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Abstract. The introduction of laparoscopic surgery has also
been beneficial for patients with gynecological malignancies.
In this respect, surgeons should receive related training in the
context of human resource development. Hands‑on training
was introduced using Thiel‑embalmed human cadavers
(THCs) in 2014. To determine the usefulness of THCs, they
were evaluated in terms of tissue color, consistency and operative tactility, among others, compared with in vivo laparoscopic
training for gynecological malignancies. Hands‑on training
sessions using THCs were held for a total of 11 times at Ehime
University Graduate School of Medicine between March
2014 and October 2017. Training on THCs included advanced
laparoscopic procedures for radical hysterectomy type III. At
the end of each training session, data were collected using a
standardized, anonymous questionnaire termed the Likert
scale. THCs ensured flexibility and plasticity of tissues and
organs; therefore, the working space was similar to that in the
living body under pneumoperitoneum. After analyzing the
quality and consistency of tissue and organ color compared
with in vivo conditions, most of the participants agreed or
strongly agreed regarding the uterus, adnexa and ureter, but
not regarding the large blood vessels. The highest scores were
observed in the authenticity of the anatomical condition of
each organ. Most participants strongly agreed that training
using THCs would help improve their laparoscopic skills
with a high level of satisfaction. Furthermore, most participants reported that they would recommend this training to
other obstetrician‑gynecologists. Laparoscopic training for
gynecological malignancies using THCs was comparable to
the in vivo conditions in terms of surgical view and operative
tactility. Therefore, THCs may be an excellent training tool
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for improving laparoscopic surgical skills for gynecological
malignancies.
Introduction
Since the introduction of laparoscopic surgery in gynecology,
there have been significant advances in minimally invasive
surgery (MIS), and laparoscopic surgery is becoming the
gold standard approach for malignancies as well as benign
conditions in gynecology. Laparoscopic surgery for patients
with endometrial cancer has been covered by insurance from
April 2014 onwards, and laparoscopic radical hysterectomy
for patients with cervical cancer was approved as advanced
medical treatment in December 2014 in Japan. However,
laparoscopic surgery requires special skills, and education
of the operator is necessary in the context of human resource
development. Moreover, skill‑enhancing laparoscopic training
programs are urgently needed.
Among the various training tools, dry box training is
not suitable for dissection, incision and coagulation with an
electric scalpel. In addition, live animals, such as pigs, differ
from humans anatomically as they have a bicornuate uterus.
Moreover, anesthesiology personnel is required for laparoscopic training using a live anesthetized pig, adding to the total
cost of training. Human cadavers have recently been introduced in laparoscopic training (1‑7). In particular, the human
cadaver appears to be the best anatomic and clinical‑like
model for surgical procedure training (8), and the validity of
laparoscopic training using fresh‑frozen cadavers has been
previously reported (7). However, fresh‑frozen cadavers are
very costly, as they must be preserved in a large freezer, and
are also associated with the risk of infections.
Thiel et al developed a low‑odor embalming technique in
which the color, consistency and transparency of the tissues
are very well preserved. Furthermore, the efficacy of the
method for disinfection was confirmed by bacteriological
tests (9). Giger et al reporting on laparoscopic training on
Thiel‑embalmed human cadavers (THCs) suggested that
this may be an excellent additional model to teach advanced
skills for bariatric, hernia and colon surgery (10). In this
report, the assessment was focused on the authenticity,
consistency and tactility of the THCs through the use of
questionnaires.
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Hands‑on training using THCs was introduced in our
center in December 2012. Studies using cadavers in our center
are conducted according to Guidelines for Cadaver Dissection
in Education and Research of Clinical Medicine (Japan
Surgical Society and Japanese Association of Anatomists) (11).
Laparoscopic training for gynecological surgery using THCs
was initiated in 2014. To evaluate the usefulness of THCs,
we analyzed the authenticity of tissue color, consistency and
operative tactility of THCs compared with in vivo laparoscopic
training for advanced gynecological surgery using a similar
method to that previously reported by Giger et al (10).
Materials and methods
Hands‑on training courses using THCs were held at Ehime
University Graduate School of Medicine between March
2014 and October 2017. Obstetricians and gynecologists from
Ehime University Hospital and the main district hospital
participated in the training. The training on THCs included
advanced laparoscopic procedures, such as laparoscopic
radical hysterectomy type III, involving the identification of
the ureter, and lymphadenectomy, as well as hysterectomy and
bilateral salpingo‑oophorectomy. One THC was used by two
participants, and the set‑up time was 6 h.
At the end of the training, data were collected using
a standardized, anonymous questionnaire termed Likert
scale (1, strongly disagree; 2, disagree; 3, neither agree nor
disagree; 4, agree; and 5, strongly agree). The survey items
on the questionnaire included color of tissues and organs,
consistency, authenticity of anatomical condition, operative
tactility compared with in vivo surgery, disturbance by odors
and overall satisfaction with the training course. Data are
provided as mean ± standard deviation. The training using
THCs described above was undertaken with the approval of
the Ethics Committee of our institution. Informed consent was
also obtained from the participants prior to enrolling.
Results
Hands‑on training courses using THCs were held a total of
11 times at Ehime University Graduate School of Medicine
between March 2014 and October 2017. The participants
from our hospital and five other medical facilities included
17 obstetricians and gynecologists who had been performing
laparoscopic surgery with >10 years of expertise and experience as a doctor.
Laparoscopic training comprised hands‑on training
on laparoscopic radical hysterectomy type III as follows:
Identification and isolation of the ureter, opening of the left
paravesical space and pelvic lymphadenectomy, dissection of
the posterior leaf of the vesicouterine ligament and isolation of
the left cardinal ligament, as well as hysterectomy and bilateral salpingo‑oophorectomy (Fig. 1).
Assessment of each organ of the THCs. When analyzing the
quality of tissue or organ color compared with in vivo conditions, agreement or strong agreement was stated by the majority
of the participants regarding the uterus (3.8±0.7), adnexa
(3.8±0.8) and ureter (3.7±0.7), but not for large blood vessels
(2.9±0.8). Furthermore, equivalent results were obtained

regarding tissue and organ consistency compared with in vivo
conditions as follows: Uterus (3.9±1.0), adnexa (4.1±0.8) and
ureter (3.6±1.0); however, strong agreement was not stated for
large blood vessels (2.8±0.7). The highest scores were observed
regarding the authenticity of anatomical condition compared
with in vivo surgery: Uterus (4.6±0.6), adnexa (4.6±0.6), ureter
(4.5±0.6) and large blood vessels (4.2±0.7). Moreover, when
asking whether operative tactility during training was comparable with in vivo surgery, equivalent results were obtained
for color and consistency: Uterus (4.1±0.9), adnexa (4.1±0.8)
and ureter (3.6±0.9); however, there were no strong agreement
statements for large blood vessels (2.7±0.7). The assessment of
each organ of the THCs is summarized in Table I.
Assessment of laparoscopic training using THCs. No offensive
odors by THCs were reported by any of the participants during
training; in addition, there were no disagreement or strong
disagreement statements regarding offensive odors (3.9±0.6).
Additionally, the majority of the participants strongly agreed
that the training using THCs would help improve their laparoscopic skills (4.8±0.4) with a high level of satisfaction (4.8±0.4).
Furthermore, most participants also reported that they would
recommend this training to other obstetrician‑gynecologists
(4.7±0.5). The assessment of laparoscopic training using THCs
is summarized in Table II.
Discussion
Since the introduction of laparoscopic surgery, there has
been an increasing need for laparoscopic interventions over
the last few decades with the advances in surgical practice
and medical equipment. Laparoscopic surgery has recently
become the gold standard approach for malignancies as well
as benign conditions in gynecology. Laparoscopic surgery
requires special skills, and laparoscopic training programs
to improve technical skills are urgently needed. Moreover,
education of the operator is necessary in the context of human
resource development. In addition to training tools, such as
dry box training and live animals, human cadavers were
recently introduced in laparoscopic training (1‑7). Due to the
anatomy and tissue fidelity, human cadaver models appear to
be optimal for surgical procedure training (8), and the validity
of laparoscopic training using fresh‑frozen cadavers has been
previously reported (7).
In particular, Thiel et al developed a low‑odor embalming
technique with which the color, consistency and transparency
of the tissue are well‑preserved. High standards of preservation were confirmed without releasing harmful substances
into the environment. The concentration of formaldehyde in
room air remained under the limit of detection. The efficacy
for disinfection when using this method has been confirmed
with bacteriological tests (9). The tissue quality, elasticity and
handling of THCs are satisfactory, and they have been previously used for teaching and urological skills training (12). The
efficacy and role of training using THCs were also reported
in other departments (12‑17). Furthermore, the validity and
reliability of THCs have also been reported in transperitoneal
laparoscopic nephrectomy training (18), as well as in various
advanced laparoscopic training courses for colon, hernia and
bariatric surgery (10).
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Table I. Assessment of each organ of the THCs.
Questions
Is the quality of organ color of THCs
comparable to in vivo surgery?
Is the quality of organ consistency of
THCs comparable to in vivo surgery?
Is the anatomical condition on THCs
authentic to in vivo findings?
Is the operative tactility during training on
THCs comparable to in vivo surgery?

Uterus
(n=17)

Adnexa
(n=17)

Ureter
(n=17)

Large blood vessels
(n=17)

3.8±0.7

3.8±0.8

3.7±0.7

2.9±0.8

3.9±1.0

4.1±0.8

3.6±1.0

2.8±0.7

4.6±0.6

4.6±0.6

4.5±0.6

4.2±0.7

4.1±0.9

4.1±0.8

3.6±0.9

2.7±0.7

Data are presented as mean ± standard deviation. THCs, Thiel‑embalmed human cadavers.

Table II. Assessment of laparoscopic training using THCs (n=17).
Statement

Agreement (Likert scale)

I was not disturbed by odors during training on THCs
The training will help me to improve my laparoscopic skills
I am very satisfied with the training
I will recommend the training to other obstetrician‑gynecologists

3.9±0.6
4.8±0.4
4.8±0.4
4.7±0.5

Data are presented as mean ± standard deviation. THCs, Thiel‑embalmed human cadavers.

Figure 1. Laparoscopic appearances of Thiel‑embalmed human cadavers. (A) Opening of the left paravesical space. (B) Isolation of the right ureter (arrow).
(C) Isolation of the left cardinal ligament (arrow). (D) Posterior leaf of the vesicouterine ligament (arrow). ut, uterus; b, bladder.

THCs ensure excellent conditions, with flexibility and
plasticity of tissues and organs. Enough working space was

provided, similar to in vivo conditions under pneumoperitoneum. The authenticity of organ color was comparable to
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in vivo findings in the uterus, adnexa, and ureter, but not in large
blood vessels. Similar results were reported for the authenticity
of organ consistency and operative tactility. The highest scores
were obtained for the authenticity of the anatomical condition
of each organ. The high anatomical authenticity of THCs
was confirmed as none of the participants stated disagree or
strongly disagree. Alternatively, large blood vessels, such as
the inferior vena cava and iliac vein, were relaxed and there
was no pulse or bleeding following injury. Hence, a lower
agreement rate was observed regarding the authenticity of
large blood vessels other than the anatomical condition.
None of the participants answered disagree or strongly
disagree regarding offensive odors during training. These
results support one of the characteristics of THCs, namely
that the concentration of formaldehyde in room air remains
under the limit of detection. Furthermore, the level of satisfaction with the training using THCs was high; in addition,
most participants stated agree or strongly agree that the
training using THCs will help improve their laparoscopic
skills, and that they would recommend this training to other
obstetrician‑gynecologists.
However, there remain other issues: First, the number of
THCs available for training is limited and uncertain, since all
cadavers were personal donations by will to the Anatomy of
the Ehime University. Furthermore, the cost per cadaver for
embalming and preservation is high (~1,000 USD). Finally, the
medical equipment used in laparoscopic surgery must also be
rented.
In our experience, training using THCs is an excellent tool
enabling advanced laparoscopic training for gynecological
malignancies. However, it is necessary to reduce the total
cost of this type of training for it to be held periodically and
continuously.
In conclusion, laparoscopic training for gynecological
malignancies using THCs was comparable to the in vivo
conditions in terms of surgical view and operative tactility.
Therefore, THCs constitute a valuable training tool for
improving the laparoscopic surgical skills for gynecological
malignancies. However, is necessary to reduce the total costs
of training using THCs to make it sustainable.
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