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Introduction

Despite the increasing costs of implants, surgeons’ awareness of these costs varies
widely. The purpose of this study is to determine baseline awareness of
sports-medicine-related implant cost among orthopaedic surgeons.

Methods

A survey including images of 10 different orthopaedic implants related to sports
medicine was sent to 18 surgeons. All included surgeons practice in a single ambulatory
surgery center and routinely perform sports-medicine-related procedures. Surgeons were
asked to estimate the cost of each implant and answer questions about surgeon
characteristics. Cost estimates were compared with implant cost found in the

institutional charge master database.

Results

Cost estimates varied widely among providers regardless of fellowship training. The
average percent error among all providers was 54.3%. Surgeons that rated knowledge of
implant cost to be important most or all of the time had an average cost estimate error of
60.7% versus 48.0% error in their counterparts that stated that knowledge of cost was
important to them only some of the time, though this did not reach statistical
significance. Low-cost implants were more likely to be overestimated while high-cost
implants were more often underestimated. Years of experience, sports medicine
fellowship training, and involvement in contract negotiations had no effect on implant

cost accuracy.

Conclusion

Implant cost awareness is dishearteningly low sports medicine orthopaedists despite the
large economic impact of these devices. There is considerable room for improving cost

awareness in sports medicine.
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INTRODUCTION

Healthcare spending in the United States is among the
highest in the world, accounting for more than 17% of gross
domestic product and reaching $2.3 trillion spent annu-
ally (Agarwal, Agarwal, Querry, et al. 2018; Robinson et al.
2012). It is projected to reach 6.2 trillion dollars in annual
spending by 2028 (Gardezi, Ottesen, Tyagi, et al. 2021).
By the year 2025, combined surgical spending alone is ex-
pected to reach $912 billion (Sathiyakumar, Jahangir, Mir,
et al. 2014). In the field of orthopaedics, device cost con-
stitutes a large portion of surgical costs, ranging from 30%
to 87% of the cost of an orthopaedic procedure (Okike,
O’Toole, Pollak, et al. 2014; Wasterlain, Melamed, Bello, et
al. 2017; Terhune, Cannamela, Johnson, et al. 2016).

Reflect Now!

Physicians play a key role in containing healthcare costs,
as they influence over 60% of healthcare costs (Gardezi,
Ottesen, Tyagi, et al. 2021; Okike, O’Toole, Pollak, et al.
2014; Arliani, Sabongi, Batista, et al. 2016; Johnson, Pinto,
Brabston, et al. 2020). As many as 36% of physicians ex-
press a great sense of responsibility for helping control
healthcare costs (Johnson, Pinto, Brabston, et al. 2020).
Despite this, physicians, and particularly surgeons, have
been shown to have poor knowledge of supply costs, even
within their own field (Agarwal, Agarwal, Querry, et al.
2018; Arliani, Sabongi, Batista, et al. 2016). To date, there
is a paucity of information on field-specific awareness of
sports medicine related implant costs among orthopaedic
surgeons. This study focuses specifically on sports-medi-
cine-related implant cost awareness within a cohort of sur-
geons who regularly treat sports-related conditions.
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The purpose of this study is to determine a baseline
awareness of sports-medicine-related implant costs among
orthopaedic surgeons. Outcomes of interest include accu-
racy of estimated costs of various sports-medicine-related
orthopaedic implants as estimated by orthopaedic surgeons
from various subspecialties, levels of training, and interest
in cost-containment. We hypothesize that sports medicine
fellowship trained orthopaedic surgeons would more ac-
curately estimate implant and construct costs than their
counterparts that did not complete a sports medicine fel-
lowship.

1.1 MATERIALS AND METHODS
1.1.1. SURVEY DESIGN

This cross-sectional survey study was determined to be ob-
servational and therefore exempt from formal Institutional
Review Board (IRB) review. A survey containing images of
10 commonly used, sports-medicine-related implants was
sent to included surgeons’ emails. Implant choice was
based on a broad scope of practice (such that each surgeon
used at least one of the implants represented) and breadth
of implant cost to allow for analysis of baseline implant
cost under- or overestimation by surgeons. The data was
then collected through an electronic data collection soft-
ware, REDCap (Marblehead, Massachusetts). This survey
was tested by a sample cohort to determine clarity of ques-
tions and scope of the questionnaire. The sample cohort
was also asked to comment on if the survey included perti-
nent topics such as training/experience, prior involvement
in cost negotiation, and routine use of tested implants in
practice. The survey was revised based on the comments
and feedback of the sample cohort prior to being sent out to
the study participants. This process has previously been de-
scribed for creating an effective original survey (Klein, Hus-
sain, Sprague, et al. 2013).

1.2.2. STUDY PARTICIPANTS

This study took place in a large metropolitan healthcare
system that is affiliated with a private orthopaedic practice
and a large university practice with associated residency
program. All surgeons listed on the health system website
to treat sports-related injuries were invited to participate in
the study. Those who did not complete any cost questions
on the survey were excluded from the study. Study partic-
ipants were asked to provide information regarding years
of surgical practice, field of fellowship training (if any), in-
volvement in institutional cost negotiations, and impor-
tance they place on implant cost in their daily practice.
They were then asked to estimate the costs of 10 sports-
medicine-related implants, noting the frequency of use of
each implant in their practice (Appendix A).

1.2.3. STUDY OUTCOMES AND STATISTICAL ANALYSIS

The primary outcome of interest for this study was the
accuracy of surgeon cost estimates for each implant. The
error for each individual response was calculated as the

Table 1. Surgeon Characteristics (N=16)
Years in Practice

13 4(25.0)
4.6 2(12.5)
7-10 3(18.8)
11+ 7(43.8)

Fellowship Training

Sports Medicine 9(56.3)

Upper Extremity 5@31.3)

Arthroplasty 1(6.3)

None 1(6.3)
Involvement in Contract Negotiations

Yes 4(25.0)

No 12 (75.0)

How important is knowledge of implant cost in
your practice?

1 —Not at all 0(0.0)
2 — Sometimes 4(25.0)
3 — Frequently 4(25.0)
4 — Most of the time 6 (37.5)
5 — All of the time 2(12.5)

How much does implant cost affect your
choice of implant construct?

1 —Not at all 0(0.0)
2 — Sometimes 7 (43.8)
3 — Frequently 4(25.0)
4 — Most of the time 4(25.0)

5 — All of the time
Categorical data reported as N/n (%).

1(6.3)

estimated cost minus the actual cost as listed in the in-
stitutional charge master database. Accuracy was then ex-
pressed in percent error (calculated error divided by the ac-
tual implant cost times 100). For easier comparison with
previous studies (Okike, O’Toole, Pollak, et al. 2014), esti-
mates within 20% of actual implant cost were considered
correct. Statistical analysis was performed using Microsoft
Excel (version for Microsoft 365; Redmond, WA) and Intel-
lectus (Clearwater, FL). Specific tests used included Fischer
exact tests, independent t-tests, and analysis of variance
(ANOVA). Statistical significance was defined as an alpha
value of 0.05.

1.2. RESULTS
1.2.1. STUDY PARTICIPANT DEMOGRAPHICS

A total of 18 surgeons were invited to participate in the
present study, with an 89% response rate (16 out of 18).
Of the respondents, 15 completed a fellowship, with more
than half (9, 56%) completing a fellowship in sports medi-
cine. Seven surgeons (44%) had completed 11 or more years
of surgical practice. Half of the participating surgeons re-
ported that knowledge of implant cost was important in
their practice either most of the time or all of the time,
but only 5 surgeons (31%) reported that implant cost influ-
enced their choice of implant most or all of the time. Four
(25%) participants indicated that they had previously par-
ticipated in institutional implant cost negotiations (Table
1). Surgeons reported utilizing an average of 4 (Range:
1-7)of the queried implants in regular use in their practice.
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Figure 1. Estimated cost of sports-medicine-related implants.

A. Tightrope ACL with Fibertag B. Anatomic Total Shoulder Arthroplasty Head C. Dual Mobility Liner D. Semitendinosis Allograft E. Internal Brace Kit including SwiveLock F. Speed
Bridge G. Tibialis Anterior Allograft H. Zimmer Biomet Persona Unicompartmental Total Knee Arthroplasty Femoral Component 1. Bone-Tendon-Bone Allograft Pretrimmed J. Zim-

mer Biomet Comprehensive Shoulder System Reverse Total Shoulder Arthroplasty Stem

1.3.2. COST ESTIMATION ACCURACY

Cost estimates varied greatly across providers regardless
of fellowship training. The mean absolute error across all
providers was 56.9%. Sports medicine trained participants
tended to estimate cost more accurately than their counter-
parts not trained in sports medicine, although this did not
reach significance (mean error: -10.6% vs 29.4%; p = 0.110).
Interestingly, those that considered knowledge of implant
cost to be important most or all of the time in their practice
tended to predict implant costs less accurately than their
counterparts who reported that cost knowledge was some-
times or never important (mean error: 60.7% vs 47.9%; p
= 0.509). Years of surgical practice, sports medicine fellow-
ship training, and involvement in implant price negotia-
tions had no significant effect on implant cost estimate ac-
curacy.

The mean cost of the implants examined in this study
was $1709.40 (range: $515 to $2900). Implants costing less
than $2000 were more likely to be overestimated than those
costing more than $2000 (Figure 1). The largest number
of correct estimates (estimated within 20% of actual cost)
by any one surgeon was four (40%). This was obtained by
two surgeons. On average, surgeons correctly estimated the
cost of 2 implants (20%). If the margin of error permitted
was increased to 40% error, the largest number of correctly
estimated implants was 8. This was obtained by one sur-
geon. The average number of implants guessed within 40%
of their true value by any one surgeon was four (Figure 2).

1.3. DISCUSSION
1.4.1. PRIMARY STUDY OUTCOMES

The objective of this study was to determine baseline
awareness of implant costs among orthopedic surgeons
that perform sports-medicine-related procedures. Eighteen
surgeons were queried about surgical training, length of
practice, and previous involvement in cost negotiations.
They were then asked to estimate the cost of 10 sports
medicine related implants. Cost estimates were compared
with actual costs as found in the institutional charge master
database. These were found to vary widely among all
providers regardless of fellowship training, years of expe-
rience, and prior involvement in institutional implant cost
negotiations. On average, providers’ estimates of implant
cost differed by 54.3% from actual implant costs disregard-
ing direction of error (underestimate vs. overestimate). The
average number of correct estimates was 2 (range: 0 to 4).
Providers who reported that knowledge of implant costs
was important in their practice most or all of the time were
no more able to accurately estimate implant costs com-
pared to their counterparts who considered knowledge of
implant costs to be somewhat or not at all important (60.7
% versus 48.0%, p = 0.5).

1.4.1. REVIEW OF RELEVANT LITERATURE

On average, the absolute error of cost estimates among or-
thopaedic surgery attendings and residents is 69% when es-
timating general orthopaedic implant cost. Among attend-
ings alone, previous studies have shown a mean percent
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Figure 2. Number of estimated costs within 20% (striped) and 40% (solid) of actual institutional costs per

surgeon, plotted against average percent error.

error of 59% * 9%, consistent with the 54% average error
found among this cohort of orthopaedic attendings (Streit
et al. 2013). Orthopaedic surgeons at all levels of train-
ing and practice are reported to correctly estimate within
20% of true implant cost 19% to 35.6% of the time, with
equal propensity to over- or under-estimate costs (Okike,
O’Toole, Pollak, et al. 2014; Ayoub, Bassett, Seuffert, et
al. 2018). Our study demonstrates similar rates of correct
cost estimates among orthopaedic surgery attendings, with
23% of cost estimates falling within 20% of the actual im-
plant cost. Additionally, both studies demonstrate under-
valuing of high-cost items and overvaluing low-cost items,
consistent with the findings in this study (Okike, O’Toole,
Pollak, et al. 2014; Ayoub, Bassett, Seuffert, et al. 2018).
There was no significant difference in accuracy of cost es-
timates among the orthopaedic subspecialties, which is in
alignment with previous studies that demonstrate no effect
of fellowship training on cost estimate accuracy (Arliani,
Sabongi, Batista, et al. 2016).

Our study highlights the importance of education
around implant cost in the field of sports medicine. Histor-
ically, managing physician behavior has proven challeng-
ing, however, there has been success lowering surgical costs
with the implementation of cost scorecards. Previous stud-
ies have employed the use of surgeon scorecards that re-
port costs, including implant cost, postoperatively (Waster-
lain, Melamed, Bello, et al. 2017; Brustein, Ponzio, Duque,
et al. 2022; Zygourakis, Valencia, Moriates, et al. 2017;
Tseng et al. 2020). These studies demonstrated significant
cost decreases in implants used by price-aware surgeons
as opposed to their price-naive counterparts (Wasterlain,
Melamed, Bello, et al. 2017). Cost variability was found to
decrease by 61% among providers with cost reduction up

to 43.1% after intervention (Tseng et al. 2020). This pilot
study establishes a baseline cost-awareness amongst sur-
geons that routinely perform sports-medicine-related pro-
cedures. Future studies should focus on analysis of physi-
cian stewardship regarding implant costs after the
employment of postoperative surgeon scorecards in the
same cohort. The success of previous such studies provides
hope for the future of cost awareness and cost containment
in the field of orthopaedic sports medicine.

1.4.3. STRENGTHS AND LIMITATIONS

This study had many strengths and weaknesses. Despite the
authors’ best efforts to involve as many surgeons as possi-
ble, the small sample size limits robust analysis of trends in
cost estimates. All providers surveyed in the present study
were within a single institution in a metropolitan area. As
implant costs vary greatly among institutions and availabil-
ity of cost information to providers is often limited, the
data collected is not generalizable to other healthcare sys-
tems. One strength of this study is the unique nature inher-
ent to analysis of sports-medicine-related constructs, and
the focus on surgeons that provide treatment for sports-
medicine-related conditions. This is a pilot study within
this cohort of surgeons; therefore, knowledge was not in-
formed by prior cost awareness efforts. This study also ac-
knowledged the effects of previous engagement in contract
negotiations, albeit minimal.

1.5. CONCLUSIONS

Implant cost awareness is meager at best amongst or-
thopaedic surgeons in the field of sports medicine despite
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