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SUMMARY

Human components have been used as teach-
ing resources for centuries. This study aimed to
investigate the ethics and practicality surround-
ing this resource by analysing the opinions of stu-
dents and professionals with exposure to human
remains. Three questions were posed relating to
the use of synthetic cadavers, the use of replicated
bones, and the overall opinion regarding the ethics
of using human material in teaching. These ques-
tions were disseminated through a survey aimed
at students and professionals working with/study-
ing using human remains in the UK, with 477 re-
spondents. Kruskal-Wallis, Jonckheere Terpstra
and Mann-Whitney U tests were used to identify
any differences within the participants according
to age and gender. Overall, all groups lent towards
supporting the use of human remains in teach-
ing. However, significant differences were noted
between gender groupings and age categories, in
particular between the 21-40 and 61+ age cate-
gories regarding the use of cadavers in teaching,
and between male and female groups regarding
the use of synthetic cadavers and replica bone.

Even though multiple differences were noted,
there was a consensus that use of human remains
in teaching is ethical. The differences related
to the degree to which materials should be used
across different fields, with medical students and
professionals believing that they should have sole
access to real materials, whilst both archaeology
and heritage professionals and non-professionals
believed that all subjects should have access if it
will help with students’ education.
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INTRODUCTION

The use of human remains used as a pedagog-
ical aid is not a recent concept, with the earliest
documentation dating to 5,000 years ago (Loukas
etal., 2011). With human remains once belonging
to the living, they hold a clear “significance within
all human societies” (Mays, 2010). It has been fur-
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ther stated that “British attitudes to dead bodies
are ambivalent, contradictory and volatile” (Park-
er Pearson, 2003), whereas people are more able
to detach themselves from the sight of skeletons,
perhaps forgetting they were living people (Swain,
2002; Parker Pearson, 2003). This could lead to
skeletal remains being viewed as components
rather than an individual’s remains, whilst fleshed
bodies are easier to regard as human and are less
likely to be seen as a series of components, and
so, pedagogical aids. This potentially creates a di-
vide in opinion on the use of human remains as
learning resources between the public and those
who interact with the dead on a daily basis. Even
though attitudes vary towards different forms of
human remains, their utility in teaching is clear.

While a pedagogical analysis has clear value,
ethics must also be considered. In the present
day, many countries have legislation for the care
and treatment of human remains, including the
United States, New Zealand, Australia and the
United Kingdom (Gazi, 2014). It is worth noting
that, although the United Kingdom still has a large
Christian population, it is now a multi-faith envi-
ronment, and unlike other countries, it is no lon-
ger deemed to have a “native” population (Coates,
2021). Whilst other countries have specific laws
relating to the handling and display of the remains
of native peoples — such as the Native American
Graves Protection and Repatriation Act in the
United States (White and Folkens, 2005; NAGPRA,
2021) — no such laws exist in the United Kingdom.
However, the Honouring the Ancient Dead or-
ganisation introduced an initiative to protect re-
mains determined to be from ancient British and
non-Christian cultures (HAD, 2021). It also seeks
to promote ethical and respectful interaction with
human remains of any age. This national, as well
as global, move towards more legislative support
of ethical practice when handling human remains
highlights the need for a review of where ethical
opinion lies within the British community of those
working with such remains.

The history of human remains as teaching
materials

The study of human anatomy was first under-
taken in the 3" century BC in Alexandria, but was

only permitted briefly under the Ptolemaic pha-
raohs (Standring, 2016). It was later, in Renais-
sance Italy, that the study of human anatomy, and
thus dissection, became more widely acceptable
(Papa and Vaccarezza, 2013). Legalised in the
United Kingdom in the 16™ century to continue on
the same footing as European counterparts, the
Barber-Surgeon Act of 1540 allowed for the bod-
ies of four criminals to be given to medical schools
for dissection each year (Thomas, 2006). How-
ever, with the introduction of more institutions,
there was a greater demand for cadavers; thus,
in 1752 the Murder Act was passed, stating that
executed murderers could be used for public dis-
section (Cain, 2017; Tarlow and Battell Lowman,
2018). Again, there was an increased requirement
for bodies leading to body-snatchers, or Resurrec-
tionists, removing freshly interred corpses and
selling them to anatomy schools (Cain, 2017). One
famous case is that of Burke and Hare in Edin-
burgh, who murdered 16 people in order to profit
from the sale of their bodies (Mitchell et al., 2011;
Tarlow and Battell Lowman, 2018). This led to the
introduction of the Anatomy Act in 1832, which
allowed the bodies of unclaimed individuals to be
anatomised, thus increasing the number of cadav-
ers received legally by anatomy theatres. Moving
into the late 20™ century, this practice — although
not abolished — was superseded by donation pro-
grammes, where individuals can choose to donate
their bodies for teaching after death.

During the late 1990s, it was revealed that sev-
eral hospitals in the United Kingdom had re-
moved and retained tissue without consent (HTA
2021). Known as the Alder Hey Affair (Bauchner
and Vinci, 2001), this instance led to the intro-
duction of the Human Tissue Act in 2004, which
oversees the regulation and storage of human tis-
sues of individuals who have died within the last
century (HTA, 2020), and the subsequent intro-
duction of the Human Tissue Authority in 2005,
which regulates the guidelines for the removal,
storage and use of human tissue (HTA, 2021).
The last public dissection in the United Kingdom
succumbed to much scrutiny because of this. In
2002, Dr Gunther von Hagens, the creator of the
Body Worlds exhibition, which uses plastinated
human remains (von Hagens, 2014; Jones, 2016),



sold tickets for a public dissection undertaken in
an abandoned building in London (MacDonald,
2005; Cain, 2017). This dissection, which was
also televised, proved extremely controversial as,
like his later exhibition, it appeared to be more of
a performance piece than an educational event
(MacDonald, 2005). This brings to the fore the eth-
ics of both using and storing human remains. The
clear progression of both public and professional
opinion of the use of human remains in univer-
sity teaching, and wider educational engagement,
highlights the need for a direct analysis of where
the opinion of related practitioners lies in regard
to teaching with different forms of human re-
mains.

Ethics Policies

Following on from the Human Tissue Act, the
Department for Culture, Media and Sport pub-
lished a generalised set of guidelines for human
remains in museum collections within England,
Wales, and Northern Ireland (DCMS, 2004) and
provided detailed information concerning stor-
age and display. Information is also provided on
acquisition, conservation and deaccession should
it be necessary (Jenkins, 2008). Within this doc-
ument, the DCMS also encouraged institutions
to think about and compile their own guidelines
pertaining to the storage and display of human
remains (DCMS, 2004; LaPorte, 2014). This has
been undertaken by numerous institutions (i.e.
Lohman and Goodnow, 2006; Wellcome Collec-
tion, 2018; British Museum, 2021). Even though
the DCMS guidelines touch on the “use, access
and education” purposes of human remains, the
section is rather short, and mainly relates to the
prospect of visitors handling remains whilst in a
museum (DCMS, 2004). However, teaching insti-
tutions — universities and medical schools — tend
to have their own ethics policies. In any instance
where students have access to human remains,
they must first become acquainted with the ethics
policies of the institution that they belong to. This
highlights the potential need for a more universal
stance on ethics and, as a result, ethical policies —
this itself requiring research into what is consid-
ered ethical by those currently learning from and/
or working with human remains.

Dissection

Until recently, dissection was the primary meth-
od for studying human anatomy, with the addition
of textbooks and photographs (Trelease, 2016).
Only in the last thirty years have advances in tech-
nology and variations in teaching allowed for a
different approach to studying anatomy. Multiple
surveys have considered the use of dissection in
teaching. Many of these studies broach the sub-
ject of whether cadavers, henceforth referred to as
donor bodies, are necessary within teaching pro-
grammes when there are alternatives available,
such as body painting, 3D printing (McMenamin
et al., 2018), medical imaging and three-dimen-
sional simulation (Trelease, 2016). In one study, as
documented by Papa and Vaccarezza (2013), first-
and second-year London medical students were
asked whether they believed practical dissection
classes aided in their knowledge and understand-
ing of anatomy. Seventy-five percent of the 174
students surveyed stated that dissection was the
“single most useful method of learning anatomy”.
Another study, undertaken over a twelve-month
period at the University of Sheffield, interviewed
thirteen students as part of a qualitative review,
two of which were postgraduates from the De-
partment of Archaeology (Burr et al., 2019). The
overall conclusion was that the students gained a
“unique and valuable learning experience”, which
enhanced their understanding of anatomy (Burr
etal., 2019).

Although most studies relate to the use of donor
bodies purely as teaching materials for medical
and biomedical subjects, the consensus is that
dissection is the best way for learning human
anatomy, but that it should be also accompanied
by other methods, including 3D models, software,
and atlases (Davis et al., 2013). Students them-
selves have noted a better anatomical under-
standing through hands-on learning (Papa and
Vaccarezza, 2013); in which case, as long as stu-
dents are able to have an interactive experience,
it could be possible to substitute a real human
body for a replica composed of synthetic materi-
als. However, it should be noted that these studies
have been universally from within medical or bio-
medical schools, with a lack of analyses regarding
wider fields that commonly teach using human
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remains, including bioarchaeology and forensic
anthropology.

Human Bones

Unlike complete human bodies, human skeletal
remains are widely used outside of medical and
biomedical subjects (i.e. archaeology and anthro-
pology), and act as a useful reference for teaching
(Hillier and Bell, 2007). Remains held on display
and in storage have come up against scrutiny
within recent years, due to the Human Tissue Act
and the related changes in public opinion. Even
though museums have on occasion surveyed the
public, since the guidelines from the DCMS were
published in 2005 there have been a greater num-
ber of surveys focused on human remains. A sur-
vey undertaken at the Museum of London in 2007
determined that 53% of respondents expected to
seeremains ondisplay, and that,in total, 92% of re-
spondents approved of human remains being dis-
played within collections (Roberts, 2009). Another
survey, conducted at the Manchester Museum in
2008, showed that 91% of the 375 respondents
were in favour of the display of human remains
(Sayer, 2010). Further to this, a study undertaken
by the English Heritage in 2009 determined that
87% of respondents felt that the display of human
remains helped them to “understand how people
have lived in the past” (English Heritage, 2009).
These results suggest that the majority of muse-
um goers are happy to view humans remains and
for them to be held within collections.

It has been suggested that, instead of display-
ing human remains, alternative methods could be
employed, such as using photographs or replica
bones (Levitt, 2016). However, these surveys and
alternative ideas relate to storage and display
within museum collections (i.e., Bonney, Bekvalac
& Phillips 2020; MDU, 2021), not to the use of hu-
man bones as a hands-on teaching material. Un-
like engagement studies undertaken on dissec-
tion as mentioned above, there is less published
material for skeletal engagement. In both cases,
it is important that opinions be sought not sole-
ly from the students or professionals involved in
the handling of material, but also by the general
public in order to gain a larger picture of what is
and is not considered ethical. Also worthy of note

is the use of archaeological remains in teaching
collections. With a donor system now in place, it
could be possible for certain teaching units to re-
place archaeological skeletal material with donor
skeletal material, for which consent has been giv-
en. However, this relies on other factors such as
whether universities have medical teaching units
to gain access to donor bones, and the licensing to
hold them.

Aims of this Study

These studies mentioned previously have clear
utility for helping develop anatomical education,
but suffer from relatively small sample sizes. A
larger study, and one which also considers the
opinions of graduates now working in the field,
alongside those of the public, would further this
work. The research presented here thus aims to
determine whether there are any differences in
opinion regarding the type of remains used for
teaching according to the type of remains and
conditions of education. Moreover, in review we
aim to place in a pedagogical analysis at the fore-
front of any analyses so that the conclusion may
eventually advise on the development of teaching
with, and thereby the handling of, human remains
within a higher education setting.

MATERIALS AND METHODS

Survey Compilation and Distribution

For this study, a series of questions regarding
the use of human remains as teaching materials
was compiled into a survey, which was subse-
quently granted ethical approval by the Universi-
ty of Sheffield ethics board. The survey questions
began with individual specific categories, includ-
ing age, gender, and profession. These questions
were necessary to set the demographic parame-
ters of the respondents and had predetermined
answer categories: for example, age was set with-
in 20-year stages; <20, 21-40, 41-60 and 61+ to
support subsequent statistical analyses. For this
study, the responses to four specific questions,
one yes/no question, and three graded questions,
were analysed.

The first of these questions was a split-second
decision about whether the use of human re-



mains as teaching materials is ethical, answered
as yes or no. The graded questions were graded
on a five-point Likert scale answering system:
1 — least strongly, 2 — less strongly, 3 — neither
agree nor disagree, 4 — strongly, 5 — most strong-
ly. The first graded question was whether it is
acceptable for a range of subjects to use dissec-
tion as a resource, or if it should only be used by
medical and biomedical students. This range of
subjects, henceforth referred to as relevant sub-
jects, comprises any discipline which may pro-
vide additional teaching regarding human anat-
omy, for example archaeology and forensics. The
second question asked if synthetic bodies, such
as those made from plastics and animal compo-
nents, should be used for all non-medical and
biomedical subjects. The third graded question
asked whether replicated bones should be used
for teaching instead of real human bones. The
full list of survey questions can be found in the
supplementary material.

The completed questions were uploaded and
formatted within Google Forms, chosen because
of its security and encryption software, in order
to comply with GDPR requirements and ethi-
cal standards. The survey was then distributed
through various professional platforms, includ-
ing social media, relevant organisational email
listings, and similarly relevant online forums.
Distribution was also encouraged by profession-
als on said platforms to disseminate further, for
example by the British Association for Biological
Anthropology and Osteological Anthropology, the
Sheffield Medical Teaching Unit and the British
Archaeological Jobs Resource. Archaeological fo-
rums and university emailing lists allowed for a
professional and student base, whilst social me-
dia was also used to target a non-professional
audience. The survey was initially distributed in
May 2020 with no official deadline set. Most re-
sponses came within the first two weeks, but the
link was left live until early July of the same year,
when data processing began. A comments sec-
tion was added to the survey following requests
from a number of correspondents on one social
media group, which allowed additional partici-
pants to provide reasoning(s) as to why they had
given some of their answers.

Statistical Analysis

Kruskal-Wallis (with pairwise comparisons)
and Jonckheere-Terpstra tests were run to test
differences between age groups and trends across
ages respectively. Mann-Whitney U tests were
conducted to test for differences between male
and female groups. Non-parametric tests were
selected due to the variation in sample sizes and
to strengthen the project’s statistical analyses.
To limit any errors incurred by running multiple
tests, Dunn-Bonferroni corrections were applied
to adjust all p-values. Statistical analyses were
run using SPSS v.26.

Demographic breakdown of respondents

In total, 477 people took part in the survey. A full
breakdown of respondents can be seen in Table 1,
outlining profession, gender, and age.

RESULTS

Variation between genders

Table 2 gives the results of the Mann-Whitney U
tests between the male and female respondents.
The results show a trend regarding the mean val-
ues provided for males and females, and also for
the questions asked. Female respondents opted
for lower scores in the scaled answers on average
than males, with the mean value provided in each
category for females being consistently lower than
that for males (between 0.20 and 0.33 difference
across the three questions). Interestingly, the or-
der in which the questions were presented in the
survey seems to be their order of importance re-
garding the scaled answers provided, with the use
of donor bodies for all subjects scoring a higher
mean value, whilst the use of bone casts instead of
real bones has the lowest mean value.

When addressing whether donor bodies should
only be used for medical and biomedical stu-
dents, the Mann-Whitney U test determined that
there was no statistical significance between the
responses of male and female genders (seen in
Table 2). However, statistical significances were
noted for the two further questions. A p-value of
0.03 was obtained for the question of whether
synthetic bodies should be used for non-medical/

Georgina A. Goodison, Christopher Aris

07



Human remains and their use in teaching

508

Table 1. Demographic breakdown of respondents, showing gender, age, and profession.

Career
Male
<20 3
21-40 18
Age
Student 41-60 1
61+ 1
Total 23
21-40 10
41-60 12
Arch/Heritage Age
. 61+ 4
Professional
Prefer not to say
Total 26
21-40 3
Age 41-60 1
Med/Bio Professional
61+ 2
Total 6
21-40 10
41-60 21
Age
Non- professional 61+ 26
Prefer not to say
Total 57
<20 3
21-40 41
Total Age 41-60 35
61+ 33
Prefer not to say
Total 112

biomedical teaching, determining a difference of
opinion between male and female respondents.
Similarly, a significant p-value of 0.01 was ob-
tained for the use of real bones versus casts. The
mean value obtained for male respondents was
2.42 and 2.16 respectively to the two questions,
whilst that for females was 2.14 and 1.83 respec-
tively. These outcomes show a significantly higher
score in the male group, but with groups on av-
erage giving scores supportive of the use of bone
casts and synthetic bodies.

Variation between age groups

Table 3 displays the results of the Kruskal-Wal-
lis and Jonckheere-Terpstra tests undertaken be-
tween age categories. Kruskal-Wallis and post-hoc

Gender
Total
Female Gender Fluid Prefer not to say
14 2 19
73 7 98
14 1 16
1 2
102 10 135
81 2 1 94
23 1 36
2 6
1 1
107 3 1 137
12 15
6 7
3 1 6
21 1 28
40 1 51
38 59
39 1 66
1 1
118 1 1 177
14 2 19
206 10 1 258
81 2 118
45 1 1 80
2 2
348 15 2 477

tests were then run to determine if any statistical
significances were noted between age categories.
Interestingly, they seem to have the opposite re-
sult, with a statistical significance noted for the
first question (the use of donor bodies for only
medical/biomedical teaching), but not for the
further two questions. The Kruskal-Wallis deter-
mined a p-value of 0.01 for the use of donor bod-
ies for medical/biomedical versus non-medical/
biomedical teaching. Associated pairwise analy-
sis showed that specifically the 41-60 and 61+ age
categories were significantly different (p=0.04). In
addition, the results of the Jonckheere Terpstra
test (p=0.01) allude to a significant trend towards
increased scores to the use of donor bodies ques-
tion with age. All mean scores, however, suggested
positive responses to the three questions.
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Table 2. Results of the Mann-Whitney U test comparing responses between male and female genders. P-values have been adjust-
ed according to Dunn-Bonferroni corrections. Significant results are marked in bold. Note: Gender Fluid data was not included in
the statistical analysis due to the differences in sample size compared to male and female groups, but was considered important

and is thus reported in the table.

Mann-Whitney U

Question Gender N Mean SD sig
.19
Donor bodies for medical/biomedical vs non- medical/ Male 112 2.50 1.36
biomedical teaching Female 348 2.30 1.33
GenderFluid @ 15 2.40 1.40
.03
Male 112 2.42 1.16
Synthetic bodies for non- medical/biomedical teaching
Female 348 2.14 1.05
GenderFluid @ 15 2.20 1.26
.01
Male 112 2.16 1.18
Bone casts instead of real bones
Female 348 1.83 1.01
Gender Fluid @ 15 2.40 1.54

Table 3. Results of the Kruskal-Wallis test comparing responses between ages, with pairwise analysis between age group and Jon-
ckheere Terpstra tests for significant Kruskal-Wallis tests. P-values have been adjusted according to Dunn-Bonferroni corrections.
Significant results are marked in bold. Note: Gender Fluid data was not included in the statistical analysis due to the differences
in sample size compared to male and female groups but was considered important and is thus reported in the table.

q N Jonckheere
Question AgeCategory N Mean SD Kruskal- Wallis sig. 21-40 41-60 61+ Terpstra sig.
<20 19 2.73 | 1.40 .01 71 1.00 @ 1.00 .01
Donor bodies for medical/
biomedical vs non- 21-40 258 216 124 55 .04
medi(lzal/biomedical 41-60 118  2.48 | 1.41 1.00
teaching
61+ 80 2.68 143
<20 19 2.52 | 1.17 .38
Synthetic bodies for 21-40 258 215 1.08
non-medical/biomedical
teaching 41-60 118 224 110
61+ 80 2.30 1.08
<20 19 2.36 | 1.01 A1
Bone casts instead of real 21-40 258 186 1.07
bones 41-60 118 2.00  1.10
61+ 80 1.85 1.05
DISCUSSION conservative in terms of which groups should be

taught using human remains, but within the con-
text that human remains should be used.

While several statistically significant differences
were identified between select groups, there was

an overwhelming majority of responses showing The statistical results were supported and en-
participants that believed that the use of teaching hanced by the addition of respondents’ com-
with human remains is both practical and ethi- ments, several of whom provided useful insights
cal. Moreover, these differences at no point allud- into the profession of the individual, and their
ed to one group being against the use of human personal experiences. In some cases, respondents
remains as pedagogical aids. Instead, the results have given reasoning for why specific answers

rather showed that some groups were simply more
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were chosen and outline their personal thoughts
and feelings regarding the subjects of ethics and
consent. These provide a valuable context to the
more quantitative statistical results.

Is the use of human remains ethical as a teach-
ing material?

Analysis of both the survey data and respondent
comments point to a consensus among partici-
pants that it is ethical to use human remains as
teaching materials, with 89.7% of participants
(428/477) giving a “Yes” response. This has been
also confirmed by analysis of the Likert scale
questions (supplementary material — Tables A, B,
and C), which opt for the use of donor bodies in
education rather than replications. Even though
limited access to donor bodies and replicated ma-
terials have been suggested for use outside of the
medical and biomedical teaching spheres (dis-
cussed in detail later), it seems that the majority
of respondents would prefer for everyone to have
access to actual human remains in order to obtain
a better understanding of anatomy, regardless of
specialisation as seen by the mean values docu-
mented in Tables 2 and 3.

Overall, the most frequently raised point was
of consent (mentioned by 43 individuals). Most
respondents appear to approve of the use of do-
nor bodies for teaching, whether for medical and
biomedical students or for a broader subject base,
because donors consented to give their body as
a teaching material. The same, however, cannot
be said of archaeological remains. Even though
in most cases provenance and a general histo-
ry of skeletal remains might be known, there
is no knowledge of how individuals would have
felt knowing their final resting place was no lon-
ger so. On this topic, Respondent 306 points out
that many skeletons are excavated from funer-
ary contexts, backed up by Respondent 390, who
states that people in the past “went to their death
with a reasonable expectation of remaining un-
disturbed”. For many individuals in the past, it
seems highly unlikely that they could ever imag-
ine themselves being used to educate students. In
this context, it is interesting that so many respon-
dents supported the use of archaeological bone to
be used in teaching.

As a counter-argument to this, allowing stu-
dents to handle human remains, in both the form
of donor bodies and as skeletal remains, provides
them with the opportunity to learn about the eth-
ics of what they are doing and ensures that they
understand how to show respect to remains. As
stated by Ghosh (2017), “as fellow human beings
it is our responsibility to reciprocate the anatom-
ical gift with respect, compassion, care and digni-
ty”. This is regardless of how human remains are
used, whether they are complete donor bodies,
prosections or skeletal material, they were still
once living, breathing individuals and so must
be treated with the utmost care and respect. Re-
spondent 176 noted that using real bones allowed
her to remember that they were once part of a liv-
ing human — a feeling that might be lost with the
use of casts. The best way to promote the respect
of people who lived before us is to use them and
learn from them, in as ethical and respectful a
way as possible.

Use of cadavers for only medical and biomedi-
cal teaching

The results of the statistical analyses show no
statistical significance between male and female
groups; however, differences have been noted
between certain age categories. In particular,
significant differences were noted between 21-
40 and 61+ age categories, along with increases
in mean response scores with the increasing age
groups analysed. This highlights a differing opin-
ion between ages on the usage of donor bodies for
the purposes of medical and biomedical versus
non-medical and biomedical teaching.

Alongside the statistical significances, it is of val-
ue to note that over half the data — 57.4% — lies in
categories 1 (least strongly — all relevant subjects
should have access to cadavers) and 2 (less strong-
ly), whilst only 21.8% of the data lies in categories
4 (strongly) and 5 (most strongly — donor bodies
should only be used to teach medical and biomed-
ical students). This can be seen broken down by
gender in a crosstabulation in the supplementary
material (Table A). The answers given by respon-
dents could stem from the issue of consent, with
19 respondents agreeing that, if individuals have
consented to dissection after death, it is ethical



Table A. A breakdown of scaled answers for the use of cadavers for biomedical vs non-biomedical teaching against gender.

Use of cadavers for only medical and biomedical teaching

Total
1.00 2.00 3.00 4.00 5.00
Male 39 17 29 15 12 112
Female 139 66 69 45 29 348
Sex
Gender Fluid 3 9 0 0 3 15
Prefer not to say 1 0 1 0 0 2
Total 182 92 99 60 44 477
Table B. A breakdown of scaled answers for the use of synthetic cadavers for non-biomedical teaching against gender.
Use of synthetic cadavers for non-medical or biomedical teaching
Total
1.00 2.00 3.00 4.00 5.00
Male 32 23 40 11 6 112
Female 134 62 125 21 6 348
Sex
Gender Fluid 5 6 1 2 1 15
Prefer not to say 0 0 2 0 0 2
Total 171 91 168 34 13 477
Table C. A breakdown of scaled answers for the use of replica human bones instead of real ones against gender.
Use of replica bone instead of real human bones
Total
1.00 2.00 3.00 4.00 5.00
Male 47 19 31 11 4 112
Female 186 57 84 18 3 348
Sex
Gender Fluid 5 6 0 1 3 15
Prefer not to say 2 0 0 0 0 2
Total 240 82 115 30 10 477

for any relevant subject to use them. Yet this is not
an overall opinion, and alongside the statistical
results two respondents specifically commented
that donor bodies should only be used by medi-
cal and biomedical students. Respondent 152 be-
lieved that it is primarily medical and biomedical
students who should have access to donor bodies,
although within the context of their use in differ-
ent subjects, they would not “be against their use
if it adds value to the course”. This was seconded
by Respondent 291, who believed that donor bod-
ies should be “prioritised for medical teaching”,
but had access through their own archaeological

course and said that it had aided in their educa-
tion and understanding.

Overall, with a mean value of 2.35 for the com-
bined dataset, there is a general acceptance for all
relevant subjects having access to dissection as a
resource, rather than solely medical and biomed-
ical subjects. There are a few counter-arguments,
stating that donor bodies should be prioritised,
but, on the whole, the respondents of this study
appear to be of agreement that any relevant sub-
ject which would benefit from the use of dissec-
tion should have access to the resource.

Georgina A. Goodison, Christopher Aris
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Synthetic bodies for non-medical and
biomedical teaching

The results of the statistical analyses revealed
that the male group to have significantly higher
mean response scores than the female group, but
with no additional significances discovered be-
tween age categories. Again, the majority of data
collected — 54.9% — was held in categories 1 (least
strongly — all relevant subjects should have access
to real donor bodies) and 2 (less strongly), whilst
only 9.8% of the data was allocated as categories
4 (strongly) and 5 (most strongly — anyone not
studying medical or biomedical subjects should
use synthetic bodies). The mean score for male
respondents was calculated at 2.42, for gender
fluid at 2.20 and for females 2.14. The results of
the statistical analysis show that, although males
agree that access should be provided to real donor
bodies, female respondents were more inclined
towards this. Further information can be seen
broken down by gender in a crosstabulation in the
supplementary material (Table B).

There were also notable comments on this ques-
tion from respondents. For example, Respondent
85 suggested that synthetic bodies would be highly
useful for teaching if there was no access to real do-
nor bodies, whilst Respondent 83 said they should
be considered as an option, but if people had cho-
sen to donate their bodies for teaching, their wish-
es should be adhered to. Perhaps this could suggest
acompromise: if institutions have sufficient access
to donor bodies for a variety of subjects, then this
facility should be used, but if not, there is now an
alternative. This can be seen in a study undertak-
en in 2019 using a SynDaver model (Richardson et
al., 2021), which introduced a synthetic body into
an anatomy module. Even though this experiment
did not test whether students learnt more from a
synthetic body than a real one, it concluded that
students who had access to a synthetic body gained
more skills than those who had no access, show-
ing this as an invaluable teaching resource. This
in part concurs with the results of this project and
respondent comments, most notably the potential
for using synthetic resources where donor bodies
are unavailable.

However, all individuals are anatomically differ-
ent and so may present different traits during dis-

section, including blood vessels in irregular plac-
es and additional growths (Mazhar et al., 2014):
traits such as these could be easily missed if using
a standard synthetic body. Also, the textures and
densities of real human remains cannot be fully
replicated in synthetic models. A study undertak-
en at a university in Poland asked students if they
would prefer to use real donor bodies, synthetic
bodies, or a combination of both. Over 70% of stu-
dents opted for real donor bodies due to variance
and degradation of the living body, seeing how it
changes over time, whilst only 21.8% would rath-
er have a replication in order to see how anato-
my should look if it was without flaw (Wilk et al.,
2020).

Although not asked to participants, there is a
clear issue with the synthetic body relating to
purchasing cost. The starting price of SynDav-
er organs is reasonable: for example, a synthetic
spleen costs $139 (SynDaver, 2021), but a high-
end, full body can cost around $350,000 (Hans-
man, 2015). However, synthetic bodies like these
conversely have a relatively low upkeep, in both a
physical and monetary sense. They do not have to
be stored in the same environment as real donor
bodies, allowing for easier and cheaper storage
facilities and, most importantly, they can be used
multiple times (Richardson et al., 2021). Whilst a
real donor body can be classed as a “single use”
material which can be dissected only once (al-
though it can be used furtherin the form of prosec-
tions, etc), a synthetic body can be used over con-
secutive seasons with multiple groups, because
it can be reassembled after each use. Potentially,
this could link in with the findings from the pre-
vious question: medical and biomedical students
should have priority over real donor bodies, but
other relevant subjects could use synthetic bodies
as a useful study aid if access to a donor body is
not possible. However, this relies on non-medical
and biomedical fields having the funds available
to purchase a synthetic body.

Another issue, raised by five respondents, was
the use of animal components in the creation of
semi synthetic bodies, which use animal organs
inside a synthetic structure. The recurring com-
ment was that human individuals had consented
to be used for educational purposes after death,



whilst animals had not. For example, respondent
195 commented that the use of animal compo-
nents in semi synthetic bodies is “morally wrong”.
Unlike humans, other animals, both living and
dead, are classed as a “tradeable commodity”
(Kaw et al., 2016), and in the case of semi synthet-
ic bodies it could be fairly argued that a student is
dissecting an animal merely housed inside a dif-
ferent shell.

Alongside the ethical issues of using donor bod-
ies in teaching, there are also practical issues,
including transportation, chemical preservation,
and storage (Brenner et al., 2003; Brenner, 2014).
Additionally, substances hazardous to the health
of living individuals (Brenner, 2014; Wilk et al.,
2020) must be used to preserve donor bodies,
thus requiring a specific environment for their
processing, storage, and dissection. For example,
an open and well-ventilated area is essential when
dissecting a donor body due to the overpowering
odour omitted by cutting into the preserved flesh
(Bhat et al.,, 2019). Fully synthetic bodies such
as the SynDaver (SynDaver, 2021), comprised of
plant and polymer fibres, produced without the
use of hazardous or toxic material, could be a
counter to this.

Overall, the results presented here, as well as in
literature, suggest that professionals and students
working with human remains see value in the use
of synthetic and semi synthetic bodies for the pur-
poses of teaching. However, there are obvious eth-
ical and educational issues with using semi syn-
thetic alternatives. This suggests that whilst there
are financial and variational limitations to using
synthetic bodies, they may present a viable and
more ethical alternative to semi synthetic versions
and, in some cases, real donor bodies, according
to the resources available in each case. That being
considered, as the response seen by the majority
of respondents still suggests that if there is access
to a real donor body, then this should be used.

Replacement of human bones with replicas

The final question provided similar results to
the previous, with a significant difference between
the responses of the male and female groups, but
with no significant variation between age catego-
ries. The difference noted between gender catego-

ries saw a mean score for males of 1.18, females
of 1.01, and for gender fluid of 1.54. Even within
the context of significant variation between male
and female response, the consensus is that real
human bones should be used for teaching, rath-
er than replicated material with the majority of
data — 67.5% — held in categories 1 (least strongly
— skills would be lost by only using casts) and 2
(Less strongly) whilst only 8.3% was held in cat-
egories 4 (Strongly) and 5 (Most strongly — casts
should be used instead of real bones).

This has also been noted in the additional com-
ments. In total, 47 comments referred to the im-
portance of using real bones over replicas for
study, with 38 made by students and archaeolo-
gy or heritage professionals who have experience
of handling human bone. However, within these
comments there was a further consensus that
replica bone should be used initially to build an
understanding of skeletal anatomy (i.e., identify-
ing bones and their features). This applies mainly
at a non-specialised, undergraduate level. How-
ever, with more advanced students, studying to-
wards a specialisation, respondent comments
suggested that casts are not always appropriate.
Unfortunately, this could mean that some ar-
chaeologists without post-graduate qualifications
could have little to no experience of handling real
human bones before they first begin fieldwork,
suggesting that real bones should still play a part
to some degree within undergraduate study.

One of the repeated comments was of tapho-
nomic damage — the alteration of bone over
time depending on both environmental and hu-
man-based factors (Sorg, 2019). For example,
Respondent 337 believed that students should
become accustomed to studying real bones in or-
der to understand any fragmentation and/or deg-
radation that they may experience. The bones of
an individual can alter dramatically depending on
the environment of internment and any post-dep-
ositional interaction. This should be considered
in teaching, and cannot be reflected effectively
through replicas. Similarly, Respondent 62 be-
lieved that it was essential to have experience
of handling human bones before beginning any
fieldwork as an archaeologist in order to under-
stand types of damage. Respondent 70 concurred,

Georgina A. Goodison, Christopher Aris

13



Human remains and their use in teaching

I~

14

believing that students need to handle human
bones in order to be able to distinguish them from
animal bones and to understand their fragility
during excavation — something noted in past liter-
ature (Johnson, 1994).

Eighteen respondents also commented on the
variation of human bones, which are specific to
each individual. There are numerous metric and,
more importantly in this instance, non-metric or
discrete traits, seen in some individuals as singu-
lar or multiple characteristics (White and Folkens,
2005; Mays, 2010). The worries projected by these
respondents were unanimous; when replacing
real bones with polyresin copies, instances of in-
dividual variation could be lost. In particular, Re-
spondent 313 focused on paleopathology (bone
disease), and stated that real bones should be
used for teaching, so students can understand
normal variation before attempting to “identify
pathological or atypical changes”. It is vital to un-
derstand whether a characteristic is a non-metric
trait, taphonomic damage or evidence of patholo-
gy as this is a core component of biological profil-
ing across all anatomical, archaeological, and fo-
rensic fields (e.g. Roberts and Manchester, 1995;
Mays, 2010).

Interestingly, Respondent 321 believed that rep-
licated bones should be substituted for real ones
within a public display setting; but, for teaching
individuals who want to specialise in human re-
mains, they should have access to real bones.
This respondent also pointed out that the use of
real human bone as a teaching material can help
strengthen the protocols of ethical practice by
thoroughly informing students about the material
with which they are working. In fact, several insti-
tutions have begun to replace human skeletal ma-
terial with replica bones. For example, when the
remains of Richard III were uncovered in 2012, it
was always the intention to re-inter them. Howev-
er, his bones were scanned using CT equipment
and then 3D printed, allowing for a copy to be put
on display whilst his actual remains were interred
in Leicester cathedral (Levitt, 2016). Technology
has now advanced to the point that it is possible
to 3D print bone to act as a graft in a living person
(Xilloc, 2021). Given that this type of printing has
to be precise in order to serve a living individual,

it seems the use of 3D printed bones for the pur-
poses of teaching could provide more than just a
basic understanding of skeletal anatomy.

Replicated bones are now more readily avail-
able, with numerous online outlets selling them,
from low quality plastic items to high quality 3D
printed replicas. High end replications, such as
those created by Bone Clones (2021) are much
more detailed, encompassing a range of individ-
ual and pathological features. These are created
using real human bones and are cast with enough
precision to preserve fine details such as muscle
attachment sites and nutrient foramina (Bone
Clones, 2021). Created from polyurethane resin
and hand stained to appear more realistic, these
replicas have been cast from a number of individ-
uals in order to demonstrate differing non-metric
traits and pathologies. In fact, the page dedicated
to replica skulls showcases multiple types or trau-
ma from human impact as well as various dis-
eases and ailments. One survey respondent liked
the idea of casts to show trauma: Respondent 188
focussed heavily on different types of traumas
which might not be readily available within skel-
etal collections, but which could be substituted
with the use of casts. The most economic set-back
of highly detailed items such as Bone Clones is
the cost. Whilst institutions may obtain human
remains from excavation work or from other such
facilities, replicated bones must be purchased.

Limitations

Several limitations have been noted within this
study. One of the methods of distribution was a
female-led social media group, accounting for a
greater number of female respondents. Also, the
survey was sent out through several professional
email lists and social media groups, but also dis-
tributed through a personal social media account.
This accounts for the greater number of profes-
sional respondents as opposed to public. Were
this study to be undertaken again, having greater
access to the public could allow for a more even
split in the data.

CONCLUSION

Despite some variations between groups, the
results of the survey and subsequent statistical



analysis show a clear opinion that the use of hu-
man remains as a teaching resource is ethical.
Whether in the form of a donor body or skeletal
material, there is the overwhelming opinion that
it is ethical to use real human remains to enhance
the education of students, with the majority of
respondents feeling more at ease with the use of
real material as opposed to synthetic, and espe-
cially semi synthetic in regard to created materi-
al. However, while these seemed to be a general
ethical consensus there was some contention
regarding the issue of consent. Moreover, it must
be remembered that the analysis conducted here
focussed on the British population. The findings
presented here may thus not apply within differ-
ent cultures and societal groups. Future research
would thus be well served conducting similar
surveys amongst different groups, considering
different factors such as nationality, ethnic back-
ground, and religion.
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