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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

1

Journal, Vol. XXI, No. 1, 1-5, 2017
http://doi.dx.10.7244/cmj.2017.03.002

Potential Applications of Three-dimensional
Bioprinting in Regenerative Medicine

Dominic Kwan

By sectioneditor

Contents

1 Background 1

2 Clinical need 2

3 Principles of Application/Methods of Bioprinting 2

4 Discussion 3

4.1 Progress . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3
4.2 Challenges . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

5 Conclusion 4

References 4

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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1. Introduction

Recent research indicated that the prevalence of mental
health disorders among children and adolescents had sig-
nificantly increased over the last few years [1, 2]. A recent
systematic review and meta-analysis by Bronsard et al.
2016, assessed the prevalence of mental health disorders
among ‘children in care’, and found higher incidences of
mental health disorders among this paediatric subgroup.
In this article, ’children in care’ referred to children under
the age of eighteen years old, in foster care and out-of-
home placement such as within institutions and hospitals.
Many of these children have had traumatic family histories
and life experiences, including histories of child abuse and
neglect, abandonment and household instability, which re-
sulted in their reported increased mental health incidence
and delinquent behaviour. Both the health and societal im-
plications therefore highlighted the urgent need to improve
the access and quality of mental health services for the
treatment of mental health disorders amongst children in
care. Therefore, it would be interesting to see how children
in the care system’s treatment needs could be better met
under the current NHS system.

However, the main concern was how to approach such
a question. Mental health conditions which appeared quite
frequent in the child and adolescent populations included
depression, anxiety and conduct disorders[1]. These men-
tal health conditions were treatable, and the management
had adopted an evidence-based medicine approach[3]. First-
line treatment included psychological interventions and
progressed to a combination of psychological and phar-
macological interventions for moderate to severe cases.
For instance, the NICE guidelines for depression recom-
mended the first-line treatment to be psychotherapy such
as Cognitive Behavioural Therapy (CBT). However, when
psychotherapy was unavailable or ineffective, Fluoxetine
was recommended for the treatment of moderate to severe

depression.
A number of lessons could be learnt from the current

management guidelines for the treatment of mental health
disorders in the general child and adolescent population.
However, it was more important to recognise that the guide-
lines for the treatment of mental health disorders have been
subject to a significant amount of scrutiny itself[4]. Many
of the studies which have assessed this area have a num-
ber of methodological flaws, including selective reporting,
publisher bias, and the ‘Placebo Effect’ - the beneficial
act of merely prescribing a pill and should be taken into
consideration for this review[5].

The objectives of this study were to analyse the litera-
ture surrounding the access and quality of mental health
services amongst children and adolescents, and where pos-
sible amongst children in care. Secondly, it explored the
important factors responsible for the efficacy of treatment
interventions, with efficacy determined by reduced mental
health disorders and hospitalisation rates. Thirdly, it as-
sessed whether these findings could then be extrapolated
and utilised for the purposes of improving the mental health
services for children and adolescents in the care system.

2. Methodology

2.1 Search strategy
An update of the literature surrounding psychiatric services
in children’s mental health was conducted and only the
highest level of evidence of published systematic reviews,
meta-analyses and primary data was located. The Cochrane
and Pubmed databases were searched, for articles published
up until 9th January 2018. The exact search strings used
were summarised in Appendix 1.

2.2 Selection criteria
The inclusion criteria were: (i) published in a peer-reviewed
journal; (ii) examined mental health service in children and
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adolescents with mental health disorders, ideally in care;
(iii) provided a measure or the means to measure the quality,
access or efficacy of mental health services (iv) controlled
study or pooled patient-level systematic review or meta-
analysis; and (v) in English. Exclusion criteria were (i)
publication which was not primary or pooled research e.g.
comment, editorial, letter (ii) study which did not report on
the quality, access or efficacy of the mental health service
and (iii) duplication of previously published data.

2.3 Data extraction
Full-text review of articles was conducted by one inde-
pendent investigator, using the above criteria. Eligibility
decisions and disagreements were reconciled via reanalysis
of the inclusion and exclusion criteria. Data were extracted
using a form with pre-populated headings based on the
study group, study type, data collection and key findings,
to minimise data interpretation bias.

3. Results

Of the 1,309 unique citations screened, 1, 298 articles were
excluded at the title and abstract level based on the in-
clusion/exclusion criteria. A significant proportion of the
articles were manually excluded, as a consequence of in-
creasing the sensitivity of the search strategy to incorporate
for all the substitutions of the word ‘child.’ A further 5
were excluded after full-text assessment. The most com-
mon reasons for exclusion included the lack of measure
or the means to measure the quality, access or efficacy
of the mental health service. For this particular review,
seven studies relevant to child and adolescent psychiatry
and psychiatric services were identified (Figure 1).

4. Discussion

This review identified seven studies on mental health ser-
vices amongst children and adolescents. The findings were
in keeping with the current literature stating that children
in care had disproportionately high rates of emotional and
behavioural disorders, including depression, anxiety, sub-
stance abuse and criminality, compared to children who
were not in care[1]. Reasons for the increased incidence
have been linked to childhood traumatic experiences, such
as abandonment, serious neglect or maltreatment. Child-
hood traumatic experiences have consequently been associ-
ated with long-term adverse outcomes such as delinquency
and involvement with the criminal justice system[6].

The first objective was to assess the access and quality
of psychiatric services amongst children and adolescents.
There appeared to be a significant degree of variation be-
tween the quality of services within studies. This was com-
plicated by the variability in the service needs of children
and adolescents of different genders, ages and psychiatric

Figure 1. PRISMA Flow diagram for selection of articles
on children and adolescent psychiatry.

conditions [7, 8, 9, 10, 11, 12, 13]. Mental health condi-
tions also tended to co-occur, such as depression and gener-
alised anxiety disorder and the stigma associated with men-
tal health interfered with patient compliance. Moreover,
there was a general lack of developmentally appropriate
services for youth. Therefore the first recommendation that
should be made would be to train service providers in the
different mental health conditions that affect children and
adolescents of different age groups and genders, thereby
allowing psychiatric services to facilitate the current needs
of the child or adolescent. In terms of access to Child and
Adolescent Mental Health Services, the waiting time could
be up to 18 weeks and in some areas even more [14]. The
waiting time can be ameliorated by investing more funds to
train and recruit more staff whom can provide the services.

Another complication that resided within the literature
was that many of the studies included in the reviews or
studies themselves were subject to a number of method-
ological flaws, including publisher bias, selective reporting,
non-blinding and low-power such as the discrepancies be-
tween the effectiveness of antidepressants in adolescent
depression [4, 5]. Some studies found no statistically sig-
nificant difference between antidepressants and placebo,
whilst others did indicate a difference and these variations
were in part due to the methodological flaws the studies
were vulnerable to. However, in terms of specific inter-
ventions, either antidepressant or psychological therapies
were found to be efficacious for anxiety, depressive and
co-morbid disorders compared to the placebo [8, 9, 11].
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Table 1. Summary of evidence
Citation Study group Study type Outcome Key results Comments
Carney
et al.,
2016 [7]

6 studies
with 1176
adolescents
comparing
brief inter-
ventions with
information
provision
only or with
assessment
only.

A structured sys-
temic review of
evidence-based
interventions for
substance-using
adolescents.

1. Reduction
or cessation of
substance use.
2. Engagement
in criminal activ-
ity or delinquent
problem be-
haviours related
to substance use.

1. When compared
to information
provision, brief in-
terventions were not
more efficacious in
reducing substance
use. When compared
to assessment-only
controls, it was
found to significantly
reduce the frequency
of alcohol abuse
and dependence,
and cannabis abuse,
in some studies.
2. When compared
to information
provision, brief
interventions had no
significant effect on
delinquent behaviour
and resulted in mixed
effects on adoles-
cents’ delinquent or
problem behaviour.
When compared
to assessment-only,
brief interventions
resulted in an
improvement in
delinquent or prob-
lem behaviours at
long-term follow-up.

Brief school-based
interventions for
the treatment of
substance abuse
were efficacious
compared to assess-
ment. This article
also did not address
children in the care
system specifically.
However, limitations
included lack of
power from small
sample sizes, no
blinding and no con-
cealment of group
allocation, therefore
difficult to conclude
the efficacy of brief
interventions.
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Table 1. Summary of evidence
Citation Study group Study type Outcome Key results Comments
Cox et al.,
2014 [8]

11 studies
with 1307
children or
adolescents,
with different
severities of
disorder and
variety of
co-morbid
disorders.

Structured sys-
tematic review
of the efficacy
of psychological
therapies and
antidepressant
medication,
alone and in
combination.

1. Comparison
of the efficacy of
antidepressant
medication
compared to
psychotherapy
on remission im-
mediately post-
intervention,
in terms of
several clinical
outcomes, in-
cluding clinical
and self-reported
depression mea-
sures, suicide-
related outcomes.
2. Comparison
of combina-
tion therapy to
antidepressant
medication alone
on remission im-
mediately post-
intervention.
3. Comparison
of combina-
tion therapy to
psychological
therapy alone
on remission im-
mediately post-
intervention

1. Odds Ratio
(OR) 0.52 95%
Confidence Interval
(CI) 0.27-0.98.
2. OR 1.56,
95% CI 0.98-2.47
3. OR 1.82, 95% CI
0.38-8.68.

Generally, there was
limited evidence
regarding the ef-
fectiveness of one
intervention over
another, compared
to a combination of
these interventions.
One intervention
did not appear to be
superior to the other.
A combination of
treatment interven-
tions was reported to
provide both a faster
treatment response
and protection
against suicidality,
compared to medica-
tion or psychological
intervention alone.
Limitations to this
study included
lack of power,
randomisation, ad-
equate allocation,
concealment and
blinding.
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Table 1. Summary of evidence
Citation Study group Study type Outcome Key results Comments
Hawkins,
2009 [9]

23 studies
on adoles-
cents with
co-occurring
disorders and
co-occurring
disorder
treatment
models.

A systematic
review of
co-occurring
disorders among
adolescents,
treatment models
and outcomes.

Provide a better
understanding
and overview of
issues surround-
ing cooccurring
disorders among
adolescents, gen-
eral treatment
considerations,
selected treat-
ment models
and outcomes,
and presentation
of recommen-
dations and
best practice
strategies.

1. Co-occurring
disorders among
adolescents were
very common, with
the highest rate of co-
occurring substance
use disorders among
youth with disruptive
behaviour disorders.
2. Adolescents
with co-occurring
disorders often failed
to receive effective
treatment, due to the
associated stigma,
lack of developmen-
tally appropriate
service for youth,
and lack of funding.
3. Some treatment
models showed
positive outcomes
e.g. Child and Youth
Intensive Case, as
they focussed on
a particular area
such as treatment
planning and care
coordination. This
led to a reduction
in hospital rates and
duration, increase
in days spent in
the community, a
decrease in symp-
toms and higher
functioning levels.

Mental health
disorders often co-
occurred and varied
in their severity and
subtype. Compre-
hensive integrated
service system has
been the most effica-
cious in the treatment
of adolescents with
co-occurring disor-
ders. This is where
services worked
together, and there
were individuals
coordinating and
specialised to deal
with the complex
needs of adolescents.
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Table 1. Summary of evidence
Citation Study group Study type Outcome Key results Comments
Hetrick
et al,
2016 [10]

Randomised
Controlled
Trial (RCT)
with 500
youth pre-
senting for
hospital-
based out-
patient
psychiatric
service.

RCT in part-
nership with
4 community
agencies, 4
adolescent psy-
chiatry hospital
departments,
youth and family
members with
lived experience
of mental health
access service
use, and other
stakeholders.

1. Youth’s func-
tioning at intake,
6 months and 12
months follow-
ing treatment.
2. Intent-to-treat
analyses will be
used on repeated
measures data,
along with cost-
effectiveness and
cost-utility analy-
ses, to determine
intervention
effectiveness

1. Risk Difference
RD, -0.03, 95%
Confidence Interval,
-0.05- -0.01. The
risk of having a
diagnosis of depres-
sion was reduced
for participants re-
ceiving intervention
compared to no
intervention. This
effect persisted for
up to 12 months.
2. Estimates of num-
bers needed to treat
to benefit (NNTB =
11) compared well
with other public
health interventions.
The results showed
small positive ben-
efits of depression
prevention.

The model used
in the treatment of
mental health dis-
orders in this study
showed promise.
The advantages of
the model were the
involvement of youth,
family members and
other stakeholders
through all phases
of the project, and
it was tailored to
the needs, goals and
preferences of the
patient. Interven-
tions delivered to
targeted populations,
particularly those
selected on the
basis of depression
symptoms, had
larger effect sizes.
Limitations included
lack of concealment
and blinding.
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Table 1. Summary of evidence
Citation Study group Study type Outcome Key results Comments
Ipser et
al., 2009
[11]

22 Ran-
domised
Controlled
Trials (RCT)
with 2519
participants,
assessing the
efficacy of
medication
for treating
paediatric
anxiety
disorders.

A systematic
review of the
efficacy and
tolerability of
medication for
treating paedi-
atric anxiety
disorders, mainly
SSRIs.

1. Treatment
response in
the medication
group to the
placebo group,
as determined
by the Clinical
Global Impres-
sions scale
(CGI-I), and anx-
iety symptoms.
2. A response
of comorbid
symptoms to
medication,
quality of life
measures &
acceptability of
medication.

1. Relative Risk
(RR) 1.9, 95% Con-
fidence Interval (CI)
1.6-2.26 Treatment
response was sig-
nificantly greater.
2. There was an
improvement in
the quality of life
as a result of the
medication but not
other factors.

Medication was
more effective than
placebo in reducing
overall symptoms
severity across all
of the anxiety disor-
ders, and children
responded better to
the antidepressants
(mainly SSRIs)
than no treatment.
However, there
were more with-
drawals from the
medication group,
due to drug-related
adverse events, and
hence the study was
limited by potential
biases from the high
withdrawal rate and
lack of concealment.
Overall, there is
no clear evidence
to show that any
particular class of
medication was more
effective or better
tolerated than any
other, and more
evidence would
be required on the
long-term efficacy of
medication treatment
and optimal dosages.
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Table 1. Summary of evidence
Citation Study group Study type Outcome Key results Comments
Larun et
al., 2006
[12]

16 Ran-
domised
Controlled
Trials (RCTs)
with 1191
participants
between 11
and 19 years.

A systematic
review assessing
the effects of
exercise in-
terventions in
reducing or pre-
venting anxiety
or depression
in children and
young people up
to 20 years of
age.

1. Reduc-
tion/prevention
of anxi-
ety/depression
among children
and young peo-
ple compared
to no/other
treatments.
2.Character-
istics of the
most effective
interventions.
3.Prevalence
of anxiety or
depression.

1. Exercise reduced
depression and
anxiety scores in
the general popu-
lation of children
and young people.
2. There was little
difference between
whether the exercise
was of high or low
intensity when vig-
orous exercise was
compared to low-
intensity exercise.
3. Prevalence rates
were not reported.

Exercise may be
effective in the reduc-
tion or prevention of
anxiety or depression.
Exercise, lifestyle
modifications and
self-regulation are all
important. However,
their role should be
explored further with
good quality ran-
domised controlled
trials, to determine
their efficacy in the
psychiatric service
of paediatric and
adolescent patients.
Limitations included
the use of studies of
low methodological
quality.

Sakair,
Lin, Flo-
res, 2011
[13]

Cohort study
with 1308
participants
entering out-
of-home care
following
reported mal-
treatment.

3-year cohort
study examining
health outcomes
and family ser-
vices in kinship
care.

Baseline care-
givers’ support
services and
the children’s
behavioural,
mental health,
and health
service use
outcomes 3 years
after placement.

572/1308 children
were in kinship
care and 736/1308
children were in
foster care. Children
in kinship care
were more likely
to than children in
foster care to have a
permanent caregiver,
and had 0.6 times the
risk of behavioural
problems and social
skills problems, but
had 7 times the risk
of pregnancy and 2
times the risk of sub-
stance use. The rates
of clinical depression
and post-traumatic
stress disorder did
not significantly
differ between the 2
groups.

Permanent caregivers
played an important
role in the incidence
of mental health
problems in children
and adolescents.
It was interesting
to see the lower
prevalence of risk-
taking behaviours
in foster care e.g.
fewer pregnancies,
suggesting the pos-
sible benefits of the
care system, such as
the higher degree of
agency and caregiver
supervision.
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Exercise and brief interventions may reduce anxiety
and depression symptoms or substance abuse respectively
but the evidence remained inconclusive [7, 12]. The role of
lifestyle modifications, exercise and self-regulation should
also be explored further to determine their efficacy in the
treatment of paediatric and adolescent patients [8, 11, 12].

The second objective was to determine the factors re-
sponsible for the efficacy of treatment interventions. Ef-
ficacy was determined by a reduction in mental health
disorders, hospitalisation rates or improvements in symp-
toms or compliance to the service [9, 10, 13]. These factors
included early intervention, treatment planning appropriate
to the individual and subsequent coordination of care ser-
vices between service providers. Therefore, I would advise
the development of psychiatric services which considered
the above factors. It would also be important to address
patient compliance with psychiatric services and thereby
stress the importance of maintaining health and wellbeing
and dissipate the stigma associated with mental health con-
ditions. Another recommendation to improve mental health
services would be to assess the level of support required
for a particular foster family and provide the required sup-
port, encouragement, and education for caring for a child
with a mental health disorder. This can also be easily in-
corporated into current educational programs provided to
foster carers by some trusts, such as the Cambridgeshire
and Peterborough NHS Trust [15].

The third objective was to assess whether these find-
ings could be extrapolated to children and adolescents in
the care system. The real difficulty, which remained with
this research question was being able to identify studies
which reported the access, quality or efficacy of psychiatric
services amongst children in care. Unfortunately, there
were very few studies on children in care and even fewer
still on the management and treatment of this group, as it
was a difficult group to target. Hence, why it was impor-
tant to assess the lessons learnt from the management of
the general paediatric population and examine the provi-
sions that could be in place for children in the care system.
Evidence suggested that some of the factors which pre-
cipitated children in the general paediatric population to
develop mental health disorders were similar to children
in foster care [16]. Therefore, the results, such as the need
to improve early access and intervention, amongst other
recommendations, could be applied to children in the care
system. However, it would be important to identify the risk
factors during the assessment and thereby ensure children
in care are receiving the appropriate treatment.

Further studies I would recommend include more pri-
mary studies assessing the quality, access or efficacy of
psychiatric services amongst children in the care system,
for treatment purposes, and an assessment of the effec-
tiveness of some of the novel psychiatric service models
[9, 10] described in the review on a larger sample size.
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5. Appendix

5.1 Search strategy and systematic review of
searches in Cochrane Library and Pubmed

Keywords developed from brainstorming, synonyms, MeSH
words, using search options, referral to other articles’ ap-
pendices on children in care, mental health services and
mental health disorders, using the Cochrane database, and
checking their list of keywords against mine. The last date
searched was the 9th of January 2018.

PubMed searches:
https://www.ncbi.nlm.nih.gov/pubmed

1. “foster child*” OR “child* in care” OR “foster care
child*” OR “child* in out-of-home care” OR “out-of-home
care child*” OR “child* in substitute care” OR “substitute
care child*”

2. “foster girl*” OR “girl* in care” OR “foster care
girl*” OR “girl* in out-of-home care” OR “out-of-home
care girl*” OR “girl* in substitute care” OR “substitute
care girl*”

3. “foster boy*” OR “boy* in care” OR “foster care
boy*” OR “boy* in out-of-home care” OR “out-of-home
care boy*” OR “boy* in substitute care” OR “substitute
care boy*”

4. “foster teen*” OR “teen* in care” OR “foster care
teen*” OR “teen* in out-of-home care” OR “out-of-home
care teen*” OR “teen* in substitute care” OR “substitute
care teen*”

5. “foster adolescent*” OR “adolescent* in care” OR
“foster care adolescent*” OR “adolescent* in out-of-home

care” OR “out-of-home care adolescent*” OR “adolescent*
in substitute care” OR “substitute care adolescent*”

6. #1 OR #2 OR #3 OR #4 OR #5
7. “psychiatr* service use” OR “psychiatr* service

utilisation” OR “mental health service use” OR “mental
health service utilisation” OR “health service use” OR
“health service utilisation” OR “help-Seeking”

8. “mental disorder*” OR “mood disorder*” OR “per-
sonality disorder*” OR “schizophrenia and disorders with
psychotic features” OR “anx*” OR “depress*” OR “panic*”
OR “obsess*” OR “OCD” OR “substance*”

9. #6 AND #7 AND #8
Search Results: 1087 results, 1080 did not meet the

inclusion criteria.

Cochrane Library searches:
http://www.cochranelibrary.com

1. “foster child*” OR “child* in care” OR “foster care
child*” OR “child* in out-of-home care” OR “out-of-home
care child*” OR “child* in substitute care” OR “substitute
care child*” OR “foster girl*” OR “girl* in care” OR “fos-
ter care girl*” OR “girl* in out-of-home care” OR “out-of-
home care girl*” OR “girl* in substitute care” OR “sub-
stitute care girl*” OR “foster boy*” OR “boy* in care”
OR “foster care boy*” OR “boy* in out-of-home care” OR
“out-of-home care boy*” OR “boy* in substitute care” OR
“substitute care boy*” OR “foster teen*” OR “teen* in care”
OR “foster care teen*” OR “teen* in out-of-home care”
OR “out-of-home care teen*” OR “teen* in substitute care”
OR “substitute care teen*” OR “foster adolescent*” OR
“adolescent* in care” OR “foster care adolescent*” OR
“adolescent* in out-of-home care” OR “out-of-home care
adolescent*” OR “adolescent* in substitute care” OR “sub-
stitute care adolescent*”

2. AND “psychiatr* service use” OR “psychiatr* ser-
vice utilisation” OR “mental health service use” OR “men-
tal health service utilisation” OR “health service use” OR
“health service utilisation” OR “help-Seeking”

3. AND “mental disorder*” OR “mood disorder*” OR
“personality disorder*” OR “schizophrenia and disorders
with psychotic features” OR “anx*” OR “depress*” OR
“panic*” OR “obsess*” OR “OCD” OR “substance*”

4. Limits: Record Title
Search Results: 225 results, 221 did not meet the

inclusion criteria.

https://www.ncbi.nlm.nih.gov/pubmed
http://www.cochranelibrary.com
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