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Introduction: Assessing scholarly contributions in academic orthopaedic surgery remains challenging, despite the
importance of publication productivity in evaluating academic leaders. The Hirsch (h)-index and its derivative, the m-index,
offer objectivemeasures to compare and evaluate publication productivity. The primary aims of this study were to compare
h- and m-indices of department chairs and residency program directors of orthopaedic training programs in the United
States and assess the association between h-index and program rank.
Methods: A publicly available Doximity report was used to identify and rank orthopaedic surgery residency programs
in the United States. Internet-based searches of institution-specific websites were performed to confirm current
department chairs and residency program directors as of January 2024. H-index data were collected from a publicly
available database known as Scopus. The m-index was calculated as the quotient of h-index and years in practice.
Gender and years in practice were obtained through available biographies on institution-specific websites.
Results: Department chairs had significantly higher h- and m-indices at both the career and 5-year time intervals
compared with program directors. Upon subgroup analysis, department chairs and program directors at top-10 ranked
programs had significantly higher h- and m-indices compared with the entire population of department chairs and program
directors. Linear regression analyses demonstrated a direct linear association between department chair/program
director h- and m-indices and program rank.
Conclusions: Publication productivity was higher for department chairs than residency program directors. Orthopaedic
leaders at top-10 institutions had higher publication productivity compared with those at institutions outside of the top 10,
per Doximity rankings. Finally, there is substantial variation in publication productivity of orthopaedic surgeons in lead-
ership roles at academic institutions in the United States.
Clinical Relevance: This study highlights the publication productivity of orthopaedic surgery department chairs and
residency program directors and describes the linear association between publication productivity of academic ortho-
paedic leaders and program rank. This information can be utilized by those interested in learning more about the
publication productivity among academic orthopaedic surgeons across different institutions and can assist those who are
involved in the hiring and promotion process at these academic institutions.
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Introduction

The goal of academic departments and teaching programs is
threefold: to provide excellence in patient care, teach the next

generation of surgeons, and contribute impactful scientific research.
While clinical contributions can be assessed through metrics such
as relative value unit generation, case volume, complications, re-
admission rates, and number of clinic visits per year, objective
measurement of scholarly contributions is challenging.

The Hirsch (h)-index was developed as an objective formula
to track and compare publication productivity and scholarly con-
tributions1. The h-index not only considers an individual's quantity
of publications but also their influence through the number of
times each publication has been cited2. The h-index is calculated by
first ordering a researcher's publications by the number of citations
in descending order. The h-index is the number of publications,X,
for which an author has been cited at least X number of times1.
Table I presents an example of this calculation.

Because the h-index is highly dependent on how long an
individual has been performing research, the m-index was
created to help mitigate the impact of time. The m-index is the
ratio of h-index to the number of years since an author's first
publication1. Table I presents an example of this calculation.
The utility of m-index is apparent when comparing candidates
with varying career lengths, as an author's h-index inevitably
increases over time. The m-index accounts for and controls for
time, which allows comparisons between individuals irrespective
of their tenure in academic medicine.

Many fields of medicine use h- and m-indices as a com-
ponent of the hiring process and for promotional considerations
to assess a candidate's scholarly contributions3-5. Previous work
has explored the applicability of h-index in orthopaedic surgery
and demonstrated a positive correlation of h-index with in-
creasing academic rank and experience6-9. Ence et al. examined a
large number of orthopaedic surgeons at 142 academic institu-
tions, defining the threshold between a junior orthopaedic sur-
geon and one of more senior status to be h-indices of 12 and

m-indices of 0.57. While these studies demonstrate that h- and
m-indices may be meaningful metrics when evaluating publi-
cation productivity, to date, to the best of our knowledge, no
study has investigated the research output for academic ortho-
paedic leaders, specifically Departments Chairs and residency
program directors/Vice Chairs of Education. Furthermore, there
is a paucity of data that have investigated the influence of pub-
lication productivity on program prestige/rankings.

The primary aim of this study was to compare h- and m-
indices of department chairs and residency program directors
of orthopaedic training programs in the United States. Our
secondary aimwas to assess how h- andm-index metrics evolve
as program rank is taken into consideration.

Methods

Apublicly available Doximity report was used to identify and
rank 209 allopathic and osteopathic orthopaedic residency

programs in the United States. Doximity program rankings are
based on reputation surveys completed by physicians, resident
satisfaction surveys, and objective measures of alumni research
output. A study by Meade et al. showed that the Doximity
rankings among orthopaedic residency programs are associated
with the academic productivity of those programs10-12. Internet-
based searches of institution-specific websites were performed
to confirm current department chairs and residency program
directors as of January 2024.

The h-index, both career and prior 5-year metrics, for
orthopaedic department chairs and residency program direc-
tors was recorded from a publicly available database known as
Scopus. The m-index was calculated as the quotient of h-index
and years in practice. H-indices were reported as whole integer
numbers, while m-indices were reported as decimals. Gender
and years in practice were obtained through available biogra-
phies on institution-specific websites.

The Statistical Package for the Social Sciences version 29
was used for statistical analyses. A two-sample t-test was used
to compare independent means of research metrics. A x2 test
was performed to assess the association between gender and
occupying a department chair or program director position.
Finally, a linear regression analysis was performed to test for
associations between Doximity-reported ranking of ortho-
paedic surgery programs and publication productivity metrics
of both department chairs and residency program directors.

Results

One hundred fifty-one orthopaedic department chairs and
204 orthopaedic residency programdirectors were identified

on Scopus data collection of research metrics. Following exclu-
sions for missing data, the mean number of years in practice for
143 orthopaedic department chairs was 25 ±9 years and the mean
number of years in practice for 179 residency program direc-
tors was 17 ±9 years. There was a significant difference between
years in practice for department chairs and program directors
(p < 0.0001). Among orthopaedic department chairs, 142 of
151 (94%) were male and 9 of 151 (6%) were female. Among
residency program directors, 170 of 195 (87%) were male and

TABLE I Example of H-index and M-index Measurement of a
Researcher Who Has Been Publishing Research for
5 Years

Publications (N = 5) Cited

1 10

2 5

3 3

4 1

5 1

H-index
M-index (H-index/# of

Research Years)

3 0.6

Bolded text represents the h-index for this example researcher.
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25 of 195 (13%) were female. There was a significantly lower
female representation among department chairs compared with
residency program directors (p = 0.0335).

H-Index
H-index data were available for 149 orthopaedic department chairs
and 171 program directors through Scopus. The mean career
h-index was 26 ± 21, and the mean prior 5-year h-index was 7 ± 6
for department chairs. Themean career h-indexwas 11± 8, and the
mean prior 5-year h-index was 5 ± 4 for program directors. There
was a significant difference in not only career h-index but also prior
5-year h-index when comparing department chairs with program
directors, where chairs had greater h-index metrics (Table II).

M-Index
M-index datawere available for 141 orthopaedic department chairs
and 162 orthopaedic residency program directors through Scopus.
Themean career m-index was 1.1± 0.8, and themean prior 5-year
m-index was 1.4 ± 1.1 for department chairs. The mean career m-
index was 0.8 ± 0.6, and the mean prior 5-year m-index was 0.9 ±
0.8 for program directors. There was again a significant difference
in not only career m-index but also prior 5-year m-index when
comparing department chairs with program directors, with chairs
demonstrating greater m-index metrics (Table II).

Subgroup Analysis—Top 10 vs. All Chairs
For department chairs at top-10 ranked programs, the mean
number of years in practice was 28 ± 8 years, which was not
significantly different from the mean years in practice for all
department chairs in this study (25 ± 9 years). For top-10 de-
partment chairs, the mean career h-index was 57 ± 27 and the

mean prior 5-year h-index was 13 ± 5, both of which were sig-
nificantly greater than the mean career h-index (26 ± 21) and
prior 5-year h-index (7 ± 6) for all department chairs in this study
(total h-index: p < 0.0001|prior 5-year h-index: p = 0.0031). The
mean career m-index was 2.1± 0.9, and themean prior 5-yearm-
index was 2.5 ± 1.1, both of which were also significantly greater
than the mean career m-index (1.1 ± 0.8) and prior 5-year m-
index (1.4 ± 1.1) for all department chairs in this study (total m-
index: p < 0.0001|prior 5-year m-index: p = 0.0036).

Subgroup Analysis—Top 10 vs. All Program Directors
For program departments at top-10 ranked programs, the
mean number of years in practice was 16 ± 10 years, which was
not significantly different from themean years in practice for all
program directors (17 ± 9 years). For top-10 program direc-
tors, the mean career h-index was 20 ± 17 and the mean prior
5-year h-index was 9 ± 6, both of which were significantly
greater than the mean career h-index (11 ± 8) and prior 5-year
h-index (5 ± 4) for all program directors in this study (total h-
index: p = 0.0021|prior 5-year h-index: p = 0.0006). The mean
career m-index was 1.5 ± 1, and the mean prior 5-year m-index
was 1.8 ± 1.3, both of which were also significantly greater than
the mean career m-index (0.8 ± 0.6) and prior 5-year m-index
(0.9 ± 0.8) for all program directors in this study (total m-
index: p = 0.0028|prior 5-year m-index: p = 0.0006). Data from
our subgroup analyses are summarized in Tables III and IV.

Regression Analyses
Linear regression analyses were used to assess the association
between h- and m-index metrics among orthopaedic department
chairs and residency program directors, with respective program

TABLE II Total and 5-year H- and M-indices of Orthopaedic Department Chairs and Residency Program Directors

Department Chairs (All) Program Directors (All) T-tests p-value

H-index Total 26 ± 21 (N = 149) 11 ± 8 (N = 174) 8.6286 <0.0001

5-year 7 ± 6 (N = 149) 5 ± 4 (N = 174) 4.6121 <0.0001

M-index Total 1.1 ± 0.8 (N = 141) 0.8 ± 0.6 (N = 162) 10.3716 <0.0001

5-year 1.4 ± 1.1 (N = 147) 0.9 ± 0.8 (N = 174) 4.7558 <0.0001

Bolded results are significant at the 5% level of significance.

TABLE III Total and 5-year H- and M-indices of Orthopaedic Department Chairs at Top 10 Programs by Doximity

Department Chairs (All) Department Chairs (Top 10) T-test (Top 10 vs. All)

Years in Practice 25 ± 9 (N = 143) 28 ± 8 (N = 10) p = 0.2895

H-index Total 26 ± 21 (N = 149) 57 ± 27 (N = 10) p < 0.0001

H-index 5-year 7 ± 6 (N = 149) 13 ± 5 (N = 10) p = 0.0031

M-index Total 1.1 ± 0.8 (N = 141) 2.1 ± 0.9 (N = 10) p < 0.0001

M-index 5-year 1.4 ± 1.1 (N = 147) 2.5 ± 1.1 (N = 10) p = 0.0036

Bolded results are significant at the 5% level of significance.
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ranking plotted on the x-axis and productivity metrics plotted on
the y-axis. Therewas an observed linear relationship for both h- and
m-indices among both department chairs and program directors as
program reputation and rank, as reported by Doximity, improved.
These data are graphically depicted in Figures 1 through 4.

Discussion

H- and m-indices have widely been accepted as an objective
representation of a researcher's impact and scholarly con-

tribution and used in multiple disciplines of medicine1,13. These
metrics have recently been demonstrated to be useful in objec-
tively comparing candidates for academic promotions and re-
cruitment14. This investigation sought to report the h- and
m-indices for academic orthopaedic leaders as well as report on
any observed associations of publication productivity with insti-
tution ranking. For the purposes of this study, we utilized Dox-
imity ranking as a proxy of institutional reputation or program
prestige.

We found that department chairs overall had higher h- and
m-indices when comparedwith residency programdirectors. This

may be explained by the generalization that most department
chairs are full professors and occupy a position that can be viewed
as more influential and may afford more connections and op-
portunities to make scholarly impacts through research. To test
for associations between Doximity-reported program rank and
publication productivity, we performed subgroup analyses of
department chairs and residency program directors at top-10
institutions. For department chairs at top-10 institutions, h- and
m-index scores, both total and prior 5-year, were significantly
greater compared with all department chairs. For residency pro-
gram directors, there were also greater h- and m-index scores,
both total and prior 5-year, among top-10 institutions as com-
pared with all residency program directors. Based on these results,
it can be inferred that orthopaedic surgeons in leadership posi-
tions at higher ranked institutions have a greater number of
publications and scholarly influence as compared with those at
lower ranked institutions. These initial findings coincide with the
fact that publication output influences Doximity rankings and is
not surprising to see that the program leadership in top-10
institutions has more publication productivity compared with

Fig. 1

Regression analysis for orthopaedic department chair total and prior 5-year Scopus h-index by Doximity rankings.

TABLE IV Total and 5-Year H- and M-indices of Orthopaedic Residency Program Directors at Top 10 Programs by Doximity

Program Directors (All) Program Directors (Top 10) T-test (Top 10 vs. All)

Years in Practice 17 ± 9 (N = 179) 16 ± 10 (N = 10) p = 0.8401

H-index Total 11 ± 8 (N = 174) 20 ± 17 (N = 10) p = 0.0021

H-index 5-year 5 ± 4 (N = 174) 9 ± 6 (N = 10) p = 0.0006

M-index Total 0.8 ± 0.6 (N = 162) 1.5 ± 1 (N = 10) p = 0.0028

M-index 5-year 0.9 ± 0.8 (N = 174) 1.8 ± 1.3 (N = 10) p = 0.0006

Bolded results are significant at the 5% level of significance.
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that outside of the top-10. To further investigate and expand on
our findings, linear regression analyses were utilized. There were
significant linear associations between all researchmetrics (h- and
m-indices; total and prior 5-year) and Doximity program rank.
The linear regression models demonstrated stronger associations
between publication productivity and program ranking for de-
partment chairs than for residency program directors. This may
indicate that the publication productivity of department chairs at
higher ranking institutions is of greater magnitude of importance
or weight than for residency program directors. However, it is

important to remember that Doximity rankings are multifactorial
in nature and, in addition to research output, also involve survey
responses assessing the reputation of the program from board-
certified physicians in the corresponding specialty, current resi-
dents, and recent alumni. The subjectivity of the rankings is a
potential confounder, especially if more academically inclined
programs influence the way their residents and alumni respond to
these surveys.

Although our study provides important insight into evalu-
ating and comparing contemporaries within the field of

Fig. 2

Regression analysis for orthopaedic department chair total and prior 5-year Scopus m-index by Doximity rankings.

Fig. 3

Regression analysis for orthopaedic program directors total and prior 5-year Scopus h-index by Doximity rankings.
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orthopaedic surgery, there are important limitations with the
indices to note. A major intrinsic limitation of the h-index is the
inability to differentiate the authorship position of a researcher for
an article, so the amount of research impact or contribution to the
article is not clearly delineated. In addition, the h-index fails to
account for hyperauthorship, which is when all members of a
consortium are listed as authors on scientific contributions skew-
ing impact analyses. Although this is not commonly observed
within orthopaedic surgery, it can still occur15. Next, more well-
established and known authors tend to be cited repeatedly in the
literature as compared with those who are not as well known. This
inevitably skews the research metrics discussed. Furthermore, the
basis of citation is not necessarily always associated with a positive
connotation. Often, articles are cited with disapproval, which is not
obviously discernible with the h- or m-index score. Finally, self-
citation is not currently controllable in the h- or m-index calcu-
lation, which may lead to some inflation bias.

While there are general trends in publication productivity
such as higher metrics for department chairs than residency pro-
gram directors, there is great variation in publication productivity of
orthopaedic surgeons in leadership roles at academic institutions in
the United States. In addition, our study demonstrates that there
may be a correlation between publication productivity and reputa-
tion/perceived prestige of academic departments. While research is
valued in hiring and advancement, there are likely other factors also
driving these decisions. For example, years in practice likely holds a
great deal of value, as supported by the demographics data collected

in this study that shows many of the orthopaedic surgeons in
leadership positions are in their second or third decade of practice.
At many training programs, publication productivity is often
considered a prerequisite for academic promotion and consider-
ation for executive leadership positions. The h-index andm-index
allow for tracking and comparing publication productivity and
scholarly contributions between individuals for the purpose of
advancement and recruitment. However, other factors such as
teaching experience, leadership qualities, emotional intelligence,
and interpersonal skills are also critical factors to consider. These
other factors may ultimately prove to be more important and
impactful for predicting successful senior leaders in our field. n
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