
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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Abstract
Continuity is an important aspect of patient care. Relatively little is known about the differing perceptions of
patients and surgeons relating to continuity of care in an elective general surgical setting. A study was
undertaken to identify whether patients would accept a longer waiting time in order to be operating on by a
surgeon who had previously assessed them in outpatient clinic.
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1. Introduction
In the UK, the process of streamlining access to elective
surgery can mean that a patient will discuss treatment with
one medical professional in an outpatient setting, while the
operation is carried out by a different individual surgeon.
Relatively little is known about the differing perceptions
of patients and surgeons relating to this issue, and while
much research has been done on the significance of conti-
nuity of care in other settings, the impact in elective day
case surgery is much less well understood. For example,
orthopaedics patients awaiting joint arthroplasty reported
that given the choice, they would be unlikely to change
their surgeon for another, in order to receive a shorter wait-
ing time [1]. We decided to investigate whether this view
was similar in inguinal hernia repair surgery and whether
patients would accept a longer waiting time for the same
surgeon.

2. Methods
In order to investigate whether this view was the same for
patients awaiting inguinal hernia repair surgery, a prospec-
tive study was undertaken. Two nine-question surveys
were devised with responses gathered using a 5-point Lik-
ert scale; one was tailored to patients (n=50) undergoing the
operation and the second was for surgeons (n=30) perform-
ing the cases. The patients completed their questionnaire
prior to their operation on the day of surgery, whereas the
surgeons completed their questionnaires at a later date.

3. Results
Questionnaire response rate was 58% for patients (29/50)
and 53.3% for surgeons (16/30), comprising 9 consultants,
5 registrars and 2 unrecorded/other.

14 patients stated they would prefer the surgeon who
saw them in the outpatient setting to proceed to perform
the operation, with 64.2% (9/14) reporting that they would
delay their operation to achieve this. Many of these, 28.6%
(4/14), would delay for 2 weeks or more, but only 14.3%
(2/14) would be willing to delay for 3 weeks or more.
81% (13/16) of the surgeons felt patients would prefer
the surgeon who saw them in the clinic to carry out their
operation.

Regarding the consent process, 41.4% (12/29) patients
felt that the discussion and subsequent signing of the form
spanned both outpatient clinic and the day of surgery, with
a further 20.7% (6/29) patients feeling they consented to
the operation in the outpatient setting, with the surgeon at
that time.

4. Discussion
It is widely accepted that patients prefer continuity of care
[2, 3, 4]. The importance of continuity of care is well doc-
umented in areas such as general practice [5], caring for
vulnerable patients [6] and palliative care for dementia suf-
ferers [7], yet patients often report difficulty in obtaining it.
[8] This is likely because using different physicians confers
greater flexibility in a service and reduces waiting times,
and a general perception that this is more efficient. How-
ever, evidence suggests that discontinuity of the healthcare
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Figure 1. Pie chart representing the length of time that patients would be willing to wait for the same surgeon.

Figure 2. Venn diagram representing at what stage patients felt that they gave consent for the procedure.
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provider in general practice, in fact, led to higher overall
health care costs [9]. There is controversy over whether
patients prefer fast access to general practice services or
would rather wait longer to see the doctor of their choice,
with discrete choice experiments giving conflicting results
[10, 11].

Understanding of continuity of care in elective day case
surgery is even less clear, as little work has been carried out
in this area. The relative time span of the doctor-patient re-
lationship is much shorter than in general practice or pallia-
tive care, often spanning simply an outpatient appointment
and the surgery itself (occasionally just the latter). Elective
hernia repair patients tend to forget a good deal of what
they are told in the outpatient appointment [12] which may
impact the consent process. For consent to be valid the pa-
tient must be “competent to take the decision, have received
sufficient information to make a decision and not be acting
under duress.” Informed consent remains valid indefinitely;
this allows consent to be obtained in advance, providing
that the patient’s condition has not changed and/or no new
information has arisen between the consent discussion and
the day of surgery [13].

Although some patients feel that consent carries over
from the outpatient setting to the day of operation, doubts
may arise on the day of surgery and the patient may feel
pressured to proceed. It may be beneficial for the patient to
see the same surgeon who can recall and address concerns
and important issues for an individual patient and confirm
consent remains valid. The patient places a high degree of
trust upon the surgeon, which makes continuity of greater
importance but this requires balance. Changes in operating
personnel may decrease waiting times [14] but can heighten
patient anxiety, which is already a significant aspect of day
case surgery [15].

This study is limited by its small sample size. As well
as this, all patients in this sample were undergoing the same
operation. As a result, it is not certain that these results
are representative of day case operations as a whole, and
more research is needed to understand to what extent these
results are generalisable.

5. Conclusion
In the context of balancing continuity of care against the
speed of service, more patients prioritise being treated
quickly, in the context of elective hernia repair. Results
obtained in this small study would suggest that a significant
group of patients would prefer to be operated on by the
same surgeon they originally saw in the outpatient clinic,
but would not be willing to delay their operation for a
significant length of time. There is a potential gap in per-
ception between surgeons and patients which highlights
the need to ask patients about their priorities at the entry
point into the secondary care service.
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6. Supplementary Materials

Complete copies of the questionnaires used for this re-
search are available as Supplementary Materials, and can
be found on the journal website.
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