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ABSTRACT
INTRODUCTION

cadaveric workshops as a training tool.
METHODS

RESULTS

training.
CONCLUSIONS

cadaveric workshops is required.

The use and effectiveness of cadaveric workshops
in higher surgical training: a systematic review

The aim of this systematic review is to describe the use of cadavers in postgraduate surgical training, to determine the effect of
cadaveric training sessions on surgical trainees’ technical skills performance and to determine how trainees perceive the use of

An electronic literature search was performed, restricted to the English language, of MEDLINE®, Embase™, the Cumulative
Index to Nursing and Allied Health Literature (CINAHL®), Centre for Agricultural Bioscience (CAB) Abstracts, the Educational
Resources Information Center (ERIC™) database, the British Education Index, the Australian Education Index, the Cochrane
Library and the Best Evidence in Medical Education website. Studies that were eligible for review included primary studies
evaluating the use of human cadaveric surgical workshops for surgical skills training in postgraduate surgical trainees and
those that included a formal assessment of skills performance or trainee satisfaction after the training session.

Eight studies were identified as satisfying the eligibility criteria. One study showed a benefit from cadaveric workshop training
with regard to the ability of trainees to perform relatively simple emergency procedures and one showed weak evidence of a
benefit in performing more complex surgical procedures. Three studies showed that trainees valued the experience of cadaveric

Evidence for the effectiveness of cadaveric workshops in surgical training is currently limited. In particular, there is little
research into how these workshops improve the performance of surgical trainees during subsequent live surgery. However, both
trainees and assessors hold them in high regard and feel they help to improve operative skills. Further research into the role of

KEYWORDS
Surgery — Education — Graduate

Accepted 11 April 2011

CORRESPONDENCE TO

Anna Prasthofer, Flat 9, Kineton Grange, 84-86 Kineton Green Road, Solihull B92 7EB, UK
T: +44 (0)121 707 2856; F: +44 (0)2476 968 617; E: annaprasthofer@me.com

In his 2008 annual report, the Chief Medical Officer identi-
fied that simulation offers an important route to safer care
for patients and recommended that simulation-based train-
ing should be fully integrated and funded within training
programmes for clinicians at all stages.! Kneebone and
Aggarwal claimed that the strength of simulation is as an
adjunct rather than an alternative to clinical experience.?
Various modalities of surgical simulation exist, such as
computer or video simulation and models,? but these are all
compromised by the absence of normal anatomical relation-
ships and tissue handling, particularly for surgery. Live ani-
mal tissue, which offers excellent handling fidelity and the
live operative experience of dealing with bleeding, is used
worldwide but is not currently permitted under UK law.*

Cadaveric workshops have been used widely in the US
and elsewhere and appear to be popular with trainees.>®
The introduction of the Human Tissue Act in 2004 enables
surgeons in the UK to practise operative procedures on ca-
davers. The Royal College of Surgeons of England has es-
tablished a cadaveric workshop, the Wolfson Surgical Skills
Centre. However, with only 674 donations to British medical
schools in 2005, the supply of cadavers is limited and stor-
ing them and providing surgical training facilities is costly.
Therefore, when considering the advantages of using ca-
davers over other forms of simulation in surgical training,
it is important to determine the circumstances in which ca-
daveric training will confer the greatest benefit so that re-
sources can be used appropriately.
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Abstracts acquired from search (n=38)

Studies excluded that did not relate to higher surgical training (eg use of
dissection in teaching undergraduate anatomy) (n=9)

Citations screened (n=29)

Studies excluded that were on non-cadaveric simulators or animal models
* (live or cadaveric) (n=10)

Potentially relevant studies retrieved in full text (n=19)

Studies excluded that were review articles, comments, articles on preservation

techniques or historical articles (n=8)

> Studies excluded that were a single surgeon series (n=1)

> Studies excluded that were on cadaveric workshops with no attempt made to
assess their efficacy (n=2)

Primary studies included in systematic review (n=8)

Figure 1 Flow of studies

In a review of surgical training, Hamstra et al reported
that several studies have shown that technical skills ac-
quired on low fidelity models (ie bench models) could con-
fer the same degree of benefit as training on a high fidelity
model (ie cadavers) as it was found that the learning proc-
ess was of primary importance rather than the physical sub-
strate.® This may certainly be true for surgical procedures
such as suturing or endoscopic removal of a ureteric stone
where a bench model can be constructed. However, bench
model simulators may not be as advantageous for proce-
dures where anatomy and tissue fidelity play a greater role,
such as surgical exposures in limbs or complex visceral pro-
cedures. In this context it is important to assess whether the
benefits of using cadaveric workshops for teaching surgical
skills justifies the difficulty and expense incurred in provid-
ing them and also whether there are any circumstances in
which cadaveric training may be of particular benefit.

The aim of this systematic review is to describe the use
of cadavers in postgraduate surgical training, to determine
the effect of cadaveric training sessions on surgical skill and
to determine how trainees perceive the use of a cadaver as
a training tool.
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Methods

Three reviewers (JG, AWP, KH) independently performed
a systematic medical literature search, limited to the Eng-
lish language, to identify primary studies that evaluated the
use of cadavers in surgical training. The search was carried
out using Ovid MEDLINE® (1950 to March Week 4 2010),
Embase™ (1980 to March Week 4 2010), CINAHL® (1982 to
March Week 4 2010), Centre for Agricultural Bioscience
(CAB) Abstracts (1990 — March Week 4 2010), the ERIC™
database (1966 — March 2010), the British Education Index
(1975 — March 2010), the Australian Education Index (1979
— March 2010), the Cochrane Library (searched in March
2010) and the Best Evidence in Medical Education website
(http://www2.warwick.ac.uk/fac/med/beme/) (searched in
March 2010). The following search terms were used: (ca-
daver®) and (education or postgraduate education or sur-
gery®). Two reviewers (JG, AWP) also screened the bibliog-
raphies of all articles and abstracts and agreed on eligibility.

Eligibility criteria

Included in our review were studies describing human ca-
daveric workshops for training multiple postgraduate surgi-
cal trainees in basic or advanced surgical skills. The studies
needed to have a clearly defined outcome measure to assess
the efficacy of training (either on the cadaveric model or in
the operating theatre) or either an objective assessment of
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the technical skill or a qualitative subjective questionnaire
regarding the perception of cadavers as a training tool.
Disagreements between the reviewers regarding eligibility
were resolved with discussion.

The exclusion criteria were: studies on the use of ca-
davers in education other than for surgical training; stud-
ies on surgical simulators other than cadavers; studies us-
ing animals.

Data abstraction

Two reviewers (JG and AWP) extracted data from each pri-
mary study independently and in duplicate, and discussed
the quality of the data and relevant findings.

Study characteristics

Among the studies eligible for review, there was consider-
able disparity between trial design, grade of trainee, com-
plexity of skill being taught and assessed, oulcome meas-
ures and conclusions. The trials were therefore separated
into those that provided a formal assessment of technical
skill on the cadaver after the session, those that provided a
formal assessment of technical skill in the clinical setting
after the cadaveric session and those that provided a quali-
tative subjective assessment by the trainee with regard to
the use of a cadaver as a training tool.

Results

Figure 1 illustrates the flow of studies through our review.
The search of MEDLINE® and Embase™ produced 38 studies,
of which 8 satisfied the inclusion criteria. Of the remaining
50, 9 did not relate to surgical training (eg use of dissection
in teaching undergraduate anatomy), 6 were on non-cadav-
eric simulators and 4 were on animals (live or cadaveric).
In addition, three were reviews, two were on preservation
techniques, two were reports on cadaveric workshops with
no attempt to assess their efficacy, two were historical arti-
cles, one was a comment on another study and one was a
single surgeon series. No other studies (apart from duplica-
tions of some of those already found) were identified from
the other sources searched. Table 1 gives a summary of the
results of the eight studies included in our review.

Studies that demonstrate objective assessment of trainees’
performance on cadaveric model after cadaveric session

Anastakis et al published a prospective three-way crossover
trial comparing cadaveric workshops, bench models and
training by reading from a text.’ Twenty-three postgraduate
year (PGY) 1 students were instructed on six surgical proce-
dures in three groups. Each group learned two procedures
(from a selection of burr hole insertion, chest tube inser-
tion, small bowel anastomosis, abdominal wound closure,
flexor tendon repair and K-wire fixation of a metacarpal
fracture) using one of the teaching modalities. Assessment
on a cadaver (procedure-specific checklist and a global rat-
ing scale) was carried out one week after the course. Both
bench and cadaver training were found to be superior to
text learning but they were not significantly different from

each other. No assessment was made of how well those
skills transferred to live patients.

Bergeson et al performed a study using cadaveric tho-
racic spine sections to evaluate the errors made when nov-
ice resident surgeons place thoracic pedicle screws and also
to determine how many specimens need to be instrument-
ed to assure an improvement in accuracy.10 A total of 297
pedicles were instrumented in 149 vertebrae. There was
an overall technical error rate of 29%; 26% of these errors
were critical (defined as a cortical breach of >2mm). The
technical error rate decreased with the number of times the
residents performed the procedure and with seniority of the
resident. The authors of this study employed robust study
methods, including direct observation and measurement,
but it was compromised by small numbers (three candi-
dates), no control group and no assessment of transfer of
skills to the operating theatre.

Rowland and Kleinert evaluated a cadaveric workshop
for endoscopic carpal tunnel release.'! Twelve fellows in
hand surgery were given individualised instruction in the
technique and then performed the surgery on cadavers. A
surgeon who had not performed the procedure then dis-
sected the specimen and assessed the adequacy of the car-
pal tunnel release and the number of operative errors. An
incomplete release of the carpal tunnel was found in 9 of the
24 specimens and there were 4 complications. The numbers
are too small to make any assessment of whether repetition
of the procedure improved the completion rate and reduced
the error rate. This study does, however, highlight the dif-
ficulties in using an endoscopic technique and also makes
a case for practising this particular technique in the work-
shop before attempting it on a live patient.

Studies that demonstrate transference of skill to the clini-
cal setting after a cadaveric session

Dunnington described a cadaveric workshop for teaching
open sentinel lymph node mapping, excision and dissec-
tion using cadaver head and torso segments through T6
with radioactive cobalt discs implanted in the axilla.” Nine
PGY2 and PGY3 participants performed the sentinel lymph
node excision and full dissection. The workshop was evalu-
ated using a five-point Likert scale. The participants also
commented on the authenticity of the cadaver model and
valued the feedback from the faculty during the procedure.
The faculty, who subsequently supervised participants in
theatre, felt that the participants’ approach to the axilla was
technically better and more confident than residents who
had not attended the workshop. However, as there was no
control group it is possible that the trainees’ performance
could have improved as much from the pre-workshop prep-
aration and detailed feedback from the faculty as from the
cadaveric work itself.

Martin et al published a series in which eight PGY1 sur-
gical residents in a level 1 trauma centre were assessed
performing a chest tube insertion, endotracheal intubation
and venous cutdown before and after training in a cadaver-
ic workshop.!? The initial assessment was performed in the
workshop and the trainees were required to demonstrate
skill ‘mastery’ before returning to patient care. Subsequent

Ann R Coll Surg Engl 2011; 93: 347-352 349



THE USE AND EFFECTIVENESS OF CADAVERIC WORKSHOPS IN

HIGHER SURGICAL TRAINING: A SYSTEMATIC REVIEW

COSTA

PRASTHOFER  HO

GILBODY

o0
=
=

©

fr]
=
©
=

2

>

0

B

(=]
-

(4]

>

©
O

1]

3}
u—

(=]

"]

0

=]
u—

[=]

>

(%]

1]

3}
2
=

[}

o0

c
=

©
=

©
>

[H]

0
i
=}

=]
=

n
u—

(=]

%)
=

>

0

[]

L
u—

(=]

>

A

1]

£

£
=]
(7]
—
a0
G
-

sjuaplisal |ea13ins
Jeak pliy} pue puodag

992110e4d
10 sieak anl) ueyl
aJow Yym suosding

ENaleke}
ay1 01 Joud sainpaooud
oldoosolede| OG ueyl
Jama} pawlopiad

pey woym }o jsow
‘sjuspisal Jojuss g
pue sjue}nsuod T¢

sjuapIsal
[e2181ns TADd

Sjuapisal
[e218INS € 9 ZADd

JSEYIIS

puey ul Smoj|a4
uorpasul maids a|d1pad
210BJI0Y]} pUBYD3.} JO
aousLadXxa ou Y1Im Sjusp
-Isa1 [e213INs € TADd

sjuapIsal
|218InS TADd

passasse
su0a3ins jo apelxr)

ON

oN

ON

SaA

SaA

ON

oN

ON

;doysyiom
1aye ||s
[ed1ula jo

JUBWISSASSY

uolien|ens
pue aileuuol}sanb aa1308[gng

|opow JaAeped e uo 3uluies} jo
suolidaosad seaulel; ayl Apnis
0} aJleuuollsanb an1309(gng

syuedioijed
Aqg peje|dwod alreuuolisenb
9AI1309[gNs JUBWISSasse Alljenp

S||14s |e213ins
paoueApy

s||1ys Suiiesado pue Awoieue
|e2184Nns Je|ndsen diseg

UOISN|220 UISA 3|2020214BA
pue Asdoiq spou ydwiA|
J119]UasaW ‘suoijelo|dxa |euly
-s91ul ‘Awolosud|ds ‘Aw0109d
-ipuadde ‘Awo3osishasioy)

S||1¥s [ea18ins
pasueApY

A1adins dlijelieq pue eiulay
‘Je|ndseA ‘uojod ul senbiu

S||14s |e2d134ns | |
-4o91 o1doosolede| padueApy

pasueApy

ON

ON

ON

Jeah ajenpeusisod = AHd

91/ 12

Gy paasy

NERE

ON A adng
c1/e 19

€e 19819

1003 SululeJ} e Se JaAeped e Jo asn 8y} Jo suoljdedlad ,seaulel} Jo JuswSSasse aA13da(gns aaljelenb e apinoid jeyy saipnis

1uswadpnl |iey Jo ssed
‘yoeosdde paseq-Aousjedwo)

aJ1eay1 3ullesado ayl

ul @ouewW.IOoIad 9aulel} passau
-}IM oym suoadins Aynoey
woJj yoeqpasy ‘syuedioiled
WOJ4 SJUBWIWOD dA[IRLEN

pajuswnoop Anful

snoasso ‘Ainful Jejnosenoinau
‘uawedl| |edied asiaAsueI}
ay3 JO UOISIAIP JO JUBIXe pue
pawJoyiad ainpadoid |e213ins
Ja14e uawioads Jo uol3oassiq

UOIIB|OIA [BDI314D S pauly
-op a4n|ie} ‘uoljeusWNIISUl
1sod uawidads Jo UolleAIaSqQ

[11s @A13esado JO 9|BOS

3uijeJ |eqo|3 e pue uoliels
yoea 1e ainpadoid anljesado
21}199ds 8y} 0} pajejusiio
SWwia} YyHMm 1s11423Yd pajleiad

UMOPIND SNOUBA
s||19s |ea1dins ‘uoljegniul [eayorI}OpUD
aIseq ‘uolpesul aqny 1say)

uon
-09ss1p apou ydwA| Aiejixe
pue 3uiddew apou [puijuss

S||I1¥s [ea18ins
pasueApy

UOISS8S JlJaneped e Jale Su1l1es

s||1¥s [ea18ins ases|al

pasueApy |auuny jedied o1doosopul
S||14s |ea13ins K1adins |euids
paoueApy Ul Juswade|d Maios 3]d1pad

ainjoeuy [edieoejaw

e JO uoljexiy alim-y “uiedas

uopu®} J0Xa|} ‘sisowoiseur

S|[1%s |e218ins |[aMoq ||ews ‘uolasul agny
Jlseg 1S9Y2 ‘uolpesul ajoy ung

oN

ON

Apnis 21/€ 19
|euol}eAIaSqQ 8 uipep
Apnis ;uo}
|euol}eAIaSqQ 6 -3uluung

|e2IUI|D DY} 01 [|I1¥S JO SoUBJBISURI] BJRIISUOWSP 1Byl SAIpNIS

ON

oN

3ulureny

[opow Janeped
‘uruley jopowl
youaq ‘(dnoi3d
|043U02) AjuO 18}
paJedwod — SoA

UOISSSS J1J9ABPED B JS}E [9POW JIISABPED B U0 dduewIopad ,Seulel] JO JUSWSSSSSe 9A1108(q0 831eJisuowsp ey} saipnis

ainseaw awodnQ

1S jo
Aixajdwo) uoissas Sunnp jysney s||NS

dno.3 jo13u0)

1 H3uIBY
Apnis pue
|euolleAlasqo 6  puejmoy
Apnis o€ 18
|euolieAdsqo € uosadieg
|el}
J9A0SS040
pasiwopuel FERE
‘an130adsold €Z  shjeiseuy
Apnjs ul
suoagins
Apnjs Jo Qaules}
A3ojopoya N JO"ON  sioyiny

347-352

Ann R Coll Surg Engl 2011; 93

350



GILBODY  PRASTHOFER HO  COSTA

THE USE AND EFFECTIVENESS OF CADAVERIC WORKSHOPS IN
HIGHER SURGICAL TRAINING: A SYSTEMATIC REVIEW

assessments were made on the ward. The initial failure rate
was high but it improved significantly at both subsequent
assessments. The main criticism of this study is that resi-
dents could be expected to have sufficient exposure to these
procedures to show improvement over time simply by doing
their job. The use of a control group would also have im-
proved the strength of the study.

Studies that provide a qualitative subjective assessment of
trainees’ perceptions of the use of a cadaver as a training tool
Giger et al used Thiel human cadavers for laparoscopy
training in colon, vascular, hernia and bariatric surgery.'’
Thiel cadavers are prepared using a technique that pre-
serves the colour and consistency of cadaveric tissue.'*!
Data on participant satisfaction was collected on 6 courses
that were run over 16 months. The majority of participants
were consultants but most had performed fewer than 50
laparoscopic procedures prior to the course. The data re-
vealed a high level of satisfaction with the courses in rela-
tion to their instructional content and also a high level of
satisfaction with the Thiel human cadavers as simulators
for live surgery. There was no attempt formally to assess the
effectiveness of training with cadavers in improving skills
in live operating. However, using Thiel cadavers is perhaps
of value in that it draws attention to a method of preserving
cadavers that is felt by experienced surgeons to mimic real
conditions closely in vivo.

Supe et al published a survey of trainees’ attitudes to us-
ing cadaveric workshops for training in laparoscopic tech-
niques.® The workshop employed the use of fresh cadavers
to practise cholecystectomy, appendicectomy, splenectomy,
intestinal explorations, mesenteric lymph node biopsy and
varicocoele vein occlusion. The trainees’ perception of the
use of cadavers for training in these procedures was as-
sessed using a questionnaire with a 5-point Likert scale. The
parameters measured included understanding of surgical
anatomy, understanding of laparoscopic technique and use
of laparoscopic equipment. A total of 32 surgeons inexperi-
enced in laparoscopic surgery participated in the study. All
expressed satisfaction with the cadaver as a training model,
31 rating it as highly satisfactory. Supe et al commented that
‘the trainees thought it improved spatial perception of anal-
omy, and they perceived it as a valuable educational experi-
ence’ and ‘in the trainees’ opinion, limitations of the model
were the absence of active bleeding, the absence of breath-
ing perception and limited hours of working as the cadavers
tended to become malodorous after 6-8 hours’.

Reed et al published an account of their use of thawed
fresh frozen cadavers for teaching vascular anatomy and
surgical techniques.!'® Second- and third-year residents in
general surgery were invited to attend a four-hour session
run by a vascular fellow. A dissection manual was also cre-
ated and given to the trainees. Assessment consisted of an
informal questionnaire issued by the organisers and a stand-
ard questionnaire issued by the general surgery programme
director. These showed that this course met the trainees’
expectations and that they felt it was of educational value.
No assessment of the skills learnt or their transference to
the operating room was made.

Discussion

Of the eight papers, only one'”> made any attempt to relate
skills learned in a cadaveric workshop to performance on
live patients using objective, reproducible assessments.
None showed any evidence that skills learnt by practising
on cadavers improved performance in the operating thea-
tre. This highlights the difficulty in designing and interpret-
ing educational studies in postgraduates, particularly when
patient care is involved in the assessment. Patient safety is
of paramount concern and prior experience cannot be con-
trolled. There are also many interventions being used si-
multaneously, each of which contributes to improving the
learning experience for the student and obscuring the effect
of any individual part.

Anastakis et al described cadaver models as ‘the gold
standard for technical skills training’.’ This may reflect a
widely held view that training on cadavers must be the gold
standard as they most closely mimic the anatomy of live pa-
tients. The cadaver model does seem to have some value in
allowing trainees to practise a procedure before performing
it live and to make mistakes in a safe environment. Impor-
tantly, what this systematic review identifies is that trainees
value the experience of training on cadavers and, although
there is no strong evidence at this stage that training of ca-
daveric models transfers to the operating theatre, their use
should be further explored. Attempts at surgical simulation
in the past have been hindered by lack of fidelity and, as
this problem can be overcome with this medium, cadaveric
training may be of benefit for surgeons of all levels, from
junior trainees to experienced surgeons learning new tech-
niques.

Conclusions

Both trainees and assessors believe that cadaveric work-
shops are useful adjuncts when teaching operative sKkills.
With the introduction of facilities that enable the use of ca-
davers for surgical training, further well designed studies
can be carried out to confirm the proposed benefit, particu-
larly on the transfer of these skills to the operating theatre.
Moreover, it would be beneficial to determine which aspects
of surgical training are likely to benefit from cadaver train-
ing and to preserve the valuable resource for these particu-
lar skills. Educational institutions have focused on improv-
ing the facilities and techniques required to run cadaveric
training. Now they also need to address the evidence base
required to establish that such workshops are truly effec-
tive.
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