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Current Relative Value Unit Scale Does Not
Appropriately Compensate for Longer Orthopedic

Sports Surgeries

Trevor Simcox, M.D., Jason Kreinces, B.S., Daniel Tarazona, M.D., Ioannis Zouzias, M.D.,

and Mark Grossman, M.D.
Purpose: To assess whether reimbursement for orthopaedic sports procedures adequately compensates for operative time
and surgical complexity. Methods: The National Surgical Quality Improvement Program (NSQIP) database was queried
for all orthopedic sports medicine procedures performed greater than 150 times from 2016 to 2018 with regard to
operative time, preoperative risk factors, morbidity, and mortality data. Physician work relative value units (wRVU) data
were obtained from the 2020 Centers for Medicare & Medicaid Services (CMS) fee schedule. The primary outcome was
wRVU per minute operative time (wRVU/min). Linear regressions were used to assess wRVU, operative time, and wRVU/
min. Results: A total of 42 CPT codes, including 84,966 cases, were stratified into the top and bottom 50%, according to
mean operative time, complications, mortality, reoperations, and readmissions. Mean wRVU/min was significantly lower
for longer procedures (.153 vs .187; P ¼ .02), and comparable with regard to ASA score, complications, mortality,
readmissions, and reoperations. Arthroscopy reimbursed more (.187 vs .148 wRVU/min; P ¼ .008), with lower compli-
cations (1.5 vs 2.6%; P ¼ .115) and operative time (56.1 vs 82.8 min; P ¼ .001) compared to open. Multivariate linear
regression revealed that after adjusting for complication rate, there was a decrease of .054 wRVU/h (P ¼ .026) and
$116.90/hour less for every additional hour of operative time. Conclusion: The current 2020 RVU scale does not fairly
compensate sports procedures with longer operative times. When examining the hourly reimbursement rates for the most
commonly performed sports procedures, there is a significant trend toward lower reimbursement for longer procedures
even after accounting for complication rates. Furthermore, procedures of the knee reimbursed at higher rates relative to
the general pool of sports procedures and open procedures are compensated at a lower rate compared to arthroscopic
procedures.
Introduction
ealth care costs in the United States are the
Hhighest per capita in the world, and health care

spending is expected to far outpace both inflation and
total growth of the U.S. economy for the next several
years.1,2 Orthopedic surgeons, among other health care
providers, should expect great change over the coming
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decades regarding reimbursement to control costs at
both the institutional and federal level. It is important
for orthopedists to understand not only the trends in
reimbursement over time, but also the current reim-
bursement trends across the breadth of procedures an
orthopedist performs. A comprehensive understanding
of current reimbursement trends is integral for the
financial success of any orthopedic practice.2

The most common method for measuring physician
productivity is the work relative value units (wRVU),
which is used by Centers of Medicare & Medicaid Ser-
vices (CMS) to determine reimbursement payments.
wRVUs are also used for physician reimbursement in
hospital-based orthopedic practices. Physician re-
imbursements are directly tied to wRVU, and so it is
imperative that the number of wRVUs assigned to a
given procedure accurately reflect the work performed.
The number of wRVUs assigned to a procedure is

based on operative time (including preoperative plan-
ning), mental effort, skill to complete procedure, and
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physician stress associated with performing the pro-
cedure.3,4 There has been increasing interest by the
medical community in the overarching trends in the
current wRVU scale and several recent studies have
found a mismatch between the work performed for a
procedure and the reimbursement rate.5-8 Prior studies
in the orthopedic literature have compared reim-
bursement for specific Current Procedural Terminology
(CPT) codes and found that typically longer and more
complex procedures are not appropriately compensated
when compared to shorter ones.9-14

Understanding reimbursement patterns is the first
step in identifying any mismatches between reim-
bursement and work performed for categories of pro-
cedures to help direct policy changes by subspecialty
organizations. Understanding these patterns also better
enables orthopedists to advocate for fair compensation
for a given procedure. To date, there is a paucity of
orthopedic literature that examines global trends in
reimbursement for sports procedures. The purpose of
this study was to assess whether reimbursement for
orthopaedic sports procedures adequately compensates
for operative time and surgical complexity. We hy-
pothesized that the 2020 wRVU scale does not
adequately compensate orthopedists for sports proced-
ures that have longer operative times.

Materials and Methods

Database
The American College of Surgeons National Surgical

Quality Improvement Program (NSQIP) database was
reviewed from 2016 to 2018 for demographic charac-
teristics, patient comorbidity data, operative time, and
morbidity and mortality data. The NSQIP database en-
ables surgeons to access highly reliable data on opera-
tive time and postoperative complications for clinical
analysis. This data is collected from patients undergoing
surgery at one of approximately 700 participating hos-
pitals in the United States.15

Study Population
The database was queried for all cases coded under

the orthopedics subspecialty and CPT codes were
manually reviewed by two orthopedic surgery resi-
dents, as to if it constitutes a sports medicine procedure.
Accreditation Council for Graduate Medical Education
(ACGME) case log guidelines for orthopedic sports
medicine fellowships were used as a reference to
determine which CPT codes fall within the scope of
practice of a sports surgeon. Also, CPT codes related to
shoulder arthroplasty and open tendon reconstruction
were also categorized as sports medicine procedures
because many sports medicine physicians commonly
perform these procedures and sports medicine fellow-
ships offer shoulder arthroplasty training. Cases missing
CPT codes, wRVU, and operative time were excluded.
Procedures that reimbursed less than one wRVU, or
surgical procedures that had an operative time greater
than 600 minutes or less than 10 minutes were
excluded, as these cases do not typically represent a
major orthopedic sports procedure.
Procedures performed equal to or more than 150

times during 2016-2018 were included. Meanwhile,
procedures performed less than 50 times per year on
average, as determined by the database, were excluded
because these are uncommonly performed by generally
practicing sports surgeons. Cases with multiple coded
CPTs (greater than 1 CPT code) were excluded because
secondary wRVUs are typically not reimbursed at the
full rate and the total wRVUs assigned to these cases are
not representative of the actual reimbursement rate.
Furthermore, it appears that the order of coding a given
series of CPTs is not consistent between surgeons within
the NSQIP database.

Variables Studied
The primary outcome variable considered in the study

was wRVU/min. This was calculated by dividing wRVU
obtained from the 2020 CMS fee schedule, by mean
operative time for each CPT code, which was obtained
from the NSQIP database. Operative time does not
include anesthesia or perioperative time and is recorded
in minutes. Reimbursement rate is also reported in
units of wRVU per hour (wRVU/hour), as this is more
applicable for understanding reimbursement implica-
tions. This was calculated by dividing the number of
wRVUs assigned to a CPT by the mean operative time
for that CPT. Secondary outcome variables studied for
each CPT code were 30-day major complication rate,
readmission, reoperation, and American Society of
Anesthesiologists (ASA) score. Deep organ infection,
deep wound infection, surgical site dehiscence, renal
failure, pulmonary embolism or deep vein thrombosis,
cerebrovascular accident, myocardial infarction, cardiac
arrest, bleeding requiring transfusion, sepsis, post-
operative ventilator dependence, unexpected reintu-
bation, and death are the major complications that
were considered in the study. One assumption of this
study is that the overall complication rate is likely to be
related to physician stress, mental effort, and surgical
risk, such that postoperative major complication rate
should theoretically correlate with the reimbursement
for a given procedure.16-18

Statistical Analysis
Univariate linear regression and multiple regression

were used to model the association between wRVU,
wRVU/hour, operative time, and complication rate.
CPTs were stratified into two cohorts based on mean
operative time, representing the longest 50% and
shortest 50% procedures. CPTs were also stratified into



Fig 1. Scatterplot of wRVU and
mean operative time. Blue dots
represent individual CPT codes.
Univariate linear regression (red
line) is .147, SE: 0.018, P < .001,
R2 ¼ .61.
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the highest and lowest 50% in terms of major compli-
cation rate, mortality rate, ASA class, reoperation rate,
and readmission rate. CPTs were compared regarding
anatomic location of the procedure and if arthroscopy
was used. Student t-tests or Wilcoxon tests were used to
compare wRVU/min, complication rate, and operative
time for each of the CPT cohorts. Analysis of covariance
was used to compare mean wRVU/min between CPT
cohorts, controlling for mean complication rate.
P values <.05 were considered statistically significant.

Results
A total of 617,676 orthopedic surgeries were per-

formed between the years 2016 and 2018 that had
complete CPT coding data. 27,645 cases were excluded
because they were performed less than 50 times per
year, 483,035 cases were excluded because they did not
pertain to the field of sports medicine, and finally
22,000 cases were excluded due to having more than 1
CPT coded for the procedure. A total of 42 CPT codes
remained and met inclusion criteria for the study,
encompassing 84,996 surgical procedures. The mean
wRVU was 11.06 � 4.96, operative time was 65.0 �
26.4 minutes, wRVU/min was .170 � .047, and major
complication rate was 1.95 � 1.77%. The 3 most poorly
reimbursed procedures in terms of wRVU/min (CPT
code, wRVU/min) were arthroscopic subacromial
decompression (29826, .047), open reduction internal
fixation of an acromioclavicular dislocation (23550,
.083), and quadriceps or hamstring muscle repair
(27385, .102). On the other hand, the three procedures
with highest reimbursement were arthroscopic medial
and lateral meniscus repair (29883, .279), arthroscopic
chondroplasty of knee (29877, .258), and arthroscopic
medial or lateral partial meniscectomy (29881, .242).
The complete list of procedures studied with reim-
bursement rate may be found in the supplemental table
in the appendix (Supplemental Table S1).
There was a positive correlation between wRVU and

mean operative time (.147, 95% CI: .110, .184, P <
.001, R2 ¼ .61, Fig 1). When comparing mean reim-
bursement rate to operative time and to complication
rate, there was a decrease in reimbursement of .0006
wRVU/min or .037 wRVU/hour for every additional
minute of mean operative time and an increase of .302
wRVU/hour for every additional increase of 1% of
mean complication rate (Fig 2, Table 1). When we use
the 2020 Medicare reimbursement rate of $36.09 per
wRVU, this equates to a decrease of $80.12/hour (or
2.22 wRVU/hour) for every additional hour of mean
operative time and an increase in $10.90/ hour for
every additional percent of mean complication rate.
Our multivariate regression model found that after
controlling for complication rate, the adjusted decrease
in reimbursement was .054 wRVU/hour for every
additional minute of mean operative time, equating to a
loss of $116.90/hour for every additional hour of mean
operative time.
By stratifying CPT codes into cohorts, procedures in

the top half with regard to operative time had a



Fig 2. Scatterplots of wRVU/hour
and mean operative time or
complication rate with blue dots
representing individual CPT
codes. (A) Univariate linear
regression depicting mean opera-
tive and wRVU/hour (red line) is
�0.037, SE: .016, P ¼.026, R2 ¼
.344. (B) Univariate linear
regression depicting complication
rate and wRVU/hour (red line) is
.629, SE: .242, P ¼ .013, R2 ¼
0.499.

Table 1. Multiple Regression of Reimbursement Rate (wRVU/hour), Mean Operative Time, and Mean Complication Rate

Unadjusted Model Adjusted Model

Coefficient R-Squared P Value Coefficient (Standard Error) R-Squared P Value

Mean operative time (minutes) �.037 (.016) .119 .026* �054 (0.16) .211 .002*
Complication rate (%) .302 (.247) .036 .229 .629 (0.242) .013*

*P < .05
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Table 2. Univariate Analysis of wRVU/min

No. CPTs Mean wRVU/min P Value

Operative time (Minutes)
Less than 67 21 0.187 � 0.050 0.020*
67 or more 21 0.153 � 0.039

Major
complication rate (%)
Less than 1.3 21 0.166 � 0.053 0.607
1.3 or more 21 0.174 � 0.042

Mortality rate (%)
0 23 0.164 � 0.044 0.338
Above 0 19 0.178 � 0.051

ASA Class (score)
less than 2 21 0.165 � 0.050 0.451
2 or more 21 0.176 � 0.045

Reoperation rate (%)
Less than 0.6 21 0.171 � 0.052 0.914
0.6 or more 21 0.169 � 0.044

Readmission rate (%)
Less than 1.1 21 0.169 � 0.054 0.854
1.1 or greater 21 0.172 � 0.041

CPT, Current Procedural Terminology; wRVU, work relative value
units.
*P < .05.
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significantly lower reimbursement rate than those in
the bottom half (.153 � .039 vs. .187 � .050; P ¼ .02,
Table 2). There were no significant differences in
reimbursement between procedures in the top versus
the bottom half of codes with regard to major compli-
cation rate (.174 � .042 vs .166 � .053; P ¼ .607,
Table 2), mortality rate (.178 � .051 vs .164 � .044; P ¼
.338, Table 2), ASA score (.176 � .045 vs .165 � .050;
P ¼ .451, Table 2), reoperation rate (.169 � .044 vs .171
� .052; P ¼ .914, Table 2), and readmission rate (.172 �
.041 vs .169 � .054; P ¼ .854, Table 2).
When comparing wRVU/min for procedures with

regard to anatomic location, knee procedures (.203 �
.048 vs .156 � .040; P ¼ .002, Table 3) and procedures
involving arthroscopy (.187 � .047 vs .148 � .040; P ¼
.008, Table 3) had significantly higher reimbursement
rates; this was true even after adjusting for differences
in complication rate. There were no significant differ-
ences between procedures performed on upper versus
lower extremity (.161 � .041 vs .183 � .053; P ¼ .137)
or between procedures performed on the shoulder
versus other anatomic locations (.166 � .040 vs .174 �
.054; P ¼ .619). Shoulder arthroplasty cases trended
toward higher reimbursement but were not signifi-
cantly different from the general pool of sports pro-
cedures (.201 � .180 vs .167 � .049; P ¼ .169).
Surgeries involving the knee (46.1 � 20.9 vs � 77.1 �

23.4 min; P < .001, Table 3) and arthroscopic proced-
ures (56.1 � 22.5 vs 82.8 � 24.6 min; P ¼ .001) were
found to have shorter mean operative times. In
contrast, surgeries involving the upper extremity (79.1
� 24.9 vs 52.1 � 20.9 min; P ¼ .001, Table 3), shoulder
(79.1 � 26.7 vs 55.9 � 21.6 min; P ¼ .004, Table 3), and
shoulder arthroplasty procedures (113.9 � 12.1 vs 62.6
� 22.8 min; P < .001, Table 3) had significantly longer
mean operative times. When looking at mean compli-
cation rate, lower extremity procedures (2.0 � 1.1% vs
1.9 � 2.2%; P ¼ .029; Table 3) and shoulder arthro-
plasty (6.3 � 1.5% vs 1.5 � 1.1%; P ¼ .001, Table 3)
had significantly higher mean complication rates. There
were no significant differences in mean complication
rate in the shoulder (2.1 � 2.3% vs 1.8 � 1.1%; P ¼
.134, Table 3) and knee procedures (2.0 � 1.1% vs 1.9
� 2.0%; P ¼ .115, Table 3) and procedures that used
arthroscopy (1.5 � 2.3% vs 2.6 � 2.3%; P ¼ .115,
Table 3).

Discussion
Under the current 2020 RVU scale, sports procedures

with longer mean operative times were reimbursed at a
lower rate despite a strong correlation between wRVU
and operative time. Arthroscopic procedures and pro-
cedures involving the knee are reimbursed at signifi-
cantly higher rates than open procedures and
procedures performed on other anatomic locations.
Although it is generally known that some procedures
reimburse more than others when factoring in opera-
tive time and case complexity, this study confirms that
the number of wRVUs assigned to a particular proced-
ure may not always correlate with realistic operative
times. To the best of the authors’ knowledge, there are
no prior studies that examine the most frequently
performed orthopedic sports CPT codes with regard to
wRVU and operative time.
The process by which CMS values are given a CPT

code is highly detailed and involves input from a panel
of 31 physicians, called the Relative Value Scale Update
Committee (RUC). Representatives from various med-
ical and surgical subspecialties meet 3 times a year to
evaluate procedures and assign them value. For each
CPT code, physician survey data are collected regarding
the details of a given procedure, perioperative patient
care within the bundled period, and time spent per-
forming each of these tasks, which is then used to
calculate the wRVUs. There are four components to
wRVUs: 1) preservice work, 2) intraservice work, 3)
immediate postservice work, and 4) postoperative
evaluation and management visits.4 Each component
then factors in both the time it takes to perform a ser-
vice and the intensity of the service.3 Although a great
deal of attention is used in these calculations, the
quality of the analysis is dependent on the accuracy of
the data used. Prior studies have consistently demon-
strated the inaccuracy of physician time estimates
compared to operative records.19,20 One study has
found that the mean operative times estimated by the
RUC are inaccurate, resulting in inaccurate wRVU
allocation.6 This study concluded that the physician



Table 3. Univariate Analysis of Reimbursement, Complication Rate, and Operative Times by Type of Procedure

Comparison Groups
Mean Complication

Rate P Value
Mean Operative
Time (minutes) P Value Mean RVU/min P Value P Value (Adjusted)

Upper extremity 1.9 � 2.2% .029* 79.1 � 24.9 .001* .161 � 0.041 .137 .145
Lower extremity 2.0 � 1.1% 52.1 � 20.9 0.183 � .053
Shoulder procedure 2.1 � 2.3% .134 79.1 � 26.7 .004* .166 � .040 .619 .565
Non-shoulder procedure 1.8 � 1.1% 55.9 � 21.6 .174 � .054
Knee procedure 2.0 � 1.1% .161 46.1 � 20.9 <.001* .203 � .048 .002* .002*
Non-knee procedure 1.9 � 2.0% 77.1 � 23.4 .156 � .040
Arthroscopic procedure 1.5 � 2.3% .115 56.1 � 22.5 .001* .187 � .047 .008* .001*
Open procedure 2.6 � 2.3% 82.8 � 24.6 .148 � .040
Shoulder arthroplasty 6.3 � 1.5% .001* 113.9 � 12.1 <.001* .201 � .18 .169 .495
Non-Shoulder arthroplasty 1.5 � 1.1% 62.6 � 22.8 .167 � .049

*P < .05.
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survey data and real-world operative times differ on
average by 23.6% and that shorter cases generally have
overestimated operative time. Another recent study
showed a discrepancy between the surgeon-reported
operative time to the CMS compared to operative
times recorded in the ACS NSQIP database for multiple
subspecialities, including orthopedics.21

For orthopedic sports procedures, we found that after
adjusting for a procedure’s complication rate, there was
a significant decrease in the reimbursement rate equal
to 3.24 wRVU/hour for every additional hour of mean
operative time. Using the 2020 Medicare wRVU reim-
bursement rate of $36.09 per wRVU, this equates to a
loss of $116.90/hour after adjusting for complication
rate. The monetary losses calculated in this study
represent realistic hourly reimbursement and are more
precise with the use of accurate operative times
compared to those generated from physician survey
data.21

When comparing the cohorts of CPT based on oper-
ative time, ASA classification, major complication,
mortality, readmission, and reoperation rates, we
confirmed the significant difference in mean wRVU/
min between longer and shorter procedures; further-
more, we were unable to identify significant differences
in reimbursement rate for the other factors included in
the cohort analysis. This is unexpected because alloca-
tion of wRVUs should also account for procedures
performed on sicker patients and those with higher
postoperative complication rates. This finding is
consistent with one prior study of orthopedic trauma
procedures showing that reimbursement is not
commensurate with risk,9 although some studies from
other surgical subspecialties have mixed findings
regarding this correlation.22,23

When comparing procedures performed at various
anatomic locations, we identified several significant
trends. Primarily, knee and arthroscopic procedures
were found to have significantly higher reimburse-
ment than the general pool of orthopedic sports pro-
cedures. This is likely a result of these two categories
of procedures having significantly lower mean oper-
ative time. In contrast, procedures involving the upper
extremity, shoulder, and shoulder arthroplasty all had
significantly higher operative times with similar
wRVU/min compared to the general pool of sports
procedures. Because of the ubiquitous nature of
arthroscopy in contemporary sports surgery, one
could argue that the pendulum has swung toward
open surgical approaches having an overall higher
case complexity and are more technically challenging.
In the event that a skilled arthroscopist cannot achieve
an acceptable result arthroscopically, the bailout is
often to convert to open or mini-open techniques. The
estimation of operative time by the RUC, and conse-
quently allocation of wRVUs, still appears to favor
arthroscopic procedures. Because RVU allocation ex-
ists on a relative scale, the higher reimbursement of
knee and arthroscopic procedures generally comes at
the expense of relatively underreimbursed sports
procedures.

Limitations
There are several notable limitations to this study. In

order to more accurately calculate wRVU per minute
for each CPT code, procedures in which multiple CPT
codes were used were deliberately excluded from this
study. This may limit the generalizability of the results
because a significant proportion of sports surgeries
involve multiple related procedures. This analysis is
not powered or designed to compare individual pro-
cedure to one another, but rather to identify global
trends; we believe that the exclusion of multiple-
coded procedures portrays a more accurate represen-
tation of how the RUC examines a particular CPT
code. Another consideration to this study’s generaliz-
ability is the fact that wRVUs may not be applicable to
all practice environments, and some orthopedic prac-
tices may use alternative reimbursement structures.
Furthermore, the number of wRVUs assigned to a
given CPT code is not directly tied to reimbursement
from private insurance companies, and there are other
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factors that influence reimbursement payments.
Another possible limitation is that this study used
surgical data from the years 2016-2018. We have
assumed that, barring isolated examples of advance-
ment in surgical technique, operative times and
complication rates have remained more or less stable
during this time period. Furthermore, the NSQIP
database does not specify whether the procedure was
performed by a fellowship-trained sports surgeon. It is
our view that the RUC must account for generalists
when calculating mean operative times; surgeons who
are more efficient in the operating room and who
have lower operative times are, thus, rewarded for
their improved efficiency with higher hourly reim-
bursement rates. Lastly, on the basis of prior studies of
this topic, complication rates were assumed to relate,
at least somewhat, to a higher case complexity and
physician stress level.5,22,23

Conclusion
The current 2020 RVU scale does not fairly compen-

sate sports procedures with longer operative times.
When examining the hourly reimbursement rates for
the most commonly performed sports procedures, there
is a significant trend toward lower reimbursement for
longer procedures even after accounting for complica-
tion rates. Furthermore, procedures of the knee reim-
bursed at higher rates relative to the general pool of
sports procedures and open procedures are compen-
sated at a lower rate compared to arthroscopic
procedures.
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