
DOI: 10.7244/cmj.2017.03.002

Potential applications of three-dimensional
bioprinting in Regenerative Medicine

Dominic Kwan

09 March 2017

1 Background

It can be argued that the concept of bioengineering began when Alexis Car-
rel and Charles Lindbergh published “The Culture of Organs” in 1938, which
described the equipment and methods which made the in vitro maintenance
of organs possible. The final chapter of the book mentions an ‘ultimate goal’
which suggests increasing the speed of healing wounds. From its conception
in the 1980s to present day, scientists and medical researchers alike have been
investigating the exciting prospects three-dimensional printing offers to the
field of Medicine. Over the course of three decades, advances in this techno-
logy have led to several famous milestones; in the process spawning the term
‘bioprinting’. In contemporary medicine, bioprinting is beginning to play a
role in regenerative medicine and clinical research by providing scientists wi-
th the ability to build tissue-engineering scaffolds, prosthetic limbs and even
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1. Background

It can be argued that the concept of bioengineering began
when Alexis Carrel and Charles Lindbergh published “The

Culture of Organs” in 1938, which described the equipment
and methods which made the in vitro maintenance of organs
possible. The final chapter of the book mentions an ‘ultimate
goal’ which suggests increasing the speed of healing wounds.
From its conception in the 1980s to present day, scientists
and medical researchers alike have been investigating the ex-
citing prospects three-dimensional printing offers to the field
of Medicine. Over the course of three decades, advances in
this technology have led to several famous milestones; in the
process spawning the term ‘bioprinting’. In contemporary
medicine, bioprinting is beginning to play a role in regener-
ative medicine and clinical research by providing scientists
with the ability to build tissue-engineering scaffolds, pros-
thetic limbs and even functioning kidneys. One of the earliest
cases of bioprinting made international headlines in 1999,
when the world’s first 3D printed collagen scaffold was used
for bladder augmentations in dogs. Then in 2009, researchers
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Group consultations have been a feature of both primary
and secondary care in the USA and Australia for a number
of years, with pilot schemes now being run across the
UK. They aim to provide efficient care that promotes self-
support, which were both areas of impact discussed in the
2016 GP Forward View[1]. A recent training day about
the concept was held in Cambridgeshire, with the first
consultations to be introduced later this year. This article
will outline exactly what they are and the evidence-based
advantages and disadvantages, before offering a personal
reflection on the training.

1. Introduction to the concept

Group consultations – also called shared medical appoint-
ments, group medical appointments or group appointments
– are consultations delivered by a clinician and non-medical
facilitator to groups of patients with similar health issues
[2]. They are different to self-help groups or patient educa-
tion groups, and instead combine some of the successful
features of these with clinical practice. The hope is that
they will mostly replace the routine one-to-one consul-
tations for such conditions[2]. Pilot schemes in the UK
have focused on conditions such as diabetes (both type 1,
type 2 and pre-diabetes) and childhood asthma[3]. How-
ever, group consultations have been run world-wide for:
antenatal care, heart disease, hypertension, obesity, mus-
culoskeletal conditions, asthma, sickle cell disease, stroke
and menopause[3].

In more detail, around twelve to fifteen patients are
identified with one of the conditions above and invited to
a 90-minute consultation[4]. Upon arrival they are met
by a non-clinical facilitator, who can be anyone from a
pharmacist to a receptionist, and introductions are made[4].
Tests should already have been taken, such as HbA1c for
diabetes or blood pressure and weight, and all results are
displayed on a public chart at the front[4]. The facilitator
encourages patients to come up with questions that they
want to ask the clinician, and there may be discussion as

this is done[4]. The clinician then enters and stays for
around forty-five minutes, answering the group questions
and then talking to each patient one-to-one in front of the
group[4]. Throughout, other patients are encouraged to add
their thoughts based on their experiences. After this the
doctor leaves and the facilitator leads the group in reflecting
and setting future goals to be worked on before the next
appointment. Some doctors have maintained an open-door
policy after, though this has been rarely used in practice.

2. Evidence worldwide and implementa-
tion in the UK

So far in the UK, group consultations have been piloted in
Slough, London, Birmingham, Sheffield, Newcastle and
Northumberland[4]. These schemes have generated both
qualitative and quantitative data, building on an evidence
base from the USA and Australia[3].

The advantages can generally be divided into improved
health outcomes, improved patient experience and system
benefits – although these are all interlinked. The first two
are the primary aims, and the latter supplementary.

i) Improved health outcomes
A number of studies have shown that there are mul-

tiple improved health outcomes as a result of group con-
sultations. The most data exists for diabetes, with seven
randomised control trials showing improvement in Hba1C
levels, blood pressure, and knowledge[5, 6]. Evidence also
shows improvement in blood pressure, exercise and com-
pliance in those with hypertension; exercise tolerance in
COPD; quality of life in cardiac failure; pain and sleep with
chronic pain; and knowledge in chronic kidney disease[5].
More widely, group consultations have been shown to
reduce A&E use for those with certain long-term condi-
tions; and reduce bed days for mental health conditions
and neonates[7].

ii) Improved patient experience
Many of these improved health outcomes are related

to patient experience and the psychological and anthro-
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pological aspects of a group consultation model. Most
patients have been positive, although this is not to say that
some have not had reservations. Results at the recent pilot
scheme in Croydon mirrored findings worldwide, with av-
erage patient satisfaction scores 90% and a trend in people
become more positive from the starting point[5, 7, 8]. This
causes of this satisfaction are multifaceted.

First, with regards to interaction with the clinician, most
patients feel like they have had more time in the end than
with an individual consultation[8]. Research into normal
clinical consultations shows that the ’pressured environ-
ment’ means patients fail to take in much information[8].
In group consultations people get to discuss what matters
to them and have time to reflect and relax, rather than run-
ning through a list of short questions[4, 8]. This means
patients feel more supported, which in turn increases their
confidence[2, 4, 8].

Second, the dynamic between peers potentially has an
even larger impact on support and confidence[2, 4]. As
explained, there is much time for patient-led discussion.
Such discussions show people that they are not alone, and
seeing how others manage actively inspires them to take
control[4]. Listening to the questions and thoughts that
others raise is a powerful education tool, for the present
and future. Experienced patients are often able to reframe
things and there have been a number of instances where
patients have persuaded others to accept their diagnosis
or change their behaviour when the GP has been unable
to do so[2]. This creates more equal partnerships, and
a shift in the power balance[2]. In fact those who are
the most poorly controlled, health illiterate and complex –
traditionally those most difficult to support – have gained
the most[2]. Changes in the results board give hope that
change can happen: one patient in Croydon who initially
wrote a letter of complaint wrote another stating that ’I
overcame this and decided it was motivation’[8]. In some
cases groups have made friends, agreed to attend exercise
groups together and become competitive. In an age where
loneliness is sometimes discussed as an epidemic this is
also important.

Another important wider consideration is the steepen-
ing socioeconomic gradient in health. Worldwide research
has shown that Indigenous Australians welcomed group
consultations, finding that it was less ’scary and cultur-
ally unnatural’; with similar findings in Canadian Inuits[5].
Pilot studies in Croydon have also tried to work across
different ethnic and cultural groups[8].

iii) System/clinician benefits
The improvement in health outcomes and patient expe-

rience outlined above have wider system benefits, which
may be crucial in creating a sustainable future healthcare
system. Saliently, there are more resources available to
spend on marginal costs. Other system benefits reported in-
clude more accessible appointments, improved continuity
of care, and improved productivity: economic studies show

that the time for the clinician to review fifteen patients
can be from 45-60 minutes depending on complexity, com-
pared to 150 minutes of individual appointments[2, 4, 5, 7].
These benefits then further feed into health outcomes and
patient experience[7].

Importantly GPs in pilot schemes tended to have en-
joyed the group consultation process[2]. They find it is
rewarding, gives variety and creates better rapport with
patients[4]. One doctor in the London Healthy Learning
Partnership described how it gave them a ’buzz’, feeling
’empowered to change things’; they also described how
they had been surprised at certain things most families with
asthmatic children didn’t know, such as inhaler technique
and cleaning [9].In an age where burnout is a real risk, with
resulting depersonalisation impacting patient experience
and early retirement affecting productivity, this may be
another reason it makes for a more sustainable future[2].

3. Potential negatives

The first potential critique of group consultations is of the
evidence base that paints the above picture. Much of the
current data is from the US, which has a very different
healthcare system to the UK, with evidence from the UK
new and anecdotal[8]. Some systematic reviews in the US
have suggested that those who opt in may be systematically
different from those who don’t, leading to selection bias,
and that the views and attitudes of those who dislike the
process are poorly represented[5, 10]. They have also high-
lighted other potential issues such as: gaps in the evidence –
particularly in staff satisfaction and minority groups; small
study sizes with a lack of control groups; and a less clear
significant change in some biomedical outcomes such as
weight loss[5, 10]. However, it is hoped that over time the
UK will develop its own evidence base with large inclusive
groups, and some of the pilot studies are already working
to fill the gaps in data about staff satisfaction and minority
groups[11].

Critiques of the group consultations process itself gen-
erally fit into distinct categories, including: confidentiality,
patient satisfaction, organisation and system change.

First, with regards to confidentiality and patient satis-
faction, after the Royal College of General Practitioner’s
(RCGP) conference the patient voice group ’Patient Con-
cern’ told the Telegraph that it was a ’ghastly idea/ GP
appointments are supposed to be a private matter where
you can openly talk about your most personal health is-
sues... you might as well tell the local town crier’[12].
However, as explained above group consultations are not
intended for all appointment needs, and open-door poli-
cies after can be available. Patient choice about taking
part still ultimately remains: the model is not autonomous
and patient-centred if there is no choice at all. In seven-
teen years of appointments in the US there has been no
complaint about breach of confidentiality, with a privacy
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statement signed at the start[3].
Second, the RCGP notes that worries about organisa-

tion and system change are common amongst surgeries [3].
Typical reservations that staff have are that: it will take a
lot of administrative time; there will be little benefit; facili-
tators need a lot of training; how to document it; and it will
be too complex[3]. In the pilot studies in Croydon, 20% of
staff did feel that the negatives outweighed the positives[8].
However, just with patients it may not fit all clinician styles
and 80% would be enough to run the service. Furthermore,
in the US/Australia once a clinician has tried it the trend
is to increase the number of appointments[3]. Finally, the
training does highlight how not all patients may be suitable
for group consultations, particularly those with dementia,
hearing impairments or severe anxiety[4]. However, there
are wider system benefits for these people as well.

4. Personal perspective in Cam-
bridgeshire

As medical students, we have been taught in detail about
the importance of inspiring self-management and have been
equipped with communication skills do to so. However, it
does not take many days on GP placement to realise the
difficulty of putting this into practice in 10-minute con-
sultations. The traditional system, developed in a time of
different clinical styles and epidemiology, seems intrin-
sically to push towards more dictatorial communication
and management methods. Despite having seen this, we
were still somewhat dubious before the group training day
about whether this model would be a good alternative. We
imagined that if we were patients then we wouldn’t neces-
sarily be that keen! The training day was run like a group
consultation which did give a good insight into the process.
Rather than gathering questions about our medical condi-
tions, we discussed implementing group consultations. As
found in the pilot studies above, most of our questions were
similar so there were few for the clinician to answer. Whilst
asking questions there were resounds around the room of
’ooh, that’s a good one’ and we certainly learnt a lot from
the others. Everyone left feeling very positive, aided by
the energy from the facilitator and clinician. With plans to
implement the first consultations in Cambridgeshire over
the next year, it will be very interesting to see the results.

5. Conclusion
At the RCGP conference Dr Symington, a lead GP voice
pushing for group consultations, described how ’people
say the definition of insanity is doing the same thing over
and over again and expecting different results, and maybe
we’re a little guilty of that / if we’re going to start to address
the tide of lifestyle conditions and long-term conditions
we need to start thinking differently’[13]. After attending
the pilot training day in Cambridgeshire we feel that group

consultations could provide an answer, particularly in a
primary care system that is strapped for money and time
where patient change is an ideal more than a reality.
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