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BACKGROUND: The purpose of this study was to develop
an intermediate-level proficiency-based knot-tying and sutur-
ing curriculum, evaluate construct validity, determine feasibil-
ity, document educational benefit, and quantify cost-effective-
ness of implementation within a surgery residency program.

METHODS: Six tasks with standardized metrics were devel-
oped using commercially available bench models; 39 PGY-1
surgery residents were enrolled in a 2-month curriculum (ori-
entation/pre-test, self-practice, and a proctored post-test). Base-
line trainee and expert performance were compared to assess
construct validity.

RESULTS: Baseline trainee and expert performance were sig-
nificantly different (451 ! 83 vs 644 ! 10, p " 0.001), sup-
porting construct validity. All trainees achieved proficiency dur-
ing self-practice, completing 30 ! 17 repetitions over 3.4 ! 3.8
hours. Significant differences were detected between baseline
and final trainee composite scores (451 ! 83 vs 607 ! 34, p "
0.001).

CONCLUSIONS: Implementation of this curriculum was
feasible and cost-effective. Construct validity and educational
benefit in terms of skill acquisition were demonstrated.

The purpose of this study was to develop an intermediate-
level proficiency-based knot-tying and suturing curriculum,
evaluate construct validity, determine feasibility, document ed-
ucational benefit, and quantify cost-effectiveness of implemen-
tation within a robust surgery residency training program. (J
Surg 70:193-199. © 2013 Association of Program Directors in
Surgery. Published by Elsevier Inc. All rights reserved.)

KEY WORDS: open knot-tying and suturing skills, proficiency-
based skills training, simulation-based surgical training, curricu-
lum development and implementation

COMPETENCIES: Patient Care, Medical Knowledge, Prac-
tice-Based Learning and Improvement

INTRODUCTION

The traditional apprenticeship model (observe, assist, and per-
form under supervision) has been the main modality by which
surgery residents acquire the skills necessary for good operative
techniques.1 This model also emphasizes further reinforcement
by requiring residents to progressively increase their operative
exposure with the goal of repeated practice leading to skill mas-
tery. However, given the current milieu of work-hour limita-
tions, financial constraints, as well as ethical concerns, residency
programs have looked towards other means to enhance train-
ing, such as simulation.2-3 In fact, in the past decade, the growth
in laparoscopic skills training has resulted in numerous robust
and validated skills curricula, and many of these have now been
widely implemented.4-9 Moreover, best methods, including de-
liberate practice, distributed training, and proficiency-based
protocols have been successfully integrated into laparoscopic
curricula.10 However, the same advancements have been lack-
ing in the area of open skills.

Our group previously published the development and imple-
mentation of a basic proficiency-based knot-tying and suturing
curriculum (demonstrating feasibility, educational benefit, and
construct validity) that has been successfully used at our insti-
tution for 5 consecutive years.11,12 However, our faculty and
residents noted that intermediate-level open knot-tying and
suturing skills were absent from our simulation-based curricula.

The purpose of this study was to develop and implement a
structured, intermediate-level, proficiency-based open skills
curriculum for knot-tying and suturing using expert-derived
performance goals; we also aimed to evaluate construct validity,
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scissors), and a stopwatch. Task 1 (Tie at depth; Figure 1), Task
3 (Tie on a pass; Figure 3) and Task 4 (Suture ligation, stick tie;
Figure 4) used a suture board (Ethicon Endo-Surgery, Inc.,
Cincinnati, OH). For Task 1 (Figure 1), the model was modi-
fied by drawing a 1-mm black line on the hook inside of the
plastic cup, such that accuracy errors could be assessed. Simi-
larly, for Tasks 3 and 4 (Figure 3 and Figure 4, respectively), the
rubber tubing was marked with a 2-mm segment as a target
zone for ligature placement. Task 2 (Suture at depth; Figure 2)
used a slit Penrose drain with 2 pre-inked targets (FLS Suturing
Model, http://www.flsprogram.org), which was securely fixed
using Velcro to a wooden base inside of a 5.1 cm wide ! 3 in.
tall section of PVC pipe. Task 5 (Ties in continuity; Figure 5)
used a laminated fabric model (Dasie International, Elora, Can-
ada) with a 10 cm full thickness longitudinal incision; a seg-
ment of 12 French latex tubing was placed through the surface

of the model, traversing the deep aspect of the incision, to
mimic a small blood vessel. Task 6 (Atraumatic tie; Figure 6)
used an empty 12 oz soda can filled with 30 pennies to achieve
a total weight of 90 g; the tab on the soda can was epoxied in the
“up” position to ensure stability (while knot-tying) and a 4 mm
target zone was marked at the center of the tab. A 2-7/8 in.
diameter circle was drawn on a sheet of white paper for use as a
template to assess movement errors.

Through pilot novice and expert performance of the 6 tasks,
performance methods were standardized and definitions of er-
rors were established. The tasks were arranged in order of in-
creasing level of difficulty. For the various tasks (Table 1), errors
included: accuracy (the distance in mm outside of the target
zone), gap (distance in mm between the ligature and the
model), slippage (measured by cutting the tails to 1 cm and
inserting pointed scissors within the loop of the knot and

FIGURE 1. Tie at depth.

FIGURE 2. Suturing at depth, interrupted, simple.

FIGURE 3. Tie on a pass.

FIGURE 4. Suture ligation (stick tie).
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spreading; secure knots move ! 3 mm; 10 points is assessed for
slippage, 20 points for disruption), breakage (20 points if a
ligature is broken), cuff error (10 points per ligature if cuff is !2
mm or 20 points per ligature if the ligature is cut while cutting
tubing), palming (1 point each occurrence if fingers are inserted
into the needle driver finger rings), loading (1 point each oc-
currence if the needle is not loaded within the wound), avulsion
(a score of 0 is assessed if the Penrose drain is detached from its
Velcro attachments), movement (20 points if the base of the can
is moved outside of the circular template). A 31-minute video
tutorial was created to demonstrate correct performance of each
task as well as pitfalls and error avoidance strategies (http://
www8.utsouthwestern.edu/utsw/cda/dept48035/files/517305.
html).

Similar to our prior work, an objective scoring system based
on discrete errors and cutoff times (the maximum allowable
time for task completion) for each task was created.11,12 We
used the following scoring formula, which included a multiplier
of 10 to increase the penalty for errors: score " (cutoff time)#
(completion time) #10 (sum of errors). Negative values were
assigned a score of “0.” Proficiency levels were established based
on scores of 4 experts who performed 5 consecutive repetitions
of each of the 6 tasks. The expert group mean was calculated
and outliers (beyond 2 SD from the mean) were trimmed; in
total, 4 of 120 data points were trimmed. A proficiency level
equal to the trimmed mean $ 2 SD was selected, as this level of
performance was achieved for each task by all 4 experts during
their 5 repetitions. For each task, a normalized score was de-
fined as the task score divided by the proficiency level multi-
plied by 100. The composite score was defined as the sum of the
normalized scores for all 6 tasks.

The study was conducted in the Simulation and Training
Laboratory at the Southwestern Center for Minimally Invasive
Surgery (a level-1 ACS accredited education institute) at the
University of Texas Southwestern Medical School in Dallas,
TX. After Institutional Review Board (IRB) approval, 39
PGY-1 surgery residents participated in this study from April

through May 2009. Residents had already completed 6 months
of proficiency-based skills laboratory training, including our
basic open knot-tying and suturing, basic laparoscopic, and
FLS curricula, as previously described.11-13

During orientation, residents completed a questionnaire re-
garding baseline experience, viewed the 31-minute video-based
tutorial, and completed a single (one-on-one) proctored repe-
tition of each of the 6 tasks to assess their baseline performance
(pre-test). During the next 2 months, they self-practiced until
the expert-derived proficiency levels were achieved for each task
on at least 2 consecutive repetitions or until a maximum num-
ber of 80 repetitions had been performed. If proficiency for any
given task was demonstrated during pre-testing, further train-
ing and post-testing were not required for that task. Trainees
were given unlimited 24-hour access to the skills laboratory and
instructional videos. Full-time skills laboratory coordinators
were available for mentoring and additional assistance and feed-
back were provided as needed. Trainees were required to prac-
tice the tasks in order, achieving proficiency on a given task
before practicing the subsequent task. Trainees were pro-
vided score sheets (http://www8.utsouthwestern.edu/utsw/cda/
dept48035/files/517305.html), including detailed task descrip-
tions, error definitions, and proficiency levels; these sheets were
kept in the simulation laboratory and progress was monitored
weekly by an education coordinator. Upon completion of self-
practice, each trainee underwent an individual post-test by per-
forming a single-proctored repetition of each task (without
warm-ups), and completed a questionnaire regarding his/her
impressions about the curriculum. If post-test performance on
any task was below 80% of the proficiency level, remediation
was required and consisted of additional self-practice and man-
datory achievement of at least 90% of the proficiency level on
subsequent post-testing. Curriculum completion was enforced
by the surgery residency program director.

Man-hours and material costs were calculated for both cur-
riculum development and implementation. Donated materials
included suture boards, ligatures, sutures, wooden boards, and
soda cans; these items were excluded from this analysis. Costs

FIGURE 6. Atraumatic tie.

FIGURE 5. Ties in continuity.
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determine feasibility of implementation within a robust surgery
residency program, document educational benefit, and quan-
tify cost-effectiveness.

METHODS

A needs assessment was performed using feedback provided by
the surgery residency program director, faculty, and residents to
identify gaps in technical skills needed to perform basic open
operations, such as inguinal hernia repair, breast biopsy, etc. It
was determined that 6 necessary skills (Table 1) were absent

from our previously published basic open knot-tying and sutur-
ing curriculum and were not being taught in any of our simu-
lation-based curricula. Following similar methodology as used
in our prior studies, we developed tasks and a curriculum to
address these 6 identified skills.11,12 Our goals were to develop
this curriculum at a minimal cost, provide a structured training
protocol using best educational methods, and maximize repro-
ducibility for use by other institutions.

Six standardized tasks (Table 1) were developed using com-
mercially available inanimate models, open surgical instru-
ments (needle driver, forceps, right angle clamp, hemostats, and

TABLE 1.
Task Description

Task 1:
Tie at depth

Place 2-0 silk ligature around a post (enclosed in a plastic cup) between the ball and the black line (1 mm)
on the Ethicon knot-tying model and tie 3 square knots (either 1- or 2-handed). Time starts with 1 end of
the tie in each hand, outside the cup; time stops with completion of the final knot.

Errors: accuracy, gap, slippage, breakage
Cutoff time: 60 seconds
Expert proficiency level: 41 (19 seconds with no errors)

Task 2:
Suturing at depth

The trainee must place a simple interrupted suture using 2-0 silk suture (30 cm) on a tapered needle and
tie 3 square knots (either 1- or 2-handed) on the FLS suturing model. Time starts with the needle loaded
in the needle driver in the dominant hand and the forceps held in the non-dominant hand; time stops
when both suture tails have been cut to 1cm in length.

Errors: accuracy, gap, slippage, breakage, palming, loading (not loading within the wound), Avulsion
Cutoff time: 180 seconds
Expert proficiency level: 154 (26 seconds with no errors)

Task 3:
Tie on a pass

2-0 silk ligature attached to the tip of a curved hemostat. The trainee first wraps the tie around (and under
the right angle clamp held by the assistant) on the cut rubber tubing (with 1 mm of the 2 mm colored
segment exposed); 1 square knot is tied (either 1- or 2-handed) and the clamp is released after the
trainee says “off.” The trainee then ties 2 additional square knots. Time starts with the tie secured in the
curved hemostat; time stops with the completion of the third square knot.

Errors: accuracy, gap, slippage, breakage
Cutoff time: 120 seconds
Expert proficiency level: 102 (18 seconds with no errors)

Task 4:
Suture ligation
(stick tie)

2-0 Silk suture (30 cm) on a tapered needle. Trainee must pass the needle through the rubber tubing
(under the right angle clamp held by the assistant) with 1 mm of the 2 mm colored segment exposed.
The trainee then ties 1 square knot (either 1- or 2-handed). The trainee then passes the suture tail around
the right angle clamp and then ties 1 square knot. The clamp is released when the trainee says “off.”
The trainee then ties 2 additional knots. Time starts with the needle passage through the rubber tubing;
time stops with the completion of the fourth square knot.

Errors: accuracy, gap slippage, breakage
Cutoff time: 120 seconds
Expert proficiency level: 95 (25 seconds with no errors)

Task 5:
Ties in Continuity

The trainee first passes the 4-0 silk ligature (preloaded on curved hemostats) to the proctor holding the
right angle clamp exposing the tubing. The first ligature is held by the proctor in the left hand towards
the bench. The second ligature is passed to the proctor holding the right angle clamp and the trainee
then ties 3 square knots (either 1- or 2-handed). The trainee then ties the first ligature using 3 square
knots (either 1- or 2-handed). The rubber tubing between the 2 ligatures is cut, and both tails are cut to
2 mm in length. Time starts with passage of the first curved hemostat to the assistant; time stops when
the last pair of suture tails has been cut.

Errors: gap, slippage, breakage, cuff error (cuff is !2 mm)
Cutoff time: 180 seconds
Expert proficiency level: 141 (39 seconds with no errors)

Task 6:
Atraumatic tie

4-0 Silk ligature is passed through the pop up tab ring (which is epoxied in the “up” position) on the 12
oz soda can. Using either a 1- or 2-handed technique, the trainee ties 3 square knots within the 4mm
marked target area on the tab. Time starts with each of the 2 strands of ligature in both hands; time
stops when the last square knot has been tied.

Errors: accuracy, gap, slippage, breakage, movement
Cutoff time: 60 seconds
Expert proficiency level: 40 (20 seconds with no errors)
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on time and errors can be readily assessed to objec-
tively measure performance. Bench models that use
such time- and error-based metrics are cost effective [9]
and have been extensively validated for the Funda-
mentals of Laparoscopic Surgery (FLS) program [8, 11,
12, 27, 28]. The FLS program incorporates tasks from
the McGill Inanimate System for Training and Evalu-
ation of Laparoscopic Skills (MISTELS) program, in-
cluding laparoscopic suturing, and uses well-described,
low-fidelity inanimate models. Because of its effective-
ness and relatively low cost, the FLS program has been
endorsed by the Society of American Gastrointestinal
and Endoscopic Surgeons (SAGES) and the American
College of Surgeons (ACS) [29].

Open knot-tying and suturing are fundamental
skills, and their importance has been stressed as a
vital component of medical student and junior surgical
resident education [2, 30, 31]. Compared with laparo-
scopic suturing, little work has been done to develop a
distributable, validated curriculum for open knot-tying
and suturing. Numerous bench models for open
skills have been developed, but none have been
widely adopted [32–39]. Only superficial descriptions
of such simulations may be found in the literature, and
most of these programs incorporate knot-tying and su-
turing as only a small part of larger sets of tasks
[32–37, 39]. Only one prior study has emphasized the
utility of video-based tutorials for open suturing skills
[38]. While numerous models have demonstrated reli-
ability and validity [33–36], most use relatively cum-
bersome metrics, including checklist, global assess-
ments, or motion tracking. Moreover, little information
is available regarding the use of such models as part of
routine resident training, and no proficiency-based
training curricula have been described.

Therefore, the goal of this study was to develop a
structured open skills curriculum for knot-tying and
suturing using expert-derived performance goals, a
video-based tutorial, and metrics based on time and
errors. Additionally, we aimed to examine the feasibil-
ity of implementing this curriculum as part of routine
resident training, document cost-effectiveness, and
evaluate construct validity.

MATERIALS AND METHODS

Model and Curriculum Development

A needs assessment was performed by interviewing numerous
surgical faculty and residents to identify content appropriate for
PGY1 level residents. Using established educational principles [21, 39],
clinically relevant knot-tying and suturing skills were deconstructed
through tasks analysis. We aimed to develop a set of tasks that
would comprehensively teach the identified content domains. Our
goal was to use low cost, commercially available materials so that the
curriculum could be easily replicated by other institutions. Various
models and scoring schemes were explored through iterative rep-
etitions, and 11 discrete tasks were developed (Table 1, Figs. 1, 2,
3, and 4) using standard open surgical instruments (forceps, needle
drivers, and scissors) and equipment (stopwatch and ruler).

The Palm Needle Driver (Task 1) and 1- and 2-handed knot-tying
exercises (Tasks 2 to 6) use a suture board (donated) available from
the Syneture division of U.S. Surgical (Tyco Healthcare, Norwalk,
CT) equipped with two thin and two thick rubber tubes; the tubes
were modified by marking 5 mm segments (black permanent ink) as
targets (for needle driver grasping and knot placement). Tasks 7 to 9
use a slitted Penrose drain with two pre-inked targets ($0.65 each),
which is used for the FLS suturing tasks and is available from
SAGES (http://www.flsprogram.org); the model was modified by plac-

FIG. 1. Task 1 (Palm Needle Driver) is performed by grasping
the marked segments of a single thin rubber tube on the suture
board. (Color version of figure is available online.)

FIG. 2. Tasks 2 to 6 use a suture board with marked segments of
tubing to facilitate one- and two-handed knot-tying. (Color version of
figure is available online.)
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Background. The purpose of this study was to de-
velop a structured open skills curriculum for knot-
tying and suturing using expert-derived performance
goals and to examine its feasibility, cost-effectiveness,
and construct validity.

Methods. Using commercially available bench mod-
els, 11 standardized tasks (ranging from 2-handed
knot-tying to running subcuticular closure) were de-
veloped and scored using previously validated metrics
based on time and errors. Expert performance was
used to establish training endpoints and to create a
video tutorial. PGY 1 residents (n ! 4) were enrolled in
a prospective Institutional Review Board-approved
pilot study that included proctored orientation and
baseline testing, self-training to proficiency, and proc-
tored post-testing (conducted over a 4-wk period).
Baseline trainee scores were compared with expert
scores to evaluate construct validity.

Results. The 11 tasks proved relatively robust, and
excellent feedback was obtained from the trainees re-
garding educational benefit. Overall, trainees per-
formed 144 " 33 repetitions over 11 " 2 h. Trainees
achieved proficiency for 4.6% of the 11 tasks at base-
line, 91% during training, and 84% at post-testing.
Trainees demonstrated significant improvement from
baseline to post-testing, validating skill acquisition;
baseline trainee and expert performance were signif-
icantly different, confirming construct validity. Cur-
riculum development cost $1200 and required 72 man-
hours. Incremental training cost less than $12 per
participant and required 8 man-hours per rotation us-
ing the video-based self-practice curriculum. In re-
sponse to participant feedback, two of the 11 tasks
were modified and a twelfth task was added.

Conclusions. This curriculum is cost-effective, feasi-
ble within the context of residency training, educa-
tionally beneficial, and demonstrates construct valid-
ity. More widespread adoption of standardized,
validated skills curricula such as this by residency
programs is warranted. © 2007 Elsevier Inc. All rights reserved.

Key Words: surgical education; skill acquisition;
knot-tying and suturing curriculum; skills training;
skills lab; technical skills; suturing models; simulation.

INTRODUCTION

Surgical education has evolved immensely since the
apprenticeship model was introduced by William Hal-
sted over a century ago [1]. Work-hour limitations,
financial constraints, and ethical concerns have forced
educators to explore new options for increasing the
efficiency of training and teaching outside of the oper-
ating room [2]. With the advent of new technology,
such as laparoscopy, much attention has focused on the
use of skills laboratories to facilitate training. While
well developed and validated curricula now exist for
laparoscopic skills training [3–8], including suturing
[9–22], relatively little attention has been paid to basic
open skills, which are critical to the safe performance
of all operations.

Perhaps because of the complex nature of laparo-
scopic suturing, numerous robust curricula have been
developed that maximize skill acquisition by using
known strategies from educational theory. Distributed
[23], deliberate [24], and structured [19] practice using
performance-based endpoints [4, 5, 7, 9, 10, 25, 26] has
now become the method of choice for teaching laparo-
scopic suturing using simulators, with excellent results
in terms of in vivo transferability [9–12]. While com-
plex metrics, including the use of motion tracking de-
vices [16], qualitative video analysis [16], or tensiom-
eters [22] may be used, relatively simple metrics based

1 To whom correspondence and reprint requests should be addressed
at Southwestern Center for Minimally Invasive Surgery, University of
Texas Southwestern Medical Center, 5323 Harry Hines Blvd., Dallas,
TX 75390-9156. E-mail: Daniel.Scott@UTSouthwestern.edu.

Journal of Surgical Research 141, 7–15 (2007)
doi:10.1016/j.jss.2007.02.043

7 0022-4804/07 $32.00
© 2007 Elsevier Inc. All rights reserved.

However, the wound closure pad used for Tasks 10 and
11 was prone to suture pull-through and required re-
placement after 2 to 5 repetitions. In response to these
findings, we performed additional model development
and revised Tasks 10 and 11 (Table 1, Fig. 7) using a
laminated fabric model ($16.50 each) made by Dasie
International (Elora, Canada), which proved durable
for well over 20 repetitions and has sufficient surface
area along its cylindrical shape to accommodate nu-
merous incisions; because the clear monofilament su-
ture was nearly impossible to see on the Dasie model,
we switched to a black nylon suture for the revised
Task 11. We also added a twelfth task using the Dasie
model designed to teach interrupted subcuticular clo-
sure (Table 1, Fig. 7). The Dasie models were tied to the
suture boards using cord to provide stability. Expert
performance was evaluated with similar methodology
as the original tasks and remained unchanged for
Tasks 10 and 11; a new level was created for Task 12
(Table 1). The curriculum modifications were incorpo-
rated into a revised video tutorial for future use.

DISCUSSION

Simulation is now becoming mainstream in surgical
education, as evidenced by the endorsement of FLS by
major national organizations [29]. The FLS program is
a well developed, distributable laparoscopic training
and assessment instrument; using this program as a
model, we developed a simple yet comprehensive skill
set for open knot-tying and suturing. While other
groups may have implemented similar training proto-
cols at various institutions, no descriptions currently
exist in the literature that are suitably detailed for

other institutions to reliably replicate their efforts.
Thus, there is a clear need to develop, validate, and
distribute such curricula, as was the goal of this
project.

The models incorporated into the curriculum were
commercially available and relatively inexpensive;
these aspects cannot be overemphasized in the context
of residency programs with limited educational bud-
gets in need of practical training tools. Additionally, we
used currently accepted educational standards, includ-
ing a distributed, structured, goal-oriented approach,
to optimize educational benefit and maximize training
efficiency; again, these issues are particularly relevant
to residency programs in light of the 80-hour work
week constraints. The results of our pilot study support
both the educational benefit of the curriculum, as noted
in the significant difference between baseline and final
performance, and its validity, in terms of significant
differences detected between novices and experts (con-
struct validity).

While more eloquent virtual reality or higher-fidelity
models may either be currently available or under de-
velopment, the low fidelity models we used were effec-
tive. This is not surprising, given other research that
has shown equivalency between training protocols that
use high versus low-fidelity simulations [40]. Similarly,
other groups have used more complex scoring systems,
but the time- and error-based system, similar to that
used in the FLS program, was effective for the discrete
tasks we developed. These metrics also facilitated
proficiency-based training, and the expert-derived
training goals seemed appropriate; trainees were pro-
ficient for only 4.6% of the tasks at baseline but
achieved proficiency on 91% of the tasks during train-
ing. Using low-fidelity models and simple yet valid
metrics allowed us to create a practical curriculum and
effectively control costs.

Using a video tutorial, we also limited personnel
resources. Essentially, the video tutorial served as a
virtual proctor; trainees freely accessed the video for
unlimited instruction regarding the correct methods
for performing tasks and error avoidance. Moreover,
given the limitations in time for teaching, no faculty
proctor was needed. The proficiency-based self-training
approach alleviated potential scheduling problems and
attendance issues associated with mandatory training
sessions. While this strategy was effective, not surpris-
ingly, participants indicated that additional feedback
may have been helpful. Certainly, the value of forma-
tive and summative feedback given in a timely fashion
cannot be overemphasized; such practices enhance
learning and skill acquisition, as has been demon-
strated for medical student knot-tying curricula [41, 42].
Nonetheless, using solely a video tutorial, our resident-
level trainees uniformly acquired significant skill in a
reasonable amount of time. It can be argued that the

FIG. 7. The revised Tasks 10 and 11 and the new Task 12 use a
laminated fabric model to facilitate continuous and interrupted sub-
cuticular suturing. (Color version of figure is available online.)
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TABLE 1

Task Descriptions and Expert Proficiency Levels

Task 1: Palm needle driver
Model Suture board
Description Grasp 5 mm colored segment on thin single rubber tubing by opening and closing (3 full clicks) the

needle driver held by palming only and perform the maneuver 5 times
Errors Non-closure, accuracy, instrument drop, non-palming
Cutoff time (seconds) 60
Expert proficiency score 53 (7 seconds with no errors)

Task 2: Knot-tying, no tension,
2-handed

Model Suture board
Description Tie a 46 cm 2-0 silk ligature around 5 mm colored segment on thick single rubber tubing using only a

2-handed technique, 3 square knots, time starts with tie in place, not crossed, 1 end in each hand
Errors Accuracy, gap, slippage, breakage
Cutoff time (seconds) 60
Expert proficiency score 50 (10 seconds with no errors)

Task 3: Knot-tying, no tension,
1-handed

Model Suture board
Description Tie a 46 cm 2-0 silk ligature around 5 mm colored segment on thick single rubber tubing using only a

1-handed technique, 3 square knots
Errors Accuracy, gap, slippage, breakage
Cutoff time (seconds) 60
Expert proficiency score 50 (10 seconds with no errors)

Task 4: Knot-tying, under
tension, 2-handed,
surgeon’s knot

Model Suture board
Description Tie a 46 cm 2-0 silk ligature around 5 mm colored segments to approximate thick double rubber tubing

set using only a 2-handed technique, surgeon’s knot then 2 squares (3 knots total)
Errors Accuracy, Gap, Slippage, Breakage
Cutoff time (seconds) 60
Expert Proficiency Score 47 (13 seconds with no errors)

Task 5: Knot-tying, under
tension, 2-handed, slip
knot

Model Suture board
Description Tie a 46 cm 2-0 silk ligature around 5 mm colored segments to approximate thick double rubber tubing

set using only a 2-handed technique, slip knot on first 2 throws then 2 square throws (4 knots total)
Errors Accuracy, gap, slippage, breakage
Cutoff time (seconds) 60
Expert proficiency score 45 (15 seconds with no errors)

Task 6: Knot-tying, under
tension, 1-handed, slip
knot

Model Suture board
Description Tie a 46 cm 2-0 silk ligature around 5 mm colored segments to approximate thick double rubber tubing

set using only a 1-handed technique, slip knot on first 2 throws then 2 square throws (4 knots total)
Errors Accuracy, gap, slippage, breakage
Cutoff time (seconds) 60
Expert proficiency score 45 (15 seconds with no errors)

Task 7: Suturing, interrupted,
simple

Model FLS Penrose drain
Description 30 cm, 3-0 undyed polysorb on tapered needle, pass needle through 2 inked targets for simple

interrupted suture, instrument tie surgeon’s knot then 2 squares (3 knots total)
Errors Accuracy, gap, slippage, breakage, non-palming, needle loading
Cutoff time (seconds) 120
Expert proficiency score 102 (18 seconds with no errors)

Task 8: Suturing, interrupted,
horizontal mattress

Model FLS Penrose drain
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TABLE 1

continued

Description 30 cm, 3-0 undyed polysorb on tapered needle, pass needle through 4 inked targets for horizontal
mattress suture, instrument tie surgeon’s knot then 2 squares (3 knots total)

Errors Accuracy, gap, slippage, breakage, non-palming, needle loading
Cutoff time (seconds) 120
Expert proficiency score 89 (31 seconds with no errors)

Task 9: Suturing, interrupted,
vertical mattress

Model FLS Penrose drain
Description 30 cm, 3-0 undyed polysorb on tapered needle, pass needle through 4 inked targets for vertical

mattress suture, instrument tie surgeon’s knot then 2 squares (3 knots total)
Errors Accuracy, gap, slippage, breakage, non-palming, needle loading
Cutoff time (seconds) 120
Expert proficiency score 89 (31 seconds with no errors)

Task 10: Suturing, running,
simple

Model Wound closure pad
Description 46 cm 3-0 nylon on a cutting needle, model oriented perpendicular to bench edge, instrument tie

surgeon’s knot then 3 squares (4 knots total) at each corner, pass the needle through 22 inked
targets to perform simple running suture, tie to loop at end, cut tails !1 cm

Errors Accuracy, gap, slippage, breakage, non-palming, needle loading, tails
Cutoff time (seconds) 600
Expert proficiency score 435 [2’45" (165 seconds) with no errors]

Task 11: Suturing, running,
subcuticular

Model Wound closure pad
Description 46 cm 4-0 undyed monofilament on a cutting needle, model oriented horizontal to bench edge, no inked

targets, anchoring stitch in the first corner with instrument tie surgeon’s knot then 3 squares (4
knots total), pass needle through subcuticular layer to perform running closure, and complete using
an Aberdeen (pull through the loop) knot (4 throws), cut tails flush

Errors Gap, breakage, non-palming, needle loading, tails
Cutoff time (seconds) 600
Expert proficiency score 396 [3’24" (204 seconds) with no errors]

Revised task 10*: Suturing,
running, simple

Model Dasie model
Description 46 cm 3-0 nylon on a cutting needle, model oriented perpendicular to bench edge, instrument tie

surgeon’s knot then 3 squares (4 knots total) at each corner, pass the needle through 22 inked
targets to perform simple running suture, tie to loop at end, cut tails !1 cm

Errors Accuracy, gap, slippage, breakage, non-palming, needle loading, tails
Cutoff time (seconds) 600
Expert proficiency score 435 [2’45" (165 seconds) with no errors]

Revised Task 11*: Suturing,
running, subcuticular

Model Dasie model
Description 46 cm 3-0 nylon on a cutting needle, model oriented horizontal to bench edge, no inked targets,

anchoring stitch in the first corner with instrument tie (surgeon’s knot then 3 squares (4 knots total),
pass needle through subcuticular layer to perform running closure, and complete using an Aberdeen
(pull through the loop) knot (4 throws), cut tails flush

Errors Gap, breakage, non-palming, needle loading, tails
Cutoff time (seconds) 600
Expert proficiency score 396 [3’24" (204 seconds) with no errors]

Task 12**: Suturing,
interrupted, subcuticular

Model Dasie Model
Description any length 3-0 nylon on a cutting needle, model oriented parallel to bench edge, 1.5 cm long full

thickness incision in the model (no inked targets), place a single buried subcuticular suture in a
vertical fashion (perpendicular to the incision) with an instrument tie [surgeon’s knot then 3 squares
(4 knots total)], cut tails flush with the model surface

Errors Gap, breakage, non-palming, needle loading, tails
Cutoff time (seconds) 120
Expert proficiency score 87 (33 seconds with no errors)

* Tasks 10 and 11 were revised following the implementation study to enhance durability using the Dasie model.
** Task 12 was added in response to participant feedback.
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The Manual Skills testing component is intended to measure your technical skills during basic 
laparoscopic surgical maneuvers.  These five tasks, designed by Dr. Gerald Fried and customized for 
the FLS Program, are based on the MISTELS program developed at McGill University and have been 
extensively tested to ensure that they reflect the technical skills that are fundamental to the 
performance of laparoscopic surgery.  All tasks are demonstrated in the FLS instructional curriculum 
(Module 5) and each task must be performed once during the test. 
 

Scoring.  The five exercises are timed. While the actual time required for each exercise varies 
according to its difficulty, a maximum time limit has been set for each exercise.  For all exercises, 
both time and accuracy are considered important for performance and high scores result from 
exercises performed efficiently and without error.  Each exercise has its own scoring formula 
based upon a combination of time and accuracy measures. The scores for the exercises are 
normalized so that they contribute equally to the total manual skills assessment score.    
 

Each task is scored for efficiency (time) and precision; penalties are applied for specific errors or lack 
of precision.  A person will fail if they are extremely inefficient, extremely imprecise, if they make 
egregious errors, or any combination of inefficiency and imprecision.  If a task is not completed by the 
cutoff time, the test-taker will have failed that task.  Reaching or exceeding the maximum time 
(cutoff time) results in a score of zero; thus, if the time to complete a task is close to or at the 
maximum time allowed, it will not result in a passing score for that particular task. 

 

Task One: Peg Transfer 
Equipment: Two Maryland dissectors/graspers, pegboard, 6 rubber ring objects 
Maximum time limit: 300 seconds   
 

Center the pegboard on the lower Velcro™ strip in the center of the marked square on the floor of the 
trainer box. It does not matter which peg pattern (parallel or circular) is on the left or right side of the 
test taker. Make sure the pegboard is centered in the camera’s field of view.  To begin, the six objects 
are placed on the side of the pegboard corresponding to the candidate’s non-dominant hand.  
 

The peg transfer exercise requires you to lift the six objects 
with a grasper/dissector, first in your non-dominant hand, and  
to transfer the object midair to your dominant hand.  
Then, place each object on a peg on the opposite side of the  
board. There is no importance placed on the color of the  
objects or the order in which they are placed. Once all six 
objects have been transferred, the process is reversed.  
Each object is lifted in turn using the dominant hand  
from the pegboard, transferred midair to the other hand  
and placed on the pegs on the original side of the board.  
 

Timing for this task begins when you grasp the first object and ends upon release of the last object.  
Each transfer must be mid-air, without using the pegs or block for assistance. This exercise is timed 
and a penalty is assessed for any object dropped out of the field of view or any object dropped outside 
of your reach. This exercise tests hand-eye coordination, ambidexterity and depth perception.  A 
video demonstration of this task is included in Module 5 of the FLS didactic curriculum. 

IMPORTANT SCORING INFORMATION 
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In this task, you are required to place a pre-tied ligating loop or endoloop around a tubular foam 
appendage and secure the knot on the provided mark. Once you have inserted the endoloop into the  
field of view, break off the end of the plastic pusher at the  
scored mark. Once you have positioned  
the endoloop properly, secure the knot on the mark  
near the base of the foam appendage by sliding the  
pusher rod down. A penalty will be assessed if the knot is  
not secure and for any distance that the tie misses the  
mark.  
 
Timing begins when an instrument (or endoloop) is  
visible on the monitor and ends when the ligating loop  
thread is cut. The endoloop cannot be broken prior to  
inserting it into the field of view. This task tests familiarity  
with the endoloop and requires bimanual skills. A video  
demonstration is included in Module 5 of the FLS didactic curriculum. 
 

Task Four: Simple Suture with Extracorporeal Knot 
Equipment: Two needle drivers (or choice of one needle driver and one Maryland dissector), one knot 
pusher (open or closed), one suture of 90 - 120cm length, one endoscopic scissors, one penrose 
drain with marked targets, one suture block. Please note: self-righting needle drivers are not 
permitted.  
Maximum time limit: 420 seconds 
 
Place the drain firmly on the suture block, and place 
the suture block on the lower Velcro™ strip. 
 
This suturing task requires you to place a long suture 
through two marks in a longitudinally slit Penrose  
drain. You are then required to tie 3 single throws  
extracorporeally, using the knot-pusher to secure each  
throw on the drain. You must tie the knot tightly enough to  
close the slit in the drain. Be careful not to avulse the drain off 
the foam block.  
 
Timing begins when an instrument is visible on the monitor and ends when both ends of the suture 
are cut, regardless of length. Tails can be cut individually or together.  A penalty is applied for any 
deviation of the needle from the marks, for any gap in the longitudinal slit in the drain and for a knot 
that slips when tension is applied to it.  If the drain is avulsed from the block, a score of zero will be 
applied.  This task tests accuracy of placement of the suture and knot tying skills and requires 
ambidexterity, depth perception and tissue handling.  Please review the video demonstration of this 
task included in Module 5 of the FLS didactic curriculum for additional guidance. Please note: the use 
of a hemostat or other clamp for this task is not permitted.  
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In this task, you are required to place a pre-tied ligating loop or endoloop around a tubular foam 
appendage and secure the knot on the provided mark. Once you have inserted the endoloop into the  
field of view, break off the end of the plastic pusher at the  
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visible on the monitor and ends when the ligating loop  
thread is cut. The endoloop cannot be broken prior to  
inserting it into the field of view. This task tests familiarity  
with the endoloop and requires bimanual skills. A video  
demonstration is included in Module 5 of the FLS didactic curriculum. 
 

Task Four: Simple Suture with Extracorporeal Knot 
Equipment: Two needle drivers (or choice of one needle driver and one Maryland dissector), one knot 
pusher (open or closed), one suture of 90 - 120cm length, one endoscopic scissors, one penrose 
drain with marked targets, one suture block. Please note: self-righting needle drivers are not 
permitted.  
Maximum time limit: 420 seconds 
 
Place the drain firmly on the suture block, and place 
the suture block on the lower Velcro™ strip. 
 
This suturing task requires you to place a long suture 
through two marks in a longitudinally slit Penrose  
drain. You are then required to tie 3 single throws  
extracorporeally, using the knot-pusher to secure each  
throw on the drain. You must tie the knot tightly enough to  
close the slit in the drain. Be careful not to avulse the drain off 
the foam block.  
 
Timing begins when an instrument is visible on the monitor and ends when both ends of the suture 
are cut, regardless of length. Tails can be cut individually or together.  A penalty is applied for any 
deviation of the needle from the marks, for any gap in the longitudinal slit in the drain and for a knot 
that slips when tension is applied to it.  If the drain is avulsed from the block, a score of zero will be 
applied.  This task tests accuracy of placement of the suture and knot tying skills and requires 
ambidexterity, depth perception and tissue handling.  Please review the video demonstration of this 
task included in Module 5 of the FLS didactic curriculum for additional guidance. Please note: the use 
of a hemostat or other clamp for this task is not permitted.  
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Task Five: Simple Suture with Intracorporeal Knot 
Equipment: Two needle drivers, one suture of 15 cm length, one endoscopic scissors, one suture 
block, one penrose drain with marked targets. Please note: self righting needle drivers are not 
permitted.  
Maximum Time Limit: 600 seconds  
 
Place the drain firmly on the suture block,  
and place the suture block on the lower  
Velcro™ strip. 
 
This suturing task requires you to place a suture 
precisely through two marks on a Penrose drain that  
has been slit along its long axis. You are then  
required to tie the knot intracorporeally. 
The first throw must be a surgeon’s knot or double throw, 
followed by two single throws. You must exchange  
hands with your needle between each throw, so that  
you are tying with the opposite hand for each throw 
to ensure the knot is square.  
 
Skills required include proper placement of the needle in the needle-driver, needle transferring, 
suturing skills and knot tying. A penalty is applied for any deviation of the suture from the marks, for  
any gap in the longitudinal slit in the drain and for a knot that slips when tension is applied to it. If the  
drain is avulsed from the block to which it is secured by Velcro™, a score of zero will be applied.  
 
Timing begins when an instrument is visible on the monitor and ends when both ends of the  
suture are cut, regardless of tail length. Tails can be cut either individually or together. This is a more  
complex task incorporating several skills including depth perception, hand-eye coordination, 
ambidexterity, and transferring skills.  Please review the video demonstration of this task, included in 
Module 5 of the FLS didactic curriculum for additional guidance. 

     

 

 

 

 

 

Revised December 2012 

 

FLS Manual Skills Written Instructions 
and Performance Guidelines 

www.flsprogram.org 

 

 
Task Two: Precision Cutting 
Equipment:  One Maryland dissector/grasper, one endoscopic scissors, large clip, 4x4 piece of gauze 
with a pre-marked circle, two alligator clips 
Maximum time limit: 300 seconds   
 
This exercise requires you to cut out a circle from a square piece of gauze suspended between clips. 
 
Place the large white clip on the Velcro™ strip at the top of marked square on the floor of the trainer 
box. Place the 4x4 gauze piece with the circle pattern face up so that the open (unfolded) edge of the 
gauze is secured in the clip. Use the small roped alligator clips to secure the bottom two corners of 
the gauze to keep the gauze taut and slightly suspended off the bottom of the box.  
 
One hand should be used to provide traction 
on the gauze using the grasper and to place the 
gauze at the best possible angle to the cutting 
hand. If you wish, you may exchange instruments  
at any time during this task.  You must start cutting 
from an edge of the gauze as demonstrated in  
Module 5 of the didactic curriculum.  
 
Timing starts when the gauze is grasped and  
ends upon completion of cutting the marked circle.   
This exercise is timed and a penalty is assessed  
for any deviation from the line demarcating the  
circle. If the gauze comes loose from the clip, 
it cannot be reaffixed and the task must be  
completed. There are 2 layers of gauze, but the error  
scoring is based on the marked, top layer only.   
This exercise requires you to use both hands in a  
complimentary manner. 
 
 

Task Three: Placement and Securing of Ligating Loop 
Equipment: One grasper (choice of Maryland grasper/dissector or grasper with locked/ratcheted 
handle), one endoscopic scissors, one large clip, one pre-tied ligating loop or endoloop, one foam 
organ with appendages. 
Maximum time limit: 180 seconds    
 
Place the clip on the lower Velcro™ strip in the center of the square marked on the floor of the box 
ensuring it’s in the center of the camera’s field of view.  Place the foam organ in the clip so that the 
appendages are free and visible in the field of view. Reposition the camera carefully if necessary.     
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Abstract
Background Current simulations for laparoscopic sutur-

ing do not reflect the complexity of the skills required in

the operating room. The purpose of this study was to de-
velop three novel advanced suturing tasks with assessment

metrics and to collect validity evidence for their measures

of suturing skill.
Methods We developed three tasks based on training gaps

identified through a previous needs assessment: needle

handling (NH), suturing under tension (UT), and con-
tinuous suturing (CS). Minimally invasive surgeons (MIS)

and senior surgical residents (SR) completed these tasks

and a questionnaire regarding their educational value.
Performance was assessed by two raters based on time and

accuracy. Validity was assessed by comparing performance

according to the level of training and self-reported expe-
rience. The inter-rater reliability and internal consistency

of the tasks were calculated.

Results Thirty-one subjects (13 MIS, 18 SR) were en-
rolled in the study (median age 32; 77 % male). Compared

to the SR group, the MIS group had significantly greater

scores on all tasks. While all MIS surgeons completed the
three tasks within the allotted time, six (33 %) residents

could not complete at least one out of the three tasks.

Laparoscopic suturing experience correlated positively
with the scores of all tasks (NH 0.51, UT 0.70, CS 0.65.

p\ 0.01). Inter-rater reliability for all tasks was 0.99, and

internal consistency was 0.80. The majority of participants
agreed that the tasks were relevant to practice, helped

improve technical competence, and adequately measured

suturing ability.
Conclusions This study provides validity evidence for

three novel advanced laparoscopic suturing tasks. Perfor-

mance on all tasks correlated significantly with training
level and self-reported experience. Integrating these tasks

into educational curricula may help improve residents’

suturing skills and better prepare residents for the operating
room.

Presented at the SAGES 2015 Annual Meeting, April 15–18, 2015,
Nashville, Tennessee.
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A systematic review of performance assessment tools
for laparoscopic cholecystectomy
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Abstract
Background Multiple tools are available to assess clinical

performance of laparoscopic cholecystectomy (LC), but

there are no guidelines on how best to implement and
interpret them in educational settings. The purpose of this

systematic review was to identify and critically appraise

LC assessment tools and their measurement properties, in
order to make recommendations for their implementation

in surgical training.

Methods A systematic search (1989–2013) was con-
ducted in MEDLINE, Embase, Scopus, Cochrane, and grey

literature sources. Evidence for validity (content, response

process, internal structure, relations to other variables, and
consequences) and the conditions in which the evidence

was obtained were evaluated.

Results A total of 54 articles were included for qualitative
synthesis. Fifteen technical skills and two non-technical

skills assessment tools were identified. The 17 tools were

used for either: recorded procedures (nine tools, 60 %),

direct observation (five tools, 30 %), or both (three tools,
18 %). Fourteen (82 %) tools reported inter-rater reliability

and one reported a Generalizability Theory coefficient.

Nine (53 %) had evidence for validity based on clinical
experience and 11 (65 %) compared scores to other

assessments. Consequences of scores, educational impact,

applications to residency training, and how raters were
trained were not clearly reported. No studies mentioned

cost.

Conclusions The most commonly reported validity evi-
dence was inter-rater reliability and relationships to other

known variables. Consequences of assessments and rater

training were not clearly reported. These data and the
evidence for validity should be taken into consideration

when deciding how to select and implement a tool to assess

performance of LC, and especially how to interpret the
results.

Keywords Cholecystectomy ! Validity ! Reliability !
Clinical competence ! Workplace-based assessment !
Laparoscopy

Laparoscopic cholecystectomy (LC) is one of the most
commonly performed procedures in surgical training.

While many instruments purport to measure LC perfor-

mance, it is not clear which assessment tool can best meet
the needs of training programs, and under which condi-

tions. Assessment can be used in various ways: formative

assessments to provide useful feedback during training, and
summative assessments to demonstrate evidence of com-

petence with the goal of increasing patient safety [1]. If the

purpose of the tool is to confirm competency at the end of
training or for credentialing purposes, it is critical that

robust evidence be available to support the validity and

reliability of the assessment.
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