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Abstract

Background Human cadaver simulation is vital in medical training, offering realistic experience crucial for skill development,
especially in laparoscopic surgery. Traditional cadaver types, like fresh frozen and embalmed, have limitations. Fix4Life
(F4L), a novel embalming technique, aims to overcome these drawbacks by providing flexible, pliable tissue without dis-
coloration. This study evaluates the realism and face validity of the FAL embalmed cadaver model for laparoscopic training,
aiming to enhance surgical education and patient safety.

Methods Surgical residents and expert surgeons from Amsterdam UMC participated in a hands-on laparoscopy course, per-
forming laparoscopic appendectomy, cholecystectomy, and totally extraperitoneal (TEP) hernia repair on Fix4Life cadavers.
Prior to this, residents completed questionnaires immediately after training, while experts reviewed procedure videos and
provided evaluations. Ethical approval was obtained, and written consent was acquired from participants. Procedures were
supervised, recorded, and securely shared for assessment. Face validation forms were filled by both novices and experts,
assessing realism and key aspects of laparoscopic surgery. Statistical analysis included non-parametric tests due to non-
normal data distribution.

Results Both residents and experts rated the laparoscopic procedures positively, with the TEP receiving particularly high
scores. Residents rated the laparoscopic appendectomy and cholecystectomy as “Good” for all assessment points, while the
TEP was frequently rated as “Very Good”. The experts also rated the procedures in the majority of cases as “Good”. Further-
more, novices tended to rate the procedures more favorably than experts, particularly in terms of lifelike tissue manipulation
(»<0.001), tissue color (p=0.014), and comparability to reality (p =0.046).

Conclusion The Fix4Life embalming method provides a realistic training modality for laparoscopic appendectomy, lapa-
roscopic cholecystectomy, and TEP.
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Surgical Endoscopy

Hands-on simulation training using human cadavers is an
essential part of the training of medical specialists [1-3].
The high-fidelity aspect of human cadavers ensures that
medical specialists receive realistic training early in their
careers. The early training phase is where many mistakes
are made, and cadaver training could help bridge the gap
between early stage education and live surgery, reducing the
risk of errors and patient harm [4, 5].

Despite the availability of other simulation techniques
within laparoscopic surgery, such as virtual reality and
dry lab training, cadaver training remains essential [6, 7].
Ideally, trainees should begin their education with dry lab
training (box trainer, virtual reality simulator), followed
by wet lab training (bio tissue or artificial tissue), before
moving on to cadaver lab training, particularly in laparo-
scopic surgery [5, 6, 8]. Procedural skills and anatomical
knowledge are ideally trained on human cadavers as these
provide optimal simulation for the real situation, including
tactile feedback, tissue and organ consistency, and realistic
intra-abdominal color schemes [9, 10]. Furthermore, the
human cadaver allows for the exploration of complex ana-
tomical variations and pathologies that may not be encoun-
tered in live surgery. Realism is an important aspect of
laparoscopic surgery training on human cadavers, enabling
trainees to practice and develop their skills in conditions
closely resembling those they will encounter in the operat-
ing room [3, 11, 12].

Fresh frozen and embalmed cadavers are the most com-
monly used types of human cadavers in laparoscopic training
[13-16]. Fresh frozen cadavers are known for realistic tissue
consistency, flexibility, and color, which closely mimics the
properties of living tissue [9, 17]. However, fresh frozen
cadavers have limitations, such as tissue damage during the
freezing and thawing process, which can reduce the realism
and face validity of the training experience. Another disad-
vantage is that the cadaver can only be used once or twice
because of ongoing decomposition after defrosting, resulting
in limited usage [14, 16, 17].

On the other hand, embalmed cadavers can be stored for
longer periods without decomposition and can be used mul-
tiple times for surgical skills training [17, 18]. However,
traditional embalmed cadavers can lead to discoloration and
stiffening of the tissues, which are mainly caused by the
combination of formaldehyde and phenol [17].

In other words, an embalming technique is needed that
offers high realism and can be used multiple times for lap-
aroscopic training. Fix4Life (F4L) is a novel embalming
technique without phenol and with low formaldehyde con-
centration, resulting in flexible and pliable tissue without
discoloration [3, 19]. Furthermore, the embalming allows
long-term preservation and multiple uses, which are also
relevant from an ethical and financial standpoint. The aim
of this study was to assess the realism and face validity of
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the FAL embalmed human cadaver model for high-fidelity
laparoscopic training.

Methods
Participants

Surgical residents from the Amsterdam University Medi-
cal Center (Amsterdam UMC) performed three types of
laparoscopic procedures on F4L human cadavers during
a hands-on laparoscopy course. These procedures were
part of the Basic Laparoscopy Course and the Step by
Step Inguinal Hernia Repair Course. The surgical resi-
dents consisted of a homogenous group of junior residents
(PGY 1-3). Participants first completed a mandatory lapa-
roscopic simulation course on laparoscopic box trainers
with preset proficiency levels [5, 20]. After achieving the
proficiency levels, the trainees were invited to the hands-
on course at the Amsterdam Skills Centre [1]. Experts
were defined as board-certified surgeons with > 5 years of
laparoscopic practice.

Ethical approval

Participation was voluntary, the data were anonymized,
and there were no consequences. Written informed consent
was acquired from all participants. The medical research
ethics committee of the Amsterdam UMC was consulted
regarding the study. The research proposal and protocol were
assessed by the dedicated ethical committee, and approval
was obtained on July 17, 2023.

Laparoscopic procedures

Surgical residents performed three laparoscopic procedures:
laparoscopic appendectomy, laparoscopic cholecystectomy,
and totally extra-peritoneal (TEP) hernia repair (Fig. 1). The
procedures were conducted under the supervision of five
surgical faculty members following a theoretical step-by-
step introduction and lecture.

All procedures were recorded, and the footage was saved
on an external SSD connected to the laparoscopic tower
(Stryker Corporation, Kalamazoo, Michigan, USA). The
recordings were viewed and edited to ensure the removal
of any identifiable information and extracorporeal images
before being securely shared for assessment. The videos
were assessed within an encrypted and secure online envi-
ronment. Recording were automatically deleted after three
months.
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Fig. 1 Laparoscopic training setup

Fix4Life setup

The Fix4Life specimens were prepared by anatomy tech-
nicians of the Department of Anatomy of the Amsterdam
UMC and the Amsterdam Skills Centre. The embalming
technique used a low concentration of formaldehyde and
no phenol. Preparation costs were comparable to traditional
embalming and due to the possibility of repeated use, Fix-
4Life embalmed specimens are more cost-effective in prac-
tice compared to Fresh Frozen specimens.

The Fix4Life specimen were draped as in the operat-
ing room (Fig. 2). The laparoscopic appendectomy, lapa-
roscopic cholecystectomy, and TEP were performed using
laparoscopic needle holders, laparoscopic curved dis-
secting forceps (Maryland), laparoscopic small and large
fenestrated bowel graspers, and laparoscopic curved scis-
sor (HiQ + instruments, Olympus corporation, Shinjuku,

Fig.2 Laparoscopic images of
the laparoscopic appendectomy
(A, B), laparoscopic cholecys-

tectomy (C), and TEP (D)

Tokyo, Japan). Additionally, Surgitie (Medtronic plc, Min-
neapolis, Minnesota, USA) was used during the laparoscopic
appendectomy, and the Endo Clip (Medtronic plc, Minne-
apolis, Minnesota, USA) was used during the laparoscopic
cholecystectomy.

Face validation novices

After completing the laparoscopic training course, the resi-
dents filled out the face validation form (Table 1). The surgi-
cal faculty and the Department of Anatomy of Amsterdam
UMC created the face validation form, which consisted
of key aspects of laparoscopic surgery and realism. These
aspects were assessed using a five-point Likert scale. The
assessment form focused on visual realism, manipulation,
technicalities such as insufflation and fulcrum effect, and an
overall assessment of the Fix4Life training modality.

Face validation experts

Following the laparoscopic course and an additional review
of laparoscopic video recordings post-course, the surgical
faculty also evaluated the realism of Fix4Life specimens as
a training modality. All surgical faculty received the same
instructions for filling out the form and reviewing the vid-
eos. The experts also signed a confidentiality statement, and
access to the database was automatically removed after three
months.

Statistical tests
The Shapiro—Wilk test was used to test for normality, and

the datapoints were significant on all points, resulting in
non-normally distributed data. The Friedman test was used
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Table 1 Face validation form

Assessment Very Insufficient  Sufficient Good  Very good
insuffi-
cient
Laparoscopic view 1 2 3 4 5
Organ color 1 2 3 4 5
Tissue color 1 2 3 4 5
Organs reacts lifelike to manipulation 1 2 3 4 5
Tissue reacts lifelike to manipulation 1 2 3 4 5
Insufflation and pneumoperitoneum 1 2 3 4 5
Depth perception 1 2 3 4 5
Fulcrum effect
The Fix4Life model is comparable to reality 1 2 3 5
The Fix4Life model is a valuable training 1 2 3 4 5
modality to use prior to procedures on
patients
Overall satisfaction 1 2 3 4 5

as non-parametric test to compare the three groups with a
significance level of p <0.05. The Wilcoxon Signed Rank
test was used as post hoc test to determine the significant
differences, and a Bonferroni adjustment was performed to
account for multiple testing. The significance level of 0.05
was divided by the number of tests, which was 3, resulting
in a significance level of p <0.0167.

Results
Face validation by residents
In total, thirty surgical residents performed a laparoscopic

appendectomy, laparoscopic cholecystectomy, and TEP, and
filled out the face validation form (Table 2). The residents

filled out a baseline demographics form, showing a homog-
enous group (47% male, 87% right dominant hand) with
laparoscopic novices (Supplemental File, Table Al).

The residents scored the laparoscopic appendectomy
higher than 4, equaling to a rating of “Good” for all assess-
ment points: laparoscopic view (4.30 Mean, SD 0.53),
organ color (4.27 Mean, SD 0.74), tissue color (4.10 Mean,
SD 0.67), lifelike manipulation of organs (4.27 Mean, SD
0.74), lifelike manipulation of tissue (4.23 Mean, SD 0.73),
insufflation and pneumoperitoneum (4.20 Mean, SD 0.66),
depth perception (4.43 Mean, SD 0.57), fulcrum effect (4.37
Mean, SD 0.56), comparability with reality (4.30 Mean, SD
0.70), value as a training modality (4.47 Mean, SD 0.51),
and overall satisfaction (4.37 Mean, SD 0.49).

The laparoscopic cholecystectomy was also assessed as
“Good” for all assessment points: laparoscopic view (4.13

Table 2 Laparoscopic novice
face validation

Assessment Lap app Lap chol TEP Friedman test
(n=30) (n=30) (n=30)
Median (IQR) Mean (SD) Mean (SD)
Laparoscopic view 4.00 (1.00) 4.00 (1.00) 5.00 (1.00) 0.024
Organ color 4.00 (2.00) 4.00 (0.50) 4.00(1.00) 0.285
Tissue color 4.00 (0.25) 4.00 (2.00) 5.00 (1.00) 0.020
Organs reacts lifelike to manipulation 5.00 (1.00) 4.00 (2.00) 4.50 (1.00) 0.004
Tissue reacts lifelike to manipulation 4.00 (1.00) 4.00 (1.25) 5.00(1.00) 0.012
Insufflation and pneumoperitoneum 4.00 (1.00) 4.00 (1.00) 5.00(1.00) 0.076
Depth perception 4.00 (1.00) 4.00 (1.00) 4.50(1.00) 0.917
Fulcrum effect 4.00 (1.00) 4.00 (1.00) 4.00 (1.00) 0.887
The Fix4Life model is comparable to reality  4.00 (1.00) 4.00 (1.00) 5.00 (1.00) 0.113
The Fix4Life model is a valuable training 4.00 (1.00) 4.00 (1.00) 4.50(1.00) 0.835
modality to use prior to procedures on
patients
Overall satisfaction 4.00 (1.00) 4.00 (1.00) 5.00(1.00) 0.009

Bold indicates statistically significant at p <0.05
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Mean, SD 0.63), organ color (4.27 Mean, SD 0.58), tissue
color (4.10 Mean, SD 0.71), lifelike manipulation of organs
(3.93 Mean, SD 0.84), lifelike manipulation of tissue (4.07
Mean, SD 0.83), insufflation and pneumoperitoneum (4.10
Mean, SD 0.71), depth perception (4.37 Mean, SD 0.56),
fulcrum effect (4.40 Mean, SD 0.56), comparability with
reality (4.23 Mean, SD 0.63), value as a training modality
(4.40 Mean, SD 0.56), and overall satisfaction (4.23 Mean,
SD 0.57).

In the TEP, the organ color (4.43 Mean, SD 0.50), insuf-
flation and pneumoperitoneum (4.47 Mean, SD 0.63), depth
perception (4.40 Mean, SD 0.67), and the fulcrum effect
(4.43 Mean, SD 0.50) were assessed as “Good”. The laparo-
scopic view (4.57 Mean, SD 0.50), tissue color (4.67 Mean,
SD 0.48), lifelike manipulation of organs (4.50 Mean, SD
0.51), lifelike manipulation of tissue (4.60 Mean, SD 0.50),
and overall satisfaction (4.67 Mean, SD 0.48) were assessed
as “Very Good”.

Comparing the resident face validation results between
the laparoscopic procedures demonstrated significant dif-
ferences for the laparoscopic view (p =0.024), tissue color
(»p=0.020), lifelike manipulation of organs (p =0.004),
lifelike manipulation of tissue (p =0.012), and overall sat-
isfaction (p=0.009). The TEP was assessed better than
the laparoscopic cholecystectomy for laparoscopic view
(p=0.009), lifelike manipulation of organs (p =0.002),
lifelike manipulation of tissue (p =0.005), and overall satis-
faction (p =0.005) (Supplemental File, Table A2). Further-
more, the tissue color in TEP was assessed better than both
laparoscopic appendectomy (p=0.011) and laparoscopic
cholecystectomy (0.015). No significant differences were
observed between the laparoscopic appendectomy and lapa-
roscopic cholecystectomy.

Table 3 Laparoscopic expert face validation

Face validation experts

In total, ten surgeons supervised the laparoscopic procedures
and analyzed the videos (Table 3). The laparoscopic appen-
dectomy was assessed as “Sufficient” for lifelike manipula-
tion of organs (3.00 Median, IQR 1.00), “Good” for lapa-
roscopic view (4.00 Median, IQR 2.00), organ color (4.00
Median, IQR 1.00), tissue color (3.50 Median, IQR 1.00),
lifelike manipulation of tissue (4.00 Median, IQR 1.00),
insufflation and pneumoperitoneum (4.00 Median, IQR
0.50), depth perception (4.00 Median, IQR 1.00), fulcrum
effect (4.00 Median, IQR 1.00), comparability with real-
ity (4.00 Median, IQR 1.25), and overall satisfaction (4.00
Median, IQR 1.25). The value as a training modality was
rated as “Very Good” (5.00 Median, IQR 1.00).

The laparoscopic cholecystectomy was assessed as “Suf-
ficient” for lifelike manipulation of organs (3.00 Median,
IQR 1.25) and lifelike manipulation of tissue (3.00 Median,
IQR 1.00), and as “Good” for laparoscopic view (4.00
Median, IQR 1.25), organ color (4.00 Median, IQR 1.25),
tissue color (4.00 Median, IQR 1.00), insufflation and pneu-
moperitoneum (4.00 Median, IQR 1.00), depth perception
(4.50 Median, IQR 1.00), fulcrum effect (4.00 Median, IQR
1.00), comparability with reality (4.00 Median, IQR 1.00),
and overall satisfaction (4.00 Median, IQR 1.00). The value
as a training modality was again scored as “Very Good”
(5.00 Median, IQR 1.00).

The surgeons assessed the TEP as “Good” for organ color
(4.00 Median, IQR 1.25), tissue color (4.00 Median, IQR
1.25), lifelike manipulation of organs (4.00 Median, IQR
0.50), lifelike manipulation of tissue (4.00 Median, IQR
1.00), insufflation and pneumoperitoneum (4.00 Median,
IQR 1.00), depth perception (4.00 Median, IQR 1.00),

Assessment Lap app Lap chol TEP Friedman test
(n=10) (n=10) (n=10)
Mean (SD) Mean (SD) Mean (SD)
Laparoscopic view 4.00 (2.00) 4.00 (1.25) 5.00 (1.00) 0.142
Organ color (appendix, colon) 4.00 (1.00) 4.00 (1.25) 4.00 (1.25) 0.565
Tissue color 3.50 (1.00) 4.00 (1.00) 4.00 (1.25) 0.422
Organs reacts lifelike to manipulation (appendix, colon) 3.00 (1.00) 3.00 (1.25) 4.00 (0.50) 0.156
Tissue reacts lifelike to manipulation (mesoappendix dissection and ~ 4.00 (1.00) 3.00 (1.00) 4.00 (1.00) 0.019
ligatures)
Insufflation and pneumoperitoneum 4.00 (0.50) 4.00 (1.00) 4.00 (1.00) 0.074
Depth perception 4.00 (1.00) 4.50 (1.00) 4.00 (1.00) 0.549
Fulcrum effect (movement of instruments and trocar handling) 4.00 (1.00) 4.00 (1.00) 4.50 (1.00) 0.687
The Fix4Life model is comparable to reality 4.00 (1.25) 4.00 (1.00) 4.00 (1.25) 0.381
The Fix4Life model is a valuable training modality to use prior to 5.00 (1.00) 5.00 (1.00) 4.50 (1.00) 0.882
procedures on patients
Overall satisfaction 4.00 (1.25) 4.00 (1.00) 4.00 (1.25) 0.565

Bold indicates statistically significant at p <0.05
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comparability with reality (4.00 Median, IQR 1.25), and
overall satisfaction (4.00 Median, IQR 1.00). Furthermore,
laparoscopic view (4.00 Median, IQR 1.00), fulcrum effect
(4.50 Median, IQR 1.00), and value as a training modality
(4.50 Median, IQR 1.00) were scored as “Very Good”.

Comparing the surgeons’ face validation results between
the laparoscopic procedures, demonstrated significant differ-
ences for lifelike manipulation of tissue (p =0.019), however
when performing the sub-analysis with a Bonferroni adjust-
ment for multiple testing, there were no significant differ-
ences (Supplemental File, Table A3).

Comparison novices and experts

When comparing the novices’ and experts’ assessment of
the laparoscopic appendectomy, there was a significant dif-
ference in lifelike manipulation of organs (p <0.001) and
comparability with reality (p =0.046). In the laparoscopic
cholecystectomy, the score for lifelike manipulation of tis-
sue was significantly different (p =0.036). Lastly, comparing
the TEP scores, tissue color (p=0.014) and lifelike manip-
ulation of tissue (p =0.024) were statistically significant
Table 4. The differences were in higher scores by novices
versus the lower scores by experts for the corresponding
assessment and procedure.

Discussion

This study demonstrated that Fix4Life is a viable and real-
istic training modality for laparoscopic appendectomy, lap-
aroscopic cholecystectomy, and laparoscopic totally extra-
peritoneal (TEP) inguinal hernia repair. Both residents and
surgeons rated Fix4Life as a valuable training modality

with high satisfaction. The residents assessed the Fix4Life
specimens for all procedures as “Good”, with the major-
ity of the TEP assessment points as “Very Good”. The
surgeons assessed the Fix4Life specimens for the majority
of procedures as either “Good” or “Very Good”. How-
ever, the residents scored the procedures more positively.
This was expected, as a certain learning curve of real pro-
cedures needs to be passed to determine the significant
differences in procedural skills and intricacies between a
cadaver simulation and a procedure in the operating room.
Novices have fewer reference points from live surgery to
detect subtle differences in tissue handling and color [10,
21]. Including experts was nevertheless essential, as their
evaluations provide a benchmark grounded in extensive
clinical experience.

Fix4life provides an alternative to on-the-job training
and serves as a bridge between simulators and the operating
room. Residents achieve required skill levels through digital
and physical laparoscopic simulators before applying skills
to Fix4Life specimens. The realism of Fix4Life also allows
for realistic assessment of procedurals skills and feedback.
Moreover, it provides an opportunity for exploration of anat-
omy and demonstration of pitfalls.

Laparoscopy training on box trainers, digital, or virtual
trainers is also essential for fundamental laparoscopic skills
development [22-25]. However, these training modalities
focus more on developing technical laparoscopic skills such
as hand-eye coordination, bimanual dexterity, depth per-
ception, and instrument efficiency. Procedural skills are not
trained to the same extent. Ideally, the transition to human
cadaver training begins with achieving preset benchmarks
for laparoscopic skills on both virtual and physical lapa-
roscopic simulators. With acquired skills, they can then be
applied during a real procedure on human cadavers.

Table 4 Man-Whitney U test,
novice and expert comparison

Assessment p-value p-value chol-  p-value
appendec- ecystectomy  TEP
tomy

Laparoscopic view 0.331 0.770 0.890

Organ color (appendix, colon) 0.315 0.198 0.083

Tissue color 0.177 0.286 0.014

Organs reacts lifelike to manipulation (appendix, colon) <0.001 0.315 0.062

Tissue reacts lifelike to manipulation (mesoappendix dissection 0.988 0.036 0.024

and ligatures)

Insufflation and pneumoperitoneum 0.469 0.077 0.198

Depth perception 0.914 0.590 0.548

Fulcrum effect (movement of instruments and trocar handling) 0.939 0.612 0.770

The Fix4Life model is comparable to reality 0.046 0.866 0.102

The Fix4Life model is a valuable training modality to use prior 0.450 0.414 1.000

to procedures on patients

Overall satisfaction 0.450 0.528 0.123

Bold indicates statistically significant at p <0.05
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Human cadaver training is essential in developing lapa-
roscopic skills as it provides realistic tissue manipulation,
instrument interactions, dissection, suturing, and procedure-
specific steps [26]. Furthermore, it teaches important steps
such as patient positioning, sterile draping, trocar placement,
pneumoperitoneum creation, and the use of insufflation and
diathermy [14, 21, 26, 27]. Another option would be animal
labs; however, the anatomy is less realistic, with lower fidel-
ity, and it also brings ethical considerations. Moreover, many
studies have demonstrated the transferability of laparoscopic
skills acquired with human cadaver training to the operating
room [28-30].

The strength of Fix4Life lies in the fact that it offers a
realistic training modality for laparoscopic training where
a specimen can be reused multiple times, unlike Fresh Fro-
zen [14]. For example, a laparoscopic TEP training can take
place, and then later, a laparoscopic colectomy course or an
orthopedic course. Additionally, it maintains the suppleness,
elasticity, and color of the tissue compared to traditional
embalming. This allows for realistic dissection and tissue
manipulation in laparoscopic procedures. In a follow-up
study the correlation between laparoscopic box trainer per-
formance and laparoscopic procedures on Fix4Life will be
compared.

Conclusion

The Fix4Life embalmed method provides a realistic train-
ing modality for laparoscopic appendectomy, laparoscopic
cholecystectomy, and TEP.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00464-025-12550-2.
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