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Introduction: As resident evaluation moves to a competency-based system, validated tools for assessment of
surgical skill are increasingly important. We created and validated a checklist to measure resident surgical skill
for arthroscopic management of meniscal tear.

Materials and Methods: Using a Delphi survey method, we created an objective, structured assessment of surgical
skill for treatment of meniscal tears. The Meniscus Treatment Task List (MTTL) comprises 5 domains: diagnostic
arthroscopy, medial meniscectomy, lateral meniscectomy, medial meniscal repair, and lateral meniscal repair.
Orthopaedic surgery residents were recruited to perform diagnostic arthroscopy, partial meniscectomies, and all-
inside meniscal repairs with cadaveric models. Arthroscopic videos were graded by fellowship-trained surgeons
using the MTTL and the validated Arthroscopic Surgical Skill Evaluation Tool (ASSET) global rating scale (GRS).
Postgraduate year (PGY), operative time, and case logs were recorded for each resident. Data were analysed
using bivariate correlation, analysis of variance, pairwise comparison, Pearson’s correlation coefficient, and
intraclass correlation coefficient. ®=0.05.

Results: Twenty-two orthopaedic surgery residents (PGY1-PGY4) participated. MTTL scores were higher in the
PGY4 class than in the PGY1 class (mean difference, 11 points, p = 0.04). Operative time was inversely correlated
with number of cases logged (r = -0.53, p = 0.01), number of arthroscopic cases logged (r = -0.50, p = 0.02), and
MTTL score (r = —0.46, p = 0.03). MTTL score was positively correlated with number of cases (r = 0.44, p = 0.04)
and number of arthroscopic cases logged (r = 0.50, p = 0.02). MTTL scores were positively correlated with the
ASSET GRS (r = 0.71, p<0.001). Intraclass correlation coefficient of 0.89 and Pearson’s correlation coefficient of
0.89 demonstrated strong interrater reliability of MTTL scores (p<0.01).

Conclusions: This pilot study demonstrates the validity and reliability of the MTTL for assessing resident profi-
ciency in arthroscopic management of meniscal tears in cadaveric specimens. Expansion of this model to other
orthopaedic procedures for objective assessment of surgical skill may be useful.

Introduction

Orthopaedic surgery residency is designed to produce safe, compe-
tent, and confident surgeons. Faculty and peer evaluations play a large
role in resident development, and objective, specific feedback is crucial
for development and improvement of surgical skills. Historically,
methods of evaluation have been largely subjective, including one-on-
one feedback, self-assessment, non-validated scales, and faculty group
discussion [1]. The field of orthopaedic education has begun to transi-
tion from this traditional model to a more objective and standardized

model of resident training and assessment. The value of standardization
of resident assessments lies in the ability to grade and compare residents
across programs, to more easily identify technical deficiencies, and to
ensure that graduates of residency programs have a sufficient level of
surgical skill to safely practice orthopaedic surgery.

Notably, competency-based assessment of resident surgical skill has
garnered interest from the Accreditation Council for Graduate Medical
Education (ACGME), the American Board of Orthopaedic Surgery
(ABOS), the American Orthopaedic Association (AOA), and the Amer-
ican Academy of Orthopaedic Surgeons (AAOS) [2,3]. As part of this
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effort to enhance clinical and surgical competence, the ACGME estab-
lished core competencies and milestones to provide a common frame-
work for orthopaedic surgery resident education [4].

The initial milestones for orthopaedic surgery represented specific
conditions and professional skills that the ACGME and ABOS deemed
crucial for development of orthopaedic residents. Management of
meniscal tear was one of the original milestones, and therefore repre-
sents a meaningful target for development of competency-based evalu-
ation. Meniscal tear is now included in the Operative Management of
Arthroscopically Treated Conditions Patient Care in Milestones 2.0 [5].

Several global rating scales (GRSs) have been developed to evaluate
surgical skills ranging from open surgery to shoulder and knee
arthroscopy [6-9]. However, these scales are not designed to assess the
technical details of distinct procedures [10]. The Arthroscopic Surgical
Skill Evaluation Tool (ASSET) is a GRS that has been validated for dry
knee models, but not wet models [11,12]. To date, there is no objective,
validated resident assessment tool specific to arthroscopic management
of meniscal tears.

The purpose of this study was to create and validate a checklist to be
used as an objective measure of resident surgical skill in arthroscopic
management of meniscal tears.

Materials and methods
Development of the Meniscus Treatment Task List

The Objective Structured Assessment of Technical Skills (OSATS)
checklist is a validated tool for grading technical proficiency. An OSATS
Task-Specific Checklist was created using a Delphi survey method. The
Delphi method is a survey process in which questionnaires are sent to a
panel of experts, a summary of the answers is given as feedback by a
survey facilitator, and the process is repeated until the panel is in
agreement [13]. A questionnaire was circulated to 4 fellowship-trained
sports medicine orthopaedic surgeons from 2 outside institutions. After
3 feedback rounds of editing and revision, one author summarized the
opinion of the experts for accuracy, clarity, and comprehension.

Checklist domains developed using the Delphi process comprised a
list of steps to be performed for each procedure. Through this iterative
method, a comprehensive, itemized arthroscopic meniscal treatment
checklist (Meniscus Treatment Task List [MTTL]) was created with 5
domains: diagnostic arthroscopy, medial meniscectomy, lateral menis-
cectomy, medial meniscus repair, and lateral meniscus repair. The
checklist assessed 50 items, with each item valued at 1 point (Appendix
A).

Participant recruitment and arthroscopy simulation

Of 30 residents who were emailed to request their participation in
the study, 22 agreed. No compensation was provided for their partici-
pation. The following information was collected from each participant:
year of residency, total case volume and arthroscopic case volume (as
assessed by ACGME case log data), hand dominance, subspecialty in-
terest, and number of sports medicine rotations completed. To reduce
the risk of bias, each participant was assigned a number by a random
number generator to de-identify participants and their study data.

The arthroscopy simulation consisted of 5 tasks to be performed on a
cadaveric knee specimen: a diagnostic arthroscopy, medial and lateral
meniscectomies, and medial and lateral meniscal repairs. In the menis-
cectomy tasks, participants were instructed to perform partial medial
and lateral meniscectomies, simulating a white-white zone tear, and to
resect approximately 30%-50% of the central meniscus. For the
meniscal repair tasks, participants were instructed to place a single all-
inside meniscus repair suture in simple fashion in both the medial and
lateral menisci with the provided implant. All tasks were recorded using
a standard arthroscopy tower for subsequent review by fellowship-
trained sports medicine physicians.
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Cadaveric, full-knee joint specimens were obtained from the Mary-
land Department of Health State Anatomy Board (Baltimore, Maryland)
and the Anatomy Gifts Registry (Hanover, Maryland). One author
inspected each knee specimen externally for anatomical deformities
before simulation. All testing was performed at an on-campus cadaver
and biomechanical laboratory. Arthroscopic equipment and video
capturing capability were provided by Stryker Corporation (Kalamazoo,
Michigan), and 50 all-inside meniscus repair suture devices (Fast-Fix
360 Meniscal Repair System, Smith & Nephew, Memphis, Tennessee)
were provided by the manufacturer.

Throughout the simulation, the study coordinator was available to
aid participants only as a simulated "industry representative,”” demon-
strating the function of the meniscus repair suture device as needed. For
each step of this objective structured clinical examination, participants
were given no further instruction on technique, anatomy, or procedure.

Simulation evaluation

De-identified arthroscopic videos of each participant’s simulation
were distributed to 2 fellowship-trained sports medicine surgeons. Both
evaluators were selected from outside institutions to ensure independent
evaluation and minimize bias. Two grading instruments were used to
evaluate the videos. Simulations were first scored with the ASSET, a
validated GRS for arthroscopy [11] (Appendix B). Next, the simulations
were scored with the MTTL. Residents earned 1 point per task completed
on the MTTL, with a maximum possible score of 50 points. Arthroscopic
inspection of the knee constituted approximately half of the points in the
MTTL, with procedural skills constituting the other half.

Participants and the study coordinator were blinded to both the
ASSET and MTTL scores so performances could be evaluated in an un-
biased manner. Physicians who had participated in the Delphi process,
graded participants’ MTTL instruments, or performed the statistical
analysis were not blinded to the ASSET and MTTL scores.

Statistical analysis

Descriptive statistics were used to report resident-level data,
including operative experience and performance metrics by post-
graduate year (PGY) of training (Table 1). Differences were calculated
using 1-way analysis of variance (ANOVA). Construct validity was
assessed using 1-way ANOVA with Welch correction to compare mean
MTTL scores with PGY. When significant differences were observed,
post-hoc testing using a custom contrasts post-hoc test was performed
for all pairwise comparisons. Pearson correlation coefficient (r) was
used to determine the relationship between mean MTTL scores and other
variables (PGY, total case number, arthroscopic case number, and
operative time). Concurrent criterion-related validity was assessed by
comparing performance scored using the MTTL with the previously

Table 1

Operative experience and performance metrics by PGY of training for 22 or-
thopaedic surgery residents performing arthroscopic treatment of meniscal
tears.

Parameter Mean =+ Standard Deviation p-value
PGY-1 PGY-2 PGY-3 PGY-4
(N=6) (N=5) (N=5) N=6)
No. of cases logged 156 + 660 + 1106 + 1251 + <0.001
78 222 192 262
No. of arthroscopic 3+2 61 + 18 127 £50 150+48  <0.001
cases logged
Operative time 57 + 27 46+9.4 32+£10 33+ 14 0.08
(minutes)
ASSET score 14+5 17 + 4 18+3 26+5 <0.001
MTTL score 24+9 25+ 8 27+ 6 35+2 0.03

ASSET, Arthroscopic Surgical Skill Evaluation Tool; MTTL, Meniscus Treatment
Task List; PGY, post-graduate year.
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validated ASSET GRS. Interrater reliability of the MTTL score was
determined using the intraclass correlation coefficient for absolute
agreement between a fixed, non-random set of raters.

An a priori confidence interval was set at 95%. A power analysis was
conducted for a  of 80% and an « of 0.05, with a clinically meaningful
difference of 10 points on the ASSET GRS or 2 points on the MTTL. All
statistical analyses were performed using Stata/IC 15.1 (StataCorp LLC,
College Station, TX).

Results

Participants were 6 PGY-1 residents, 5 PGY-2 residents, 5 PGY-3
residents, and 6 PGY-4 residents.

Construct validity

Mean (& standard deviation) MTTL scores increased from the PGY1
class (24 + 9.3) to PGY2 (25 + 8.2), PGY3 (27 + 6.2), and PGY4 (35 +
2.2), differing significantly when assessed with ANOVA (p = 0.03;
Fig. 1). Post-hoc pairwise comparison testing of these scores showed a
significant difference only between the PGY1 and PGY4 classes (mean
difference 11, p = 0.04).

Significant positive correlations were demonstrated between mean
MTTL score, total number of cases logged (r = 0.44, p = 0.04; Fig. 2), and
total number of arthroscopic cases logged (r = 0.50, p = 0.02; Fig. 3).
Additionally, mean MTTL was inversely correlated with operative time
(r = -0.46, p = 0.03; Fig. 4). Subspecialty interest was not associated
with MTTL score (p = 0.15). Evaluation of resident performance with
the MTTL was positively correlated with the previously validated ASSET
GRS, suggesting additional criterion-related validity (r=0.71, p< 0.001;
Fig. 5).

Interrater reliability of the MTTL

When using a Pearson correlation coefficient to analyse interrater
reliability, the MTTL scores assigned by each rater were strongly
correlated (r = 0.89, p<0.001). They further demonstrated "good” to
"excellent” interrater reliability with an intraclass correlation coefficient
of 0.89 [14,15].

Discussion

In this study, we created a task-specific, objective, structured

40 -
35

30 A

Mean MTTL Score
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assessment of orthopaedic surgical skills using the Delphi method. The
MTTL is a valid and reliable assessment of meniscal repair in a simulated
environment. Specifically, we found excellent correlation of the MTTL
with PGY of training, number of cases logged, number of arthroscopic
cases logged, total operative time, and the ASSET GRS. Proof of validity
of the MTTL instrument includes evidence of novice-expert differentia-
tion, excellent inter-rater reliability, and strong correlation with per-
formance on the previously validated ASSET GRS.

The significant correlation between MTTL performance and pre-
dictors of expertise, including PGY of training, number of cases logged,
and number of arthroscopic cases logged, [16,17] establishes excellent
construct validity in determining levels of competency. Further, higher
MTTL score was associated with shorter operative time, which is simi-
larly associated with surgical experience and studies using virtual reality
simulators [18]. In addition, the MTTL demonstrated concurrent
criterion-related validity as an objective assessment of resident perfor-
mance when compared with the previously validated ASSET GRS.

Furthermore, the MTTL scoring system demonstrated "good” to
"excellent” interrater reliability between 2 fellowship-trained ortho-
paedic sports medicine surgeons when evaluating the same participant.
This result is largely related to the meticulous effort to create a precise,
itemized checklist that would produce reproducible results. However,
we also acknowledge the importance of having raters with a compre-
hensive understanding of the MTTL, as well as robust experience with
the surgical technique being evaluated. It follows that, to ensure
maximal reliability between raters of varied backgrounds in diverse
training environments, establishment of a training module for evalua-
tors may be necessary. Even with this caveat, the presence of significant
agreement within our model between independent raters supports the
consistency of our construct and its generalizability.

This study has several strengths. First, established orthopaedic sur-
gery grading instruments have assessed general arthroscopic skills, but
none has assessed procedures specifically highlighted as ACGME Mile-
stones [11,18]. Second, use of the modified Delphi method in the
development and design process ensured content validity with the in-
clusion of essential criteria and assessment of key competencies as
agreed upon by a team of experts [10]. Third, the use of a cadaver model
facilitated "gold-standard,” high-fidelity simulation, allowing residents
to demonstrate proficiency in a low-risk environment [12,19]. Finally,
anonymity afforded by videos of arthroscopic procedures and the blin-
ded administration of this study limited potential sources of bias.

The limitations of this study are also important to acknowledge. The
simulation portion of the study included a small number of orthopaedic

O Lateral meniscus repair
B Medial meniscus repair
@ Lateral menisectomy
@ Medial menisectomy

B Diagnostic arthroscopy
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Fig. 1. Mean Meniscus Treatment Task List (MTTL) score by post-graduate year of training.
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Fig. 2. Mean Meniscus Treatment Task List (MTTL) score by total number of cases logged. Coefficient of determination (%) = 0.19.
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Fig. 3. Mean Meniscus Treatment Task List (MTTL) score by number of arthroscopic cases logged. Coefficient of determination (%) = 0.25.

surgery residents from a single institution, reducing the study’s statis-
tical power and generalizability. Expansion of this study across multiple
institutions and a greater number of trainees would strengthen the
external validity of the current work. The experiment lacked a true
"expert” group of fellowship-trained surgeons, which may have further
helped define our model’s ability to delineate level of expertise by acting
as a positive control. The experimental design did not enable us to
perform retest-reliability testing given the limited number of cadaveric
specimens. Evaluation was performed by 2 fellowship-trained surgeons;
additional graders would provide greater confidence in the interrater
reliability.

Similar studies using primarily video-based assessment have been
criticized for failing to assess important procedural skills that may not be
well visualized on video, such as management of the surgical field,
incision, varus/valgus maneuvers to facilitate improved visualization, or
closure [11]. However, considering that our purpose was to design an
objective assessment model, the value of anonymous evaluation in our

study outweighed such concerns. The study design enabled assessment
of essential features of the procedure without introducing the bias
associated with unblinding. This study was not designed to determine
thresholds for a passing or failing score, which has been suggested as an
important addition to GRSs and checklists [20]. Finally, the MTTL does
not include a penalty for adverse events.

This study may have been complemented with a biomechanical
assessment of strength of meniscal repair, because previous studies have
shown lack of correlation between OSATS scores and biomechanical
strength of a given construct; this is an avenue for further research [21,
22]. Although this study leveraged numerous measures to maximize
objectivity in scoring, it is important to note that there is always some
level of subjectivity present in any form of grading and scoring.

Conclusions

In this pilot study, the MTTL was shown to be a valid, objective, and
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Fig. 4. Mean Meniscus Treatment Task List (MTTL) score by total operative time. Coefficient of determination (%) = 0.21.

45

40

35

30

25

20 °®

Mean MTTL Score

15

10

10

15

20 25 30 35

ASSET GRS Score

Fig. 5. Mean Meniscus Treatment Task List (MTTL) score by mean Arthroscopic Surgical Skill Evaluation Tool (ASSET) global rating scale (GRS) score. Coefficient of

determination (%) = 0.51.

reliable method for assessing resident surgical competence in arthro-
scopic management of meniscal tears in a cadaveric model. Once these
findings are externally validated, the MTTL may be used, in combination
with other grading tools, to facilitate an objective assessment of resident
technical competency. The MTTL may also be a valuable tool to assess
resident progress over time, as the evaluation is standardized and simple
to repeat. Furthermore, the Delphi model for creation of resident
assessment tools may be applied to other common orthopaedic pro-
cedures for objective evaluation of surgical skill.
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