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Introduction: Contribution toward clinical research is paramount to the education of physician trainees and is required
by the Accreditation Council for Graduate Medical Education. From 1987 through 2015, our single institution orthopaedic
surgery residency research experience included 2 dedicated research rotations. Because few resident projects were
pursued to completion, feedback was used to restructure the curriculum, including the appointment of 2 clinical ortho-
paedic faculty to serve as codirectors, development of a revised curriculum, use of research teams, and a centralized
research database. Our group previously displayed increased resident productivity within 2 years after the 2015 im-
plementation. The aim of this study was to investigate the impact of orthopaedic residency curricular changes on scholarly
activity of orthopaedic teaching faculty.
Methods: The curriculum vitae (CVs) of a single institution's orthopaedic teaching faculty were collected and retrospectively
reviewed from 2014 through 2018 to determine academic productivity of clinical faculty. Indicators of academic productivity
included peer-reviewed publications (including journal impact factors) and podium or poster presentations.
Results: Twenty-three of 27 faculty members responded to our request for CVs. One hundred three CVs were reviewed on
23 faculty. All academic indicators increased over 5 years. Multivariate analysis of variance (MANOVA) using a multi-
variate repeated measures analysis was completed. A sphericity x2 test was violated for all measures, precluding us from
using unadjusted univariate analysis. Univariate MANOVA with repeated measures displays significance regarding impact
factor (f < 0.02, p < 0.05) and journal publications (f < 0.004, p < 0.05). Subsequent multivariate analysis shows similar
results regarding impact factor (f < 0.0008), journal publications (0.0005), and poster presentations (f < 0.016).
Conclusions: Improved structure of an established resident research rotation combined with enhanced faculty men-
torship resulted in a significant increase in academic productivity for clinical teaching faculty of the department of
orthopaedic surgery. This increase parallels that seen in orthopaedic resident research productivity; indicating a positive
impact on teaching faculty scholarly activity.
Level of Evidence: III.
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A
cademic productivity and research contribution are
integral components of residency education1-3. Partici-
pation in scholarly activity is a core requirement of all

residency programs accredited by the Accreditation Coun-
cil for Graduate Medical Education (ACGME)1,2 and the
ACGME stipulates, “the sponsoring institution and pro-
gram should allocate adequate educational resources to
facilitate resident involvement in research.” These accredita-
tion requirements highlight the importance of training
orthopaedic surgeons to possess a fundamental understand-
ing of the scientific method to critically evaluate basic science
discoveries and translate them into clinical practice6,7. How-
ever, the ACGME does not specifically define the scholarly
expectation of residents at graduation nor does it define
“adequate educational resources.” As such, significant varia-
bility exists among residency programs regarding resource
allocation, time, structure, expectation, and resident scholarly
activity. Orthopaedic surgery residency programs' individual
research requirements range from an additional year of
dedicated research to little or no dedicated research time3.
Regardless, the research experience during residency should
not only be structured to fulfill accreditation requirements
but should also focus on fostering critical thinking skills and
intellectual curiosity of residents9.

From 1987 through 2014, a single institution orthopaedic
surgery residency research experience included 2 dedicated research
rotations of 6 to 7 weeks duration, for a total of 3 months over 5
years. Despite this allocated research time, a minority of resident
projects were completed to academic presentation or publication,
contradicting data displaying that dedicated research time is corre-
lated with increased research output10. In 2015, resident feedback
and literature review were used to restructure the research curric-
ulum with a goal of increasing academic productivity among
graduating trainees11-14. This restructuring included the appointment
of 2 clinical orthopaedic faculty to serve as codirectors of the rota-
tion, implementation of strict rules regarding protected time, revised
rotation curricula, use of multilevel resident research teams,
bimonthlymeetings, and creation of a centralized accessible research
database.

Analysis of the curriculum vitae (CVs) of the graduating
residents from 2015 to 2018 demonstrated a significant increase in
all indicators of academic productivity within 2 years of im-
plementation4,5. Although it is understood that these changes
improved resident research productivity, the concomitant impact
of this program on the productivity of clinical orthopaedic faculty
is undetermined and may

provide an unanticipated benefit of this curriculum modi-
fication. The aim of this study was to investigate the impact
of implementation of a restructured orthopaedic residency re-
search curriculum on faculty academic productivity with a goal of
providing a model for other programs to use for the purpose of
enriching institutional research efficiency and caliber.

Methods

The CVs of all full-time orthopaedic teaching faculty at
a single institution were collected and retrospectively

reviewed from the start of 2014 through the end of 2018 to
determine the number of indicators of academic productiv-
ity. These full-time faculty were core faculty for an ACGME-
accredited orthopaedic surgery residency program of 7
residents per year. Of 27 full-time faculty members, 23 re-
sponded to our request for CVs with an 85% response rate.
CVs were requested up to 10 times via email through the
department of orthopaedic surgery. CVs were included per
year of faculty status. Parameters of academic productivity
were defined as peer-reviewed publications, impact factor as
an annual sum, podium presentations, and poster presenta-
tions. There was no change in faculty research resources, and
no specific incentives were put in place to encourage faculty
research productivity over the study period. The faculty group
had a minimal turnover during the study period. One professor
retired in 2018, one associate professor left the institution 2017,
and 2 assistant professors were on boarded in 2018.

Source of Funding

No funding external to the department was sought out or
required for the completion of this study. No funding

source played any role in this investigation.

Statistics

JMP 14 software (SAS Institute) was used for statistical
analysis. One CV is defined as all events reported in 1 year to

allow for standardization across data points. All CVs were re-
corded into a data matrix. Data points were categorized both by
year and faculty member. To evaluate the effect of the research
rotation on research productivity over yearly intervals, a
repeated measures analysis of variance was completed. Sphe-
ricity was calculated for all measures of academic productivity,
and the appropriate correction was applied to all sphericity

Fig. 1

Graph depicting the mean impact factor sum per faculty member by year.

One hundred three curriculum vitae were reviewed on 23 faculty members.

A notable and statistically significant increase was observed across this

academic parameter over 5 years. X-axis designates the year, and Y-axis

designates impact factor as an annual sum.
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violations as determined byMuller and Barton6,7. The results were
statistically significant when the p value was less than <0.05.

Results

One hundred three CVs were reviewed on 23 faculty mem-
bers. A notable steady increase was observed in all academic

parameters over 5 years, with the exception of podium presen-
tations, that reached a peak in 2016 (Table I, Figures 1–4).
Sphericity was violated for all measures, and the Greenhouse-
Geisser correction was applied. There was a significant effect of
time after introduction of the research rotation on faculty sum-
mative impact factor (F(2.4, 31.5) = 3.67, p = 0.03) and journal
publications (F(2.5,32.7) = 5.68, p = 0.005).

Discussion

This 5-year single institution analysis displayed an increase
in all measured indicators of faculty productivity after the

restructuring of an orthopaedic surgery residency program
research rotation. An increase in peer-reviewed journal publi-
cations, journal impact factor, and poster and podium pre-
sentations occurred over the study period, indicating an
improvement in both qualitative and quantitative indicators of
productivity. No variables significantly decreased over the
investigated time period. Podium presentations, peer-reviewed
publications, and impact factor rose steadily throughout the
study period, although poster presentations peaking in 2016.
The lack of increase in poster presentation after 2016, with
ongoing, parallel increase in podium and peer-reviewed pub-
lications, could indicate an increase in the quality of the
research. Because most meetings offer podium or poster invites
for abstracts, with podium reserved for the highest quality
abstracts, podium and poster presentations could under-
standably have an inverse relationship.

Our group has previously reported that the restructuring
of an established resident research rotation significantly
increased the research productivity of graduating orthopaedic
surgery residents4,5. The changes included the formation of
trainee research teams, improved rotation structure and indi-
vidual accountability, and enhanced research mentorship.
Although an increase in resident research was the goal and the
anticipated outcome from these curricular changes, the parallel
increase in faculty academic productivity was unexpected.
Certainly, the increased number of resident projects co-
authored with teaching faculty over the study time period
indicates that the research curriculum changes likely influ-
enced the parallel rise in faculty academic productivity.

Resident research teams successfully increased resident
engagement, coauthorship with trainees, and coauthorship with
core faculty. As these research teams were built with trainees, not
faculty, we do not believe that the rise in faculty productivity is
explained by increased faculty coauthorship on projects. Fur-
thermore, the increase in original, peer-reviewed publications
and the rise in impact factor both indicate an increase in both the
quality and quantity of faculty academic productivity. Although
difficult to measure, we hypothesize that the success of the
research restructuring is also attributable to the positive change
in academic culture and renewed energy surrounding resident
research restructuring.

Although protected time for resident research already existed
before the aforementioned modifications, the structure of and
mentorship during the rotation transformed dramatically after
implementation. Konstantakos et al. previously reported that after
the establishment of structured research teams, the academic pro-
ductivity of orthopaedic residents increased, although their impact
on faculty productivity was not mentioned8. The research team
approach was successful in our program for several reasons.

Fig. 2

Graph depicting the mean number of podiums per faculty member by year.

One hundred three curriculum vitae were reviewed on 23 faculty members.

A notable increase was observed across this academic parameter,

reaching a peak in 2016. X-axis designates the year, and Y-axis designates

the number of podium presentations by year.

Fig. 3

Graph depicting the mean number of posters per faculty member by year.

One hundred three curriculum vitae were reviewed on 23 faculty members.

A notable increase was observed across this academic parameter over 5

years. X-axis designates the year, and Y-axis designates the number of

posters by year.
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Consisting of residents at multiple postgraduate levels, these
research teams were optimized to allow projects to move forward
steadily and ameliorated the likelihood that projects would be seen
to completion after chief resident graduation. Furthermore, the
strict enforcement of dedicated research meetings ensured the
accessibility of the codirectors to assist with project progress on a
predictable, regular basis. Attendance at regular meetings and
clearly communicated expectations also increase resident
accountability for their respective projects and probably contributes
to boosted faculty engagement by extension.

The time demands of faculty members' multiple responsi-
bilities are often cited as the primary deterrent to perform research,
leading to a lack of potential research mentors for residents1,9-11.
The modern academic physician has 3 main responsibilities:
delivering high-quality patient care, providing comprehensive
resident and student education, and contributing to scholarship.
The current financial climate presents these as competing forces
with administrative pressure to generate more clinical revenue,
increased regulatory requirements to spend time supervising res-
idents, and decreased funding to pursue research endeavors12. As a

result, academic physicians are placed in a difficult situation with
seemingly little incentive and often few resources to engage in
meaningful mentoring or research with residents.

At the same time, although academic institutions stress
the importance of education and patient care, they operate in a
competitive environment where prestige and access to funding
is based on research productivity13. Similarly, the consideration
for academic appointment, promotion, and tenure of faculty
members is predominantly measured by research productivity
and scholarly reputation13-15. The observed increase in scholarly
achievement of our orthopaedic faculty, particularly the sig-
nificant rise in impact factor and peer-reviewed publications,
may have a positive impact on faculty promotion and institu-
tional funding16,17. Increasing the quantity and quality of peer-
reviewed publications in higher impact journals bolsters the
reputation of the department and institution as a whole, paving
the way for additional research funding16. Protected research
time for residents allows faculty to serve as invaluable mentors
to residents having a profound impact on resident satisfaction,
personal development, career guidance, and research produc-
tivity13,15,18-21. Most importantly, the increase in scholarly pro-
ductivity and discovery will advance the field of orthopaedics
and improve the care of patients22.

This study has limitations. Because matching into ortho-
paedic residency has become increasingly more competitive, it may
be surmised that orthopaedic residents of more recent classes had
more experience and interest in pursuing research than in previous
years; however, we performed demographics in this study to control
for this potential confounder and address the possibility of this
limitation1,9,23-25. To additionally address this limitation, one may
compare our analysis of academic indicators of both coresidents
and faculty from our program4,5. As demographic analysis of the
resident groups did not change over the years regarding United
States Medical Licensing Exam Step 1 or Alpha Omega Alpha
status, we do not believe there was a significant shift in the resident
candidates. Faculty turnover could likewise impact faculty pro-
ductivity, but we observed minimal faculty transitions over the
study time period. With only 3 years of postntervention data, it is
unclear whether these changes are sustainable and ongoing study is
underway to study the long-term impact of this educational
intervention. This is of particular concern because the codirectors of
the research rotation receive no incentive, specific support, or
protected time for this time-consuming responsibility. Finally, this
was a single institution study and may not be applicable to all
orthopaedic residency programs because of the high variability of
program structure, size, and resources.

Conclusion

Increased mentorship and improved structuring of an estab-
lished orthopaedic surgery resident research rotation has re-

sulted in a significant increase in academic productivity for the
teaching faculty of the department at our teaching hospital. This
increase parallels the expansion seen in orthopaedic resident
productivity over the same time period, indicating that this res-
idency program curricular advancement has positively im-
pacted faculty academic development and overall research

Fig. 4

Graph depicting the mean number of publications per faculty member by

year. One hundred three curriculum vitae were reviewed on 23 faculty

members. A notable and statistically significant increase was observed

across this academic parameter over 5 years. X-axis designates the year,

and Y-axis designates the number of publications by year.

TABLE I Mean Publication Type Per Faculty Member By Year*

Publication Type 2014 2015 2016 2017 2018 p Value

Impact factor 2.36 5.18 3.70 7.08 6.91 0.030†

Publications 1.36 3.11 2.30 4.33 3.71 0.005†

Podiums 0.43 0.67 1.45 0.57 0.90 0.152

Posters 1.14 1.11 2.00 1.90 2.52 0.215

*n = 103 curriculum vitae; 23 faculty members. †Denotes p <
0.05.
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productivity of the department. Ideas for restructure and
relevant findings from this study may be applied to various
orthopaedics programs with a goal of enhancing institu-
tional research output. n
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