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Abstract

Objective The aim of the study was to develop, validate and analyze the educational impact of a high-fidelity simulation
model for open preperitoneal mesh repair of an umbilical hernia.

Summary of background data The number of surgical simulators available for training residents is limited. Primary for ethical
reasons and secondary for the emerging pay-per-quality policies, practicing-on simulators rather than patients is considered
gold standard. Validated full-procedural surgical models will become more and more important in training residents. Such
models may assure that evidence-based standards regarding technical aspects of the procedures become integral part of
the curriculum. Furthermore, they can be employed as a quality control of residents’ skills (Fonseca et al. in J Surg Educ
70:129-137,2013).

Methods In a repeated measures design, medical students, residents in their last year of training and attending surgeons
performed an open preperitoneal mesh repair on the NANEP model [NANEP stands for the German acronym Nabelhernien-
Netzimplatation-Priperitonal (English: Umbilical hernia mesh implantation preperitoneal)]. Subjects were categorized as
“Beginners” (internship students) or “Experts” (residents and surgeons). Content validity was analyzed by criteria of subject-
matter-experts. Blinded raters assessed surgical skills by means of the Competency Assessment Tool (CAT) using the online
platform “CATLIVE”. Differential validity was measured by group differences. Proficiency gain was analyzed by monitoring
the learning curve (Gallagher et al. in Ann Surg 241:364-372, 2005). Post-operative examination of the simulators shed
light on criterion validity.

Results The NANEP model-proofed content and construct-valid significant Bonferroni-corrected differences were found
between beginners and experts (p <0.05). Beginners showed a significant learning increase from the first to the second
surgery (p <0.05). Post-operative examination data confirmed criterion validity.

Conclusion The NANEP model is an inexpensive, simple and efficient simulation model. It has highly realistic features,
it has been shown to be of high-fidelity, full-procedural and benchtop-model. The NANEP model meets the main needs of
surgical educational courses at the beginning of residency.

Keywords Simulation - Surgical education - Umbilical hernia repair - High-fidelity model - Full-procedural model -
Benchtop model - Surgical competency assessment - Procedural skills

Introduction

Simulation has been historically used in high-risk tasks, such
as military and aviation operations and nuclear power sta-
tions [3] to prevent and predict human errors before they
occur and ensure that competency training is achieved in

D4 U. A. Dietz simulation. Human error and team work failure are the most
ulrich.dietz@spital.so.ch common causes for safety threats in critical scenarios [4, 5].
Extended author information available on the last page of the article Simultaneously surgical training in the Operating Theatre
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(OT) is compromised as a result of multiple factors, but
mainly costs of OT and time, as well as greatest awareness
of ethical issues and patient demands. Therefore, time and
opportunities for teaching are expected to be effective and
efficient [6, 7]. For these reasons [8], extra-clinical simu-
lation models complement surgical training, and there has
been a surge of simulation-based programs massed or inte-
grated within the training pathway that are proving greatly
beneficial for surgical training. There is some evidence that
simulation-based educational assessments in the field of sur-
gical education positively correlate with patients’ outcomes
[9].

From the research perspective, it has been suggested that
surgical educational research, in particular for simulation-
based training [10] should adhere to the IDEAL recommen-
dations [11]. IDEAL stands for Idea, Development, Explo-
ration, Assessment and Long-term study. Subsequently, the
proposed NANEP model is described by the criteria Idea,
Development and Exploration whereas Assessment and
Long-term study are not subject of the current study.

The incidence of umbilical hernia repair is 5% in the nor-
mal population, which implies that the surgical intervention
occurs quite frequently [12]. Validated surgical models for
conventional, non-minimally invasive surgery are scarce [2,
13, 14], to date no model for umbilical hernia repair exists.

Materials and methods

The silicon-based NANEP model was designed to be used
for an open preperitoneal mesh repair of umbilical hernia.
The development of the surgical NANEP course was super-
vised by the Institute of Medical Teaching and Medical Edu-
cation Research of the University of Wuerzburg.

Fig.1 NANEP model: a
anterior view of the umbilical
hernia with clinically apparent
prolapsed hernia. b Posterior
view of the umbilical region
with confluent plicae and yellow
subcutaneous preperitoneal fatty
tissue (targeted positioning for
the mesh
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NANEP model

For construction of the NANEP model, a two-component
silicone was used. The prototype was based on a human
body. Different materials such as textiles, cotton and syn-
thetic blood were used to achieve anatomical and visual
realism and differing layers (e.g., skin, fatty tissue, abdomi-
nal fascia, peritoneum). Particular attention was placed on
surgical handling (tissue handing), haptic feedback and the
compatibility of the model with surgical instruments, suture
materials and meshes, commonly employed in the OT. The
umbilical hernia of the NANEP model was designed for the
open preperitoneal mesh repair of umbilical hernia. The
NANEP model can be classified as open surgical model
[13]. It was manufactured at an expense of approximatively
20 Euro each.

Figure 1a, b shows the NANEP model, and Fig. 2a—d
shows the most important surgical steps of umbilical hernia
repair with mesh implantation in the NANEP model.

Sample size and design of the surgical NANEP
course

The validation study of the NANEP model was conducted at
the University Hospital Wuerzburg. Participants consisted of
two groups, beginners (n=12) and experts (n=6). Twelve
beginners were recruited among medical students. At the
time point of assessment, they were in their final clinical
year and reported pronounced interest in surgical techniques.
The expert group consisted of six surgeons either in their
final year of residency (n=2) or in the first 2 years after resi-
dency (surgical specialists, n=4). Sample size calculation
was conducted according to Miskovic, for a power of 80%
(Welch test) a minimum of 18 participants was suggested
[15]. The index procedures were performed within the scope
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Fig.2 Operation steps. a Prepa-
ration of the hernial orifice with
visible prolapse of preperitoneal
fat. b Ligation of the fatty tissue
pedicle after resection. ¢ Pre-
peritoneal implantation of the
mesh. d Closed hernial orifice

of the NANEP course (Fig. 3). One week prior to the course,
participants received a written tutorial with operation steps.
Prior to surgery 1 (operation 1, day 7) participants were
exposed to a standardized video on which each operation
step was demonstrated. Each surgery was performed by one
participant, assisted by another participant. Each participant
performed two operations with an interval of 1 week. Opera-
tions were video recorded. During the first operation, the
tutor responded to questions of the participants and gave
individual instructions. The second operation had to be per-
formed without any additional assistance. After every sur-
gery participants received oral feedback from the tutor. After
the second operation, participants responded to the NANEP

questionnaire (content validity). Afterwards, anonymized
videos were uploaded on the platform CATLIVE.

The bilingual (English/German) online platform
CATLIVE had been developed by the Institute for Artificial
Intelligence and Applied Informatics of the Julius-Maximil-
ians-University of Wuerzburg. Each video was rated by three
blinded experts (reviewers) using the Competency Assess-
ment Tool (CAT, construct validity, Fig. 3). Reviewer 1 was
arenowned hernia expert and involved in the creation of the
model, Reviewer 2 was involved in the development and
construction of the model whereas reviewer 3 was a senior
surgeon (general surgery). Reviewer 1 also rated the autopsy
results.

Day1 Day 7

* Enrollment *  Whole-

* Instructions procedure
and video
explanations * Operation #1

* Hand over of (with tutor)
the tutorial ¢ Oral feed back

about
performance

Day 14 * Review of
recordings
Operation #2 (CATLive)
(without tutor) ) (construct
Feed back about validity)
performance Reviewer #1
Reviewer #2
Reviewer #3
¢ Autopsy
* Questionnaire
(content validity)

Fig.3 Design of the study: the sample consisted of 18 participants (12 beginners and 6 experts)
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Concepts used to assess the models’ quality

Content validity Validity in general is defined as the
extent to which a test measures what it is supposed to
measure [16, 17]. Content validity in particular is con-
sidered the most important step of test construction [18]
since it determines construct validity and reliability. Con-
tent validity cannot be measured directly but requires
definition of indicators [19, 20] which characterize the
content [21]. In case of a surgical simulation model, these
indicators are anatomy and realism [22] operationalized
by items of the NANEP questionnaire. Reliability of
items [21] was statistically inspected using Cronbach’s
a [23, 24]. Values greater 0.70 are considered good [24],
and values greater than 0.60 are considered acceptable
[25, 26].

Construct validity Construct validity addresses the ques-
tion whether the CAT measures competency of participants.
In case the CAT measures competency, ratings of experts
should be fairly consistent for all participants [20]. The latter
was statistically approximated by calculation of interrater-
reliability using the Finn coefficient [27]. The Finn coeffi-
cient varies between 0 and 1 where 1 implies absolute agree-
ment between the raters. A Finn coefficient greater than 0.50
is considered acceptable, and values greater than 0.70 as
good [28].

Differential validity Differential validity addresses the
question whether evaluation criteria distinguish between
beginners and experts [29]. For comparison, the Welch test
was used since it proofed to be statistically superior to the
common f test [30, 31].

Proficiency gain Once reliability and validity of the CAT
tool is confirmed, performance and learning gain are meas-
ured [32]. An increase in competency from surgery 1 to sur-
gery 2 is regarded a gain in learning. Results were statisti-
cally examined using the Welch test.

Autopsy An experienced surgeon examined all models
after surgery. Aesthetic and functional criteria such as liga-
ture of the fatty prolapse or suture of the hernial orifice plus
peritoneal damage were investigated.

NANEP questionnaire

The NANEP questionnaire was used to collect demo-
graphic information and to evaluate content validity. Par-
ticipants rated (1) anatomy, (2) realistic handling and (3)
applicability for training. Response option was a 5-point
Likert scale (1 =does not agree, 2 =does rather not agree,
3 =partially agrees, 4 =largely agrees, 5 =fully agree and
0=N/A (not applicable)).
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Competency assessment tool (CAT)

The CAT questionnaire was developed to measure com-
petency in the field of colorectal surgery [33]. The CAT
was adapted to suit the NANEP operation and segmented
into procedural and content-specific aspects to capture the
dynamic process of an operation. The NANEP operation
itself can be segmented into three steps: (1) Exposure (2)
Clearance of orifice and (3) Mesh position and orifice clo-
sure. Each step is classified by four categories: (I) Instru-
ment use, (II) Tissue handling, (IIT) Near misses and errors,
and (IV) End-product quality. The latter matrix accounts
for 12 evaluation criteria, rated on four proficiency levels:
1 (worst performance) to 4 (best performance). Levels of
competency are based on the Dreyfus model [34], Eraut [35]
and Miskovic [15]. Additionally, raters were able to leave
comments on the CATLIVE platform.

Results

The response rate for the NANEP questionnaire was 100%,
and 18 forms were used for statistical analysis. The sample
consisted of eight female and ten male participants. Twelve
participants were internship students (assigned to the group
of beginners) and 6 were surgeons doing general surgery
residency or 2 years after completion of the residency (group
of experts). Sex was equally distributed among the group of
beginners with six male and six female students. The expert
group consisted of two female and four male surgeons. Mean
age of students was 26.18 years (SD=2.27). On average
participants were in this educational stage for 4.67 years
(SD=1.67). As expected mean age of residents or specialists
was higher with 34.50 years (SD=2.07). On average, they
were in their position for 2.67 years (SD=2.07).

Content validity

Overall, the NANEP model was rated positive. Results
differed for anatomy, realistic handling and applicabil-
ity for training (cf. tab. 1). Cronbach’s a was acceptable,
all values exceeded 0.60. Open-answer-comments which
occurred most frequently were: “Surgery felt extremely
realistic”, “Practice of surgical skills was extremely help-
ful and fun!”, “A good opportunity to realistically practice
an operation”, “Very good preparation for the surgery
and great opportunity to recall anatomical structures”
(Table 1).
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Construct validity (CAT)

Response rate for the CAT evaluation was 100%, and 36
operations were analyzed. Except for the category compli-
cations, the a value was good. The Finn coefficient verified
good interrater-reliability for all categories (cf. Fig. 4).

Differential validity and learning gain (CAT)

Comparison between beginners and experts verified dif-
ferential validity. Experts significantly outperformed the
beginners (Fig. 5).

When analyzing the learning gain for beginners and
experts separately, the learning gain for beginners is more
pronounced. Beginners had a significant learning growth
for the categories instrument use, tissue handling, near
misses and errors and end-product quality. It may be note-
worthy that experts began with excellent rating, limiting
the possibility of improving skills (Fig. 6).

Autopsy

Post-operative results were rated as follows: regarding the
category “aesthetics” 42% were deficient, 33% satisfactory
and 25% very good. Skin suture was perfect in 25% of the
cases, in 64% skin asymmetric and in 11% loose. Suture of

fascial orifice was insufficient in 53% of the cases, in 30%
plain and in 17% bulged. 61% of the models showed no liga-
ture. 25% of the models showed a plain and centered mesh,
in 56% it was folded but still centered and in 19% it was not
centered. In 86% of the cases, the peritoneum was intact, 3%
were slightly injured and in 11% of the cases the mesh was
exposed. Chi square test showed no significant difference
for beginners and experts by inspection of repeated surgery.
Photo examples of results are displayed in Fig. 7.

Discussion

The aim of the study was to develop a surgical simulator
for open preperitoneal mesh repair of an umbilical hernia.
The NANEP model can be characterized as high-fidelity
simulator which enables to practice the entire operation.
High-fidelity simulators are congruent to reality, which
includes user interactions in real time [36]. The NANEP
model reflects underlying anatomical morphology. Unlike
low-fidelity models, it requires surgical decisions beyond
a mere display of practical skills. The surgeon must choose
adequate sewing material and technique, e.g., for a suffi-
cient and flat fascial closure. A full-procedural simula-
tion model [37] is characterized by a complex anatomical
design which enables to perform an entire operation, as is
the case for the open preperitoneal mesh repair of umbilical

Table 1 Results for content
validity (NANEP questionnaire)

Fig.4 Reliability values of the
Competency Assessment Tool:
Cronbach’s alpha values >0.70 1
are good [24], values > 0.60 are
acceptable [25, 26]. Finn coef-

All (N=18) Beginners (n=12) Experts (n=6) p a

Criteria

Anatomy, mean (SD) 3.99 (+£0.85) 4.00(x0.57) 3.96 (+0.48) >0.05 0.63

Realistic handling, mean (SD) 3.79 (£0.52) 3.83 (x1.00) 3.72 (+0.48) >0.05 0.87

Applicability for training, mean (SD) 4.37 (£0.61) 4.24 (+0.64) 4.64 (+0.50) >0.05 0.63
SD standard deviation, P based on Welch test, « = Cronbach’s alpha

Construct validity
0,86
0,77 0,74
0,69 65 0,64

ficients’ > 0.50 show acceptable

and > 0.70 good interrater-reli-

ability in support of construct 0,5
validity [28]

M Instrument use

Cronbach’s a

Near misses and errors

0,60

Finn-coefficient

B Tissue handling

End-product quality
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Fig.5 Results CAT: means of beginners and experts in the 4 catego-
ries were compared. Mean (plus standard deviation) for the 4 catego-
ries: (I) Instrument use, (II) Tissue handling, (II) Near misses and
errors, and (IV) End-product quality. Each category contains 3 steps:
(1) Exposure, (2) Clearance of orifice, and (3) Mesh position and ori-
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fice closure. All 12 evaluation criteria were rated on four proficiency
levels: 1 (worst performance) to 4 (best possible performance). In
total, a maximum count for one category was 12, minimum count was
3. Results differ for beginners and experts, Welch test: ***p <.005
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Fig.6 Results using CAT for assessment of video-taped operation
of umbilical hernia in four categories: (I) Instrument use, (II) Tissue
handling, (II) Near misses and errors and (IV) End-product quality.

hernia. Benchtop models are usually considered as static
low-fidelity models for practicing simple skills such as skin
suture. It had been assumed that variable feedback would
be impossible to integrate [38]. The NANEP model proofed
this assumption wrong: benchtop models can be utilized to
simulate entire operations.

In the present study, the NANEP model was validated
with all its features, content validity was verified for anat-
omy, realistic handling and applicability for training. The
non-significant p values for beginners and experts show con-
tent validity regardless of experience.

@ Springer

Results are shown for beginners and for experts, also stating standard
deviations. Learning growth is analyzed by Welch test: *p <0.05

The significant proficiency gain for practical performance
on the NANEP model is similar to results found in other
studies [13, 39-41]. The significant proficiency gain for
beginners indicates that the NANEP model is suitable for
being implemented at the beginning of residency.

To effectively teach anatomy and practical skills, simu-
lation models should become standard of the curricula [41,
42]. To maximize educational benefit when working with
surgical simulation models, we recommend the following
three principals:
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Fig.7 Autopsy results of post-operation NANEP model: a aesthetic
(anterior view), case #06 very good, #04 deficient; b suture of hernial
orifice (posterior view), case #28 sufficient and #04 insufficient due

1. Offer repetitive opportunities for training, so practical
skills can be improved [41, 42]. The latter proofed true
for the NANEP model (Fig. 6).

2. Ensure that the simulation model reflects a clinical need
[41-43]. For this study, we selected umbilical hernia,
since it is a frequent disease.

3. Give participants feedback [41, 42]. In our study, this
was done using the CATLIVE platform, which automati-
cally creates a sheet with feedback for participants.

Furthermore, simulation-training programs can com-
plement surgical training [22]. The paradox finding that
experts did not reach the highest score and end-product
quality dropped at the second attempt can be attributed in
part to the Dunning-Kruger effect. The Dunning-Kruger
effect describes a cognitive bias in which experts become
too comfortable in their own skills and fail to readjust their
performance. This may stress the need to use the model
for simulation-training programs to complement surgical
training [21]. Such programs are already successful: the
London General Surgical Skills Program run at Imperial
College London is obligatory for every surgeon in resi-
dency in London since 2009 and includes various simula-
tion models, for open and laparoscopic procedures [44]. A
similar program has been implemented in the USA. Since

(b)

(d)

to untied knot; ¢ ligature of fatty tissue (posterior view), case #18 suf-
ficient and #31 no ligature; d peritoneum (posterior view), case #07
intact and #36 injured peritoneum

2008, the Fundamentals of Laparoscopic Surgery-Program
(FLS) training module of the American Board of Surgery
(ABS) is compulsory for the ABS Certifying Examination
for General Surgery [45].

Conclusion

This study is the first to present a surgical simulator for open
preperitoneal mesh repair of an umbilical hernia. It supports
evidence for the positive impact simulation models regard-
ing the development of skills implemented at early stages of
surgical residency. Whereas Idea, Development and Explo-
ration were presented, Assessment and Long-Term Study
require further research in terms of a curricula implementa-
tion and examination of patients’ outcomes.
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