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Abstract

Several techniques exist to manage bone defects in patients: bone grafts (autograft, allograft, xenograft), use of synthetic bone
substitutes, or use of the products of bone regenerative medicine. Studies generally focus on their efficacy, but few focus on
their acceptance. Our objectives were to assess their theoretical acceptance among the French general population, and to
identify issues justifying refusals, by mean of an open e-questionnaire. The questionnaire was submitted to a general French
population, and explained these techniques in an understandable way. Participants were asked to say whether they would
accept or refuse these techniques, specifying why in case of refusal (fear of the technique, ethical reasons, religious reasons). In
total, 562 persons participated. Autograft and use of the products of bone regenerative medicine were the most accepted
techniques (93.4% and 94.1%, respectively). Xenograft was the least accepted technique (58.2%). Most refusals were due to
fear such as failure, pain, infection (autograft 8%, allograft 14.9%, xenograft 25.3%, synthetic bone substitutes 14.6%, and
products of bone regenerative medicine 6.8%). Ethical reasons were mostly mentioned for allograft (6.4%) and xenograft
(18.3%). Religious reasons were scarcely mentioned, only for xenograft (1.2%). Thus, acceptance of techniques does not seem
to be greatly linked to sociodemographic characteristics in France. However, other countries with their own cultural, reli-
gious, and population patterns may show different levels of acceptance. This study shows that bone regenerative medicine is a
promising research direction, reaching biological and also humanist quality standards, expected to improve the health of
patients. Information is still the cornerstone to defuse issues about fear.
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disadvantages, such as the presence of a secondary operative
site—the donor site—which can be a stage for supplemen-
tary comorbidities such as chronic pain or infection, for
example®”¥. Moreover, surgeons are often faced with a lack
of quantity of autogenous bone.

Other techniques have been developed to manage bone
defects, to try to overcome this quantity issue. Bone allo-
grafts are bone graft materials taken from another human,
and bone xenografts are bone graft materials taken from
another species, meaning animal tissue. However, these
techniques present some biological limitations since the
material involved is not osteogenic, little osteoinductive, but
mainly only osteoconductive”'®. There are ethical and theo-
logical limitations as well; few studies have focused on the
acceptance of these techniques by patients, and most have
looked at their efficacy''. Certainly, bone is a less symbolic
organ than others, such as a heart whose transplantation from
an animal (a baboon) historically generated much more con-
troversy'>!>. However, a xenograft could present some dif-
ficulties for Jewish, Christian, Hindu, Muslim, or patients of
other religions, as religious beliefs could conflict with spe-
cific healthcare situations'*'>. Knowing that followers of
Hinduism consider cows as sacred laborers, and that
the sacred texts of the Jewish and Islamic religions prohibit
persons of these religions from ingesting porcine products,
the use of animal-derived graft material could cause
ethical dilemmas that could cause religious distress for
patients'*'®"'® Ethical concerns about animal life may also
lead to refusal''. Still, interest in xenografts persists today
because scientists and surgeons observe that human tissues
cannot be obtained in sufficient quantity®’. The same goes
for allografts, whose applications are expanding, meaning
that bone banks have reported difficulties in meeting demand
for more than 20 years>', and despite concerns about supply
and safety’*!"?°2* Many authors mention a risk of virus
transmission linked to allografting!"!!2%2%2325  whereas
xenografting would be less risky**?® except for the trans-
mission of specific zoonotic diseases''*” such as porcine
endogenous retrovirus and bovine spongiform encephalo-
pathy'*2°, although no evidence of this has been found
after a xenotransplantation®®.

Other materials that can be used for the management of
bone defects are bone substitutes (hydroxyapatite, calcium
sulfate, calcium phosphate ceramics, bioactive glasses,
etc.)"*?°. Each of them can be used selectively for different
clinical applications concerning bone defects', such as spine
fusion®, periodontal procedures®!, vertebroplasty®?, man-
agement of long bone fractures®*, etc. Because some of these
bone substitutes are synthetically manufactured, the assump-
tion could be made that patients would be more likely to
accept their use for surgical procedures. However, bone sub-
stitutes also present some limitations, which do not make
them ideal materials. Some are brittle, some resorb too fast,
some do not present sufficient mechanical strength, etc.'

Hence, scientists and surgeons are working together to
develop a new strategy in the management of bone defects.

Sophisticated nano-implants aimed at promoting bone
regeneration are currently under development, especially
using polymeric substitutes as scaffolds® 3. This strategy
is part of regenerative medicine. Schematically, cells from
the patient are cultured in a laboratory on a sterile media
(named “scaffold”), while being stimulated with growth fac-
tors. The bio-implant would then be implanted in the bone
defect area to promote bone formation, resorbing as neo-
bone tissue forms®’*%. This technique presents real advan-
tages: speed of bone regeneration, quality of the neo-bone
tissue, biological characteristics (osteoconduction, osteoin-
duction, and osteogenesis), and source of the material.
Indeed, the cells come from the patient him/herself, avoiding
the need for an external donor and thus overcoming donor
species issues>®. Moreover, the bio-implants can ultimately
be made of synthetic materials and the patient’s cells, avoid-
ing the need for a secondary operative site and associated
complications®.

Nevertheless, although the precision of these techniques
will certainly evolve, a question remains unsolved. Do they
bring a real benefit in terms of acceptance for the patient? At
a time in which the autonomy of patients is advocated®’,
would such sophisticated techniques be accepted by
patients? Are there any issues about ethics, religion, or sim-
ply fear? Surgeons have to consider cultural dispositions and
patients’ choices. To highlight any potential issue, we under-
took a survey among French subjects about their theoretical
acceptance of the described techniques.

Material and Methods
Study Design

The study took place in the form of a voluntary internet-
based open questionnaire about the theoretical acceptance
of different techniques to manage bone defects: bone
grafting (auto-, allo-, and xenograft), use of synthetic
bone substitutes, and use of the products of bone regen-
erative medicine.

Ethical Approval and Recruitment

This study was submitted to the Ethical Committee of the
University Hospitals of Strasbourg, France, and received the
authorization n° 2018-66. The questionnaire was available
from March 20th 2018 to June 1st 2018. Participants were
recruited through shared social network posts and e-mails
containing a link to the questionnaire. They were informed
at the beginning of the questionnaire that their participation
would be anonymous. Moreover, no answers could be sub-
mitted unless the participants accepted an ethical statement
stipulating that, by clicking on the button “send the answers”
at the end of the questionnaire, they acknowledged having
been informed of the purpose of the study; having partici-
pated freely; and having understood that their participation
was totally anonymous.
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Figure |. Schematic representation of 5 techniques for the management of bone loss (A: autograft; B: allograft; C: xenograft; D: use of
synthetic bone substitutes; E: use of the products of bone regenerative medicine).

Study Subjects

The study was intentionally designed to reach the general
French population. Thus, the only exclusion criteria were:
(1) subjects under the age of 18, (2) non-French subjects, and
(3) subjects who did not complete the whole questionnaire.

Questionnaire

A first version of the questionnaire was submitted to a panel
of 30 randomly chosen participants to evaluate its relevance
and its comprehensibility, as a pilot test. Once the panel fully
understood the questions with no ambiguity in the possible
answers, the study could begin. The final questionnaire was
submitted through Google Forms© (Google, Mountain
View, CA, USA).

The first questions focused on participant characteristics:
age, sex, nationality, education level, and position regarding
religion.

After these questions, five techniques for the management
of bone defects were explained, so as to be understandable to
the general population, and accompanied by a simple expla-
natory schematic representation (Fig. 1).

1. Autologous bone graft: bone material is first removed
from one area of your body (usually the hip bone
area) and then grafted into the area of your bone loss.

2.

Allograft: bone material is taken from an individual
of the same species (another human); it is then treated
by decontamination / sterilization before being
grafted into the area of your bone loss.

Xenograft: bone material is taken from an individual
of a different species (an animal—coral and cattle
(beef) in general); it is then treated by decontamina-
tion / sterilization before being grafted into the area
of your bone loss.

Use of a synthetic bone substitute: a biocompatible,
bone-miming sterile material is implanted in the area
of your bone loss, before natural bone replaces it.
Use of the products of the bone regenerative medi-
cine: your own cells are cultured in a laboratory on
sterile media, stimulating them. These supports (with
the cells) are then implanted in the area of your bone
loss in order to accelerate the formation of the bone.

Participants were then asked two questions:

“If necessary, would you agree to be treated with any
of these techniques?” Participants were asked to give
one answer for each of the five described techniques,
choosing among “never,” “rather no,” “rather yes,” or
“yes.” “Yes” and “rather yes” answers were consid-
ered as acceptance, while “rather no” and “never”
were considered as refusal of the technique.

2
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Table 1. Participants’ Characteristics — Sex, Age, Education Level,
and Positioning Regarding Religion.

Number of
participants Proportion
Characteristic Groups (n) (in %)
Sex Female 339 60.3
Male 223 39.7
Age 18-25 226 40.2
26-35 170 30.3
3645 66 1.7
46—-60 55 9.8
More than 60 45 8
Education Before high school degree 49 8.7
level High school degree 103 18.3
3 years after high school 126 225
degree (bachelor)
5 years after high school 108 19.2
degree (master)
More than 5 years after 176 313
high school degree
Position Without religion, non- 177 315
regarding believer
religion Bearer of a religious 185 329
cultural heritage, but
non-believer
Believer, non-practitioner 146 26
Believer, practitioner 54 9.6
Total 562 100

e “What are the reasons of your possible refusal (sev-
eral possible choices)?” Participants were asked to
give one or more answers among “none, because I
answered ‘yes’ or ‘rather yes’,” “fear of the technique
(failure, side effects, pain, infection / transmission,
fear of the operation),” “ethical reasons,” “religious
reasons,” and “other.”

EERNT3

A space for free expression was then provided to partici-
pants who wanted to develop their answer.

Processing of Data and Statistical Analysis

The results were generated by Google Forms®© in the form of
Excel© tables. Statistical analysis was performed using
Excel© and R (R Core Team (2017), Vienna, Austria.
https://www.Rproject.org/). Pearson’s chi-squared test was
used to assess significant differences between proportions.

Results
Acceptance or Non-Acceptance

Among all the answers, only those from French subjects
(having answered “French” to the nationality question) were
included. In total, 562 questionnaires were then analyzed.
Participants’ characteristics are detailed in Table 1.
General results showed that the best theoretical accep-
tance rates were for autologous bone grafts (93.4%) and uses

of the products of bone regenerative medicine (94.1%), with
similar profiles of answers (no significant difference). All
other techniques were significantly less accepted (p<0.001
for all techniques vs. autografts or products of regenerative
medicine), the worst theoretical acceptance rates being for
xenografts (58.2%). Overall results are showed in Fig. 2.

The results showed very similar answers among male and
female participants for all techniques, with no significant
difference between the two groups (Table 2).

Age did not show a significant impact on the good
theoretical acceptance of autograft or use of the products
of bone regenerative medicine, nor on the less good
acceptance of allograft, synthetic bone substitute, or even
xenograft (Table 2).

Education level did not seem to have an impact on the
answers of the participants, except for the use of synthetic
bone substitutes and for xenograft, although the theoretical
acceptance rate for this technique still was the worst. A
higher education level led to more acceptance for the use
of synthetic bone substitutes (83.7% for the “before high
school” group, 77.7% for the “high school degree” group,
89.7% for the “bachelor” group, 91.7% for the “master”
group, and finally 89.2% for the “more than 5 years after
high school degree” group, p<0.05) and for xenograft,
(42.9% for the “before high school” group, 52.4% for the
“high school degree” group and the “bachelor” group,
54.6% for the “master” group, and finally 72.1% for the
“more than 5 years after high school degree” group,
p<0.0005) (Table 2).

When focusing on position regarding religion, the
answers seemed to follow the same scheme. Indeed, there
was no remarkable difference between the different groups
concerning the different techniques, except for the use of
synthetic bone substitutes and for xenograft, whose accep-
tance was still the worst. Believers seemed to be more reluc-
tant regarding xenograft than non-believers (67.2% of
acceptance for the “without religion, non-believer” group,
61.1% for the “bearer of a religious cultural heritage, but
non-believer” group, 46.6% for the “believer, non-
practitioner” group, and finally 50% for the “believer,
practitioner” group, p<0.005) (Table 2), although religious
reasons were rarely invoked as refusal reasons (1.2% of all
participants, corresponding to 2.6% of refusals) (Table 3).

Refusal Reasons

Overwhelmingly, refusals were due to some kind of fear of
the technique, such as failure, side effects, pain, infection /
transmission, or fear of the operation (8.0% of respondents
for autograft, 14.9% for allograft, 25.3% for xenograft,
14.6% for the use of synthetic bone substitutes, and 6.8%
for the use of the products of bone regenerative medicine,
p<0.0001 for fear versus any other refusal reason, whatever
the technique) (Table 3). Ethical reasons were mostly men-
tioned for allograft and xenograft procedures (6.4% and
18.3%), respectively) and very rarely for the use of synthetic
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Figure 2. Proportion of theoretical acceptance or non-acceptance of the techniques. General results (in %, n=562 for each technique).

bone substitutes or products of regenerative medicine (0.7%
and 1.1%, respectively). Religious reasons were only men-
tioned regarding xenograft, and for a small proportion of
patients (1.2%) (Table 3).

Among participants who wanted to develop their
answer, 13 told their personal medical story, 15 clarified
their fears (pain, infection, graft rejection, etc.), four
mentioned animal wellbeing and the impossibility for ani-
mals to give their consent, three expressed their concern
about the danger of using stem cells, one pointed out that
these techniques are not natural enough, and one won-
dered how a human being could give his/her own biolo-
gical tissue, highlighting the risk that these tissues could
be commercialized.

Discussion

The design of the survey can be critiqued insofar as compli-
cations, comorbidity, and success rates were not given to
participants. Indeed, we tried to keep a simple structure
without information overload, to keep the questionnaire
understandable for all participants. Moreover, we aimed at
focusing on the treatments’ principles and their potential
intrinsic barriers. These two specific points are the reason
for dealing with “theoretical acceptance,” or “agreement in
principle.” When exposed to the same choice in a real situ-
ation of demand of care, answers could be slightly different
due to the psychological burden of being in need of treat-
ment, and also through benefiting from more detailed infor-
mation about each technique from a medical team.

Strength of faith could have been assessed using specific
questionnaires such as the Santa Clara Strength of Religious
Faith Questionnaire*®*! or the Revised Religious Funda-
mentalism Scale*?. However, this approach would have been
too long for participants and not well adapted to this survey,
as these questionnaires are very focused on religion, while
religion was not the main field of this study, and is a very
sensitive subject in French population. Indeed, designing a
questionnaire asking about the nature of people’s religion is
rarely legally authorized, as it is considered as sensitive data
by French government and ethics committees.

In our study, young people (18 to 35) and people with a
high education level are overrepresented compared with
other groups. This may be due to two reasons: (1) the mode
of diffusion of the questionnaire, through shared social net-
work posts (favoring young people) and professional mailing
(favoring people with a high educational level), and (2) inter-
est in the subject (favoring people with a high education
level) even though the questionnaire was designed to be
accessible to anyone. However, the analysis by groups (age,
education) shows that differences in the answers are minimal.
Facing a population that no longer responds to postal mail,
added to the impossibility of conducting this survey by tele-
phone (needing time to reflect, helping with comprehension
using visual aids) and in order to directly reach a population
interested in the subject, we chose to use shared social net-
work posts. Consequently, and in an assumed manner, our
population sample is not randomized because it is not rando-
mizable. Nevertheless, our sample is consistent with the pop-
ulation of French internet users (age, education level)*.
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Table 3. Proportion of Refusal for Each Reason Regarding Each
Technique (in % of All Respondents, n=562).

Reasons Fear of the Ethical Religious
Techniques technique reasons reasons Other
Autograft 8.0 0.2 0 0.9
Allograft 14.9 6.4 0 1.6
Xenograft 25.3 18.3 1.2 23
Use of synthetic bone 14.6 0.7 0 1.2
substitutes
Use of products of 6.8 1.1 0 0.9

regenerative medicine

Table 4. Acceptance of Techniques in Different Studies (in % of
Respondents of Each Study).

France
Country of [present
the study study] Chile'' Turkey'®
Number of 562 100 203
respondents
Autograft 93.4 75 88.7
Allograft 80.4 40 53.2
(+21 only in
last resort)
Xenograft 58.2 55 60.1 (bovine-
derived products)
7.4 (porcine-
derived products)
Use of synthetic 87.2 80 65
bone substitutes
Use of products 94.1 - -
of regenerative
medicine

No European, Oceanian, African, or North American
studies focusing on patients’ acceptance are available to
date. Still, our results are congruous with the results of the
few studies on this subject in Chile and Turkey, regarding
acceptance of autograft, allograft, and use of synthetic bone
substitutes, but with a larger number of participants. Indeed,
in the studies of Fernandez et al."! (100 concerned Chilean
participants, as they were attending care offering bone graft
and/or bone substitutes procedures) and Giingdrmiis et al.'®
(203 concerned Turkish participants, attending the same type
of care), autograft was, respectively, accepted by more than
75% and 88.7% of participants, use of alloplastic material by
more than 80% and 65%, and allograft by 40% with 21%
more who would accept it but only at last resort and 53.2% in
the second study (Table 4). When focusing on xenograft,
there are large differences among studies. While we found
a global acceptance of 58.2%, this rate was 55% in the Fer-
nandez et al. study'', 60.1% for bovine-derived xenografts in
the Giingormiis et al. study'®, and only 7.4% for porcine-
derived xenografts in the same study'® (Table 4). The low
acceptance rate for porcine-derived xenografts was largely

attributed to religious reasons (84.6% of refusals) and rarely
to a fear of any infection (3.7%)'®. Having noted these dif-
ferences in relation to religion, we examined the distribution
of religions in these different countries. The major difference
in these studies is their location: the Fernandez et al. study
was led in Chile, whereas the Glingdrmis et al. one was in
Turkey. Chile has a very important Christian population with
88% Catholics and 11% Protestants**, while Turkey is com-
posed of 99% Muslims, with small Christian (Greek Ortho-
dox and Catholic) and Jewish minorities*’. France is
composed of 68% Christians, 25% of the population with
no religion, 6% Muslims, and 1% Jews™, leading to cultural
differences between these countries. Christianity is more
permissive about use of animal or human products than other
religions such as Islam or Hinduism for example*’, and our
results regarding xenograft acceptance are close to the
results of the study led in Chile. French laws do not allow
the design of surveys which ask about the type of the religion
of people. As a result, it is difficult to really discuss how the
type of religion practiced influences responses. However,
data that were gathered in the literature could allow specu-
lation that acceptance of some techniques could be linked to
cultural and religious parameters (almost 70% of our sample
is at least “bearer of a religious cultural heritage™), and that
no study could be transposed from one country to another
unless they present the same pattern of population. For
example, the USA—where no such studies are available—
has 76% Christians, 15% of the population with no religion,
1.2% Jews, and 0.6% Muslims'®, and is thus close to France
in this specific aspect, and has a quite similar Human Devel-
opment Index (HDI) (0.924 for the USA, 0.897 for
France*®), and so could show results that would be similar
to those presented in our study. HDI is an index between 0
and 1, calculated by taking into account specific dimen-
sions of human development such as a having a long and
healthy life, being knowledgeable, and having a decent
standard of living.

The next step of such an investigation would be a quali-
tative survey. Indeed, refusals for ethical reasons are men-
tioned (1.1% for the use of products of bone regenerative
medicine, 6.4% for allograft, and 18.3% for xenograft), and
it would be interesting to explore these specific reasons.
Some are given in the free comments of our study, such as
questions inherent to the use of stem cells. Some have
already been raised in the literature, such as the question
about the moral status that is given to the nonhuman from
whom the organs are taken®?. Furthermore, and even if it is
rarely mentioned in the free comments, it is easy to imagine
that an increase in vegan lifestyles and the proportion of
people concerned about animal wellbeing could play a role
in the non-acceptance of xenograft as a refusal for ethical
reasons. This point appeared in a previous study by Fernan-
dez et al."', in which 12% of participants refused xenograft
because “it is wrong to use animals for human benefit,” and
in the study by Giingormiis et al.'®, in which refusal of a
bovine-derived xenograft because it is “animal-derived” (not
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for religious reasons) comprised three-quarters of refusals
overall. According to Jenkins et al.'®, vegan people would
predominantly prefer allogeneic products over xenogeneic
products even if they are less effective and even if their costs
are higher.

However, even if some patients do belong to a certain
religion or cultural group, they may not necessarily share
the same beliefs or values as the leaders or other members
of that group'®. Physicians have to navigate in respecting
patients’ autonomy by remaining flexible and open-
minded. They have to seek the patients’ best interest in its
multiple forms, providing detailed information about the
pros and cons of every possible therapeutic decision avail-
able in their situation, telling patients what they think is the
best option, listening to patients regarding what they want to
do, and dealing with the science that tells patients what they
can do*’. That is always a moral exercise, because all
patients should be treated on an individual basis, especially
in matters involving consent'®.

Finally, if the use of the products of bone regenerative
medicine is a technique awaited by surgeons to overcome the
biological, comorbidity, and quality problems that can still
be found in other techniques, our study is the first to show
that it could also limit ethical issues, despite the develop-
ment of living scaffolds (embedded with cells) in labora-
tories®®, which could have made people more wary.
Indeed, if it seems possible to deal with fears regarding the
technique by giving detailed explanations and reassuring the
patient, it is nevertheless rather unlikely to change his/her
ethical and religious opinions in a short period. This point
places bone regenerative medicine within the biological as
well as the humanist quality standards that are expected to
improve the health of patients.

Conclusions

For a patient suffering from a bone defect several techniques
exist, each having advantages and disadvantages: autograft,
allograft, xenograft, use of synthetic bone substitutes, and
use of the products of bone regenerative medicine. While
many studies focused on their efficacy, few have focused
on their acceptance by patients, since ethical, religious, and
fear issues could be involved. In France, almost no theore-
tical refusals are due to religious issues, and few are due to
ethical reasons, mainly concerning allografts and xenografts.
Acceptance of techniques does not seem to be greatly linked
to population characteristics in France. Bone regenerative
medicine is a promising way of treating patients, and this
study shows that it could overcome some acceptance issues.
However, and although autograft and use of the products of
bone regenerative medicine are widely well accepted, some
patients still feel some fear regarding these techniques. In
fact, fear represents the main issue for patients who would
theoretically refuse some of the techniques. Therefore, and
even more so at a time in which patients’ autonomy has to be
respected and included in the therapeutic approach,

physicians should defuse these issues by explaining, reassur-
ing, and informing patients. That is precisely the deepest
essence of consent.
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