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H ANNOTATION

Translation of science to surgery

LINKING EMERGING CONCEPTS IN BIOLOGICAL CARTILAGE
REPAIR TO SURGICAL INTERVENTION

Orthopaedic surgery is in an exciting transitional period as modern surgical interventions,
implants and scientific developments are providing new therapeutic options. As advances
in basic science and technology improve our understanding of the pathology and repair of
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musculoskeletal tissue, traditional operations may be replaced by newer, less invasive
procedures which are more appropriately targeted at the underlying pathophysiology.
However, evidence-based practice will remain a basic requirement of care. Orthopaedic
surgeons can and should remain at the forefront of the development of novel therapeutic
interventions and their application. Progression of the potential of bench research into an
improved array of orthopaedic treatments in an effective yet safe manner will require the
development of a subgroup of specialists with extended training in research to play an
important role in bridging the gap between laboratory science and clinical practice.
International regulations regarding the introduction of new biological treatments will place
an additional burden on the mechanisms of this translational process, and orthopaedic
surgeons who are trained in science, surgery and the regulatory environment will be
essential. Training and supporting individuals with these skills requires special
consideration and discussion by the orthopaedic community.

In this paper we review some traditional approaches to the integration of orthopaedic
science and surgery, the therapeutic potential of current regenerative biomedical science for
cartilage repair and ways in which we may develop surgeons with the skills required to
translate scientific discovery into effective and properly assessed orthopaedic treatments.

It has been observed that it took more than 2000
years for practitioners of orthopaedic surgery to
value and apply principles and observations
derived from basic research.' Yet, in the short
time since this occurred, the understanding that
optimal patient care depends on the science, as
well as surgery, has transformed orthopaedic
practice from a disparate array of manipulations
and operations to a range of treatments that, in
many instances, result in life-changing improve-
ments for patients.>°

We now live in a time when the integration of
knowledge from new basic research into ortho-
paedic practice offers the potential to solve major
clinical problems, including the pain and loss of
mobility caused by the limited capacity of human
joints for repair. As advances in technology fur-
ther improve techniques of tissue repair, the
orthopaedic operations of yesterday may be
replaced with newer, less invasive and more rele-
vant procedures. Advances in tissue engineering,
molecular biology, stem cell therapy and gene
therapy may prevent certain musculoskeletal
conditions from ever reaching the point of
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requiring surgical intervention.!"? This evolu-
tion, driven by patient need and advances in sci-
ence and technology, will present fundamental
challenges to orthopaedic surgeons.>'S In
order to take full advantage of the available and
emerging technologies, we will need a body of
surgeons who understand the capabilities and
limitations of these procedures as well as their
clinical and biological reality, so that the new
science can be translated into real yet safe bene-
fits for our patients (Table I). These clinician-
scientists will work closely with clinical col-
leagues and basic scientists to ensure that funda-
mental discoveries in the laboratory are
translated into effective treatments (Fig. 1).

In this paper we briefly review some tradi-
tional approaches to the integration of orthopae-
dic science and surgery, the therapeutic potential
of current regenerative biomedical science, and
ways in which we may develop a new cadre of
surgeons with the required skill set to translate
cutting-edge scientific discovery in regenerative
medicine into evidence-based surgical interven-
tion for cartilage injury and related conditions.
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Table I. Fields in which the orthopaedic clinician-scientist should have formal training in addition to standard higher surgical training.
Included are the tools and skills needed in each of these fields

Field

Tools and skills needed

Biomedical research

Intellectual property

Funding

Regulatory agencies

Legal issues

Ethical issues

Communication skills

Preclinical testing

Design of preclinical

and clinical trials

Fundamental skill sets
(applies to all fields)

Comprehensive knowledge of the field, ability to perform solid bench work and knowledge of appropriate
study design

Access to experts for development and protection, basic understanding of the process, strategies and
importance of intellectual property, and knowledge of patents

Knowledge of funding sources, ability to negotiate and ability to develop contacts in government and indus-
try

Knowledge of various regulatory bodies (national, international and supranational), ability to navigate
through the system and awareness of forms, processes

Awareness of intellectual property laws, patients’ rights, investigators, rights and legal framework for the
interaction between academia, start-ups and industry

Knowledge of patients and animal rights and of medical and research ethics, understanding of university
and regulatory body rules for protocol development and support, and knowledge of risk-benefit analysis

Ability to talk to various audiences, prepare manuscripts and other documents, and interact between depart-
ments

Knowledge of regulatory requirements before clinical testing, ability to evaluate the viability of standard
operating procedures and ability to plan strategically to optimise resources

Knowledge of the process, challenges and concerns, ability to plan effectively, possession of critical thinking
skills to overcome challenges, ability to develop a protocol and ability to forge collaborations

Networking, team-building and communication skills, and strategic thinking and creative problem solving

Orthopaedic __g,.

Clinical problem

surgeon
) Orthopaedic
Basu.: . < » clinician-
scientist scientist

Orthopaedic ——#

Gene
therapy

Clinical intervention

surgeon

Fig. 1

Triad of tissue engineering and role of orthopaedic clinician-scientist. Because of the interaction of the clinician-scientist at all stages, they have a
unique role to play in the process from discovery to intervention. These principles apply across all areas where orthopaedic basic science and clinical

intervention interact.

Integration of orthopaedic science and research

Although we can be proud of much of current orthopaedic
practice, focusing only on traditional surgical procedures
may prevent the orthopaedic surgeons of the future from
practising innovative approaches to musculoskeletal dis-
orders.'® Individuals with varying experience and qualifica-
tions have practised orthopaedics for more than 2000

years.! It would be reasonable to expect that, over this
period, orthopaedic treatments would have become gener-
ally safe and effective. Yet, only 250 years ago, John Hunter
(1728 - 1793), regarded as the father of scientific surgery,
noted that “surgery, namely operations, is like an armed
savage that attempts to get by force that which civilized
men would get by stratagem”. Orthopaedic operations in
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Extracellular matrix (ECM)

e Vital communication between cells and
matrix molecules

e Scaffolds to provide binding sites for
soluble and insoluble factors
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and endochondral ossification

Nanotechnology
Future prospects

e Combination products likely to form the basis
of future clinical applications
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design so the native matrix is simulated
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Fig. 2

Summary of current practice of articular cartilage tissue engineering (PLLA, poly-I-lactic acid; PLG, polylactide-co-glycolide; ACI, autologous chon-
drocyte implantation; MACI, matrix-assisted chondrocyte implantation; CCl, characterised chondrocyte implantation; MSC, mesenchymal stem cell;
ES, cell, embryonic stem cell; iPS cell, induced pluripotent stem cell; TGF-B transforming growth factor-f; BMP, bone morphogenetic protein; IGF,
insulin-like growth factor; FGF, fibroblast growth factor; PTHrP, parathyroid hormone-related peptide. Figure reproduced from Getgood et al, J Bone

Joint Surg [Br] 2009;91-B:565-76.

Hunter’s day were painful, bloody, brutal, and dangerous.
The typical results, for patients who survived, were disap-
pointing and disabling. Orthopaedic practice was based on
empiricism and the experience of surgeons, not on basic
research or comparison of treatments with natural history
or alternative treatments. Because the immediate effects of
most operative and manipulative treatments of bone and
joint disorders are readily observable, empiricism was a
reasonable and attractive basis for the initial practice of
orthopaedic surgery. How, then, did we learn the value of
integrating science into practice and performing critical
objective evaluations of the results of treatment? Lord
Lister (1827 - 1912) deserves much of the credit for this
evolution and for making orthopaedic operations safer and
more effective.! He dedicated four decades of his life to
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research, teaching and clinical practice. He eagerly looked
beyond what could be directly observed to advance the
understanding of disease and healing, and did not hesitate
to initiate new practices based on research. It took many
years before the scientific work of Lister on preventing sep-
sis in surgery was accepted into the standard practices we
take for granted today.

The initial rejection of Lister’s integration of knowledge
from basic research into clinical practice and his compari-
son of treated and untreated patients to evaluate efficacy
now seems surprising, but can we say that we have gone on
to replace empiricism with science as the basis of orthopae-
dic practice in general? If we look at some current practice,
this transformation is not complete. For example, research
into the repair of articular cartilage offers a focus for regen-
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erative medicine. We know that current interventions have
limited success. We recognise that traditional arthroscopic
lavage and debridement of osteoarthritic joints makes sense
empirically. The removal of degenerated meniscal and carti-
laginous tissue and reactive synovium or osteophytes makes
the joint look better, and washing out free fragments of
degenerated tissue seems beneficial. Unfortunately, surgeons
and scientists have not developed a body of basic research
that supports these attractive ideas, and the operation has
been shown to be no more effective than a placebo proce-
dure.!” Furthermore, applying high levels of energy to an
articular surface can have unseen effects, including damage
to the cartilage and subchondral bone, the long-term conse-
quences of which remain unknown. As clinicians come
under pressure to introduce other treatments such as stem
cell therapy, gene therapy, cartilage transplantation and tis-
sue engineering from experimental to clinical practice, the
consequences may not be benign if we get it wrong. Ortho-
paedic surgeons must act as a patient advocate as well as a
clinician and scientist. It is therefore essential to translate
scientific knowledge to surgical treatment through mecha-
nisms carefully prepared for this purpose.

Promise of research in regenerative orthopaedic
surgery

Much of the current interest in orthopaedic surgery is in
combining developments in tissue regeneration with surgi-
cal interventions. The ability to regenerate, or enhance
repair, in cartilage, bone, menisci, ligaments and tendons,
remains an important goal for researchers and surgeons.'
A review of current basic research in this area is not the aim
of this paper, as such articles are already present in the lit-
erature.'®3¢ However, surgery for osteoarthritis and
research into repair of articular cartilage provide an exam-
ple of the need to link laboratory science closely with clini-
cal practice. The principles involved may be applied
throughout orthopaedic basic science and related clinical
interventions. In the future it is likely that the laboratory
will play an important complementary role to the operating
theatre in many areas of orthopaedic surgery.

Current surgical intervention for early cartilage injury is
offered in the form of autologous chondrocyte implanta-
tion, matrix-induced autologous chondrocyte implantation,
microfracture techniques and osteochondral grafts.!”3
These procedures offer well-described benefit in carefully
selected individuals, and may allow traditional arthroplasty
to be delayed or deferred indefinitely. However, the carti-
lage that forms from these biological interventions, other
than osteochondral grafting, which has additional potential
morbidity, is not true hyaline cartilage as seen in the native
joint, and is still prone to degenerative change requiring
arthroplasty at a later stage. While continuing to improve
our knowledge and application of arthroplasty surgery, we
must consider whether the restoration of a lost or wounded
portion of articular cartilage with new, well-formed perma-
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nent cartilaginous tissue is possible. Research in basic
science suggests that the answer is ‘yes’, although its use
clinically is not practicable. The pioneering work by the
surgeon and scientist Sir John Charnley (1911 - 1982)
offers us an excellent example of the importance of the link
between clinic and laboratory in managing degenerative
joint disease. Our understanding of the biology, pathophys-
iology and biomechanics of articular cartilage has increased
dramatically, giving us a much better understanding of
what we need to accomplish. This can form the foundation
for methods of restoring a lost or damaged portion of artic-
ular cartilage with new tissue that preserves or restores
joint function, providing an alternative to arthroplasty for
early-stage disease. Getgood et al® recently presented an
excellent overview of cartilage tissue engineering (Fig. 2) in
this journal. As clinical applications are developed it will be
important to ensure a rigorous comparison of appropriate
methods of treatment driven by clinical need and per-
formed by clinicians. But how can this be achieved?

Expert clinicians have a difficult task in keeping up to
date with the literature in addition to their service delivery
requirements. The orthopaedic pharmaceutical and tech-
nology industry, which for many years was expected to
carry discoveries across the divide, is now also struggling to
do so. In either case, it would probably be unwise of sur-
geons to leave this work to outside groups, in industry or
acadaemia. It is essential that surgeons who are subse-
quently responsible for performing the relevant operations
engage with the process from the start. The resulting deficit
is sometimes labelled the ‘valley of death’,” and neither
basic researchers, busy with discoveries, nor surgeons, busy
with patients, appear keen to venture there. There are three
basic requirements for bringing orthopaedic regenerative
medicine safely to the patient: 1) scientists with an under-
standing of clinical problems; 2) surgeons with an under-
standing of science; and 3) critical scientific evaluation of
the results of clinical practice.

The orthopaedic clinician-scientist

A safe and effective translation of research into clinical
practice requires careful evaluation by highly trained clini-
cal investigators with expertise in laboratory research and
in the design of ethically and regulation-compliant clinical
trials. For example, the European Union directive on
Advanced Therapy Medicinal Products will regulate stem
cell, gene therapy and combinations of these therapies with
medical devices. This directive must be transposed into
member state law by 2011. The surgeon who aims to trans-
late basic research findings into clinical practice must
understand modern regulatory affairs and clinical trial
methodology, in addition to being trained in laboratory
research and clinical practice (Fig. 1).

This issue has previously been considered in the United
States.>$* Over 30 years ago, James Wyngaarden, former
director of the National Institute of Health, called attention
to ‘The Clinical Investigator as an Endangered Species’.
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Francis Moore, in 1976,% spoke of the unresolved conflict
“between the operating room and the laboratory
between the clinical pressures of care of the sick and the
pursuit of science”. In 2001, Douglas Jackson, former Pres-
ident of the AAOS, described common deterrants to the
young orthopaedic surgeon becoming a clinician-
scientist.>> It was noted then that rapid advances in bio-
medical science bring increasing complexity to basic
research, making part-time laboratory attachments for clin-
ical trainees increasingly unrealistic. A dramatic rise in
research in the biotechnology and pharmaceutical indus-
tries was accompanied by movement of clinician-scientists
in general from academic to industrial settings. Signifi-
cantly, these factors are accompanied by the increasing
complexity of research in human subjects due to a variety
of factors, including an increasing awareness of the impor-
tance of patient protection, the responsible conduct of
research, and research ethics. There is no existing structure
within orthopaedic surgery that can bridge the organisa-
tions capable of reducing the impediments to the choice of
research in career development.*!™*3 Surgeons often gain
the most recognition and satisfaction from working in a
busy practice. Consequently, less time is spent pursuing
training in clinical research. Furthermore, the difference in
earnings between those orthopaedic graduates entering
either full-time or part-time private practice and those tak-
ing on an academic position may act as a deterrent. Ironi-
cally, this may be an even bigger issue for those trainees
who elect to undertake a Fellowship in an international
academic orthopaedic institute gaining additional sub-
specialty expertise prior to taking a consultant role in our
university hospitals. The orthopaedic community might
reverse these trends by focusing on early intervention and
support for those orthopaedic clinician-scientists still in
training. In this regard, appropriate mentoring, research
training, funding and national structures will all play a
major role.3%4

Key issues in training the orthopaedic clinician-
scientist

Mentoring. Mentoring is a key component for the develop-
ment of young clinician-scientists and a central role for
leaders in academic medicine.**3 The presence of a mentor
is highly predictive of the attainment of higher levels of
career development of young investigators, as measured by
publications, grants, leadership, academic rank, income
and job satisfaction. A mentoring relationship in the early
years of professional life has been cited as a critical element
in a productive career. It has been said that among MDs,
MD-PhDs and PhD investigators in departments of
medicine, an enthusiastic and engaging mentor was a pri-
mary influence on the decision to undertake research. Men-
tors contribute to the priorities, academic styles and career
patterns of future faculty members, and thus help shape
medicine’s future, bringing both instrumental and psycho-
social support. It is noteworthy, however, that such mentor-
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ship has limited recognition in academic circles, although
attempts have been made to reward this area of endeavour
by the National Institute of Health (NIH). Mentorship is
often neglected in orthopaedic surgery owing to the pres-
sures of clinical service. However, if we are to develop effec-
tive leaders of orthopaedic practice it is essential that
adequate structures are put in place to address this.

Medical school. Replenishment of the orthopaedic clini-
cian-scientist pool begins with medical students. The future
of orthopaedic surgery depends on the continuous influx of
young people with creative and inquisitive minds, who are
nurtured and trained to investigate novel frontiers dedi-
cated to the advancement of knowledge and science as well
as surgical technique. At present most graduating medical
students will not participate in research after they establish
their careers, although opportunities exist to stimulate
interest during the undergraduate period. This may take the
form of a small project as part of the standard medical cur-
riculum followed by all students, or a summer research
elective, either at home or internationally. Structures and
funding for these summer programmes are provided by
institutes such as the National Institute for Health Research
and Wellcome Trust in the United Kingdom.>!~>* Although
there are relatively few consultant orthopaedic surgeons in
positions with protected academic time, it should be possi-
ble for co-mentorship to take place between those consul-
tants with research-generated higher degrees and principal
investigators of scientific laboratories. The potential scien-
tific development offered by the completion of an interca-
lated BSc programme in one of the basic medical sciences
should also be harnessed, as these programmes offer poten-
tial future clinician-scientists a firm grounding in the prin-
ciples of combining a research interest alongside a clinical
one. These degree programmes are typically completed
after the third or fourth medical year, and again funding is
awarded on a competitive basis. The opportunities for
engaging in orthopaedic-related research are wide ranging
in view of the number of university-based research insti-
tutes engaging in musculoskeletal tissue engineering
throughout the United Kingdom and Ireland. Furthermore,
the international links established by current orthopaedic
consultants who have previously completed sub-specialty
fellowships at established international academic centres of
excellence, should facilitate the placement of some students
wishing to combine international travel with career
development, either as part of summer research projects or,
as research years leading to higher degrees. Another option
in developing the orthopaedic clinician-scientist from the
medical school stage is the medical-scientist programme
that culminates with the receipt of the US-style MD-PhD
degree. The decision to apply to this programme is usually
taken in the undergraduate years. In the US, MD-PhDs
account for 30% of all NIH grant awards even though they
only account for 2.5% of all medical school graduates.*®
Although not traditionally offered by medical schools in the
United Kingdom and Ireland, as these programmes are
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developed here they will offer an additional route for early
training of the orthopaedic clinician-scientist.
Postgraduate research training. Research training is often
introduced at the postgraduate stage. For some, this is
driven purely by the need to meet the minimum research
requirements to successfully attain a training position or
training number within orthopaedic surgery as a specialist
registrar or equivalent. It has been suggested that all ortho-
paedic surgical trainees require some research education to
‘instill the scientific discipline’ in their approach to patient
care. However, it may also have the added benefit of stimu-
lating interest in research as part of an orthopaedic career:
the so-called ‘late bloomer effect’. As postgraduate surgical
training programmes are modified, research training is
something that can be included and given adequate recogni-
tion. Postgraduate degrees by module have recently been
introduced in some institutes, and involve both taught mod-
ules and a research dissertation.** Modules include research
methods; protocol development, design and analysis; medi-
cal device design and development; healthcare ethics; law
and clinical research; human factors and surgical error; sur-
gery in developing countries; and leading and managing
organisations/services. Including such modules in the train-
ing of orthopaedic surgeons would help raise interest and
awareness of the prerequisites of quality research in the con-
sultants of the future, while perhaps stimulating some to
play a more active role as clinician-scientists.

Formal clinician-scientist training programmes. Despite the
identified benefit of a brief period of surgical research for all
trainees, such exposure is too short to produce clinician-
scientists who can compete for extramural funding. The
development of such individuals requires a hybrid training
scheme resulting in the generation of skills that transcend the
operating theatre and the laboratory. Formal structures to
train clinician-scientists are now taking place as a result of
special strategies in the United Kingdom and Ireland. Posi-
tions on these programmes are not ring-fenced for any partic-
ular specialty, and entry is by competition. These
programmes allow for combined clinical training and PhD
research from the start of specialty training. The primary ben-
efits for trainees include protected research time, a structure
for developing their research skills and interests, developing
funding applications, forming contacts and networks, and the
provision of a supported, structured approach to research. It
is important that the orthopaedic speciality engages with
these programmes and encourages those who are willing to
undergo extended training to help deliver tissue-regenerative
strategies to benefit our patients and to act as the key link
between full-time clinician and the laboratory. These trainees
have a requirement to meet the same examination standards
as clinical trainees, and in addition, to reach the standards set
by full-time PhD students and researchers in musculoskeletal
laboratories. This requires the full support of their orthopae-
dic clinical colleagues and trainers. Particular support must
come from directors of each individual deanery, so that those
individuals successful in attaining a place on such integrated
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training programmes can deliver all the requirements of both
their clinical and research training programmes.

Other examples include NIHR clinical lectureships, which
are specialty training posts that incorporate academic train-
ing. Clinical lecturers spend 50% of their time undertaking
specialist clinical training and 50% undertaking research or
educationalist training. These posts are aimed at those who
are advanced in their specialty training, have completed a
research doctorate or equivalent, and show outstanding
potential for continuing an academic career. The maximum
duration of these posts is four years, and it is expected that
they will complete their specialty training during this period.
Alongside clinical training, they will be able to improve their
academic skills and will be encouraged to apply for funding
to support further post-doctoral or educationalist training.
Translational research initiative. A major development in
the way orthopaedic clinician-scientist careers can be devel-
oped is through building links with models such as the
National Consortium of Medical Research Institutions in
the United States, funded through Clinical and Trans-
lational Science Awards by the NIH, which are working
together to improve the way biomedical research is con-
ducted nationwide.”> Members of the consortium share a
common vision to reduce the time it takes for laboratory
discoveries to become treatments for patients, to engage
communities in clinical research and to train clinical and
translational researchers. When fully implemented in 2012,
about 60 institutions will be linked together in the disci-
pline of clinical and translational science. The purpose of
this programme, is to help institutions forge a uniquely
transformative, novel and integrative academic home for
clinical and translational science that has the resources to
captivate, advance and nurture a cadre of well-trained
multi- and inter-disciplinary investigators and research
teams, create an incubator for innovative research tools and
information technologies, and co-ordinate multi- and inter-
disciplinary research and research workers in order to
introduce new knowledge and techniques into clinical prac-
tice. Similar efforts are also needed in Ireland and the
United Kingdom. When our trainees travel to the United
States on fellowships it may be of benefit to encourage the
completion of such research modules at these institutes.

The orthopaedic clinician-scientist at consultant
level

Most academic orthopaedic departments remain under
immense pressure in relation to the delivery of clinical ser-
vices. Training programmes for clinician-scientists will
need to be longer than for traditional clinical training, and
after such commitment by clinical trainers, academic men-
tors, programme sponsors and the trainees themselves, it is
imperative that efforts are made to facilitate the role of the
clinician-scientist in our hospitals and universities. There is
a risk that, in the absence of appropriate departmental
structures, those appointed in an academic role will be
increasingly called upon to deliver clinical care, thereby
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reducing protected research time. It may be that in the
future, sub-specialty areas practised clinically by orthopae-
dic clinician-scientists will have to be rationalised to reduce
their overall clinical workload. It may make more sense for
such individuals in the post-training phase to focus on clin-
ical areas closely linked to their research. Clinical audit and
issues relating to patient safety may also require a similar
move. The mark of success of a senior clinician-scientist is
the ability to gain extramural research support while con-
tinuing to deliver an excellent clinical service. It is reason-
able to envisage a future where highly qualified members of
an academic orthopaedic department with an aptitude for
basic, clinical and translational research, are provided with
the protected time and resources to focus attention on
these. This will require a major change in service delivery
by consultants in many orthopaedic institutions, and will
warrant significant discussion. For departments that adapt
and embrace such change, the benefits are likely to be seen
in their ability to attract the best and brightest trainees of
the future, coupled with research funding from both gov-
ernment and outside agencies, leadership roles, and a voice
within the hospital and university setting. They will become
a reliable source for directing new regenerative surgical
approaches as they are encouraged by outside agencies. It is
also important to develop mechanisms whereby the aca-
demic clinician-surgeon encourages research by clinicians.
Health services and universities will need to collaborate in
order to create adequate numbers of posts for academic
orthopaedic surgeons.

Conclusions

There is much to be proud of in our orthopaedic heritage.
The standard treatments of today, where properly exe-
cuted, serve our patients well. The demand for orthopaedic
surgeons has never been greater, given the enormous eco-
nomic, social and personal impact of orthopaedic condi-
tions. Traditional orthopaedic surgery offers immense
benefit to those whose conditions require surgery and the
service commitments of the orthopaedic surgeon are enor-
mous. However, change is inevitable. The rapidly emerging
field of regenerative orthopaedic surgery, which holds great
promise for the generation of functional tissue substitutes,
demonstrates the need to train a cadre of orthopaedic
surgeons with extended research experience. It should be
acknowledged that the final steps in translating orthopae-
dic tissue engineering repair from basic science to surgical
intervention remains a challenge to surgeons and basic sci-
entists, and will require close collaboration between aca-
demic clinicians, clinicians and scientists. Orthopaedic
surgeons should remain very active in translational
research related to the musculoskeletal system. This will be
particularly important to ensure the efficient incorporation
of laboratory research into clinical practice in emerging
concepts for biological cartilage repair strategies. Progres-
sion of research knowledge into safe and effective new
forms of treatment can be facilitated by formally trained

VOL. 92-B, No. 9, SEPTEMBER 2010

1201

orthopaedic clinical scientists. Structures are being estab-
lished to meet this pressing need, both nationally and inter-
nationally, throughout all specialties in medicine. Patients
with musculoskeletal disorders have much to gain if the
specialty of orthopaedic surgery is actively engaged in and
becomes a leader in this process.

Supplementary material
Xm A further opinion by Professor E. Lee is available
e with the online version of this article on our website
at www.jbjs.org.uk

No benefits in any form have been received or will be received from a commer-
cial party related directly or indirectly to the subject of this article.
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