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Abstract
Background National Institutes of Health (NIH) funding
is a key driver of orthopaedic research, but it has become
increasingly difficult to obtain in recent years. An un-
derstanding of the types of grants that are commonly fun-
ded, how productive they are, and the factors associated
with obtaining funding may help orthopaedic surgeons
better understand how to earn grants.
Questions/purposes In this study, we sought to determine
(1) the proportion of current academic orthopaedic sur-
geons who have obtained NIH grant funding, (2) the pro-
ductivity of these grants by calculating grant productivity
metrics, and (3) the factors (such as gender, subspecialty,

and additional degrees) that are associated with obtaining
grant funding.
Methods Current academic orthopaedic surgeons at the
top 140 NIH-funded institutions were identified via faculty
webpages; 3829 surgeons were identified. Demographic
information including gender (men constituted 88% of the
group [3364 of 3829]), academic rank (full professors
constituted 22% [856 of 3829]), additional degrees (those
with MD-PhD degrees constituted 3% [121 of 3829]),
leadership positions, and orthopaedic subspecialty was
collected. Funding histories from 1985 through 2021 were
collected using the NIH Research Portfolio Online
Reporting Tools Expenditures and Results. Grant type,
funding, publications, and citations of each article were
collected. A previously used grant impact metric (total ci-
tations per USD 0.1 million) was calculated to assess grant
productivity. Multivariable binomial logistic regression
was used to evaluate factors associated with obtaining
funding.
Results Four percent (150 of 3829) of academic ortho-
paedic surgeons obtained USD 338.3 million in funding
across 301 grants, resulting in 2887 publications over the
entire study period. The R01 was the most commonly
awarded grant in terms of the total number awarded, at 36%
(108 of 301), as well as by funding, publications, and ci-
tations, although other grant types including T32, F32,
R03, R13, and R21 had higher mean grant impact metrics.
There was no difference between men and women in the
by-gender percentage of academic orthopaedic surgeons
who obtained funding (4% [135 of 3229] versus 3% [15 of
450]; odds ratio 0.9 [95% confidence interval 0.5 to 1.7];
p = 0.80). A department having a single funded PhD re-
searcher may be associated with surgeon-scientists
obtaining grant funding, but with the numbers available,
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we could not demonstrate this was the case (OR 1.4 [95%
CI 0.9 to 2.2]; p = 0.12).
Conclusion Fewer than one in 20 academic orthopaedic
surgeons have received NIH funding. R01s are the most
commonly awarded grant, although others demonstrate
increased productivity metrics. Future studies should in-
vestigate the role of co–principal investigators on pro-
ductivity and the role of different funding sources.
Clinical Relevance Individuals should pursue bothR01 and
non-R01 grants, and departments should consider cultivating
relationships with funded PhDs. The specific research in-
frastructure and departmental policies of the most productive
institutions and grants should be surveyed and emulated.

Introduction

National Institutes of Health (NIH) funding helps drive the
advancement of all fields of biomedical research in the
United States. In orthopaedic surgery, major advances in
our understanding of the natural history and treatment of
osteoarthritis, strategies for ligamentous repair, pain man-
agement techniques, implant design, and countless other
fields would not have been possible without the basic,
translational, and clinical research that NIH funding has
supported [7-9, 20, 21]. However, obtaining NIH funding
has become increasingly difficult for physician-scientists,
particularly surgeon-scientists, who must balance busy
operative schedules with performing research [12, 26].
There has been an increase in the number of NIH grant
applications with a decline in the number of funded grants,
career development awards, and funding to surgeon-
scientists [14, 26, 36].

Evaluating the state of NIH funding to orthopaedic
surgeons would indicate how much funding is available as
well as individual and departmental characteristics that are
associated with successfully obtaining funding.
Furthermore, it would outline the areas that are commonly
funded and the specific grant mechanisms that are most
available. It would also demonstrate which grant mecha-
nisms are the most productive. This information may help
surgeons and their departments better understand how to
obtain grants and the specific grant types and areas to
pursue. It may also specifically demonstrate to the NIH the
continued need for grant funding to orthopaedic surgery
and the types of grants and areas of research to fund. This is
particularly relevant given the anticipated growth of the
field [19, 35]. Despite this, the evidence is fairly limited
regarding NIH funding in orthopaedic surgery. Prior
studies have commented on K-awardees in orthopaedic
surgery and funding among hand surgeons [32-34], but the
last NIH funding analysis for the field was performed with
data from 2005 to 2014, notably with scientists comprising
most of the study population instead of surgeons-scientists.

We therefore sought to determine (1) the proportion of
current academic orthopaedic surgeons who have obtained
NIH grant funding, (2) the productivity of these grants by
calculating grant productivity metrics, and (3) the factors
(such as gender, subspecialty, and additional degrees) that
are associated with obtaining grant funding.

Materials and Methods

Study Design and Setting

This study was a retrospective query of the NIH funding
histories of orthopaedic surgeons employed at the 140
highest NIH-funded academic institutions in 2020 [2].
Current attending orthopaedic surgeons as of July 1, 2021
were identified via faculty webpages. Their funding his-
tories were then queried using the NIH’s Research
Portfolio Online Reporting Tools Expenditures and Results
(NIH RePORTER) [27], an online database of prior grants
and their resulting publications. We used faculty webpages
for surgeon listings because they are the most complete
publicly available listings of orthopaedic surgeons and
their demographics. NIH RePORTER was used for col-
lecting grant data because it is maintained by the NIH and is
comprehensive, accurate, and searchable.

Surgeon Demographics

We identified 3829 orthopaedic surgeons (Table 1).
Orthopaedic surgeons who were men comprised 88%
(3364 of 3829) of the study population. Current aca-
demic ranks included 42% (1621 of 3829) assistant
professors, 22% (856 of 3829) associate professors, and
22% (856 of 3829) full professors. Three percent (121 of
3829) had a PhD degree, while 3% (115 of 3829) had an
MS degree. The only physicians included in this study
were those who completed a residency in orthopaedic
surgery, except for plastic surgeons who completed ad-
ditional fellowship training in hand and upper extremity
surgery.

Grant Data Collection

Grant history for each orthopaedic surgeon was collected,
including grants awarded from January 1, 1985, to July 1,
2021. We used a Python script to assemble the following
for each grant from NIH RePORTER: grant number and
type, grant title, principal investigator, institution of work,
grant start and end dates, total grant funding, NIH in-
stitution, NIH study section, number of publications, and
PubMed Central reference number of each publication.
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Grants were categorized as F32 or similar (F30, F31, F32),
K-award (K02, K08, K11, K23, K24, K76), R01, R03,
R13, R21, other R award (R00, R25, R29, R34, R44, R56,
or ), T32, and other grants (DP1, P30, P50, S10, S15, U13,
U54, UG1, UH3, or UM1). The total number of grants,
funding, publications, citations, total grant impact metric
(explained below), andmean grant impact metric were then
calculated for each grant category. The renewal status of
any R01 grant eligible for renewal was recorded, as was the
number of K-Award (Mentored Research Career
Development Awards) to R01 (Research Project Awards)
transitions, defined as a surgeon receiving both a K-Award
and R01 grant in their career.

All grant data were attributed solely to the listed or-
thopaedic surgeon and no coinvestigators. M01 (22 grants)
and UL1 (1 grant) funding was excluded because these are
large, multidisciplinary grants typically awarded to multi-
ple principal investigators. When analyzing grants by
productivitymetrics, we excluded 18% (55 of 301) because
of absent funding data.

Calculation of Grant Impact Metric

Using the PubMed Central reference numbers of each
grant, we used the NIH database iCite to assemble total
citations of each paper [15]. The grant impact metric was
then calculated as follows:

Grant Impact Metric = +
citations of all manuscripts

total funding per USD 0:1 million

This previously used metric is therefore an evaluation of
citation-based productivity [5, 25].

Primary and Secondary Study Outcomes

Our primary study goal was to determine the number of
orthopaedic surgeons who receive NIH funding. To ach-
ieve this, we queried the funding histories of each ortho-
paedic surgeon using NIH RePORTER.

Our secondary study goals were to calculate grant pro-
ductivitymetrics for NIH-funded orthopaedic surgeons and

Table 1. Demographics of the study population

Characteristic NIH-funded (n = 150) No NIH funding (n = 3679)

Gender, men 90 (135) 88 (3229)

Graduate degree (non-MD) 34 202

PhD 61 (25) 27 (96)

MS 22 (9) 30 (106)

Division 150 3679

Adult reconstruction 15 (23) 14 (510)

Foot and ankle 3 (4) 7 (245)

Hand and upper extremity 13 (20) 13 (490)

Orthopaedic oncology 12 (18) 3 (118)

Pediatric orthopaedics 11 (16) 12 (433)

Spine 10 (15) 12 (427)

Sports medicine 17 (25) 21 (781)

Trauma 8 (12) 10 (379)

General orthopaedics 5 (8) 4 (130)

Multiple 6 (9) 5 (166)

Professorship 150 3679

Assistant 11 (17) 44 (1604)

Associate 19 (29) 23 (827)

Full 63 (95) 21 (761)

Emeritus 3 (5) 1 (32)

Unknown 3 (4) 12 (455)

Leadership 60 836

Chair or Vice Chair 37 (22) 19 (157)

Division chief 50 (30) 53 (442)

PD or APD 13 (8) 28 (237)

Data presented as % (n). Chair or Vice Chair represents department of orthopaedic surgery lead, whereas division chief represents
subspecialty lead. PhD = Doctor of Philosophy; MS =Master of Science; PD = residency program director; APD = associate residency
program director.
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determine which factors were associated with an increased
likelihood of obtaining NIH funding. Grant productivity
metrics included the number of articles, grant impact metric,
R01 renewal proportion, and K to R01 transition proportion.
To evaluate which factors were associated with obtaining
NIH funding, we performed binomial logistic regression
using surgeon demographics including gender, current ac-
ademic rank, graduate degree other than MD or equivalent,
subspecialty, leadership position, and whether a funded PhD
was associated with a department.

Ethical Approval

Ethical approval was not sought for the present study
because only publicly available databases were queried and
analyzed.

Statistical Analysis

Descriptive statistics were used to address the primarily
exploratory first and second research purposes, which
evaluate the proportion of orthopaedic surgeons who have
obtained NIH funding and grant productivity metrics, re-
spectively. To address the third research purpose evaluat-
ing the factors associated with obtaining grant funding, an
exploratory, univariable analysis was first performed to
assess the association of the following factors with funding
proportion: gender, orthopaedic subspecialty, leadership

position, professorship rank, additional degree, in-
stitutional NIH funding rank, and whether a department
had a funded PhD investigator. Factors were then advanced
to a multivariable binomial logistic regression analysis if p
was < 0.10. All factors met the advancement criteria, ex-
cept for gender. However, gender was advanced given the
expected considerable overlap between this factor and
others including professorship rank and leadership posi-
tion. The resulting multivariable model had an area under
the receiver operating characteristic curve of 0.85.

All statistical analyses were performed using SPSS
Statistics, version 28.0.1.0 (IBMCorp). Alpha was set at 0.05
to evaluate statistical significance in themultivariable analysis.

Results

Percentage of Orthopaedic Surgeons Who Obtained
NIH Grants

Four percent (150 of 3829) of academic orthopaedic sur-
geons obtained USD 338.3 million in funding across 301
grants between 1985 and 2021. The largest grant type both
in terms of number awarded and funding was the R01 (36%
of grants [108 of 301] with 63% of funding [USD 213.5
million of USD 338.3 million]). Most funding awarded
over the study period was from the National Institute of
Arthritis and Musculoskeletal and Skin Diseases (66% of
funding [USD 223.4 million of USD 338.3 million])
(Fig. 1).

Fig. 1 This pie chart shows the total grant awards in millions by NIH Institute. The National
Institute of Arthritis and Musculoskeletal and Skin Diseases provided the most grant
funding (USD 223.4 million; 66% of total funding). Other funding institutes included the
National Eye Institute; the National Center for Research Resources; the Agency for
Healthcare Research and Quality; the National Institute of Diabetes and Digestive and
Kidney Diseases; the National Library of Medicine; the National Institute of Dental and
Craniofacial Research; the National Institute of Arthritis, Diabetes, Digestive, and Kidney
Diseases; the National Institute of Environmental Health Sciences; Office of the Director,
National Institutes of Health; the Eunice Kennedy Shriver National Institute of Child Health
and Human Development; the National Institute of Nursing Research; the National Institute
of General Medical Sciences; and the National Heart, Lung, and Blood Institute. A color
image accompanies the online version of this article.
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Grant Productivity Metrics

These grants resulted in 2887 articles, 103,307 PubMed
citations, and an overall mean grant impact metric of 53 6
173. The R01 was the most productive in terms of total
publications and citations, although other grant types
demonstrated a higher mean grant impact metric (Table 2).
Orthopaedic oncology received the highest funding while
producing the most publications and citations (Table 3).
Approximately one-third of R01 grants eligible for com-
petitive renewal were successfully renewed throughout the
study period (38% of eligible grants [31 of 82]).
Additionally, approximately one-half of K-awardees could
complete aK toR01 transition (46%of awardees [12 of 26]).

Factors Associated With Grant Funding

After controlling for potentially confounding variables,
we found that a PhD degree (compared with no additional
degree; odds ratio 6 [95% confidence interval 4 to 11];
p < 0.001), MS degree (compared with no additional degree;
OR 3 [95% CI 1.2 to 6]; p = 0.02), associate professor rank
(compared with assistant professor; OR 3 [95% CI 2 to 6];
p < 0.001), professor status (compared with assistant pro-
fessor; OR 9 [95%CI 5 to 15]; p < 0.001), chair or vice chair
(compared with no leadership position; OR 2 [95%CI 1.2 to
4]; p = 0.009), and higher institutional funding rank (OR
0.98 [95% CI 0.97 to 0.99]; p < 0.001) were associated with
an increased odds of receiving grant funding (Table 4).

Table 2. NIH grant data and productivity metrics by grant type

Grant type
Number of
grants

Funding, in millions
of USD Publications Citations

Total grant
impact metric

Mean grant
impact metric

F32 or similar 4 0.4 10 387 312 78 6 74

K award 26 15.8 295 7708 1221 47 6 62

R01 108 213.5 1765 69,429 3152 29 6 48

R03 25 4.7 109 2873 1338 54 6 69

R13 21 0.4 16 594 2352 112 6 333

R21 29 9.6 104 3577 1042 36 6 70

Other R 13 13.1 54 1532 135 10 6 17

T32 6 7.2 169 5987 398 66 6 44

Other grants 14 73.6 365 11,220 3184 227 6 546

Publications are defined as PubMed-indexed published articles. Citations are per the NIH database iCite, which tracks PubMed
citations. The total grant impact metric is defined as the summation of all individual grant impact metrics for a given grant type,
whereas the mean grant impact metric is the mean of the individual grant impact metrics for a given grant type. Mean impact data
are presented as mean 6 standard deviation. F32 or similar = F30, F31, F32.

Table 3. NIH grant data and productivity metrics by subspecialty

Subspecialty
Number of
grants

Funding, in
millions of USD Publications Citations

Total grant
impact metric

Mean grant
impact metric

Adult reconstruction 31 32.1 217 10,163 1001 32 6 59

Foot and ankle 6 3.6 30 804 93 15 6 15

Hand and upper extremity 37 52.3 463 12,499 976 26 6 54

Orthopaedic oncology 36 82.6 586 19,468 1681 47 6 88

Pediatric orthopaedics 30 23.0 148 6182 771 26 6 46

Spine 31 39.7 323 9156 813 26 6 37

Sports medicine 21 28.0 428 17,577 4976 237 6 521

Trauma 18 14.0 104 4030 491 27 6 49

General orthopaedics 24 41.9 392 16,505 1821 76 6 129

Multiple 12 21.1 196 6923 511 43 6 61

Mean impact data are presented asmean6 standard deviation. Funding includes all NIH grants received over the study period after
excluding M01 and UL1 grants. Publications are defined as PubMed-indexed published articles. Citations are per the NIH database
iCite, which tracks PubMed citations. The total grant impactmetric is defined as the summation of all individual grant impactmetrics
for a given grant type, whereas the mean grant impact metric is the mean of the individual grant impact metrics for a given grant
type.
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We found orthopaedic surgeons who were men
(compared with orthopaedic surgeons who were
women; OR 0.9 [95% CI 0.5 to 1.7]; p = 0.80) were not
associated with an increased or decreased odds of re-
ceiving grant funding. Additionally, no orthopaedic
subspecialty (compared with comparator group general
orthopaedics) was associated with an increased or de-
creased odds of receiving grant funding. A department
having a single funded PhD researcher may be associ-
ated with surgeon-scientists obtaining grant funding,
but with the numbers available, we could not demon-
strate this is the case (OR 1.4 [95% CI 0.9 to 2.2];
p = 0.12).

Discussion

NIH grant funding has helped to drive major diagnostic and
therapeutic advancements in orthopaedic surgery [7-9, 20,
21]. However, this funding has become increasingly dif-
ficult for surgeon-scientists to obtain because of increasing
grant competition and clinical demands [12, 14, 26, 36]. In
this study, we sought to determine which grants are com-
monly awarded, establish which grants are the most pro-
ductive, and understand which factors are associated with
obtaining grant funding. In doing so, we better outlined
how individuals and departments can be competitive for
grants, as well as which grants to pursue. Although the
most-awarded grant to orthopaedic surgeons is the R01,
other less competitive grants are productive and should be
pursued, including the R03, R13, R21, T32, and F32
grants. Additionally, having even one funded scientist in a
department may be associated with surgeon-scientist
funding. Departments should consider hiring and building
relationships with such individuals.

Limitations

We only evaluated current orthopaedic surgeons at aca-
demic medical centers. Retired surgeons and those who
have transitioned to private practice were not included.
Although this limits our ability to comment on any longi-
tudinal trends in grant funding, our findings on grant pro-
ductivity metrics and the factors associated with obtaining
grants are unlikely to be affected by the lack of inclusion of
these surgeons. We did not evaluate co–principal investi-
gators, which in recent years have been allowed by the NIH.
An available co–principal investigator may be a factor as-
sociated with obtaining grant funding, but we are unable to
comment on this. We also included recent grants that have
not yet completed their duration of funding. Without ade-
quate time to fully use grant resources, some grant pro-
ductivity metrics may be underestimated. Additionally,
other funding sources such as Orthopaedic Research and
Education Foundation grants and private entities were out-
side the scope of this work [3, 16, 22]. Nonetheless, NIH
grants are a mainstay of extramural funding, and an un-
derstanding of their status in orthopaedic surgery is valuable.
Surgeon demographic data were limited to those available
on faculty webpages. However, these are the most complete
publicly available sources for this information and are gen-
erally well maintained by institutions. Furthermore, we only
analyzed articles listed in NIH RePORTER, as well as
articles associated with a specific NIH grant. Because NIH
RePORTER is maintained by the NIH, it is the most com-
prehensive and accurate source for this information.

Table 4. Multivariable binomial logistic regression analysis
factors

Characteristic OR (95% CI) p value

Gender, men 0.9 (0.5 to 1.7) 0.80

Graduate degree (non-MD)

PhD 6 (4 to 11) < 0.001

MS 3 (1.2 to 6) 0.02

Division

Adult reconstruction 0.7 (0.3 to 1.8) 0.46

Foot and ankle 0.4 (0.1 to 1.4) 0.14

Hand and upper extremity 0.8 (0.3 to 2.2) 0.74

Orthopaedic oncology 2 (0.7 to 5) 0.17

Pediatric orthopaedics 0.6 (0.2 to 1.6) 0.34

Spine 0.6 (0.2 to 1.5) 0.24

Sports medicine 0.7 (0.3 to 1.8) 0.46

Trauma 0.6 (0.2 to 1.5) 0.26

Multiple 0.7 (0.2 to 2.1) 0.51

Professorship

Associate 3 (2 to 6) < 0.001

Full 9 (5 to 15) < 0.001

Leadership

Chair or Vice Chair 2 (1.2 to 4) 0.009

Division chief 1.1 (0.7 to 1.8) 0.59

PD or APD 0.6 (0.2 to 1.5) 0.28

Rank 0.98 (0.97 to 0.99) < 0.001

Funded PhD 1.4 (0.9 to 2.2) 0.12

The PhD andMS degrees, associate and full professorship, Chair
or Vice Chair leadership positions, and higher institutional NIH
funding rank were associated with increased proportions of NIH
funding. Comparator groups: graduate degree: no additional
degree, division: general orthopaedics, professorship: assistant,
leadership: no leadership position. Chair or Vice Chair represents
department of orthopaedic surgery lead, whereas division chief
represents subspecialty lead. PhD = Doctor of Philosophy; MS =
Master of Science; PD = residency program director; APD =
associate residency program director.
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Discussion of Key Findings

Over the long period of this study, fewer than one in 20
academic orthopaedic surgeons obtained an NIH grant, and
the proportion of orthopaedic surgeons obtaining large
grants (such as R01 and K-awards) was much smaller still.
The funding proportion identified here among academic
orthopaedic surgeons is an order of magnitude higher than
the previously reported NIH funding proportion of 0.3%
for all orthopaedic surgeons [6]. However, it is still below
the reported percentages of other academic surgical spe-
cialties, including cardiac (18%) and thoracic (16%) sur-
gery [24, 25]. This logically leads to the question of why
this may be the case. Orthopaedic surgeons do have access
to other avenues of extramural funding including private
industry and Orthopaedic Research and Education
Foundation grants, as well as training programs such as the
American Academy of Orthopaedic Surgeons Clinician
Scholar Development Program and the Orthopaedic
Research Society Grant Writing Program, but the interplay
of these funding sources and training programs with NIH
funding is not known [3, 13, 16, 22]. Also unknown is the
impact of the underrepresentation of MD-PhD candidates
who pursue orthopaedic surgery or the reduced availability
of residency research tracks in orthopaedic surgery com-
pared with other fields [23, 29, 37]. Future studies might
evaluate which funding sources orthopaedic surgeons most
commonly choose to pursue and why. Different award
mechanismsmay bewarranted by the NIH to achieve better
funding parity between fields.

Approximately one-half of K-awardees could complete a
K to R01 transition, and approximately one-third of eligible
R01 grants were competitively renewed throughout the
study period. These percentages do not differ meaningfully
from the overall percentages of K to R01 transitions (43%)
and R01 competitive renewal percentages (36%) reported
elsewhere [17, 28], which implies productive use of these
grants and argues in favor of continued NIH funding.
However, although R01 grants were the largest category in
terms of the total number awarded, funding, publications,
and citations, other grants including T32, F32, R03, R13,
and R21 remain productive with regard to the mean grant
impact metric. Surgeon-scientists may elect to pursue these
grants because they demonstrate productivity potential but
are generally less competitive thanR01 grants [28]. TheNIH
may consider increasing funding to these grants specifically
as well, and department chairs might consider allocating
additional research time to surgeon-scientists who pursue
and earn these less common grants. Future studies might
directly survey highly productive institutions and their in-
dividual grants to better characterize the specific research
infrastructure and departmental policies that are associated
with grant funding and productivity. These policies can then
be emulated by other institutions.

Although the baseline number of women obtaining
funding in orthopaedic surgery is lower than that of men and
should be increased, there does not appear to be inequity in
terms of the funding proportion by gender. This is particu-
larly important given the less than favorablefindings reported
for other surgical fields [10, 30, 31]. Other factors associated
with obtaining grant funding such as higher academic rank,
additional degree training, and select department leadership
positions are similar to those reported in published work [11,
18, 24, 25]. Additionally, having a single funded PhD re-
searcher in an orthopaedic department may be associated
with increased odds of surgeon-scientists obtaining funding,
after controlling for confounding variables, althoughwith the
numbers available, we could not demonstrate this to be true.
Therefore, departments might consider hiring nonsurgeon
researchers to complement surgeon-scientists. Doing so
would likely encourage collaboration and facilitate the
sharing of ideas and resources, and in doing so, increase
funding percentages and grant productivity [1, 4]. This is
particularly relevant given the allowance of co–principal
investigators on NIH grants. Future studies should evaluate
direct collaboration between these groups.

Conclusion

Fewer than one in 20 academic orthopaedic surgeons have
received NIH funding. The NIH might consider increasing
funding to orthopaedic surgeons to achieve better parity
between fields. Furthermore, although R01 grants are the
most commonly awarded NIH grant to orthopaedic sur-
geons, other NIH grants demonstrate increased pro-
ductivity metrics and should be pursued. Additionally,
institutions should recruit funded PhD researchers to their
departments. Future studies should investigate the role of
co–principal investigators and their influence on NIH
funding and productivity. They should also evaluate dif-
ferent sources of funding to orthopaedic surgery and spe-
cifically examine which funding avenues are most
commonly pursued and why. Finally, highly productive
institutions and their grants should be directly surveyed to
outline the specific research infrastructure and de-
partmental policies that are associated with grant funding
and productivity.
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