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Article

Introduction

Ankle fractures account for 9% of the fractures in the world, 
making them a common fracture orthopaedic surgeons see 
in practice.4 Open reduction internal fixation (ORIF) of 
unstable, displaced ankle fractures remains the standard 
mode of treatment, with approximately 25% of ankle frac-
tures requiring surgical care.4,12 There are many different 
types of implants used by orthopaedic surgeons to fix ankle 
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Abstract
Background: Ankle fractures are a common injury treated by orthopaedic surgeons. Unstable, displaced ankle fractures 
are often fixed with open reduction internal fixation (ORIF) using different implant constructs at various cost. No study to 
date has looked at transparency in ankle implant costs to surgeon behavior. Our surgeons self-identified that the biggest 
barrier for lowering implant cost was the lack of cost transparency. This was a surgeon-led-study to evaluate whether 
increased transparency in implant costs affected surgeon behavior.
Methods: Monthly operative logs from December 2021 to September 2022 were reviewed at our level 1 trauma center 
for operative fixation of ankle fractures. The cost data of each fixation construct was reported to trauma-trained surgeons 
at the end of each month from March 2022 to June 2022. Average costs of implants were compared before and after 
education. A linear mixed model was used to explore what factors were associated with changes in costs. Surgeons also 
participated in a poststudy survey.
Results: The implant costs of 110 ankle fracture fixations were reviewed over the period before education (n = 60), during 
education (n = 30), and after education (n = 20). The mean implant cost difference for unimalleolar fractures was −$204.80 
(P = .68), whereas the mean cost difference for bimalleolar fractures was −$9.82 (P = .98). Trimalleolar fractures had a mean 
cost difference of +$94.47 (P = .84). Linear mixed model demonstrated fracture pattern as the only factor significantly 
associated with implant costs (P < .01). Post-education surgeon survey revealed that 6 of 7 surgeons felt that monthly 
updates affected their implant selection. However, only 2 surgeons demonstrated a change in practice with decreased 
implant costs during the study.
Conclusion: The majority of surgeons self-reported being influenced by the implant cost education, but the detected 
change in implant cost was only observed in less than one-third of surgeons. Our results suggest implant selection and 
related costs are not influenced by increased cost transparency education alone.

Level of Evidence: Level III, case control study.
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fractures, which vary in cost.2 Even for similar fracture pat-
terns, surgeon choice can account for nearly a 3.5-fold dif-
ference between the lowest and highest cost surgeons.2 
Studies have shown the costs of orthopaedic implants 
account for a large portion of spending during orthopaedic 
procedures, even accounting for up to 87% of the cost.10 In 
fact, direct costs of ankle fractures can cost patients and the 
health care system up to $19,555 per patient.3 Surgeons 
therefore directly influence the costs for patients by the 
implants they choose.6 With the rising costs of health care in 
the United States, physicians are being held accountable for 
decreasing cost spending.9 However, surgeons are often not 
provided the cost of implants and incorrectly underestimate 
the cost of a variety of different implants, which may limit 
their ability to reduce spending.7,11

At our own site, surgeons agreed that lack of information 
on implant cost was the main barrier to enacting change. To 
date, there is no known study that examines the transpar-
ency of ankle implant cost to surgeons and how this affects 
their implant choice behavior. Thus, we designed an obser-
vational study that allowed surgeons to review the costs of 
their utilized ankle implants monthly to determine if 
increased cost transparency resulted in a change in practice. 
Our hypothesis was that increased transparency would 
change surgeon behavior regarding ankle implant selection 
and lead to a decrease in implant costs.

Methods

Institutional review board (IRB) approval was obtained for 
this observational study. Eight hospital-employed trauma-
trained orthopaedic surgeons, one of whom was foot and 
ankle trained, at our level 1 trauma center were informed of 
participation in this study and informed of the costs of com-
mon ankle implants prior to the start of the study. From 
March 2022 to June 2022, each orthopaedic surgeon was 
informed of their average ankle implant cost, as well as a 
breakdown of the price of each implant they used, for each 
patient who underwent ORIF of ankle fractures (Current 
Procedural Terminology codes 27766, 27769, 27792, 
27814, 27822, and 27823). We did not include syndesmotic 
injuries because our surgeons, as well as others, make syn-
desmotic implant choice based on multiple factors other 
than cost alone.

Cost was calculated using implant information and their 
associated cost from our internal implant data base. Our health 
care institution has an implant contract that dictates 90% of 
our implants used must be made by Synthes, with the other 
10% made by Stryker, Zimmer, and Smith and Nephew. We 
did not include drill bits, used-not implanted, wasted implants, 
or implants used for syndesmotic fixation in our total cost per 
patient. This was presented to them in a bar graph and table 
format at the monthly department meeting. The surgeons were 

provided with their individual cases, as well as the cases of 
their peers. Electronic medical records were reviewed for 
demographic information and fracture pattern (unimalleolar 
vs bimalleolar vs trimalleolar ankle fracture).

Chart review was then performed for patients who 
underwent ORIF of ankle fractures between December 
2022 and February 2022 for cost analysis before the cost 
education intervention and July 2022 to September 2022 
for cost analysis after the education intervention. We 
wanted to evaluate if there was a change in surgeon behav-
ior, would that change be sustained after the intervention 
was completed. Demographic information, fracture pat-
tern, implant information, and their associated cost from 
our internal implant database were gathered. Again, drill 
bits, used-not implanted, wasted implants, or implants 
used to fix syndesmotic injuries were not included in the 
total cost per patient.

Study data were assembled and maintained on Microsoft 
Excel on a secure hospital server (Microsoft Corporation, 
Redmond, WA). Means, frequencies, and percentages were 
calculated for patient demographics and fracture patterns 
within our population study. Cases from December 2022 to 
March 2022 were compared to those in July 2022 to 
September 2022 for direct analysis of before and after the 
cost education intervention.

A linear mixed model was utilized to determine factors 
associated with cost (SAS 9.4) (SAS Institute, Cary, NC). 
The factors included in the model were association (before 
and after education), fracture pattern (unimalleolar, bimal-
leolar, trimalleolar), the interaction of association and frac-
ture pattern, provider, and the interaction of provider and 
fracture pattern. It also included the following patient char-
acteristics; age, body mass index (BMI), gender, diabetes, 
current smoking status, osteoporosis, and American Society 
of Anesthesiologists Classification (ASA). Finally, we 
included month to adjust for any changes in cost simply 
associated with inflation over time. For regression analysis, 
cases from December 2022 to March 2022 were included in 
the before cost education category and cases from April 
2022 to September 2022 were included in the after-educa-
tion period because of surgeons being aware of costs during 
these times. Two providers were excluded from the analysis 
because they did not have at least 1 of each level of the 
same fracture pattern in the before and after education peri-
ods. Statistical significance was set at a P value of <.05.

At the end of the education period, participating sur-
geons completed a survey on Qualtrics (Qualtrics Company, 
Seattle, WA). They were asked to rank their agreement with 
various statements concerning how they believed monthly 
cost updates changed their ankle fracture implant selection, 
their understanding of the cost of different implants after 
monthly updates, and how various factors influenced their 
ankle implant choice.
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Results

The implant costs of 110 ankle fractures’ surgical fixations 
were reviewed and included in this study. Sixty cases 
occurred before the cost education, 30 cases occurred dur-
ing the cost education, and 20 cases occurred after cost edu-
cation. The before and after cost education groups were 
similar in age, gender distribution, fracture pattern, BMI, 
diabetes, smoking status, osteoporosis status, and ASA clas-
sification (Table 1). More severe fracture pattern (trimalleo-
lar > bimalleolar > unimalleolar) was found to be associated 
with higher implant cost, whereas other factors such as age, 
gender, diabetes, smoking status, osteoporosis, ASA status, 
surgeon, or the month of surgery were found to not be sta-
tistically associated with cost (Table 2).

The average total implant cost before cost education was 
provided was $746.20, whereas the average total implant 
cost after education was $724.70 (P = .48). The average 
implant cost was similar between the pre- and posteduca-
tion with regard to fracture pattern (Table 3). We did not 
find a statistically significant difference between total 
implant cost before and after education for all fracture pat-
terns. We also analyzed those cases strictly before and after 
the education period, and all fracture patterns were not sta-
tistically different (P < .05).

At the end of the education period, surgeons self-reported 
what they believed the impacts of cost reports were on their 
implant choice. Most surgeons (6 of 7) reported that cost 
reports did impact their implant decision to some level 
(Figure 1). In particular, 2 surgeons strongly agreed that the 

Table 1. Patient Demographics.a

Before 
Intervention

(n = 60)

After 
Intervention

(n = 50) P Value

Mean age, y 51.1 51.6 .90
Sex, female 36 (60) 30 (60) >.99
Fracture pattern .06
 Unimalleolar 11 (18) 19 (38)  
 Bimalleolar 21 (35) 11 (22)  
 Trimalleolar 28 (47) 20 (40)  
Mean BMI 32.3 30.7 .24
Diabetes 9 (15) 7 (14) .88
Smoking status 17 (28) 18 (36) .39
Osteoporosis 15 (25) 15 (30) .56
ASA classification .90
 1 7 (12) 6 (12)  
 2 35 (58) 28 (56)  
 3 17 (28) 14 (28)  
 4 1 (2) 2 (4)  

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index.
aUnless otherwise noted, values are n (%).

Table 2. Linear Mixed Model Association.a

Association P Value

Procedure type <.01
BMI .45
Age .09
Gender .13
Diabetes .10
Smoking status .67
Osteoporosis .71
ASA status .62
Provider .80
Month of surgery .64

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body 
mass index.
aResults of the linear mixed model association showed that procedure 
type is the only significant predictor of cost.

Table 3. Linear Mixed Model Analysis of the Average 
Difference in Cost Associated With Fracture Pattern Type 
Before and After Education.a

Confidence 
Interval

Mean Cost 
Difference P Value

Unimalleolar −1022.78, 848.14 −87.32 .853
Bimalleolar −1177.69, 707.62 −235.03 .621
Trimalleolar −835.13, 952.95 58.91 .896

aNo statistical significance was found to be associated with education 
and fracture pattern type with regard to cost.

Figure 1. Factors impacting implant choice ranked by surgeons 
from most important to least important.
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monthly cost updates changed their ankle fracture implant 
selection, whereas 4 somewhat agreed and 1 strongly dis-
agreed. Three surgeons strongly agreed they had a better 
understanding of what the costs of different implants were 
after the monthly updates, whereas 3 somewhat agreed and 
1 somewhat disagreed. When asked to rank how certain fac-
tors would impact their practice toward being more cost 
conscious, 6 of 7 surgeons ranked fracture characteristics as 
the most important factor, whereas 3 of 7 surgeons ranked 
cost as the third most important factor. The 2 surgeons who 
strongly agreed that the monthly cost education changed 
their practice demonstrated a decrease in cost for both uni-
malleolar and bimalleolar fractures after education and 1 of 
the 2 had a decrease across all fracture patterns (Figure 2). 
No other surgeons showed a significant difference in 
implant costs, despite most reporting that this new cost 
knowledge had affected their decision making.

Discussion

Even though participating surgeons identified the lack of cost 
transparency as the number 1 barrier to reducing implant cost 
prior to the study, we found that resolving the barrier did not 
lead to a statistically significant lowering of implant costs 
overall. Informing orthopaedic surgeons on their implant cost 
for each ORIF of ankle fractures did not change their behav-
ior in deciding on implants to use. Only 2 of 7 surgeons 
decreased their implant cost from before to after education in 
both unimalleolar and bimalleolar cases, with only 1 of the 2 
also decreasing their cost in trimalleolar cases. Previous stud-
ies using more complicated cost ranking systems have dem-
onstrated effectiveness toward minimizing implant costs in 
other trauma implants8,13 whereas others found implant cost 

was not an important factor.1 Our study is the first to evaluate 
whether increasing the transparency of ankle fracture implant 
costs change surgeon behavior.

We explored important factors affecting a surgeon’s 
ankle fracture implant choice. Through surveys, surgeons 
identified that fracture characteristics, including fracture 
pattern, was the most important factor in selecting implants. 
Analysis of our data showed that fracture pattern did affect 
implant cost, with trimalleolar fractures being the most 
expensive. This is consistent with results found by Okelana 
et al6 in their study examining factors affecting cost.

Patient factors, such as age, bone density, and medical his-
tory, were also deemed important for surgeons to consider 
when deciding which implants to use during ankle fracture 
fixation. However, these factors were not found to be associ-
ated with cost in our linear mixed model. Our data analysis is 
consistent with evidence found by Kibble et al,5 who did not 
find osteoporosis and age did not affect the cost of implants.

Factors that influence surgeons’ implant choice are numer-
ous and complex, with cost demonstrated not to be a main 
driver in our study. It is worth noting that the surgeons are 
health system employed and do not have any direct financial 
benefit from lowering implant cost. The compensation model 
at our academic institution is productivity based on the num-
ber of RVUs generated. Hence, the cost of implants does not 
factor directly into their salary. Perhaps an incentivized pro-
gram providing surgeons or their department with some ben-
efits for choosing lower-cost implants would provide a greater 
decrease in implant cost than what our study observed.

Our study has limitations. The authors acknowledge the 
limited data size in this study and certain fracture pattern 
outliers could skew our results. Not all surgeons saw a uni-
form number of ankle fractures. This could have affected 

Figure 2. Average cost of the 2 surgeons who indicated on their survey that the monthly cost education changed their practice. 
Both had decreases in their average cost for unimalleolar and bimalleolar after cost education. One of the 2 showed a decrease in 
cost for trimalleolar fractures after cost education.
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our overall cost data as each surgeon had a different average 
implant cost for each fracture type. Our study only included 
patients from a single health care system, which may impact 
the exact cost of implants. This might not be applicable to 
other health care institutions around the world. Despite this, 
our study included consistent prices for ankle fracture 
implants over the duration of the study. Prices remained the 
same and allowed us to accurately measure the change in 
the mean costs of ankle implants. In addition, the same sur-
geons participated for the duration of our study, allowing 
for continuity in ankle fracture treatment.

Costs of health care in the United States continues to rise 
and practitioners are being held accountable to help miti-
gate direct patient and health care costs.9 Kibble et al5 
showed significant variability in ankle implant cost, with no 
correlation between higher cost implants and better patient 
outcomes. Orthopaedic surgeons have a unique opportunity 
to help decrease health care cost by lowering implant costs. 
The process of choosing implants is a complex pathway that 
we do not fully understand and, as yet, there is no clear 
direct benefit of cost savings for surgeons and patients. Our 
study did not find a significant difference in the mean costs 
of ORIF of ankle implants before and after increased trans-
parency in cost, despite surgeons reporting this as the num-
ber 1 barrier to decreasing implant costs. We did find that a 
patient’s fracture pattern can influence the cost of the 
implant construct, but this is beyond a surgeons’ control. 
With no significant association between patient outcomes 
and ankle implant costs,5 further study is warranted to iden-
tify what influences surgeon behavior and how strategies 
can assist orthopaedic surgeons in lower implant costs.
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