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Background: The prosperous financial relationship between physicians and industry remains a highly scrutinized topic.
Recently, a publicly availablewebsite was developed in conjunctionwith the U.S. AffordableCare Act to shed light on payments
from industry to physicians with the goal of increasing transparency. The purpose of this study was to assess possible
relationships between industry payments and orthopaedic surgeon gender, subspecialty training, and practice settings.

Methods: A retrospective analysis was performed using publicly available information from the Centers for Medicare &
Medicaid Services (CMS) to identify the 25 orthopaedic surgeons with the highest compensation from each of the 10
largest orthopaedic companies from 2013 to 2017. Statistical analyses were conducted to investigate the factors that
contributed to payment differences.

Results: Among the 347 highest-compensated orthopaedic surgeons, only 1 woman (0.29%) was identified. Ortho-
paedic surgeons in the subspecialties of spine (32.9%), adult reconstruction (27.9%), and sports medicine (14.5%) made
up a majority of the 25 highest earners. A larger proportion of the physicians in this study worked in private practice
(57.6%) compared with an academic setting (42.4%). Orthopaedic surgeons who subspecialize in sports medicine had
significantly higher total mean payment amounts when compared with all other specialties. The primary method of
compensation was found to be through licensing or royalty payments.

Conclusions: The large majority of orthopaedic surgeons who are highly compensated from industry are men. Among
these, the greatest number specialize in the spine, while sports medicine surgeons receive significantly higher total mean
payment amounts. Additional studies are warranted to evaluate the disparities between men and women and encourage
policies to promote gender equality.

P
hysician-industry relationships exist throughout all spe-
cialties of medicine, and previous studies have demon-
strated the beneficial impact that these relationships have

with respect to medical innovation and improving patient out-
comes1,2. However, concern exists regarding conflict of interest
for physicians who have financial relationships with industry3.
Legislation mandating increased transparency of these financial
relationships aims to prevent inappropriate patient care, medical
misinformation, and unnecessary medical costs4. As with many
procedural specialties, orthopaedic surgeons and industry have
an integral relationship, enabling the development of new sur-
gical technology to enhance patient care. Specifically, the devel-
opment of new implants, fixation devices, and associated systems
has been attributed to orthopaedic surgeons’ close relationship
with medical industries1,5.

Because of the potential for impropriety, there has been
increased legislation and monitoring of industry payments to
physicians6. The introduction of the U.S. Affordable Care Act in
2010, further enhanced by the Sunshine Act, made physician
compensation from industry publicly available. Specifically,
industry manufacturers are required to report physician pay-
ment data on the publicly available website of the Centers for
Medicare & Medicaid Services (CMS)7,8.

Recent studies have highlighted the potential conflict of
interest that is associated with industry compensation to phy-
sicians, necessitating further discussion1,4,9. The initial reports of
industry payments have demonstrated that orthopaedic sur-
geons are the highest compensated of all physician specialties10.
Within this subset, there has been a lack of representation by
certain groups, notably women11. Orthopaedic surgery has the
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lowest female representation among all medical specialties
(14%)12. This gender inequality is further exaggerated with
respect to leadership and innovation in the field12. Previous
studies have identified disparities in industry compensation
to orthopaedic surgeons, including but not limited to dif-
ferences between men and women, but, to our knowledge,
none have explored and analyzed disparities among the top
earners7,13,14.

Given the disparities in other subsets of orthopaedic
surgery as mentioned above, we hypothesized that disparities
among the highly compensated group of orthopaedic surgeons
may be present as a function of academic affiliation, subspe-
cialty training, company-related factors, and gender.

Materials and Methods
Data Gathering

After obtaining institutional review board approval, a ret-
rospective analysis of publicly available information from

the CMS database was performed. The data were collected from
the CMS website (openpaymentsdata.cms.gov) between Janu-
ary and May 2019. Queries were built to gather data from each
of the 10 largest orthopaedic companies as determined by
Becker’s Spine Review15, including Medtronic, DePuy Synthes,
Arthrex, Zimmer Biomet, Smith & Nephew, NuVasive, Stryker,

Wright Medical, Globus Medical, and Orthofix. The company
names were recorded as documented in the data that were
available in 2017. However, some of these companies have since
merged, notably Stryker and Wright Medical. Annual data for
each company were compiled to capture the 25 highest-
compensated orthopaedic surgeons during a 5-year period
(2013 to 2017). The list of physicians was filtered to include
only those who were identified as orthopaedic surgeons. For
each physician, the following data were obtained: physician
name, number of payments, total amount of payments, city
and state, and category of payments. The CMS database lists the
following categories for which payments are received: consul-
ting fee, royalty and licensing, food and beverage expenditure,
travel and lodging, educational speaker payments, noneduca-
tional speaker payments, education, grant, entertainment, and
gifts. The method employed was comparable with those that
have been used in previous CMS studies16,17.

Structured Google search queries using physician names
and locations were performed to identify physician profiles that
were listed on hospital or academic but nonhospital-affiliated
practice websites. Information regarding practice setting and
fellowship training was collected from these websites. Aca-
demic practices were defined as employment associated with a
university health system, a medical school, or a residency

Fig. 1

Flowchart outlining the process of delineating the appropriate data. *Reference 15.
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program. For those who had participated in multiple fellow-
ships, data regarding the fellowship that was related to the
description of their current practice were collected. Self-
identified gender was also collected by using pronouns that
were listed on individual profiles (Fig. 1).

Statistics
Statistical analysis was performed by individuals with Master’s
level coursework in statistics using SPSS version 26 (IBM).
Descriptive statistics were used to analyze the prevalence of
different factors such as gender, subspecialty fellowship train-
ing, and practice setting. Care was taken to ensure that each
unique orthopaedic surgeon was only counted once in all of the
demographic descriptions, regardless of whether he or she was
reported as a top earner frommultiple companies or for multiple
years. During the analysis, compensation in each year was counted
as a separate entry to ensure that there was an accurate repre-
sentation of payments. Mean compensation andmean number of
payments were analyzed as a function of gender, subspecialty, and
practice setting using analysis of variance (ANOVA). Post hoc

testing was completed using the Tukey honestly significant dif-
ference (HSD) for significant results. P values that were <0.05
were considered significant.

Source of Funding
This research did not receive funding from public, private, or
nonprofit sources.

Results

Of the 1,250 possible physicians who were identified on the
CMS website, 1,025 met our identified inclusion criteria

as described above, and represented 347 unique orthopaedic
surgeons. Among these top-compensated orthopaedic sur-
geons, only 1 female orthopaedic surgeon was identified
(0.3%). Four of the 347 physicians received >20% of the total
earnings in this study population. The majority of physicians in
this study worked in private practice rather than an academic
setting (58% versus 42%; p = 0.76). While the mean com-
pensation was not different between academic and private
practice physicians, private practice physicians received more
individual payments (Table I).

All orthopaedic subspecialties were represented in the
data that were collected. The distribution of subspecialties
included spine (32.9%), adult reconstruction (27.9%), sports
medicine (14.5%), general (9.3%), foot and ankle (9.0%),
shoulder and elbow (5.6%), pediatrics (2.3%), trauma (2.3%),
hand (2.0%), and oncology (0.3%). A significant difference
based on specialty training was seen with the mean payment
amount (p = 0.05) and the mean number of payments (p <
0.001). Post hoc analysis revealed that sports medicine
fellowship-trained physicians received significantly higher mean
payment amounts compared with foot and ankle ($1,611,517
versus $478,228; p < 0.01) and spine ($1,611,517 versus
$749,623; p = 0.02) fellowship-trained physicians (Table II).
Foot and ankle physicians received significantly more frequent
payments compared with all other specialties (all p < 0.02)
(Table II).

TABLE I Payment Information Based on Practice Type

Academic
Practice

Private
Practice P Value

No. of surgeons* 396 521 0.76

Total compensation $410,817,999 $436,850,164

Mean compensation $1,037,419 $838,484 0.830

Total no. of
payments

15,626 23,268

Mean no. of
payments

39.5 44.7 <0.001†

*Physicians represented in multiple years were counted for every
appearance to show total compensation in academic and private
practice. †Significant.

TABLE II Payment Data Based on Subspecialty Training

Subspecialty No. of Surgeons* Total Compensation ($) Mean Compensation ($) Total No. of Payments
Mean No. of Payments

per Surgeon

Sports medicine 118 190,159,006 1,611,517 5,711 48

Adult reconstruction 260 269,614,540 1,036,979 14,040 54

General 76 71,862,484 945,559 1,870 25

Shoulder and elbow 40 31,921,000 798,025 1,900 48

Spine 308 230,883,884 749,623 8,378 27

Multiple fellowships 21 12,944,505 616,405 998 48

Foot and ankle 66 31,563,048 478,228 5,524 84

Hand 14 3,469,032 247,788 195 14

Pediatric 11 2,515,315 228,665 153 14

*Physicians represented in multiple years were counted for every appearance to show total compensation for each subspecialty.
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Additionally, payments from individual companies were
evaluated to discern any differences among companies. There
was a significant relationship between company and both mean
payment amount (p < 0.01) and frequency of payments (p <
0.01). Medtronic had higher mean payments compared with all
of the other companies. Wright Medical had significantly more
frequent payments compared with all of the other companies
except Stryker. NuVasive was the only company to have a
female payee among their top 25 highly compensated physi-
cians. Table III provides additional details regarding the indi-
vidual companies. Analysis of the types of payments showed
that royalty and licensing payments were the main mechanism
of payment among payees (Fig. 2; Table IV).

Discussion

Physician relationships with industry remain a controversial
topic in the media and the medical literature3,18. The CMS

database was created to make industry-related compensa-
tion to physicians publicly available, with the goal of mini-
mizing conflicts of interest and increasing transparency.
Analysis of the orthopaedic surgeons most highly compen-
sated by the largest orthopaedic manufacturers highlights
the differences in compensation based on gender and sub-
specialty training.

Over the past decade, there has been a large increase in
industry compensation overall, with orthopaedic surgeons
benefiting more than other medical specialties2. Specifically,
this increase seems to be related to a few high-earning ortho-
paedic surgeons rather than to all physicians within the spe-
cialty19. Consistent with the intent of the Sunshine Act to
increase transparency and reduce conflicts of interest, the CMS
Open Payments database provides granularity to understand
disparities among earners and drivers in the field of ortho-
paedic surgery.

Our analysis found substantial relationships regarding
total earnings within the subset of the top earners who were
included in the study. More than 20% of the total sum of

earnings was earned by just 4 physicians (each in different
subspecialties), encompassing >$180,000,000 over 5 years, for
an average of >$9,000,000 per physician per year. Focusing
specifically on the gross sum of reimbursement, it is evident
that earnings, even in the highest echelon of earners, are skewed
by a select few.

Additionally, of the 25 orthopaedic surgeons most highly
compensated by the 10 largest orthopaedic companies over a 5-
year period, only 1 female surgeon (0.3%) was identified out of
347 surgeons included. The 1 female orthopaedic surgeon had
spine fellowship training and worked in an academic practice.
She was a high earner in 3 of the years that were studied and
had an average of 21 individual payments per year and a total
payment of $681,783 per year. In comparison to the mean
amounts from the male top earners in this study, she received
21 fewer payments and $243,406 less in total payment. This
further supports the relationship between gender and

TABLE III Payment Data Based on 10 Largest Orthopaedic Companies

Company No. of Surgeons* Total Compensation ($) Mean Compensation ($) Total No. of Payments Mean No. of Payments

Medtronic 35 85,560,813 2,444,595 1,447 41.3

DePuy Synthes 117 191,875,886 1,639,965 1,547 13.2

Arthrex 114 167,887,140 1,472,694 6,387 56.0

Zimmer Biomet 106 106,621,932 1,005,867 4,309 40.7

Smith & Nephew 88 75,353,229 856,287 4,224 48.0

NuVasive 91 73,618,260 808,992 3,772 41.5

Stryker 125 100,488,525 803,908 8,528 68.2

Wright Medical 77 24,337,216 316,068 5,730 74.4

Globus Medical 96 15,622,696 162,736 2,065 21.5

Orthofix 68 6,302,568 92,685 809 11.9

*Physicians represented in multiple years were counted for every appearance to show total interaction with industry.

Fig. 2

Graph showing the distribution of types of payments received by the phy-

sicians who were included in this study.
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compensation as seen in a previous study that explored all
orthopaedic earners listed on the CMS Open Payments
database11.

According to the Association of American Medical Col-
leges (AAMC), in 2019, women outnumbered men in medical
school. Yet, this shift in demographics has not translated to
the surgical subspecialties12. Specifically, orthopaedic surgery
remains heavily dominated by men, with women representing
14% of the total number of orthopaedic surgery residents and
only 6.5% of members of the American Academy of Ortho-
paedic Surgeons (AAOS)20. This disparity is further carried into
industry compensation, with women representing <0.5% of
the top earners. This has been noted in other areas of medicine
with studies that have provided evidence that not only are
women compensated less, but they have received substantially
fewer consultant, royalty and licensing, ownership, and speaker
payments (although they received more in research payments
than men)21. Previous studies have suggested that industry
should take a greater role in addressing these differences by
increasing the engagement of women in “consultancies,
speaking engagements, and research.”21,22 It should be noted
that in recent years, there has been an increase (27.3% from
2005 to 2016) in female trainees in orthopaedics20. However,
these women are early in their careers, and most of the top
physician industry earners tend to be older and more estab-
lished. It remains to be seen if the increase in female repre-
sentation in the field of orthopaedics will translate to greater
involvement with industry.

No significant difference in total payment amount was
identified based on practice setting. It was noted, however, that
academic surgeons had similar total compensation despite
having fewer surgeons than the private practice setting. This
potential disparity may be related to research productivity in
academic versus private practice settings. We hypothesize that
physicians in an academic practice may have more exposure to
implant design, leading to increased payments related to
licensing and royalties. In addition, academic surgeons are
typically involved with educational pursuits that may predis-
pose them to participating in industry-sponsored innovation

and educational activities. Furthermore, academic surgeons are
often compensated less than their private practice counter-
parts, which may lead some to seek additional avenues of
income.

Additionally, differences in total cumulative payment
were noted based on subspecialty, especially among those who
specialize in sports medicine. This is likely due to the high level
of innovation in implant design and techniques as a result of
the ambulatory nature of this subspecialty when compared
with other subspecialties23. These opportunities lead to
increased avenues for industry-physician relationships and
subsequent payments. Additional research is needed to better
understand increased compensation within subspecialties.

Lastly, differences in payments were identified when
comparing individual companies (Table III). Specifically,
Medtronic had higher mean payments compared with all of the
other companies, while Wright Medical had significantly more
frequent payments compared with all of the other companies
except Stryker. Interestingly, Stryker, the company with the
most physician earners, did not lead in total compensation,
mean compensation, or mean number of payments. However, it
did lead in the total number of payments, suggesting a diluting
effect of payments among its numerous payees. Additional
studies are needed to evaluate the difference between the value of
numerous smaller payments to more people compared with
larger payments to a limited number of individuals.

This study is not without limitations. First, only the 10
largest companies were included. Additionally, with few self-
identified women in this study population, it is hard to make
conclusions regarding disparities in earnings in this gender
subset. The findings of this study suggest that there is an
ongoing disparity in reimbursement and payments to female
physicians compared with male physicians. Similar issues
were encountered when it came to subspecialities, particu-
larly with pediatrics and hand-trained physicians, who
were a minority in this study population. Top earners also
may have skewed the data since 4 high-earning physicians
received >20% of the total earnings. Additionally, we were
unable to obtain the ages of the physicians in this study and
acknowledge that the age distribution may have helped to
explain the gender disparity within this study’s population.
This study also relied on the accuracy of information that
was gathered from the CMS website, which could be a
potential limitation. Finally, there is a growing trend for
mixed academic and private practice office types in the field
of orthopaedics. We counted these hybrid groups as aca-
demic practices in this study, but they do blur the lines
between true academic and private practice settings, which
presents a limitation to the granularity of this comparison
for the few physicians who are in this category.

Conclusions
There exists a large disparity in gender among the top ortho-
paedic physician industry earners, with <1% being female.
Among the subspecialties, sports medicine had the highest
mean compensation from injury, while spine had the highest

TABLE IV Distribution of Types of Payments Earned by Payees

Type of Payment Mean ($) Maximum ($)

Royalty and licensing 862,826 30,167,003

Educational speaker 29,635 5,077,656

Consulting 23,005 348,000

Travel and lodging 5,797 57,560

Noneducational speaker 1,029 77,000

Food and beverage 990 43,607

Education 322 64,063

Grant 58 20,000

Gift 0 30

Entertainment 0 24
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mean compensation per physician. Additional studies are
warranted to evaluate the disparities between men and women
and encourage policies to promote gender equality. n
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