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Orthopedic research plays a crucial role in improving patient outcomes for
musculoskeletal disorders. This narrative review explores the intricate interplay between
funding patterns and the trajectory of breakthroughs achieved in this dynamic field.

A meticulous search strategy identified studies illuminating the diverse sources of
orthopedic research funding, including public funding (government agencies),
philanthropic organizations, private sector investment, and international funding bodies.
The review further delved into the spectrum of breakthroughs, encompassing
fundamental scientific discoveries, technological advancements, and personalized
medicine approaches.

Public funding emerged as a significant pillar, supporting foundational research that lays
the groundwork for future advancements. Philanthropic organizations addressed specific
musculoskeletal disorders, often focusing on patient-centric applications. International
funding bodies played a role in supporting research in low- and middle-income countries.
Breakthroughs extended beyond cutting-edge prosthetics and minimally invasive
surgeries, encompassing fundamental discoveries in areas like gene therapy and
biomaterials science. Technological advancements included brain-computer interface
prosthetics and 3D-printed implants. Personalized medicine offered the potential for
tailored treatments based on individual needs and genetic profiles.

This review underscores the complex interplay between funding patterns and
breakthroughs in orthopedic research. A multifaceted approach is essential for continued
progress. Fostering collaboration, optimizing funding models, and prioritizing both
foundational and translational research hold the key to unlocking the true potential of
orthopedic research and transforming the lives of patients suffering from
musculoskeletal disorders.

INTRODUCTION breaking discoveries with the potential to revolutionize pa-
tient care. However, a critical question remains: how pre-
cisely does the nature and volume of financial investments
in orthopedic research influence the frequency and magni-
tude of breakthroughs achieved?*

This narrative review embarks on a meticulous explo-
ration of this intricate nexus between funding and break-
throughs in orthopedic research. We will delve into the
contemporary landscape of orthopedic research funding,
meticulously dissecting the diverse funding sources, both
public and private. These sources may include government
agencies with a vested interest in promoting public health,
philanthropic organizations driven by a desire to alleviate
human suffering, and private entities seeking to develop
and commercialize novel interventions.

Next, we will meticulously dissect the multifaceted con-
cept of “breakthroughs” in orthopedic research. This en-
compasses not only the development of cutting-edge pros-
thetics and minimally invasive surgical techniques, but also

The human musculoskeletal system, a cornerstone of hu-
man movement and function, comprises a complex network
of bones, joints, muscles, ligaments, tendons, and nerves.!
Disruptions within this intricate system can manifest as a
spectrum of debilitating musculoskeletal disorders, such as
osteoarthritis, a degenerative joint disease, and osteoporo-
sis, a condition marked by bone weakening. These patholo-
gies exert a significant burden on individuals and health-
care systems globally.?

Fortunately, the burgeoning field of orthopedic research
stands as a vanguard in the fight against these challenges.
Fuelled by a relentless pursuit of knowledge and innova-
tion, orthopedic research strives to unveil novel diagnostic
modalities, therapeutic interventions, and prosthetic tech-
nologies.3 Within this dynamic landscape, funding serves
as the lifeblood of this crucial endeavour, fueling ground-
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extends to the elucidation of fundamental biological mech-
anisms underlying musculoskeletal disorders. For instance,
breakthroughs may involve the identification of novel ther-
apeutic targets, the development of gene therapies, or the
creation of biocompatible materials.>~7

Through this rigorous analysis, we endeavor to identify
and elucidate the intricate interplay between funding pat-
terns and the trajectory of ground-breaking advancements
in orthopedic research. Does increased public funding
aimed at supporting basic science research lead to a surge
in fundamental discoveries that pave the way for future
breakthroughs in clinical applications? Conversely, how
does private sector investment influence the development
of commercially viable technologies? By critically apprising
the existing body of literature, we aim to illuminate these
intricate relationships.

This review aspires not only to illuminate the current
understanding of this critical relationship between funding
and breakthroughs, but also to unveil potential areas of
knowledge gaps. Emerging trends in research focus, such as
personalized medicine and regenerative medicine in ortho-
pedics,® may necessitate a re-evaluation of funding strate-
gies. Additionally, the review will identify challenges in or-
thopedic research funding, such as potential bureaucratic
hurdles or the pressure to prioritize commercially viable so-
lutions over fundamental scientific exploration. Ultimately,
this in-depth exploration seeks to provide valuable insights
for policymakers, funding agencies, and researchers alike.
By understanding the intricate relationship between fund-
ing and breakthroughs, this review aims to guide future
resource allocation strategies to propel the field of ortho-
pedic research towards a new era of transformative break-
throughs, ultimately enhancing the quality of life for mil-
lions of individuals worldwide.

AIMS & OBJECTIVE

This narrative review aims to comprehensively assess the
intricate relationship between funding patterns and the
trajectory of breakthroughs achieved within the dynamic
landscape of orthopedic research.

To delineate the contemporary landscape of ortho-
pedic research funding: We will identify and categorize
the diverse funding sources for orthopedic research, en-
compassing both public (government agencies, research
grants) and private (philanthropic organizations, industry
investment) entities.

To define and explore the multifaceted concept of
“breakthroughs” in orthopedic research: This objective
goes beyond the development of cutting-edge prosthetics
and minimally invasive surgical techniques. It delves into
the realm of fundamental scientific discoveries, encom-
passing the elucidation of biological mechanisms underly-
ing musculoskeletal disorders, the identification of novel
therapeutic targets, and advancements in gene therapy and
biocompatible materials.

To elucidate the interplay between funding patterns
and the frequency and nature of breakthroughs:
Through a meticulous analysis of the literature, we will in-

vestigate how the nature and volume of financial invest-
ments in orthopedic research influence the types and fre-
quency of breakthroughs achieved. This will involve
exploring whether increased public funding for basic sci-
ence research translates to more fundamental discoveries
that pave the way for future clinical applications. Con-
versely, we will examine how private sector investment
shapes the development of commercially viable technolo-
gies with a quicker path to patient care.

To identify knowledge gaps and emerging trends in
orthopedic research funding: This review aims to not
only illuminate the current understanding of the funding-
breakthrough relationship but also to unveil areas where
further knowledge is needed. We will explore how emerging
research trends, such as personalized medicine and regen-
erative medicine, might necessitate a reevaluation of fund-
ing strategies.

To inform future resource allocation strategies: Ul-
timately, by comprehensively examining the relationship
between funding and breakthroughs, this review seeks to
provide valuable insights for policymakers, funding agen-
cies, and researchers alike. This understanding can guide
future resource allocation strategies to optimize research
efforts and propel the field of orthopedic research towards
a new era of transformative breakthroughs, ultimately im-
proving patient outcomes and alleviating the burden of
musculoskeletal disorders.

METHODOLOGY

This narrative review employed a systematic and rigorous
approach to examine the intricate relationship between
funding patterns and breakthroughs achieved in the field of
orthopedic research.

DATA SOURCES AND SEARCH STRATEGY

A comprehensive search strategy was implemented to iden-
tify relevant literature from inception to [31 December
2023]. We utilized a combination of electronic databases,
including PubMed, Scopus, Google Scholar and CINAHL, as
well as targeted searches in key orthopedic research fund-
ing agency websites (e.g., National Institutes of Health
[NIH], Arthritis Foundation). The search strategy incorpo-
rated a combination of Medical Subject Headings (MeSH)
terms and relevant keywords. Boolean operators (AND, OR,
NOT) were used to refine the search and ensure optimal re-
trieval of relevant articles. The specific search terms em-
ployed will be provided in an appendix for transparency and
replicability.

INCLUSION AND EXCLUSION CRITERIA

Studies were meticulously selected based on predefined in-
clusion and exclusion criteria. Included studies were:

» Peer-reviewed publications: Published in reputable
scientific journals to ensure methodological rigor and
quality.
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+ English language articles: To maintain consistency
and facilitate comprehensive analysis.

» Studies addressing orthopedic research funding: Fo-
cusing on the financial investments in the field of
musculoskeletal disorders.

« Studies exploring breakthroughs in orthopedic re-
search: Encompassing advancements in diagnostics,
therapeutics, prosthetics, and fundamental scientific
discoveries relevant to musculoskeletal disorders.

Studies were excluded if

» Studies, those were not peer-reviewed.

» Studies, those were not published in English.

» Studies, those did not directly address orthopedic re-
search funding or breakthroughs.

» Studies, those were primarily focused on clinical tri-
als or case reports (unless they explicitly discussed
the funding source of the research).

DATA EXTRACTION AND QUALITY APPRAISAL

A standardized data extraction form was developed to cap-
ture key information from the included studies. Extracted
data included:

« Study type: (e.g., review article, original research)

» Publication date

» Funding source(s): Public vs. private, specific agen-
cies or organizations

» Type of breakthrough(s) reported: Diagnostic ad-
vancements, therapeutic interventions, prosthetic
technologies, fundamental scientific discoveries

» Geographical location of the study (if applicable): To
explore potential variations in funding patterns and
research priorities across different regions

Two reviewers independently appraised the quality of
the included studies using established critical appraisal
tools.

DATA ANALYSIS

A narrative synthesis approach was adopted for data analy-
sis. Qualitative data, such as expert opinions on the impact
of funding, were thematically analyzed to provide deeper
insights into the funding-breakthrough nexus.

This comprehensive methodological approach aimed to
ensure the transparency, reproducibility, and overall qual-
ity of this narrative review.

RESULT

This narrative review embarked on a meticulous excavation
of the intricate nexus between funding patterns and the
trajectory of breakthroughs achieved within the dynamic
landscape of orthopedic research. Here, we present a de-
tailed exposition of the key findings gleaned from our com-
prehensive analysis.

ORTHOPEDIC RESEARCH FUNDING: A MULTI-FACETED
ECOSYSTEM

Our meticulously crafted search strategy yielded a treasure
trove of studies, illuminating the diverse sources that nour-
ish the wellspring of orthopedic research funding. Public
funding emerged as a significant pillar, with government
agencies acting as the vanguards of this crucial endeavor.

The study by Jain et al. (2007) highlights the crucial
role of research in advancing the field of orthopedics. The
author emphasizes a two-pronged approach encompassing
both clinical and basic science research for a deeper under-
standing of musculoskeletal diseases and development of
effective treatments.

The study identifies a concerning decline in clinician-
scientists, particularly in developed countries, due to fac-
tors like lack of role models, inadequate research infra-
structure, and financial constraints. This decline creates a
gap between the research conducted and the specific needs
of low- and middle-income countries (LMICs) facing a dis-
tinct disease profile compared to high-income countries.

The author proposes several solutions to bridge this gap:

As depicted in Table 1, LMIC focus on region-specific
research: Research efforts in LMICs should prioritize ad-
dressing their unique disease burden, focusing on areas like
epidemiology, prevention, and treatment of prevalent mus-
culoskeletal conditions.

Collaboration between clinicians and basic scientists:
Encouraging collaboration between clinician-scientists and
basic scientists fosters a deeper understanding of both the
clinical relevance and biological processes underlying mus-
culoskeletal diseases.

Investment in research infrastructure: Increased invest-
ment in research facilities and resources is essential for
LMICs to conduct credible research that can contribute
meaningfully to the global knowledge pool.

Training and mentorship: Implementing structured re-
search training programs and mentorship opportunities
can equip young clinicians with the skills and motivation to
pursue research careers.

Funding and recognition: Financial support for research
activities and recognition for credible research outcomes
are crucial to incentivize clinician involvement in research.

By implementing these recommendations, the field of
orthopedic research can ensure a more balanced approach
that addresses the specific needs of both developed and de-
veloping countries, ultimately leading to improved patient
care and outcomes on a global scale.”

SOURCES OF FUNDING FOR ORTHOPEDIC RESEARCH

To understand the landscape of financial support for or-
thopedic advancements, we categorized the various fund-
ing sources. Table 2 summarizes these categories, providing
a description and an illustrative example for each. This
breakdown will serve as a foundation for analyzing the rela-
tionship between funding and breakthroughs in orthopedic
research.

Government Agencies: The National Institutes of
Health (NIH) in the United States stands as a prominent ex-
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Table 1. Challenges and Solutions for Orthopedic Research in LMICs

Challenge Solution

Declining clinician-scientists

Training programs, mentorship opportunities, research career incentives

Lack of region-specific research

Focus on local disease burden (epidemiology, prevention, treatment)

Inadequate research infrastructure

Investment in centralized facilities

Limited funding

Government support, dedicated research budgets, start-up research funds

Low research recognition

Reward credible research over publication quantity

Table 2. Sources of Funding for Orthopedic Research

Source Description

Example

Public Funding

Government agencies that support orthopedic research

National Institutes of Health
(NIH)

Philanthropic

Organizations research

Non-profit organizations that donate to orthopedic

Arthritis Foundation

Private Sector Investment

For-profit companies that invest in orthopedic research

Medical device companies

International Funding
Bodies

Organizations that support orthopedic research globally

World Health Organization
(WHO)

ample. The NIH spearheads the support of fundamental sci-
ence research through generous grants and targeted fund-
ing initiatives, prioritizing long-term, high-risk,
high-reward research that lays the groundwork for future
breakthroughs. Analogous bodies in other nations, such as
the Medical Research Council (MRC) in the United Kingdom
and the Canadian Institutes of Health Research (CIHR),
play a similarly crucial role in fostering a robust environ-
ment for basic science discovery. These agencies often uti-
lize peer-review processes to ensure the scientific merit and
potential impact of funded research projects.19

PHILANTHROPIC ORGANIZATIONS: SPECIFIC
MUSCULOSKELETAL DISORDERS WITH A PATIENT-
CENTRIC FOCUS

Philanthropic organizations dedicated to alleviating the
burden of specific musculoskeletal disorders emerged as
noteworthy contributors to the public funding landscape.
The Arthritis Foundation, for instance, channels significant
resources towards research efforts aimed at combating this
debilitating condition. These organizations often focus on
funding research with a clear clinical application and pa-
tient benefit in mind, aiming to translate discoveries into
tangible improvements in patient care and quality of life.ll

INTERNATIONAL FUNDING BODIES

International funding bodies, such as the World Health Or-
ganization (WHO), also play a role in supporting orthopedic
research, particularly in low- and middle-income countries.
These organizations may prioritize research addressing
prevalent musculoskeletal disorders specific to these re-
gions or focus on capacity building to strengthen research
infrastructure and expertise.

The role of musculoskeletal health within global non-
communicable disease (NCD) initiatives remains under-pri-
oritized. Despite nine relevant targets existing within the
Global Action Plan for NCDs (2013-2020), musculoskeletal
health itself wasn’t explicitly recognized as a priority
area.l2 Furthermore, crucial occupational and environmen-
tal factors influencing musculoskeletal health were absent
from these targets.!3

A positive development emerged in 2016 with the inclu-
sion of musculoskeletal health as a target within the WHO
European Region’s NCD Action Plan.14 This shift highlights
the potential for broader recognition. Increased focus on
musculoskeletal health within NCD and healthy aging pol-
icy agendas, alongside explicit advocacy for its integration,
is crucial for effective policy and service implementation.
This aligns with the need to translate existing evidence
on improving musculoskeletal health outcomes into action-
able policies. By integrating musculoskeletal health and
persistent pain into existing global and regional initiatives,
particularly those geared towards the Sustainable Develop-
ment Goals (SDGs), significant progress can be made in re-
ducing the global burden of disability.15.16

Table 3 summarizes the current under-representation of
musculoskeletal health within global NCD initiatives and
proposes actions for its improved integration through pol-
icy and advocacy efforts.

This finding underscores the importance of advocating
for a more prominent role for musculoskeletal health
within global NCD efforts. Effective translation of research
into policy and practice requires a more integrated ap-
proach.
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Table 3. Integration of Musculoskeletal Health into Global NCD Initiatives!®

Factor Current Status

Proposed Action

Recognition of

Musculoskeletal Health Plan (2013-2020)

Not a priority area in Global Action

Explicit advocacy for inclusion in NCD and healthy
aging policy agendas

Occupational &
Environmental Factors

Not addressed in Global Action Plan

Integration of these factors into NCD targets

WHO European Region
Action Plan

2016

Musculoskeletal health included since

Advocate for broader adoption at global and
regional levels

Table 4. Key Findings from Zhang et al. (2021) on Potential Biomarkers for Osteoporosis!?

Analysis Finding

Gene expression data

2,351 differentially expressed genes identified between osteoporosis patients and controls

DNA methylation data

5,246 differentially methylated positions identified

Network analysis

19 key methylation markers associated with osteoporosis development

Biological functions of markers

Apoptosis, immune inflammation

Potential miRNA regulator

hsa-miR-3130-5p predicted to regulate NOP2 methylation marker

UNVEILING THE MULTIFACETED NATURE OF
BREAKTHROUGHS IN ORTHOPEDIC RESEARCH: BEYOND
THE CUTTING EDGE

This review transcended a narrow definition of “break-
throughs” that solely encompasses the realm of cutting-
edge prosthetics and minimally invasive surgical tech-
niques. Instead, we delved deeper, identifying significant
advancements across a spectrum of research areas.

FUNDAMENTAL SCIENTIFIC DISCOVERIES: SEEDING THE
GROUND FOR FUTURE APPLICATIONS

For instance, the identification of novel therapeutic targets
for conditions like osteoarthritis and osteoporosis repre-
sents a significant leap forward. These newly discovered
targets can pave the way for the development of more tar-
geted and effective treatment strategies.”

As shown in Table 4, Zhang et al. (2021) identified 19
key methylation markers potentially associated with os-
teoporosis development through bioinformatics analysis of
gene expression and DNA methylation data. These markers
were linked to biological processes relevant to bone health,
highlighting a promising avenue for further research into
novel therapeutic targets.

Furthermore, advancements in gene therapy techniques
hold immense potential to revolutionize treatment ap-
proaches by enabling the correction of genetic defects that
contribute to musculoskeletal disorders.!® Additionally,
breakthroughs in biomaterials science may lead to the de-
velopment of materials that better mimic the natural prop-
erties of bone and cartilage, improving the functionality
and longevity of implants.1?

TECHNOLOGICAL ADVANCEMENTS: ENHANCING
FUNCTIONALITY AND PATIENT OUTCOMES IN
ORTHOPEDICS

Breakthroughs also encompass the development of cutting-
edge prosthetics and minimally invasive surgical tech-
niques. These advancements aim to improve patient out-
comes by restoring function, minimizing morbidity, and
expediting recovery times. For example, the development of
brain-computer interface (BCI) technology holds promise
for improved control and functionality of prosthetic limbs.
Additionally, advancements in 3D printing technology have
revolutionized the creation of customized implants and
prosthetics, leading to a more precise fit and improved pa-
tient comfort.

The review by Liang et al. highlights recent advance-
ments in orthopedic surgery and explores the potential link
between research funding and these breakthroughs. Their
findings suggest a positive correlation between investments
and improved patient outcomes.

CURRENT PROCEDURES AND THEIR LIMITATIONS

The review identifies limitations associated with current
procedures, including:

» A concerning lack of high-quality evidence support-
ing their effectiveness.

» High costs that can burden patients financially.

» Inherent risks of complications that increase morbid-
ity and mortality.

» Potential ineffectiveness in specific cases, with some
procedures being overused despite limited benefit.

ADVANCEMENTS AND THEIR IMPACT

The review explores how recent research funding has con-
tributed to advancements in several areas:
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Table 5. Revolutionizing Orthopedic Care: Advancements Driven by Research Funding

Advancement Description

Regenerative medicine

Stem cell therapy, PRP injections to promote healing and tissue regeneration

Robotic-assisted surgery

Enhanced precision, minimally invasive techniques, complex procedures

Personalized medicine

Tailored treatments based on genetics and environmental factors

Telemedicine and remote monitoring

Virtual consultations, remote monitoring of recovery progress

Al and machine learning

Al-powered diagnosis, personalized treatment planning

+ Regenerative medicine: Techniques like stem cell
therapy and PRP injections offer promise for acceler-
ating healing and promoting tissue regeneration.

» Robotic-assisted surgery: This technology provides
greater precision and accuracy during procedures, po-
tentially reducing complications and shortening re-
covery times.

» Personalized medicine: Tailoring treatments based
on individual patients’ genetic and environmental
factors can improve outcomes and reduce unneces-
sary interventions.

» Telemedicine and remote monitoring: These tech-
nologies offer potential for improved patient care and
reduced healthcare costs.

 Artificial intelligence and machine learning: Appli-
cations in diagnosis and treatment planning hold
promise for increased efficiency and accuracy.

The review also highlights successful implementations
of these advancements:

e Joint replacement surgeries: Improved implant ma-
terials and surgical techniques have resulted in in-
creased longevity and faster recovery times.

» Fracture management: Advanced techniques and ma-
terials have contributed to a significant decrease in
postoperative complications.

» Spinal surgery: Minimally invasive procedures have
yielded positive outcomes in treating herniated discs
and spinal deformities.

» Sports medicine: Innovative rehabilitation protocols
have demonstrably reduced recovery times for ath-
letes with ligament tears and stress fractures. The
Liang et al. review underscores the importance of sus-
tained research funding in orthopedic surgery. The
advancements it supports have demonstrably im-
proved patient outcomes, reduced recovery times,
and enhanced the overall quality of care. Continued
investments hold the potential for even greater
breakthroughs in the future.

As shown in Table 5, Liang et al. explores how research
funding has fuelled advancements in orthopedic surgery,
leading to improved patient outcomes, faster recovery
times, and a more promising future for the field.20

PERSONALIZED MEDICINE: TAILORING ORTHOPEDIC
TREATMENTS TO INDIVIDUAL NEEDS

The emergence of personalized medicine strategies tailored
to individual patient needs and genetic profiles represents
a burgeoning area of breakthrough potential in orthopedic
research. This approach has the potential to revolutionize
treatment paradigms by enabling the development of cus-
tomized therapeutic interventions that offer superior effi-
cacy and minimize the risk of adverse side effects. For in-
stance, genetic testing may allow for the identification of
patients who are more likely to respond favourably to spe-
cific treatments. Shen et al. explores the growing role of
personalized medicine in spine surgery. They argue that ad-
vancements in understanding spinal conditions and tech-
nological innovations have made personalized approaches
a key component of patient care.

Personalized medicine has emerged as a significant
breakthrough in orthopedic surgery, particularly evident in
spine surgery. Research by Shen et al. demonstrates how
advancements in understanding spinal pathologies and
technological innovations have paved the way for tailored
treatment approaches. This includes improved preoperative
planning with accurate alignment prediction software,
along with the utilization of 3D-printed implants and in-
struments for enhanced surgical techniques. Moreover,
multidisciplinary evaluations considering individual pa-
tient needs have shown promise in creating more effective
treatment plans. These findings solidify personalized med-
icine as a key area where research funding has translated
into tangible improvements in patient care.

The success of personalized medicine in spine surgery
exemplifies the broader impact of research funding in or-
thopedics. As highlighted by Shen et al., advancements in
areas like surgical planning software and 3D printing tech-
nologies rely heavily on sustained research investments.
This demonstrates a clear link between funding and the de-
velopment of innovative approaches that improve patient
outcomes.21

FUNDING PATTERNS AND BREAKTHROUGHS
PUBLIC FUNDING AND FUNDAMENTAL DISCOVERIES

Bridging this gap between basic science discoveries and
their clinical application remains a significant challenge in
the field of orthopedic research. Addressing this challenge
may require fostering closer collaboration between basic
scientists, clinicians, and industry partners to facilitate the
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efficient translation of discoveries into tangible improve-
ments in patient care.22

PRIVATE SECTOR INVESTMENT

Conversely, private sector investment often results in
breakthroughs with a more direct path to patient care. This
is due to the focus on commercially viable technologies
that can be readily translated into clinical practice and gen-
erate a return on investment. However, this emphasis on
short-term returns may come at a cost. Private sector in-
vestment may be less inclined to support high-risk, high-
reward basic science research with the potential for trans-
formative breakthroughs, but with a longer timeline for
commercialization. This raises concerns about the long-
term sustainability of innovation in the field, as a robust
foundation of fundamental scientific knowledge is essential
for continued progress.23

As shown in Table 6, Systematic review by Basu et al. ex-
amines the performance of private versus public healthcare
delivery in low- and middle-income countries (LMICs). It
challenges the common perception that private healthcare
is superior in these settings.

» Quality and Efficiency: The review found no evidence
that private providers generally deliver higher quality
care or is more efficient. In fact, studies suggested
private providers may violate medical standards more
often and have lower efficiency due to over-testing
and unnecessary treatments.

» Accessibility and Equity: Public healthcare provided
greater access and equity, particularly when unli-
censed private providers were excluded. However,
public services often faced resource limitations, with
shortages of equipment, medication, and trained per-
sonnel.

« Timeliness and Patient Experience: Private providers
were reported to offer more timely care and better
patient hospitality, potentially attracting patients de-
spite lower overall quality.

» Optimizing the Funding Landscape: Striking a Bal-
ance for Breakthroughs

» Optimizing the funding landscape for orthopedic re-
search appears crucial to ensure a balanced portfolio
of breakthroughs, encompassing both short-term ad-
vancements with a direct impact on patient care and
long-term, high-risk research with the potential for
transformative discoveries. This may require innova-
tive funding mechanisms that incentivize private sec-
tor investment in high-risk, high-reward basic sci-
ence research, potentially through public-private
partnerships or tax breaks. Additionally, fostering a
culture of collaboration between all stakeholders, in-
cluding government agencies, philanthropic organi-
zations, private companies, and academic re-
searchers, is essential to leverage resources
effectively and accelerate the translation of discover-
ies into clinical applications.

UNVEILING EMERGING TRENDS AND KNOWLEDGE GAPS

The review identified emerging trends in orthopedic re-
search funding, with personalized medicine and regenera-
tive medicine attracting growing interest. These fields hold
immense potential to revolutionize treatment paradigms
and improve patient outcomes. However, these areas ne-
cessitate a reevaluation of funding strategies to ensure ad-
equate support for their continued development. Current
funding mechanisms may not be optimally structured to
foster these rapidly evolving fields, and new approaches
may be required to attract sufficient resources.20

PERSONALIZED MEDICINE AND REGENERATIVE
MEDICINE

Personalized medicine and regenerative medicine represent
rapidly evolving fields with the potential to transform or-
thopedic care. Personalized medicine approaches require
robust databases of genetic and phenotypic information,
necessitating investment in infrastructure and data collec-
tion efforts.24 Additionally, regenerative medicine research
often involves complex cell and tissue manipulation tech-
niques, requiring specialized equipment and facilities. To
ensure continued progress in these areas, funding strate-
gies may need to be adapted to accommodate the unique
needs of these burgeoning fields.25

PRIORITIZING PATIENT-CENTERED RESEARCH IN
MUSCULOSKELETAL DISORDERS

Furthermore, the review highlighted the need for further
research to address knowledge gaps. Longitudinal studies
are needed to track the trajectory of breakthroughs from
initial funding to their ultimate impact on musculoskeletal
care. This will allow for a more comprehensive understand-
ing of the return on investment for different funding strate-
gies. Additionally, further research is required to explore
the influence of regional variations in funding patterns on
the global landscape of orthopedic research advancements.
Understanding these disparities can inform the develop-
ment of more equitable funding models that foster global
collaboration and innovation.

The work by Paskins et al. reinforces the critical role
of patient-centered research priorities in musculoskeletal
disorders (MSDs). Their study, which incorporated input
from patients, researchers, and clinicians, identified key ar-
eas where funding can have the greatest impact on patient
lives. Notably, the priorities focused on developing new and
targeted treatment options, improving early diagnosis and
prevention strategies, and better understanding and man-
aging pain. This patient-centered approach ensures that re-
search investments directly address the needs and chal-
lenges faced by those living with MSDs.

Paskins et al.'s study also emphasizes the importance
of research that delves deeper into the underlying mecha-
nisms of MSDs. By understanding the biological and phys-
iological processes that contribute to these conditions, re-
searchers can develop more effective treatments and
preventive measures. This highlights the need for contin-
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Table 6. Private vs. Public Healthcare Performance in LMICs23

Aspect Public Sector Private Sector

Quality Generally meets standards May violate standards more often

Efficiency Potentially higher Potentially lower due to over-testing/treatment
Accessibility Lower (excluding unlicensed providers) Higher (including unlicensed providers)

Equity Greater access for all Unequal access depending on ability to pay
Timeliness Lower Higher

Patient Experience Lower reported hospitality Higher reported hospitality

ued funding for basic science research alongside clinical tri-
als and applied research. A comprehensive approach that
tackles MSDs from multiple angles is essential for achieving
breakthroughs and improving patient outcomes.26

DISCUSSION

The current narrative review meticulously dissected the in-
tricate relationship between funding patterns and the tra-
jectory of breakthroughs achieved in orthopedic research.
Our findings illuminate a multifaceted landscape, echoing
and expanding upon the insights gleaned from previous re-
search endeavors. Here, we engage in a nuanced discus-
sion, weaving together our results with the existing body of
knowledge.

Our analysis corroborates the well-established notion
that public funding serves as a cornerstone for fostering
fundamental scientific discoveries in orthopedic research.
Increased public investment, exemplified by the role of
agencies like the National Institutes of Health (NIH) in
the United States, demonstrably correlates with a surge
in foundational knowledge. These discoveries, though po-
tentially facing lengthy translation times, lay the ground-
work for future advancements in diagnostics, therapeutics,
and prosthetic technologies. NIH funding for orthopaedic
surgery departments is still scarce and falls short of other
surgical subspecialties, which could make it difficult to ad-
dress the growing incidence of musculoskeletal disorders in
the United States. The significance of identifying obstacles
to grant procurement in orthopaedic surgery is underscored
by these findings.2”

The article by Jain (2009) highlights the critical need
for region-specific research in orthopedics, particularly in
low- and middle-income countries (LMICs). While research
conducted in high-income countries has driven significant
advancements, the disease profiles in LMICs often differ.
Jain emphasizes the importance of addressing these re-
gional disparities through research focused on locally rele-
vant musculoskeletal conditions.8

This underscores the value of clinician-scientists who
bridge the gap between basic science and clinical practice.
As Jain argues, such individuals possess the unique under-
standing of both research methodologies and clinical needs
to effectively translate research findings into improved pa-
tient care. This focus on clinician-scientists aligns with
the broader point regarding the importance of fostering a
research culture within orthopedics. By encouraging and

supporting clinician-scientists, especially in LMICs, we can
leverage research funding to address the specific challenges
faced by these regions and ultimately improve orthopedic
care for a wider global population.

However, our review also unveils a challenge identified
in prior studies - the potential for a substantial time lag be-
tween benchtop discoveries and bedside application. Bridg-
ing this translational gap necessitates fostering closer col-
laboration between basic scientists, clinicians, and industry
partners. The significant economic burden associated with
musculoskeletal disorders (MSDs) underscores the impor-
tance of research funding in this field. Chhabra’s (2022)
analysis highlights the high societal costs of conditions
like spinal cord injuries, back pain, and osteoporosis. These
costs encompass not only direct medical expenses but also
lost productivity and disability.28

Investing in research can lead to more effective treat-
ments, preventive strategies, and improved management of
these conditions. By reducing the burden of MSDs, research
can not only improve patient outcomes but also translate
to significant economic benefits for healthcare systems and
society as a whole. This reinforces the notion that research
funding in orthopedics is not just an investment in patient
well-being but also a strategic investment with a strong re-
turn.26

The review underscores the significance of private sector
investment in accelerating the development of commer-
cially viable technologies. This aligns with previous re-
search by Bates et al. who identified The goal of developing
highly functioning prostheses with enhanced sensory and
motor control is a step closer for surgeons, therapists, re-
habilitation doctors, and prosthetists. Working together,
medical teams, scientists, and industry players will be nec-
essary to meet the needs of patients who need high-func-
tioning, long-lasting prostheses. The focus on near-market
solutions with a clear path to patient care and return on
investment fuels the development of technologies that di-
rectly impact patient outcomes.2%

CONFLICT OF INTEREST IN ORTHOPEDIC RESEARCH
FUNDING

The issue of conflict of interest (COI) in orthopedic research
funding necessitates careful consideration. The study by
Okike et al. (2006) demonstrates a potential association be-
tween financial COI and biased reporting of research find-
ings. Their analysis suggests that studies with authors who

Orthopedic Reviews 8



Orthopedic Research Funding: Assessing the Relationship between Investments and Breakthroughs.

have royalties, stock options, or consulting relationships
with industry sponsors are more likely to report positive
outcomes.

This highlights the importance of transparency and safe-
guards when evaluating research funded by industry. While
industry collaboration can be a valuable source of funding
for orthopedic research, mechanisms are needed to miti-
gate potential bias and ensure the integrity of research re-
sults. This could involve stricter disclosure requirements
for COI, blinding of study authors and reviewers to funding
sources, and promoting alternative funding models like in-
dependent research grants. By acknowledging and address-
ing COI, we can ensure that research funding translates
into genuine advancements in orthopedic care.30

CLINICAL RESEARCH IN ORTHOPAEDIC

The work by Stiegel et al. (2021) emphasizes the importance
of building effective research teams in orthopedic research.
Their analysis highlights that financial investment is not
the sole factor for successful research programs. Beyond
funding, fostering collaboration between clinicians, scien-
tists, and clinical scientists is crucial. This interdisciplinary
approach ensures projects address both clinical needs and
rigorous research methodologies.

The study also underlines the importance of time man-
agement and dedicated research time for surgeons. This en-
sures consistent engagement with the research team and
facilitates project continuity. Investing in team building,
training, and mentorship alongside financial resources cre-
ates a supportive environment that fosters successful re-
search endeavors. By acknowledging these factors along-
side funding considerations, investments in orthopedic
research can be optimized and translate them into mean-
ingful breakthroughs.

The burgeoning fields of personalized medicine and re-
generative medicine represent exciting frontiers in ortho-
pedic research, echoing similar observations made by Jiang
et al. These fields hold immense promise for revolutioniz-
ing treatment paradigms and improving patient outcomes.
However, our review underscores the need for a reevalua-
tion of funding strategies to ensure adequate support for
their continued development. Current funding mechanisms
may not be optimally structured to address the unique
needs of these rapidly evolving fields, necessitating the
exploration of new approaches to attract sufficient re-
sources.?

Furthermore, the review identified the need for further
research to address knowledge gaps. Longitudinal studies
are necessary to track the long-term impact of break-
throughs on patient care and inform future funding strate-
gies. Additionally, exploring the influence of regional varia-
tions in funding patterns on global research advancements
can inform the development of more equitable funding
models that foster global collaboration and innovation.

FUTURE RESEARCH POINTS

Despite the advancements highlighted, several areas war-
rant further investigation to optimize the relationship be-
tween orthopedic research funding and breakthroughs:

Developing robust metrics: Current methods to assess
the impact of research funding on breakthroughs may be
limited. Future research should explore and implement ro-
bust metrics that can effectively capture the long-term in-
fluence of funding on innovative discoveries and clinical
translation in orthopedics.

Funding allocation strategies: A deeper understanding
of how funding is allocated within orthopedics is crucial.
Research could explore the effectiveness of various funding
allocation models, such as prioritizing high-risk, high-re-
ward projects or strategically distributing funds across dif-
ferent research stages (basic science, translational re-
search, clinical trials).

Comparative analysis: Studies comparing funding pat-
terns and breakthrough rates across different countries or
orthopedic sub-specialties could provide valuable insights.
This could inform funding strategies and identify areas with
the most significant potential for breakthroughs.

Personalized medicine integration: The Special Issue
highlighted the growing interest in personalized medicine
for MSDs. Future research should explore funding models
that specifically target and accelerate the development of
personalized therapeutic approaches for orthopedic condi-
tions.

Public-private partnerships: Investigating the effec-
tiveness of public-private partnerships in orthopedic re-
search funding could be beneficial. This could involve an-
alyzing the impact of such partnerships on breakthrough
rates and identifying best practices for collaboration.

By addressing these future research points, we can
strengthen the connection between orthopedic research
funding and breakthroughs, ultimately leading to improved
patient care and a brighter future for musculoskeletal
health.

STUDY LIMITATIONS

This narrative review possesses inherent limitations due to
its methodological approach. Narrative reviews rely on the
selection and synthesis of existing literature, potentially
introducing selection bias. Studies included may not be
exhaustive and could influence the overall interpretation of
the funding-breakthrough relationship.

Additionally, the focus on a specific journal’s Special Is-
sue on Personalized Medicine for Orthopaedic Disorders
limits the generalizability of findings to the broader field
of orthopedic research funding. This specific area may have
unique funding patterns and breakthrough dynamics com-
pared to other orthopedic research areas.

Furthermore, assessing the direct cause-and-effect re-
lationship between funding and breakthroughs is inher-
ently complex. Breakthroughs can take years, even decades,
to emerge from initial research investments. Disentangling
the influence of funding from other factors influencing
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breakthroughs, such as scientific collaboration or techno-
logical advancements, is challenging.

Finally, this review did not delve into the specific allo-
cation of research funding within the field of orthopedics.
Funding might be unevenly distributed across different re-
search areas or stages (basic science vs. clinical trials). Un-
derstanding these funding allocation patterns could be an
important area for further exploration.

CONCLUSION

In conclusion, this narrative review sheds light on the intri-
cate interplay between funding patterns and breakthroughs
in orthopedic research. Our findings resonate with previous
research and illuminate the need for a multifaceted ap-
proach. By fostering collaboration, optimizing funding
models, and prioritizing both foundational and transla-
tional research, we can create a symphony of stakeholders,
each playing a vital role in propelling the field of orthopedic
research forward. This collaborative spirit holds the key
to unlocking the true potential of orthopedic research and

transforming the lives of patients suffering from muscu-
loskeletal disorders.
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