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Abstract
Purpose Lichtenstein hernia repair is a common surgical
procedure and one of the first procedures performed by a
surgical trainee. However, formal assessment tools developed for this procedure are few and sparsely validated. The
aim of this study was to determine the reliability and
validity of an assessment tool designed to measure surgical
skills in Lichtenstein hernia repair.
Methods Key issues were identified through a focus
group interview. On this basis, an assessment tool with
eight items was designed. Ten surgeons and surgical
trainees were video recorded while performing Lichtenstein hernia repair, (four experts, three intermediates, and
three novices). The videos were blindly and individually
assessed by three raters (surgical consultants) using the

C. G. Carlsen (&)  P. Charles
Centre of Medical Education, Aarhus University, Incuba Science
Park, Brendstrupgaardsvej 102, 8200 Aarhus N, Denmark
e-mail: cgc@medu.au.dk
K. Lindorff-Larsen
NordSim, Centre for simulation and skills training, Aalborg
University Hospital, Hobrovej 18, 9000 Aalborg, Denmark
P. Funch-Jensen
Clinical Institute, Aarhus Hospital, Aarhus University,
Brendstrupgaardsvej 100, 8200 Aarhus N, Denmark
L. Lund
Department of Urology, Odense University Hospital,
Sdr. Boulevard 29, 5000 Odense, Denmark
L. Konge
Centre for Clinical Education, University of Copenhagen
and the Capital Region of Denmark, Blegdamsvej 9,
2100 Copenhagen, Denmark

assessment tool. Based on these assessments, validity and
reliability were explored.
Results The internal consistency of the items was high
(Cronbach’s alpha = 0.97). The inter-rater reliability was
very good with an intra-class correlation coefficient (ICC)
= 0.93. Generalizability analysis showed a coefficient
above 0.8 even with one rater. The coefficient improved to
0.92 if three raters were used. One-way analysis of variance found a significant difference between the three
groups which indicates construct validity, p \ 0.001.
Conclusions Lichtenstein hernia repair skills can be
assessed blindly by a single rater in a reliable and valid
fashion with the new procedure-specific assessment tool.
We recommend this tool for future assessment of trainees
performing Lichtenstein hernia repair to ensure that the
objectives of competency-based surgical training are met.
Keywords Lichtenstein hernia repair  Validation 
Assessment  Surgical training

Purpose
Objective criteria based on employment period or
minimal number of performed procedures does not
ensure basic surgical competence, as trainees learn at
different paces [1]. Competency-based training has
therefore become a widespread paradigm in surgical
training [2]. Formal assessment is a key feature of the
competency-based training to ensure that training
objectives are met. Valid assessment tools are therefore
needed in surgical training, especially in common and
standardized procedures. Lichtenstein hernia repair is a
widely standardized and common surgical procedure
encountered by most surgical trainees early in their
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career [3, 4]. The procedure is thoroughly described by
Shulman [5] Amid et al. [6] and used world-wide [7, 8].
In spite of these facts, formal assessment in this particular field seems to be poorly developed.
Several tools are available for assessment of laparoscopic
procedures [9, 10], but only few assessment tools are available
for open surgical procedures although they represent an
important part of training. The objective structured assessment
of technical skills (OSATS) described by Faulkner and colleagues [11] is widely used for assessment of open surgical
procedures. But the OSATS was developed for bench-station
training, and use for more complex procedures in the operating
room (OR) has therefore resulted in procedure-specific tool
development [12–14]. Several tools are used for assessment of
Lichtenstein hernia repair, but few are procedure-specific [10,
14–16] and general assessment tools for open surgery are
sparsely validated for Lichtenstein hernia repair. Furthermore,
the OSATS and tools derived from the OSATS have been used
most commonly for direct observation (the assessor being
present in the OR). Direct observation could introduce
assessment bias [17, 18] due to personal knowledge, among
others. Video recordings of Lichtenstein hernia repair provide
the possibility of blinded assessment similar to recording of
laparoscopic procedures, and they do not require the presence
of an experienced assessor at the time of the procedure. Blinded assessment is a desirable alternative to avoid rater bias in
surgical training at registrar level [18, 19]. Video recordings,
however, have other limitations regarding the design of the
tool, and the existing OSATS-derived tools use the items ‘‘use
of assistant’’ and ‘‘knowledge of instruments’’ that are difficult
to assess in video recordings. A simple and procedure-specific
tool for blinded assessment of Lichtenstein hernia repair is
therefore needed to provide supervisors with a specific skills
assessment tool in surgical hernia repair in a competency-based
training curriculum. The aim of this study was to determine the
reliability and validity of a new assessment tool designed to
assess skills in Lichtenstein hernia repair.
Research questions:
What was the internal consistency of the assessment
tool?
What were the inter-rater reliability and generalizability
coefficient of the assessment tool?
How was the validity evidence of the assessment tool?

Methods
Development of the tool
Based on the OSATS [11, 20], a new tool was designed
(Fig. 1). The 5-point Likert scale with anchors described at
values 1-3-5 was chosen as the most purposeful scale. The
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1-3-5 anchor descriptions follow the tradition in this field
[20]. In Denmark the operative description posted by Alex
Shulman is used [5] and this bases the tool. A draft of a
new tool was made including the OSATS and other
existing literature [13–15]. Based on this draft, a focus
group interview was conducted. The main purpose of the
focus group interview was to identify which key elements
of the Lichtenstein hernia repair were to be assessed. The
assessment tool used by Larson et al. [14] is more selective
in its assessment than most other assessment instruments
and devotes particular attention to the surgeon’s awareness
of the ilioinguinal nerve and femoral vein injury. This issue
was widely debated in our group, but the video recordings
did not technically allow an adequate assessment of the
surgeon’s awareness of these anatomical structures. Thus,
the nerve may have been identified by the surgeon, but this
could not always be ascertained through the video
recording. Our group decided to focus on behavior and not
on potential injuries, as an otherwise well-performed surgical technique combined with procedural knowledge
demonstrates surgical skills, and such skill was believed to
protect against major injuries, regardless of kind. Like
other tools made for video assessment [12, 13], we left out
‘‘knowledge of instruments’’ and ‘‘use of assistant’’ from
the original OSATS. One interview meeting was held
comprising the total group and then a new draft tool was
made. The group finally identified eight particular skills
that should be assessed to fully cover the procedure.
Afterward, a team of seven experienced hernia surgeons
(FK, KL, LM, MG, HFA, LL, PFJ) commented on the tool.
Comments were incorporated until all participants agreed.
Finally, a smaller group (KL, LL, PFJ) tested the tool in a
pilot study discussing three different video recordings of
Lichtenstein hernia repair performed by different surgeons
and surgical trainees.
The final tool tested four global skills and four procedure-specific skills. The global skills were: respect for
tissue, time and motion, instrument handling and flow of
operation. The procedure-specific skills were: dissection of
the spermatic cord, presentation of the hernia sac including
lateral and medial component, fixation of mesh and wound
closure.
Validation process
Ten surgeons and surgical trainees were video recorded
performing Lichtenstein hernia repair. They had different
levels of experience: four experts (consultants) who had
performed [200 Lichtenstein hernia repairs, three intermediates (senior trainees) who had performed 50–75
Lichtenstein hernia repairs, and three novices (junior
trainees) who had only little experience (5–10 procedures
performed) in Lichtenstein hernia repair. All recordings in

Hernia (2014) 18:543–548

545

Fig. 1 Lichtenstein hernia repair rating scale (translated)

this study concerned males with a primary inguinal hernia
diagnosis to ensure a standardized procedure. Patients
accepted the recordings prior to the procedure. The video
recordings were anonymous, as no patient data were
recorded or known to the investigators. Consequently, no
permission from the Research Ethics Committee was
needed.
All video tapes were recorded in the same manner,
recording the operative field only, while standing on the
opposite side of the surgeon. The procedure was recorded
from skin incision to would closure. Only the visual
recordings were assessed; no speech was included. Trainees having performed \10 hernia repairs were supervised
by a senior colleague in the OR. The videos were blindly
and individually assessed by three raters (surgical consultants) using the newly developed tool. The video recordings only showed the operative field, and it was not
possible to identify the age, gender, etc. of the surgeon or
of the patient in the recordings. Furthermore, the recordings were randomly numbered with no clue given to
experience level of surgeons. Recordings were rated in
total, though raters were permitted to use fast forward at

their own discretion, as formerly used [21, 22]. Based on
these ratings, internal consistency, inter-rater reliability,
generalizability analysis and construct validity of the
assessment tool were explored.
Statistical analysis
Internal consistency between the items was calculated as
Cronbach’s alpha. Internal consistency describes whether
items measure different parts of the same entity, here
hernia repair. Item discrimination index was derived from
the average rating across the three rates using item-total
correlation (Pearson’s correlation). Inter-rater reliability
was calculated as an average measures intra-class correlation coefficient (ICC) based on the absolute agreement
definition. This describes whether outcome is equal in
repeated measures. Generalizability theory was used to
describe the optimal balance between the number of raters
and the number of items to show both the ability of the tool
to discriminate difference in experience and the reproducibility. Therefore, a balanced G-study with procedures
(p) crossed with items (i) crossed with raters (r) p 9 i 9 r
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was conducted. The estimated variance components were
used to perform a D-study to estimate generalizability
coefficients for the number of items and raters used. The
aim was a generalizability coefficient above 0.8. Using a
mixed-model ANOVA, validity evidence was collected by
comparing the raters’ average scores in the three defined
groups: Novices, intermediates, and experts. The groups
were compared two by two using Students t test. Statistical
analyses were performed using a statistical software
package (PASW, version 18.0; SPSS Inc., Chicago, Illinois, USA).

Table 2 Item discrimination index
Item

Discrimination index

1

0.9604

2

0.9873

3

0.9874

4

0.9824

5

0.9712

6

0.9802

7

0.9259

8

0.9771

Results
Table 1 shows the raters’ mean assessment score in the
three groups with different experience when using the new
eight-item assessment tool.
The internal consistency was high (Cronbach’s
alpha = 0.97). The ICC was 0.93. The generalizability
analysis showed that three raters achieved a generalizability coefficient of 0.92 with eight items. The D-study
estimates a coefficient of 0.81 when a single rater is used
(Fig. 2). This is the accepted level.
Table 1 Results of assessment
Rater 1
mean (SD)

Rater 2
mean (SD)

Rater 3
mean (SD)

Average
across raters
mean (SD)

Novices

14.7 (2.89)

14.3 (0.58)

15.3 (1.53)

14.8 (1.72)

Intermediates

19.3 (2.08)

17.0 (1.00)

27.0 (5.29)

21.1 (5.37)

Experts

30.8 (3.30)

35.5 (2.52)

36.0 (2.83)

34.1 (3.60)

Fig. 3 Average assessment score in the three groups; expert,
intermediate and novice

The calculated item discrimination index is shown in
Table 2. All eight items discriminate well (above 0.97).
This indicates that all items discriminate between novices
and experts.
To assess the construct validity of the performers’
experience (novices, intermediates, and experts), we performed a mixed-model analysis of variance (ANOVA)
using rater average score as a within-group variable and
experience as a between-group variable. This test was
highly significant (p \ 0.001).
Furthermore, we conducted an independent samples
t test comparing experts and intermediates (p \ 0.001),
experts and novices (p \ 0.001), and novices and intermediates (p = 0.02). The results are shown in Fig. 3.

Discussion

Fig. 2 D-study showing the G-coefficient for different numbers of
raters
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The newly developed tool was reliable and valid for
assessment of technical skills in Lichtenstein hernia
repair. It was able to discriminate between novices’,
intermediates’ and experts’ performance. These findings
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are comparable to similar validations of other OSATSderived tools [10, 13, 14], though most compare only
novices and experts. Our tool was developed for blinded
individual rating of video recordings. Other studies found
that video tape recordings equaled direct observations [21].
Driscoll et al. [22] found that assessment of video recordings equaled real-time assessments in hernia repair. Video
recordings enjoy advantages other than direct observation:
for example, raters avoid time-consuming attendance in the
OR, the possibility of re-assessment in case of doubt and
bias is less likely [18, 19, 23].
A good assessment tool should be reliable, valid and
feasible. To obtain feasibility, the number of assessable
items should be limited. Our group found that four
general items and four procedure-specific items were
sufficiently exhaustive to assess video-recorded Lichtenstein hernia repair, as also evidenced by the results.
The need for procedure-specific tools versus global
scales was discussed by Aggarwal et al. [24]. They
concluded that the global score alone provides sufficiently discriminate results. But generic surgical skills
must be complemented by procedural knowledge of
Lichtenstein hernia repair to ensure that training
objectives and patient safety are met as stated by Bell
et al. [3]. The experts of the focus groups agreed as to
the contents of the tool, which were widely similar to
those of other OSATS-derived tools [12–14] adapted to
blinded rating. The high internal consistency further
supported the selected items. A possible bias could be
the Halo effect [25], where the assessor intends to give
an opinion as a whole instead of discriminating between
separate characteristics. This concerns all global
assessment tools and in an attempt to avoid this bias we
made three detailed anchor descriptions of each items
and used three individual raters.
The ICC of 0.93 was very good and confirmed the
reproducibility. The rating was conducted individually. For
assessment of video recording, other adaptations of the tool
are required, as discussed above, but even with these disadvantages, we preferred the blinded rating for this open
surgery procedure for the reasons mentioned above. Video
recording is also fully comparable to assessment of laparoscopic procedures, which becomes more and more
common in surgical training. The generalizability analysis
showed that one rater was sufficient to reliably assess a
blinded video. This is useful in daily clinical practice
where assessment of trainees is usually performed by only
one rater. The D-study also confirmed that eight items was
sufficient. Having included more items would have made
the tool more complicated to use, and would add only very
little reliability (Fig. 1). Actually, the use of several raters
would reduce the number of needed items, but this could
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raise questions concerning content validity, and use of all
eight items is recommended.
A good construct validity of an assessment tool is
crucial, because it defines the ability of the tool to
discriminate the different stages of experience, and
thereby assess the stage and effect of training. This
particular tool was able to discriminate between the
three groups in a highly statistically significant way,
which indicates good construct validity. Comparing the
groups two by two showed statistical significance as
well. This tool discriminates between novices and
intermediates, which improves its usefulness in clinical
practice. Previous studies with video assessment did not
generally distinguish between more subtle differences
in trainee performance [10], but this tool seems wellqualified for this purpose.
Most assessment tools are validated for formative use,
which makes them useful to formal or informal feed-back
in daily clinical practice. A validation for pass-fail tests
(summative use) increases requirements because of higher
consequences for the trainees. In this study we validated
the tool for formative use. But as it is able to distinguish
novices from intermediates, further specific validation for
summative assessment use is possible with this tool.
The study has some limitations. We decided to use
assessment of blinded video recordings to obtain less bias.
Video recordings have inaccuracies in regard to camera
angles and may not capture all elements of dissection. This
was widely debated in our group but with the high quality
pictures advantages of the method outnumbered disadvantages. Furthermore, we are aware of, that video
recording will not always be possible in daily surgical
practice. Blinded assessment may seem ideal if the rater
must spend time both as attending surgeon and as rater.
However, the tool is validated under the most ideal circumstances and may therefore be used blinded as well as
un-blinded. It can be used for formative assessment of
trainee’s performance where attending surgeons are not
required and reduce time spend for quality control.
We conducted a small study with ten participants and
found consistent results. This tool is specifically designed
for assessment of technical skills in Lichtenstein hernia
repair and it may serve as a supplement to existing
assessment tools. The advantages of our tool are: It is
procedure-specific, have few (only eight) items, can be
used for blinded rating, has high reliability which makes it
useful with one rater, and has the ability to discriminate
between surgical trainees. Technical skill is only one of
many competencies required in today’s surgery. Yet, it is a
crucial skill. Lichtenstein hernia repair is a common procedure and one of the first surgical procedures encountered
by young trainees; it is even mentioned as ‘‘sentinel
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procedure’’ [14]. This highlights the need for a valid and
reliable assessment tool in this particular procedure.
10.

Conclusions
Competence in Lichtenstein hernia repair could be assessed
blindly in a reliable and valid fashion using this tool on
video-recorded procedures. It could improve training outcome and ensure quality of surgical performance in surgical trainees. We recommend this procedure-specific tool
for future assessment of trainees performing Lichtenstein
hernia repair to ensure that the objectives of competencybased training in surgical skills are met.
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