible to as-
sume that an arthroscopic rotator cuff repair can be
deconstructed into the essential steps necessary for the
effective completion of the repair.
The effectiveness of training models and arthroscopic

surgical simulators is validated by studies tested on
other joints.3,17,18,19,20,21 Considering that, these
models have proved principally effective for trainees
with a low or intermediate level of experience. This
study revealed that training on an arthroscopic simu-
lator improves performance on the simulator, which, in
Table 4. Time scores

1st Te

STEP

Times of ea

R#1 R#2 R#3 R#4

1 10 15 15 10
2 50 65 45 30
3 55 75 60 40
4 65 85 70 45
5 70 90 80 55

2nd Te

STEP

Times of Ea

R#1 R#2 R#3 R#4

1 5 5 5 10
2 30 25 23 46
3 40 35 30 56
4 50 45 37 61
5 57 50 45 65

To measure the temporal variables, the main surgical steps necessary fo
into consideration in first and second test session. 1: the time for the positi
suture of the first anchor are tied; 3: the moment in which the first lateral a
is positioned; 5: the moment of the end of the intervention. R#1,2,3,4 .
turn, may be beneficial for performance in the oper-
ating room, keeping in mind what was reported by R.
M. Frank et al.17 on the degree of transferability of the
acquired skills. For this reason, it is always very
important to use the same scoring system and stan-
dardize procedures. Time to perform a task was the
most commonly reported skill-evaluating outcome of
simulation18 in this study; not only the time to perform
every single task were reported, but even the quality of
every accomplished task.
In this study, the training model (DEXTER) has

been used for an arthroscopic rotator cuffs repair, and
data suggest that the training model accelerates the
learning process. Moreover, the indisputable advan-
tages of this simulator are the possibility of training
24 hours a day, 365 days a year, in addition to the
opportunity to practice anywhere, even in a domestic
environment, allowing immediate and objective
feedback, as well as self-assessment of progress,1

discarding risks associated with cadaver lab. Further-
more, the prospect of practicing many times on the
Dexter could lead to a greater level of safety for
the patient, not only because of the acquisition of the
current surgical technique, but also for the improve-
ment of simple surgical arthroscopic gestures, such as
visualization, triangulation, and knot-tying tasks. Each
type of surgical simulator has pros and cons. The
main ones are summarized in Table 6.
The surgical technique chosen for this training was a

transosseus equivalent (TOE) double-row rotator cuff
repair. With this technique (TOE), the rotator cuff tis-
sue is compressed to the anatomical footprint mainly by
st

ch participant (minutes)

R#5 R#6 R#7 R#8 R#9

10 10 5 5 5
35 25 45 30 30
40 35 50 35 35
45 40 60 40 40
55 45 65 50 45

st

ch Participant (minutes)

R#5 R#6 R#7 R#8 R#9

5 5 5 5 10
18 30 24 20 15
30 45 35 30 27
35 51 43 32 32
40 60 47 35 35

r the completion of the surgical technique under analysis were taken
oning of the first anchor (medial anchor); 2: the moment in which the
nchor is positioned; 4: the moment in which the second lateral anchor
etc: participants.



Fig 7. Rotator cuff repair using a
simulator training model per-
forming two test sessions. Time
scores. (A) Average times to
complete each step in the first and
second test session. 0: beginning
of the intervention; 1: the time for
the positioning of the first anchor
(medial anchor); 2: the moment
in which the suture of the first
anchor are tied; 3: the moment in
which the first lateral anchor is
positioned; 4: the moment in
which the second lateral anchor is
positioned; 5: the moment of the
end of the intervention. (B) Total
time to complete the surgical
simulation of every participant in
the first and second test session.
R#1,2,3,4 . etc: participants.
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the help of bridging sutures,22 decreasing tissue stran-
gulation and better preserving tendon vascularity.23

Limitations
This investigation has some limitations. First,

although our sample size in this study is comparable to
Table 5. Comparison of Total Time Duration of Steps 1-5

Test 1

STEP Standard Deviation Average

1 3.9 9.4
2 12.9 39.4
3 14.4 46.7
4 16.3 54.4
5 15.8 61.7
Total Timing

Statistically significant difference is shown between the total duration to
showing a reduction in operative time. There is no significant difference
those reported in the current body of literature, the
sample size and the impact of the study were limited by
the number of residents tested. At the beginning of the
study, only 9 M.D. Residents in orthopaedics and
traumatology were assigned from Sapienza University
of Rome to this Institute. Moreover, the study was
Test 2

Standard Deviation Average P Value

2.2 6.1 0.081
9.1 25.7 0.066
9.3 36.4 0.095
9.9 42.9 0.081

10.8 48.2 0.160
0.050

accomplish the procedure by comparing the timing in trials 1 and 2,
at the intermediate level



Table 6. Main Advantages and Limitations of Each Type of Arthroscopy Simulator

Arthroscopy Simulators Advantages Limitations

Cadaver lab (Gold standard for training) Real anatomy, every kind of tasks and complete
simulation

High prices, requires travel, legal restrictions in
different countries, days off, check of the
surgical technique only after anatomical
dissection, risk of disease transmission

Robotic simulator Anatomical very realistic simulation; advanced
tasks

High prices and cost-effectiveness; not portable

Nonanatomic simulator Very low prices; “at home” simulator Only basic skills; not realistic
Anatomic training model Anatomical realistic simulation; advanced tasks;

easy and immediate check of the surgical
technique; portable

Camera 0�, need for spare parts

e1048 C. CHILLEMI ET AL.
conducted using a single training model, and thus, as-
sumptions cannot be made on the effectiveness of
similar models. Finally, as another training model,
Dexter lacks some key elements, which could modify
operator surgical performance “in vivo”; in fact, it is dry
and blood-free. Another intrinsic limitation of the
training model adopted in this study was the
0� arthroscope, with the Dexter, equipped only with
this camera.

Conclusion
The dry simulator may be a valuable device to

improve arthroscopic technical skills. This improvement
was observed both in the resulting reduced operative
time required to carry out the surgical procedure and
the increased quality score (established to evaluate the
quality of the required tasks).
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