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In an era of increased financial constraints, academic

programs are continuously challenged to improve the effi-

ciency by which they deliver high-quality clinical care

while also maintaining an educational mission and contri-

butions to research [1]. As a result, department chairs,

financial administrators, and other medical center leader-

ship are pressured to increasingly scrutinize the contribu-

tions of their faculty to the components of the academic

mission [1]. Although clinical productivity and participa-

tion in educational endeavors are fairly intuitive, effectively

measuring academic productivity in an equitable way

remains difficult [1,2]. This derives in part from the fact

that no standardized measure exists to benchmark faculty

productivity, or compare performance across members of a

division, department or different institutions [1−6].
Historically, within the field of orthopedic surgery, defer-

ence has been given to the sheer volume of papers published

by a faculty member [3−5]. Over the last decade, other

measures that incorporate both prolificity and impact (such

as the Hirsch Index [h-index] [7]) have gained popularity

[2,3,6]. Both estimates, however, have substantial limita-

tions. For example, an unadjusted assessment of papers pub-

lished in the literature does not account for recent
productivity and the commonly held maxim that two pub-

lished first, or senior, author papers represents adequate

research output may be outdated caused by advances in com-

puting and the large-scale availability of clinical registries

and claims data in recent years [2−5]. The h-index is biased

in favor of established researchers (eg, scholars who have

been publishing high volumes of literature for longer periods

of time) and continues to increase whether a scholar is

actively contributing to the literature [2,6]. Women and

under-represented minorities in medicine may also be

adversely affected by assessments restricted to the h-index

alone. Given the increased number of outlets for publishing

and availability of published manuscripts through electronic

platforms, h-indices may also be rising at an unprecedented

rate, such that what was previously viewed as an impressive

h-index must be adjusted in light of inflation. There is also

no standardized benchmark as to what constitutes a sufficient

number of published manuscripts or a suitably high h-index

[1−7]. Furthermore, many of these determinations are influ-

enced by the researcher’s field and the type of studies typi-

cally performed (eg, basic science research vs. prospective

clinical trials vs. retrospective study) [7].

Similar challenges in terms of standardized assessments of

productivity and contribution to a group effort are present in

other fields, including professional sports. In that arena, saber-

metrics have been developed to communicate the magnitude

of an individual’s standardized performance—especially in

professional baseball [8]. One such measure is theWins Above

Replacement, which is reported to be the number of additional

wins a team would anticipate if substituting a given player

for a generic replacement [8]. In this paper, we describe a
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corollary for academic productivity, termed Productivity

Above Replacement (PAR). This measure takes into account

recent paper production, as a measure of current contribution

to the literature, as well as the h-index which accounts for

prominence in the academic community, prior publication

record, and impact of the research portfolio as a whole.

Here, we describe the rationale behind the PAR measure,

its application and present an example of its performance in

a group of orthopedic faculty from seven academic medical

centers. This is the first publication we are aware of to

attempt to standardize the evaluation of academic produc-

tivity as a component of orthopedic practice, or apply

sabermetrics to the study of academic performance.
Development of a proof of concept

Description and calculation of the PAR

The PAR takes into account an individual’s recent publi-

cation record as well as their h-index and how these meas-

ures compare to peers in the field. A weighted sum of the

difference between recent publishing productivity, h-index

and the population medians are used to determine the PAR

via the following formula:

PAR ¼ 3� year publicationsindiv�3� year publicationsmedð Þ 0:7ð Þ½ �
þ h� indexindiv�h� indexmedð Þ 0:3ð Þ½ �

Indiv and med represent the value for the individual and

the population median, respectively. Individual publications

are limited to first or senior author contributions to the litera-

ture in the preceding three calendar years. This restriction is

in line with the stance of granting organizations and univer-

sity promotion committees that generally consider these two

author positions to be those which can claim ownership of

the scholarly product [2]. Population medians are used in

place of means to limit the potential for extreme outliers (eg,

a small number of highly prolific and influential faculty) to

skew the average estimate. The D3-year publication is

weighted by 70% as the measure is intended to emphasize

current productivity over established reputation. The 30%

weight of the Dh-index accounts for the importance of prior

achievements, standing in the field, and expertise.

The resultant PAR is thus a composite measure that

encapsulates the aspects of both recent research productiv-

ity and the h-index. The score is standardized such that a

PAR of 0 represents performance at the group median. For

a score of zero, theoretical substitution with a generic

replacement would result in no change in research produc-

tivity. Negative scores indicate that the individual is per-

forming below the group median and positive scores

indicate superior performance. There is no predetermined

upper or lower limit for the PAR, as values are reflective of

the average performance in the population compared

against an individual’s own academic productivity.

Each 1.0 point change in PAR is reflective of a standard-

ized change of one in both the number of 3-year publications
and the h-index. As an example of how the weighting enables

a balanced assessment, an industrious junior clinician scholar

with 10 publications above the median in the last three years,

but an h-index only three points above the median, would

have a PAR of 7.9. This PAR would approximate that of a

more established faculty member with an h-index 19 points

above the median, who published three papers over the popu-

lation median in the same time frame (PAR=7.8).

Evaluation of the PAR in a cohort of academic orthopedic

faculty

We obtained data on 3-year publications and h-index for

listed faculty in the divisions of joint arthroplasty and spine

surgery at seven academic medical centers (University of

Southern California, Mayo Clinic, Washington University

in St. Louis, Harvard Medical School [faculty practicing at

Brigham and Women’s Hospital and Massachusetts

General Hospital only], Rush Medical College, Thomas

Jefferson University (Rothman Institute) and the University

of Pennsylvania). These institutions were selected in part

based on a recent publication listing them as among the top

performing academic centers in the field [9], as we wanted

to ensure robust variation in research productivity and

h-indices across junior and senior faculty to demonstrate

the performance of the PAR metric.

Faculty members at each institution were obtained from

listings with the North American Spine Society Fellowship

Directory [10] for spine faculty and the American Academy

of Orthopaedic Surgeons Post Graduate Fellowships Direc-

tory [11] for joint arthroplasty, as well as through a search

of program websites. Part-time faculty or clinical adjunct

faculty were not included. H-index and the number of first

or senior author publications in calendar years 2016 to

2018 were obtained through Scopus for each faculty mem-

ber identified [12].

STATA v15.0 (STATA Corp., College Station, TX,

USA) was used to determine the population medians and

calculate the PAR. The performance of the measure was

evaluated by assessing the distribution, including mean and

median PAR, range and 95% CI, across the entire popula-

tion, as well as within each institution. Normality was deter-

mined using skew and kurtosis. The PAR performance was

assessed across all faculty members without respect to insti-

tution, but results are summarized at the institutional level to

preserve privacy. Data collection was completed on March

4, 2019. This effort did not require institutional review board

approval as it relies on publicly available information.

Demonstration of the proof of concept

PAR scores were determined for 92 faculty members

across seven institutions (Table 1). Forty-nine (53%) fac-

ulty members were members of their department’s spine

division. The median number of 3-year publications was

nine (interquartile range [IQR 3, 18.5]), with a mean of

12.2 (SD 12.4) and a range of 0 to 78. The median h-index



Table 1

Average 3-year publications and h-index of the clinician-researchers used to demonstrate the performance of the Productivity Above Replacement (PAR)

metric, by institution

Institution

Number of

clinician-researchers Publications (range) h-index (range)

University of Southern California 11 8.55 (0−24) 27.09 (2−64)
Mayo Clinic 16 13.06 (2-30) 31.44 (4-66)

Washington University in St. Louis 13 11.46 (3−24) 33.46 (11−91)
Harvard Medical School 19 11.68 (0−35) 21.89 (2−47)
Rush Medical College 12 10.00 (0−42) 41.17 (8−83)
Thomas Jefferson University 13 21.15 (2−78) 38.00 (13−81)
University of Pennsylvania 8 7.00 (0−21) 15.25 (0−24)
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was 24.5 (IQR 14.5, 44), with a mean of 30.0 (SD 21.2) and

a range of 0 to 91. At the institutional level, mean 3-year

publications ranged from 7.0 to 21.15 and mean h-index

from 15.25 to 38.0.

Among spine faculty, median number of 3-year publica-

tions was 9 (interquartile range [IQR 3, 14]), with a mean of

11.8 (SD 13.7) and a range of 0 to 78. The median h-index

was 25 (IQR 15, 37), with a mean of 28.8 (SD 21.1) and a

range of 2 to 91.

In the population as a whole, the resulting PARs ranged

from ¡13.65 to 63.75, with a mean PAR of 4.2 (SD 12.6)

and a median of 3.5 (IQR ¡5.7, 12). The scores approxi-

mated a normal distribution (Figure) with a skew of 1.4 and

a kurtosis of 7.1. When limited to spine faculty, PARs

ranged from ¡12.45 to 63.75, with a mean PAR of 3.7 (SD

13.0) and a median of 2.6 (IQR ¡5.5, 11.65).

The average PAR varied substantially across institu-

tions, however, all had overlapping 95% CIs and publica-

tion ranges (Table 2). All institutional 95% CIs and

publication ranges included the population point estimates

for the mean and median PAR.

Assessment of the PAR and its utility

Here we have presented how to calculate the PAR and

demonstrated the score’s performance in a cohort of
Figure. Distribution of the PAR among 92 faculty members at the seven

academic institutions considered in this analysis.
academic orthopedic faculty from different medical centers.

The PAR is relatively intuitive and represents an effective

way to standardize comparisons of academic productivity

across faculty members within a department, institution, or

healthcare organization. Furthermore, in the example pre-

sented here, the score maintained a relatively normal distri-

bution with a mean and median close to each other and the

null. The score also did not fundamentally disadvantage, or

favor, any particular institution with the range and 95% CI

of scores at the various academic centers all overlapping.

We believe that the PAR is likely to perform equally well

in any healthcare setting where the expectations, motivating

factors, and emphasis on research productivity are similar

to the institutions [9] included in our study example.

The PAR incorporates aspects of recent publishing activ-

ity and h-index and, thus is reflective of both current

research productivity as well as the impact of an individu-

al’s research portfolio, past productivity, and standing in

the research community. We believe that the PAR is

uniquely advantaged over historical measures of academic

productivity, such as raw number of publications or h-index

as a stand-alone measure. An individual’s total publication

count may be more reflective of past activity than recent

contributions [1−6]. Unadjusted consideration of publica-

tions, without deference to direct contribution to the work

(as is usually conveyed by position in the author order),

may also artificially inflate the sense of an individual’s

presence in the literature [2]. Faculty members who are

early in their career, by definition, will not be able to have a

high h-index which only rises through increased publica-

tions in the literature that also garner sufficient number of

citations [6,7]. Often, the number of citations a particular

paper may attain is beyond the control of the first or senior

author. By incorporating a weighted component of both

recent productivity and the h-index, the PAR balances

many of these concerns, although limiting consideration to

first or senior authors ensures that the work is attributed to

the individuals making the most robust contributions to the

research effort. Faculty members are also not anticipated,

or expected, to maintain the same levels of productivity at

all times over the course of a career. The PAR accounts

for this fact, but in a way that still provides equity to junior

faculty or less established researchers.



Table 2

Average Productivity Above Replacement (PAR) metrics with 95% confidence interval (CI), by institution

Institution PAR 95% CI Range

University of Southern California 2.58 ¡5.34, 10.49 ¡12.45, 22.35

Mayo Clinic 4.93 0.05, 9.80 ¡8.35, 22.95

Washington University in St. Louis 4.41 ¡1.42, 10.25 ¡6.15, 20.25

Harvard Medical School 1.10 ¡4.25, 6.44 ¡13.05, 19.85

Rush Medical College 5.7 ¡3.11, 14.51 ¡11.25, 26.15

Thomas Jefferson University 12.56 1.17, 23.95 ¡8.35, 63.75

University of Pennsylvania ¡4.2 ¡10.03, 1.68 ¡13.65, 7.65
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PAR values are predicated on the overall performance of

the community used to develop the median scores. In pro-

fessional sports, productivity measures are widely available

and updated almost daily for all players [8]. More effort is

required to determine productivity scores for orthopedic

faculty [2−6]. The example presented here, by intention,

used faculty members from high performing institutions

where academic productivity was known to be robust [9]

and variation in publication numbers and h-indices were

anticipated to be present across scholars. The median val-

ues for 3-year publications and h-index may be higher for

the population considered here when compared with other

contexts. For example, Bastian et al. reported that the aver-

age h-index for professors of orthopedic surgery across the

country was 15.1 and 17.8 for department chairs [6]. Ence et

al. estimated that the median h-index for academic orthopedic

faculty as a whole was 5 (IQR 1, 12) [4]. In a study limited to

spine fellowship faculty in academic and private practice

environments, Schoenfeld et al. found that the median 3-year

publication figure was two (range 0−54) and the mean h-

index was 13.2 (SD 0−63) [2]. The time that has transpired

between the completion of these prior works[2−7] and the

current study prevents meaningful comparison of the h-index

as this score continues to evolve in real time as additional

publications accrue and citations are added [7]. Interestingly,

the median figure of nine publications over a 3-year period

encountered here approximates that of Internal Medicine fac-

ulty at institutions where research productivity was integral to

the compensation plan [1].

We envision that the PAR has a number of immediate

applications in academic practice. At a minimum, it can be

used as a standardized benchmark of research productivity.

It can also be used to establish goals for academic progress,

or performance incentives intended to increase academic

productivity [1]. In the appropriate context (eg, other aca-

demic environments where productivity, incentives, and

performance are assumed to be comparable to the institu-

tions included in our case example [9]), the population

medians presented here may be used as a referent. The

beauty of the PAR, however, is that the formula is not

dependent on a particular base estimate for 3-year publica-

tions or the h-index. Thus, those responsible for calculation

of the PAR are able to choose the source population which

will serve as the comparator for individuals, based on the

derivation of figures for a generic replacement. This could
be as restrictive as members of a single orthopedic depart-

ment, or extended to all faculty in a particular region, mem-

bers of a specialty society, orthopedic sub-specialty, or the

field as a whole as long as figures are available and the

means of calculation remain transparent. The figures for

the generic replacement also do not have to be set at the

median; 25% performance percentile, 75% percentile or

the mean can serve as viable substitutes depending on the

desired emphasis on academic achievement. In the case

example we chose to include all first or senior author publi-

cations listed in Scopus. Further modifications that may be

appropriate could restrict consideration to original research

contributions, as opposed to review articles, or publications

that appear in journals with impact factors above a prede-

termined value. One important point to consider is that the

3-year publicationsmed and h-indexmed should be updated

semi-annually or annually, as these figures are unlikely to

remain constant with time and h-index inflation invariably

occurs as the cumulative healthcare literature continues to

expand [2,6,7].

Although the PAR is composed of the two most com-

mon measures used to evaluate academic productivity in

orthopedics today [2−6,9], we realize other aspects of

academic productivity are not considered in this esti-

mate. These include grants received and courses directed

at a medical school, among others. However, recent

research would indicate that these aspects of the aca-

demic portfolio are not regularly encountered among the

plurality of orthopedic faculty in the United States [13].

Although we demonstrate the score’s performance in the

context of academic orthopedic departments, nothing

about the measure would restrict its use to surgical

fields, or orthopedics in particular. We report our find-

ings in the case example at the institutional level to

demonstrate the score’s performance across healthcare

organizations and also to protect the privacy of individ-

ual faculty members. The score is not intended to pro-

vide meaningful comparisons between institutions as a

whole. It should not be seen as a ranking measure and

it is inappropriate to use the PAR as such.

In conclusion, we have described and demonstrated the

performance of the PAR metric, a novel measure which can

be used to evaluate standardized academic performance

among faculty. The PAR is relatively easy to calculate,

intuitive to understand, and performed well in our case
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example within and across institutions known to have pro-

ductive academic orthopedic departments. We believe that

the PAR can be used as a standardized benchmark of aca-

demic productivity, a means to set goals for academic

achievement, or a way to incentivize increased academic

performance. This descriptive paper may serve as a general

literature citation when the PAR is employed as a means to

evaluate academic productivity.
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