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Abstract

BACKGROUND

The study investigates the connection between academic productivity and
industry earnings in foot and ankle orthopedic surgery fellowships. Utilizing
metrics like the H-index and Open Payments Database (OPD) data, it addresses a
gap in understanding the relationship between scholarly achievements and
financial outcomes, providing a basis for further exploration in this specialized
medical field.

AIM
To elucidate the trends between academic productivity and industry earnings

across foot and ankle orthopedic surgery fellowship programs in the United
States.

METHODS

This study is a retrospective analysis of the relationship between academic
productivity and industry earnings of foot and ankle orthopedic surgery fellow-
ships at an individual faculty and fellowship level. Academic productivity was
defined via H-index and recorded from the Scopus website. Industry earnings
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were recorded from the OPD.

RESULTS

Forty-eight foot and ankle orthopedic surgery fellowships (100% of fellowships) in the United States with a
combined total of 165 physicians (95.9% of physicians) were included. Mean individual physician (n = 165) total
life-time earnings reported on the OPD website was United States Dollar (USD) 451430.30 + 1851084.89 (range:
USD 25.16-21269249.85; median: USD 27839.80). Mean physician (n = 165) H-index as reported on Scopus is 14.24 +
12.39 (range: 0-63; median: 11). There was a significant but weak correlation between individual physician H-index
and individual physician total life-time earnings (P < 0.001; Spearman’s rho = 0.334) and a significant and moderate
positive correlation between combined fellowship H-index and total life-time earnings per fellowship (P = 0.004,
Spearman’s rho = 0.409).

CONCLUSION

There is a significant and positive correlation between academic productivity and industry earnings at foot and
ankle orthopedic surgery fellowships in the United States. This observation is true on an individual physician level
as well as on a fellowship level.

Key Words: Sunshine act; Foot and ankle; Orthopedic surgery; Orthopedic fellowship; Industry earnings
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Core Tip: We determined there to be a statistically significant correlation between individual physician H-index and
individual physician total life-time, non-research-related earnings reported on Centers for Medicare and Medicaid Services.
This finding remained true when collective H index of the faculty at a given orthopedic foot and ankle fellowship was
correlated to collective industry payments to the faculty at that fellowship. Further efforts should seek to characterize any
potential disadvantages to the high degree of industry involvement of the most academically productive foot and ankle
surgeons.
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INTRODUCTION

The Physician Payments Sunshine Act was established in 2010 as part of the Affordable Care Act[1]. The Sunshine Act
served to authorize the establishment of a publicly accessible electronic record of physician financial relationships with
industry termed the “Open Payments” public database[1]. The database, geared towards improved physician account-
ability for potential industry biases, requires the recording of all payments greater than USD 10 made to physicians from
drug and device manufacturers. Payments are categorized as either general payments, ownership interests, or research
payments[2]. The vast majority of payments to orthopedic surgeons are characterized as royalties and license fees (69%,
USD 74.4 million) with consulting fees (13%, USD 13.9 million) and non-consulting services (5%, USD 5.8 million) also
awarded as sizeable yearly payments[3].

The Open Payments Database (OPD) reveals substantial industry involvement within foot and ankle surgery, with 802
orthopedic foot and ankle surgeons receiving nearly USD 39 million from industry through 29442 transactions during a 3-
year period[4]. Relationships with industry can be complex; some studies have revealed no association between industry
involvement and positive research findings[5], whereas others have demonstrated a potential source of bias, with
industry funding leading to a higher likelihood of positive outcome reporting regarding a specific implant or phar-
maceutical[6,7]. Orthopedic foot and ankle surgeons are heavily influenced by the mentors they have worked with
throughout their training processes, including residency and fellowship periods[8]. Thus, choice in foot and ankle
fellowship will likely influence the practice patterns, academic interests, and level of future involvement with industry of
surgeons-in-training.

A substantial body of work has explored the OPD across physician subspecialities, attempting to understand
demographic trends in industry payments and delineate sources of potential bias in practice patterns[9-13]. However, no
study to date has tabulated the total industry payments to the faculty at a particular foot and ankle fellowship program
and explored the correlation with academic productivity of that fellowship. Thus, the purpose of this study was to
elucidate the trends between research output and involvement in industry across foot and ankle fellowship programs.
Our primary goal was to explore whether academic productivity at a particular fellowship correlates with industry
compensation. Our hypothesis was that higher industry payments would be associated with increased total research
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productivity, defined via the H-index, at a given fellowship.

MATERIALS AND METHODS
Study set-up

This study is a retrospective analysis of the relationship between academic productivity and industry earnings of foot and
ankle orthopedic surgery fellowships at an individual faculty level as well as a fellowship level. The current study used
the Centers for Medicare and Medicaid Services (CMS) website (https://openpaymentsdata.cms.gov/search) for
physician earnings and payments, the Scopus website for physician H-index (https://openpaymentsdata.cms.gov/
search), and the American Orthopedic Foot and Ankle Society website for fellowship data (https://www.aofas.org/
education/fellowship-match-program/orthopedic-foot-and-ankle-fellowship-programs) while visiting each individual
fellowship site for information about the fellowship and faculty. All information found on these databases is public
access, therefore IRB approval for this study was not necessary.

Data extraction

Data extraction was performed by one author. Data collected included H-index per individual physician, total life-time
earnings per individual physician, total payments made to individual physician, combined H-index per fellowship,
combined total life-time earnings per fellowship, average total life-time earnings per physician per fellowship, and
average total life-time earnings per fellowship per H-index. For subgroup analysis, individual physicians were placed one
of four groups depending on the quartile of their H-index.

Statistical analysis

Statistical analysis was completed using SPSS version 29.0 (IBM Corp., Armonk, NY, United States). The Kolmogorov-
Smirnov test or the Shapiro-Wilk test was used to determine the normality of the data based on sample size. Means
between three or more groups were compared using the independent-samples median test with Bonferroni correction
due to the non-parametric nature of the data and extreme outliers. Significance values were set at 0.05. Correlation was
performed for continuous data using Spearman’s rho due to the non-parametric nature of the data. Frequency counts,
summative data, and descriptive data were used for demographics.

RESULTS

Search results

There are a total of 48 foot and ankle orthopedic surgery fellowships in the United States with a combined total of 172
physicians as fellowship faculty. Seven physicians were missing data on CMS and four physicians were missing an H-
index on Scopus. Only physicians with compete CMS money data and H-index on Scopus (n = 165 physicians, 95.9%)
were included in data analysis.

Individual physician demographics

Mean individual physician (1 = 165 physicians) total life-time earnings reported on the CMS website was USD 451430.30
+ USD 1851084.89 (range: USD 25.16-21269249.85; median: USD 27839.80). Mean individual physician (n = 165 physicians)
H-index as reported on H-index is 14.24 + 12.39 (range: 0-63; median: 11). See Table 1 below for more information on
individual physicians who are faculty at foot and ankle orthopedic surgery fellowships in the United States with the top
five total-life time earnings.

Fellowship demographics

Mean combined physician H-index reported on Scopus per fellowship (1 = 48 fellowships) was 48.94 + 38.92 (range: 9-
187; median: 35.50). Mean combined physician life-time earnings reported on CMS per fellowship was USD 1551791.66 +
USD 4136091.64 (range: USD 8668.93-21274853.70; median: USD 359425.24). See Table 2 below for more information on
fellowship programs for foot and ankle orthopedic surgery in the United States.

Total life-time earnings and h-index correlations for individual physicians

There was a significant but weak correlation between individual physician H-index and individual physician total life-
time earnings reported on CMS (P < 0.001; Spearman’s rho = 0.334). See Figure 1A below for scatter plot with best fit line
showing correlation between individual physician H-index who are fellowship faculty and total life-time earnings
reported on CMS. There was a significant association between total life-time earnings and level of H-Index per individual
physician by H-index quartile (P = 0.005). For subgroup post hoc analysis based on individual physician H-index, the
four quartile group (n = 41 physicians) had significantly more total life-time earnings than the first quartile group (n = 42
physicians) (P = 0.004) and the second quartile group (n = 41 physicians) (P = 0.025). However, there was no significant
difference between the total life-time earnings in the third quartile group and the fourth quartile group (P = 0.281). The
first quartile group (n = 42 physicians) had a mean total life-time earnings of USD 184342.91 + 1024600.21 (range: USD
214.21-6660954.43; median: USD 14005.88). The second quartile group (n = 41 physicians) had a mean total life-time
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Table 1 Information on individual physicians who are faculty at foot and ankle orthopedic surgery fellowships in the United States with

the top five total life-time earnings

Physician ranking H-index Total life-time earnings in USD Overall payments
1 58 21269249.85 694

2 3 6660954.43 2028

3 21 5215497.93 1293

4 24 4409146.87 591

5 22 3420158.94 903

Information includes H-Index, total life-time earnings, and total-life time payments paid to the individual physician. USD: United States Dollar.

earnings of USD 179626.75 + 443691.76 (range: USD 437.84-1960346.56; median: USD 17894.85). The third quartile group (
n = 41 patients) had a mean total life-time earnings of USD 140744.38 + 241444.40 (range: USD 25.16-1290811.98; median:
USD 31056.22). The fourth quartile group (n = 41 patients) had a mean total life-time earnings of USD 1307521.49 +
3422970.09 (range: USD 242.61-21269249.85; median: USD 252327.86).

Total life-time earnings and h-index correlations for fellowship programs

There was also a significant and moderate positive correlation between combined fellowship H-index and total life-time
earnings per fellowship (P = 0.004, Spearman’s rho = 0.409). See Figure 1B below for scatter plot with best fit line showing
correlation between combined fellowship H-index and total life-time earnings per fellowship.

DISCUSSION

Orthopedic surgeons are heavily influenced by their fellowship training programs with regards to practice patterns[14].
Thus, choice of fellowship may predict future academic engagement[15], subspeciality society participation, and
involvement with industry as a consultant, design-team member, or paid educator. Therefore, this study aimed to build
upon our understanding of the degree of industry involvement within foot and ankle fellowship programs. We sought to
assess whether academic productivity at a particular fellowship correlated with industry compensation as recorded in the
OPD. As a secondary outcome, we assessed whether higher H index of an individual surgeon is correlated with larger net
industry earnings.

We determined there to be a statistically significant and moderate positive correlation between combined fellowship
H-index and total life-time earnings per fellowship, further indicating that academic productivity of an orthopedic foot
and ankle fellowship group correlates to overall industry involvement. In addition, we found a statistically significant
correlation between individual physician H-index and individual physician total life-time earnings reported on CMS.
While this result achieved only a weak correlation based on Spearman’s rho (0.334) given substantial heterogeneity
within the data, examination of the actual numbers reveals a clearer trend. The first quartile group (1 = 42 physicians) had
a mean total life-time earnings of USD 184342.91 + 1024600.21 (range: USD 214.21-6660954.43; median: USD 14005.88). The
second quartile group (n = 41 physicians) had a mean total life-time earnings of USD 179626.75 + 443691.76 (range: USD
437.84-1960346.56; median: USD 17894.85). The third quartile group (n = 41 patients) had a mean total life-time earnings
of USD 140744.38 + 241444 .40 (range: USD 25.16-1290811.98; median: USD 31056.22). The fourth quartile group (n = 41
patients) had a mean total life-time earnings of USD 1307521.49 + 3422970.09 (range: USD 242.61-21269249.85; median:
USD 252327.86). These data provides strong support to the notion that surgeons who are extensively involved with
industry have a substantial academic background.

The relationship between academic involvement and industry support for research activity is straightforward: academ-
icians are more likely to receive monetary backing to carry out investigation of a specific pharmaceutical or surgical
implant. Industry-funded research is the topic of substantial debate with concerns for conflict of interest and bias
factoring in to the legitimacy of the findings[16-20]. The most obvious case example is the tobacco industry funding faulty
research regarding smoking and use of tobacco products[21-25]. Several authors have raised concern regarding bias
related to industry funding of research within orthopedics as well[26,27]. For example, Shah et al[26] demonstrated a
higher likelihood for industry-funded studies to report positive results than studies funded from other sources. While
cash or cash-equivalent payments represent the majority of the payment types to foot and ankle surgeons, there is
substantial contribution from industry to support research efforts within foot and ankle[28].

Several studies have sought to investigate the impact of industry funding on reporting of positive (or favorable) results
within foot and ankle surgery. Cole et al[29] revealed a large percentage of undisclosed conflicts of interest within
systematic reviews related to Achilles tendon rupture. Despite this finding, these authors note that the lack of conflict of
interest disclosure did not increase the likelihood of a positive finding in the results of the intervention being invest-
igated. Donoughe at al. evaluated the association between positive outcome reporting in total ankle arthroplasty research,
and determined that payments were not significantly correlated with favorable outcomes for a specific implant[30]. While
these studies generally indicate a lack of substantial industry influence in the reporting of positive results within foot and
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Figure 1 Correlation between individual physician H-index and individual physician total life-time earnings made as recorded on Centers
for Medicare and Medicaid Services website and correlation between the combined H-index per foot and ankle orthopedic surgery
fellowship and the combined money made on Centers for Medicare and Medicaid Services website from all faculty of the fellowship
program. A: Correlation between individual physician H-index and individual physician total life-time earnings made as recorded on Centers for Medicare and
Medicaid Services website. Y-axis was shortened to United States Dollar (USD) 5000000 to allow for better visualization of relationship. Line represents best-fit line
for correlation; B: Correlation between the combined H-index per foot and ankle orthopedic surgery fellowship and the combined money made on Centers for
Medicare and Medicaid Services website from all faculty of the fellowship program. X-axis set at H-index of 140 and y-axis set at USD 5000000 to allow a better
visualization of the relationship. Line represents best-fit line for correlation.
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Table 2 Information on foot and ankle orthopedic surgery fellowships in the United States

Fellowship ranking Total Iife-tim.e earnings  Mean tot.?lllife-time earninglys Total H-iPdex per Total Iife.-time earnings per
per fellowship per physician per fellowship fellowship fellowship per h index
1 21274853.70 10637426.85 60 354580.90
2 20016633.67 2859519.10 107 187071.34
3 4553357.43 650479.63 187 24349.50
4 3383361.89 676672.38 53 63837.02
5 2534816.19 1267408.10 57 44470.46
6 2454950.69 818316.90 52 47210.59
7 197193315 657311.05 29 67997.69
8 1839321.97 919660.99 11 167211.09
9 1534450.54 306890.11 46 33357.62
10 1473486.49 245581.08 67 21992.34
1 1379087.01 1379087.01 23 59960.30
12 1300744.31 260148.86 94 13837.71
13 1197536.88 598768.44 11 108866.99
14 1018902.47 254725.62 81 12579.04
15 792190.87 132031.81 86 9211.52
16 659032.20 164758.05 53 12434.57
17 637897.63 159474.41 27 23625.84
18 629068.07 314534.04 21 29955.62
19 592739.33 118547.87 75 7903.19
20 504161.78 252080.89 29 17384.89
21 501127.63 100225.53 106 4727.62
22 437773.15 87554.63 165 2653.17
23 397822.34 132607.45 25 15912.89
24 376893.59 125631.20 36 10469.27
25 341956.88 68391.38 58 5895.81
26 333624.90 111208.30 11 30329.54
27 270203.44 90067.81 19 14221.23
28 261673.77 87224.59 101 2590.83
29 257580.01 85860.00 30 8586.00
30 230313.03 57578.26 24 9596.38
31 192293.20 48073.30 35 5494.09
32 170156.75 42539.19 91 1869.85
33 132455.07 66227.54 46 2879.46
34 117478.39 39159.46 36 3263.29
35 95286.89 15881.15 91 1047.11
36 87086.03 2177151 15 5805.74
37 78504.91 39252.46 24 3271.04
38 76441.36 38220.68 29 2635.91
39 75612.14 25204.05 11 6873.83
40 61503.60 15375.90 34 1808.93
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41 58786.54 58786.54 9 6531.84
42 42676.26 10669.07 36 1185.45
43 40725.72 20362.86 12 3393.81
44 28846.60 28846.60 25 1153.86
45 27864.96 13932.48 46 605.76
46 24067.73 8022.58 19 1266.72
47 10049.69 3349.90 33 304.54
48 8668.93 8668.93 13 666.84

Data are United States Dollar, unless otherwise indicated. Information includes total life-time money made for all physician faculty combined, mean total
life-time money made per faculty physician, combined H-index, and mean total life-time money made per combined H-index. Fellowships were ordered

by highest total life-time earnings per fellowship.

ankle, these results are inconclusive and non-generalizable. Further work should seek to identify other potential sources
of bias within foot and ankle surgery research.

While industry funding of research is a topic of much debate, our study sought to characterize payments which were
made for reasons specifically not related to research, including for food and drink, travel, cash payments, and cash-
equivalent payments. We determined that payments unrelated to research are correlated with H index - a less intuitive
finding than the observation that research payment correlates with H index. This finding was true both at the individual
surgeon level and at the fellowship-grouped level. Surgeons with more academic influence may be able to command
higher consulting fees and may be more likely to be approached with implant design-team opportunities. Benefits of this
relationship include more incentive for foot and ankle practitioners to participate in research, which often comes at a
significant time and opportunity cost for surgeons with busy surgical practices. Potential disadvantages of a system
where heavy academic involvement is rewarded by larger industry payouts are poorly investigated in the literature.
Surgeons may be encouraged to publish a higher total number of manuscripts rather than focusing on areas of highest
impact. Additionally, surgeon-leaders with considerable academic influence who are heavily involved with foot and
ankle fellowship education may be the most problematically impacted by loyalty to a specific implant manufacturer.
Further research should seek to expand upon these findings and quantify the repercussions of heavy industry involve-
ment within academically-active foot and ankle surgeons.

Limitations of this analysis include lack of granularity regarding specific fellowship or individual identifiers. Despite
the public availability of the information contained within the OPD, we attempted to avoid personally-identifying
information contained within this manuscript, as small fellowship programs with only several faculty members may
preclude full anonymity. Moreover, we utilized H index as a surrogate for academic involvement. While the H index
does correlate with number of publications and citation count of a given author’s combined research works, this metric
has come under criticism as overly simplistic and failing to capture actual impact of scientific investigation[31]. As a final
limitation, we did not control for the age of a given surgeon or the average age of the surgeons at a given fellowship, as
this information was not readily available online. Furthermore, high fellowship total life-time earnings may be a result of
a single surgeon’s high earnings or multiple surgeons’ high earnings, and our statistical analysis did not account for this
factor. As H index is associated with age[32], industry involvement may more closely be associated with more years of
experience within foot and ankle surgery than with academic involvement. However, older surgeons who are employed
in private practice may have very low H indices, and are unlikely to accrue the number of publications and citations
necessary to be a part of the “Greater than 25 H-index” cohort in this investigation. Additionally, different institutions
may have differing rules or attitudes towards these payments, which could not be accounted for and could skew data.

CONCLUSION

In conclusion, we determined there to be a statistically significant correlation between individual physician H-index and
individual physician total life-time, non-research-related earnings reported on CMS. This finding remained true when
collective H index of the faculty at a given orthopedic foot and ankle fellowship was correlated to collective industry
payments to the faculty at that fellowship. Further efforts should seek to characterize any potential disadvantages to the
high degree of industry involvement of the most academically productive foot and ankle surgeons.

ARTICLE HIGHLIGHTS

Research background
The study opens the door for future research by revealing a significant positive correlation between academic
productivity and industry earnings in foot and ankle orthopedic surgery fellowships. Subsequent research could explore
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the underlying factors influencing this correlation, identifying causal mechanisms and potential interventions to enhance
both academic productivity and financial outcomes in this specialized medical field. Additionally, future studies may
look into the broader implications of these findings for the education and practice of foot and ankle orthopedic surgeons.

Research motivation

The study does not explicitly propose new theories. Instead, it focuses on investigating and establishing a correlation
between academic productivity (measured by the H-index) and industry earnings in foot and ankle orthopedic surgery
fellowships. The primary contribution lies in highlighting the relationship between scholarly achievements and financial
outcomes in this specific medical field, without introducing novel theoretical frameworks.

Research objectives

The findings indicate a significant correlation between academic productivity (H-index) and industry earnings in foot and
ankle orthopedic surgery fellowships. This contributes to our understanding of the relationship between scholarly
achievements and financial outcomes. However, the study does not investigate specific factors influencing these correl-
ations, leaving room for future research to explore the nuances further.

Research methods

The study is a retrospective analysis. We utilized data from two primary sources: Scopus for academic productivity
metrics, specifically the H-index, and the Open Payments Database (OPD) for industry earnings data. The research
involved the examination of 48 foot and ankle orthopedic surgery fellowships in the United States, covering 100% of such
programs and 95.9% of physicians. Academic productivity was assessed through the H-index recorded from the Scopus
website, while industry earnings were obtained from the OPD, encompassing total life-time earnings from 2015 to 2021.
The novelty of the research lies in the comprehensive analysis of the correlation between academic productivity and
industry earnings at both individual physician and fellowship levels within the context of foot and ankle orthopedic
surgery, providing a unique perspective on the intersection of scholarly achievements and financial outcomes in this
specialized medical field.

Research results

The main objectives of this study were to investigate the correlation between academic productivity and industry
earnings in foot and ankle orthopedic surgery fellowships in the United States. The study aimed to quantify academic
productivity using the H-index and measure industry earnings through the OPD. The objectives that were realized
include identifying a significant positive correlation between academic productivity and industry earnings at both
individual physician and fellowship levels. The significance of realizing these objectives lies in shedding light on the
intricate relationship between scholarly achievements and financial outcomes in this specialized medical field, providing
a foundation for future research to delve deeper into the factors influencing this correlation and its implications for the
field of foot and ankle orthopedic surgery.

Research conclusions

This study investigates the relationship between academic productivity and industry earnings in foot and ankle
orthopedic surgery fellowships in the United States. Key topics include individual physician and fellowship-level metrics,
such as the H-index for academic productivity and total life-time earnings from the OPD. The study identifies a
significant positive correlation between academic productivity and industry earnings, addressing the crucial link between
scholarly achievements and financial outcomes in the field, providing valuable insights for future research in
understanding these dynamics.

Research perspectives

This retrospective analysis explores the correlation between academic productivity and industry earnings in foot and
ankle orthopedic surgery fellowships across the United States. Examining individual physician and fellowship-level data
from 48 programs, the study reveals a significant positive association between academic productivity (measured by the
H-index) and industry earnings. The findings highlight the interconnections of scholarly achievements and financial
outcomes in this specialized medical field, both at the individual physician and fellowship levels.
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