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Abstract

Background: There is growing focus on surgical costs related to common orthopaedic procedures. In this investigation,
we studied surgical costs associated with tibiotalar arthrodesis.

Methods: Patients were retrospectively identified who had undergone primary fusion of the tibiotalar joint based on
Current Procedural Terminology (CPT) codes from 2014 to 2020. Using the Value Driven Outcome (VDO) tool, we conducted
an evaluation of both total direct costs and facility-related expenses. The VDO tool encompasses a comprehensive item-
level database capable of capturing detailed cost information, which is subsequently presented as relative mean data.
Adjustments were made to cost variables to reflect 2022 US dollars, and comparative multivariable analysis of costs in
relation to treatment groups adjusting for demographic variables was performed using generalized linear models to yield
cost ratios along with 95% Cls.

Results: Our cohort consisted of 262 patients who underwent primary ankle fusion procedures done by one of 4
fellowship-trained orthopaedic foot and ankle surgeons. There were no differences in demographic data or total operating
room (OR) time based on surgical construct (screws-alone n=228 vs anterior plate-screws n=34). Total direct costs
for anterior plate-screw constructs were 78% higher than screws alone (ratio in cost=1.78, 95% CI 1.55-2.08, P<<.001),
adjusting for other variables. For all fusion constructs, every |-hour increase in total OR time increased total direct costs
by 29% (ratio in cost=1.29, 95% CI 1.18-1.40, P<<.001).

Conclusion: Enhancing cost-effectiveness of orthopaedic care remains an important objective. Our investigation found
that anterior plate-screw constructs for tibiotalar arthrodesis have notably higher total costs compared with screw-
only constructs. Many variables are considered when selecting surgical constructs for ankle arthrodesis. When clinically
appropriate, screw-only ankle arthrodesis constructs could be considered if there is a need to reduce costs.

Level of Evidence: Level lll, retrospective comparative study.

Keywords: surgical costs, ankle fusion
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no studies examining the differences in surgical costs based
on surgical fixation for ankle fusion.>?® In this study, we
aimed to evaluate the factors that influence surgical costs for
ankle fusion procedures. We hypothesized that cost would
be greater for anterior plating because of the increased costs
of the implants.

Methods
Data

We identified patients who had undergone primary fusion
of the tibiotalar joint based on Current Procedural
Terminology (CPT) codes (27870 and 29899) from 2014 to
2020. Exclusion criteria included patients with external fix-
ator applications, use of tibiotalocalaneal nailing, or revi-
sion fusions. We considered all adult patients for inclusion
(older than 18years at the time of surgery). We character-
ized ankle fusion surgical constructs as either those involv-
ing screws alone or with the use of a precontoured, anteriorly
based fusion plate. Total operating room (OR) time was
determined from the electronic records and calculated when
the patient entered and exited the OR (and not just surgical
time alone).

Using the Value Driven Outcome (VDO) tool imple-
mented at our institution, we conducted an evaluation of
both total direct costs and facility-related expenses. Briefly,
the VDO metric from our institution was first detailed in
JAMA in 2016 and has been studied extensively since both
within and outside orthopaedic surgery.?’ The VDO tool
encompasses a comprehensive item-level database capable
of capturing detailed cost information that allocates care
costs to individual patient encounters, which is subse-
quently presented as relative mean data.'* Direct costs are
those incurred from direct patient care and grouped by
imaging, supply, implant, pharmacy, laboratory, and facility
use costs. Total direct costs are the sum total of these group-
ings. Facility use costs include space, equipment, and labor
costs generated from each unit where patients were seen
(excluding professional billing). The VDO tool has been
used for more than a decade as a framework for understand-
ing and improving health care costs and outcomes and has
been used in other areas of orthopaedics at our institu-
tion.'#1620 Although this tool is unique to our University,
the methodology could be applied elsewhere if it were
implemented.

Statistical Methods

Baseline and treatment variables were summarized and
stratified by construct type (screws-alone and anterior plate-
screw fixation). Continuous variables were summarized as
mean (SD), median (interquartile range) and range, and
compared using ¢ tests if approximately normal, or exact

Wilcoxon rank sum test if otherwise. Categorical variables
were summarized as frequency and percentage, and com-
pared using y? tests, or Fisher exact tests if any expected
cell counts were fewer than 5.

Cost outcomes were first adjusted to 2022 dollars accord-
ing to Personal Consumption Expenditures (PCE),' then
within each type of cost, divided by the sample median (of
that specific type of cost). Because most people did not have
imaging or laboratory costs, the median costs of these 2 types
were zero. We dropped them from the report because they
could not be anonymized. For the other costs, we summa-
rized them stratified by fixation type and used exact Wilcoxon
rank-sum tests to compare them between the 2 groups.

For total direct cost and facility costs, we used general-
ized linear models (glms) to compare them to treatment
groups and other exposure variables. To determine the
appropriate glm family, we examined their distributions
visually using histograms, then we examined the mean-
variance relationship conditional on exposure variables
using the tweedie profile.”® The inverse gaussian family
with a log link was the most appropriate based on the
tweedie profile. Goodness of fit was examined visually
using simulated residuals.!’ The cost differences by expo-
sure variables were reported as ratios with 95% Cls. For
Table 1, data are presented as unadjusted normalized costs.
For Table 2, the data are presented as ratios with screw only
construct serving as the reference point (ie, ratios greater
than 1 indicate greater costs in screw-plate constructs).

For Implant Cost, no family was appropriate because of
extreme skewness, so we did not fit any regression models,
and just used the exact Wilcoxon rank-sum test result for
the conclusion. Significance was assessed at P <<.05. All
analyses were conducted in R,?® and all tests were 2-sided.

Surgical outcomes were studied for both cohorts—spe-
cifically, reoperation rates for nonunion, infection, and
hardware removal.

Results

Our cohort consisted of 262 patients who underwent pri-
mary ankle fusion procedures performed by one of 4 fellow-
ship-trained orthopaedic foot and ankle surgeons. Table 3
compared demographic data as well as treatment variables
between the screws-alone group (n=228) and the anterior
plate-screw (n=34) cohorts. Screws-alone constructs were
performed either via the transfibular approach (n=193) or
arthroscopically (n=35). There were no differences in
demographic data or total OR time based on surgical con-
struct. Not surprisingly, the number of screws between the
groups was greater for the anterior plate-screws cohort with
a mean of 7.9 (SD=1.1) compared with the screws-alone
cohort with a mean of 4.8 (SD=1.1) (P<<.001). The total
OR time was not statistically different between groups with
the screws-alone cohort having an average of 174 minutes
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Table |. Normalized Cost by Screws Alone and Plate/Screws.?
Variable Screws Alone (n=228) Plate/Screws (n=34) P Value
Total direct cost
Mean (SD) 1.1 (0.34) 1.9 (0.57) <.001°
Median (IQR) 0.95 (0.84, 1.2) 1.8 (1.6, 2.0)
Range 0.58, 2.5 1.0, 4.3
Facility cost
Mean (SD) 1.1 (0.44) 1.3 (0.47) .024°
Median (IQR) 0.98 (0.79, 1.3) 1.1 (0.88, 1.5)
Range 0.56, 3.3 0.69, 2.8
Other cost
Mean (SD) 1.3 (1.7) 1.5 (1.7) 220
Median (IQR) 0.99 (0.62, 1.4) 1.1 (0.79, 1.6)
Range 0, 20 0,9.7
Pharmacy cost
Mean (SD) 1.1 (0.63) 1.3 (0.79) 12b
Median (IQR) 0.97 (0.72, 1.3) 1.2 (0.85, 1.5)
Range 0.06, 5.6 0.09, 4.2
Implant cost
Mean (SD) 1.1 (0.68) 4.0 (1.4) <.001°
Median (IQR) 0.96 (0.84, 1.1) 3.4 (3.0,4.9)
Range 0.45,5.0 2.1,7.1
Supply cost
Mean (SD) 1.4 (1.0) 1.4 (1.9) .054°
Median (IQR) 1.0 (0.65, 1.8) 0.64 (0.20, 1.5)
Range 0, 6.5 0,7.1
Abbreviation: IQR, interquartile range.
*Missing values by group: none.
PExact Wilcoxon rank-sum test.
Table 2. Ratios in Total Direct Cost.
Univariable Model Multivariable Model
Variable Ratio (95% Cl) P Value Ratio (95% Cl) P Value
Screw and plates vs screws alone 1.77 (1.54, 2.07) <.001 1.78 (1.55, 2.08) <.001
Age at surgery 1.00 (1.00, 1.01) 27 1.00 (1.00, 1.01) 12
Sex male vs female 1.03 (0.93, 1.14) .54 1.01 (0.93, 1.09) 8l
BMI =30 vs <30 1.03 (0.93, 1.15) .56 1.07 (0.98, 1.17) NN
Unknown vs <30 0.95 (0.83, 1.09) A5 0.98 (0.88, 1.10) 71
White .11 (0.91, 1.31) 25 1.02 (0.87, 1.17) .83
Commercial insurance 0.97 (0.88, 1.07) .53 1.04 (0.96, 1.13) 37
ASA2 1.05 (0.88, 1.22) .57 1.05 (0.92, 1.19) A5
ASA3-4 1.17 (0.97, 1.39) .08 1.09 (0.94, 1.27) 24
Surgery setting: outpatient center vs main hospital 0.81 (0.72, 0.91) <.001 0.84 (0.75, 0.93) .002
Total OR time, hr 1.29 (1.18, 1.40) <.001

Abbreviations: ASA, American Society of Anesthesiologists Physical Status Classification System; BMI, body mass index; OR, operating room.

(SD=35) and the plate-screw construct having an average of
180 minutes (SD=46 minutes) (P=.92).

Table 1 examined unadjusted normalized cost differ-
ences between the screws-alone and anterior plate-screw
cohorts. The median total direct cost was higher in the

plate-screws group (1.8) compared with the screws-alone
group (0.95, P<.001). The median implant cost was also
higher for the plate-screws group (3.4) compared with the
screws-alone group (0.96, P<<.001). The facility cost was
significantly lower in the screws alone group (P=.033).
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Table 3. Demographic and Baseline Variables.?

Variable Screws Alone (n=228) Plate and Screws (n=34) P Value
Age at surgery 330
Mean (SD) 58 (13) 55 (16)
Median (IQR) 61 (51, 68) 60 (40, 68)
Range 22, 83 22,77
Sex, n (%) 78
Female 93 (41) 13 (38)
Male 135 (59) 21 (62)
BMI 24b
Mean (SD) 31 (6.0) 31 (6.1)
Median (IQR) 31 (27, 35) 29 (26, 32)
Range 20, 49 22,45
Missing, n (%) 43 (19) 6 (18)
BMI category, n (%) 45¢
<30 76 (33) 15 (44)
=30 109 (48) 13 (38)
Unknown 43 (19) 6 (18)
Race, n (%) .56¢
American Indian and Alaska Native 3(1.3) 0 (0)
Black or African American | (0.44) 0 (0)
Chose not to disclose 4 (1.8) 2(5.9)
Other 11 (4.8) 2 (5.9)
Other Pacific Islander 2 (0.88) 0 (0)
White or Caucasian 206 (91) 30 (88)
Missing | (0.44) -
White race,® n (%) 206 (92) 30 (94) >.99¢
Missing 5(2.2) 2 (5.9)
Insurance, n (%) .65¢
Commercial 122 (54) 17 (50)
Government (other) 10 (4.4) 1 (2.9)
Medicaid 6 (2.6) 2 (5.9)
Medicare 82 (36) 12 (35)
Self-pay | (0.44) 0 (0)
Worker’s compensation 7 (3.1) 2(5.9)
Commercial insurance, n (%) 122 (54) 17 (50) .70¢
ASA class, n (%) .70¢
| 23 (10) 4(12)
2 142 (63) 19 (56)
3-4 62 (27) 11 (32)
Missing | (0.44) -
Total OR time 92b
Mean (SD) 174 (35) 180 (46)
Median (IQR) 170 (151, 193) 162 (151, 196)
Range 97, 303 135, 334
Hardware removed during ankle fusion, n (%) 39 (17) 8 (24) 36°
Achilles lengthening, n (%) 10 (4.4) 1 (2.9) >.99¢
Surgical location, n (%) .95¢
Main hospital 48 (21) 7 (21)
Outpatient center 180 (79) 27 (79)
No. of screws <.001°
Mean (SD) 4.8 (I.1) 7.9 (1.1)
Median (IQR) 5.0 (5.0, 5.0) 8.0 (7.0, 8.8)
Range 20,70 6.0, 10.0

(continued)
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Table 3. (continued)

Variable Screws Alone (n=228) Plate and Screws (n=34) P Value
No. of plates <.001®
Mean (SD) 0 (0) 1.0 (0)
Median (IQR) 0(0,0) 1.0 (1.0, 1.0)
Range 0,0 1.0, 1.0

Abbreviations: ASA, American Society of Anesthesiologists; BMI, body mass index; IQR, interquartile range; OR, operating room.

2Missing values by group: BMI=43 (19%) / 6 (18%), race=1 (0.44%)/0 (0%), ASA=1 (0.44%)/0 (0%).

®Exact Wilcoxon rank-sum test.
2 test.

IFisher exact test.

*White race =5 (2.2%) / 2 (5.9%).

Table 4. Reoperation Rates for Screw-Only vs Anterior Fusion Constructs.

Screws Alone, n (%)

Plate/Screws, n (%)

Variable (n=228) (n=34)
Reoperation for nonunion 18 (7.9) 1 (2.9)
Reoperation for hardware removal 50 (21.9) 7 (20.6)
Reoperation for infection 7 (3.1) 1 (2.9)

Table 2 shows the ratios in total direct costs in both uni-
variable and multivariable inverse gaussian regression anal-
ysis. Total direct cost for anterior plate-screw constructs
were 78% higher than screws alone (ratio in cost =1.78,
95% CI 1.55-2.08, P<.001), adjusting for other variables.
For all fusion constructs, in a univariable analysis, every
I-hour increase in total OR time increased total direct costs
by 29% (ratio in cost =1.29, 95% CI 1.18-1.40, P <.001).

Table 4 demonstrates the number of patients who under-
went revision surgery for nonunion, hardware removal, and
infection. There were no differences (P>>.1) between ante-
rior-plate or screw-only constructs for all 3 variables studied.

Discussion

The purpose of this study was to evaluate the surgical costs
associated with tibiotalar arthrodesis. Our investigation ret-
rospectively compared 2 common fixation methods:
screws-alone vs anterior plate-screw fixation. The results
indicate that the choice of fixation technique significantly
impacts the overall costs of the procedure with no apparent
impact on outcomes. We found that the total direct cost for
plate-screw constructs was 78% higher than screws-alone
constructs. This finding suggests that using screws-alone
constructs could significantly reduce overall total costs,
when clinically appropriate.

Several limitations of our study should be acknowl-
edged. First, this study was retrospective, and there may be
unmeasured confounders that could influence the results.
Furthermore, the sample size for the plate-screws group

was notably smaller than the screw-only cohort, which may
limit the generalizability of our findings. At our institution,
we clearly have a historical predilection toward a screw-
only construct, but over recent years have expanded our use
of screw-plate constructs. Deciding on the appropriate sur-
gical construct must weigh patient-specific variables includ-
ing deformity, available bone stock and quality, body
habitus, and soft tissue envelope, among many factors. We
believe both constructs have a role in modern ankle fusion
surgery. Although we did not see a difference in outcomes
regarding reoperation risk, our findings—because of the
smaller sample of anterior fusion constructs—could be sta-
tistically fragile. The goal of this report was to understand
costs surrounding the episode of care for an ankle fusion (ie,
day of surgery costs) and was not aimed to perform either a
cost analysis or true outcomes study.

Missing data are also a limitation in our cohort as 16 of
34 (47%) anterior-plating patients did not have minimum
6-month postoperative radiographs compared with 51 of 229
screw-only constructs (22%). Of those patients who had at
least 6-month radiographs, radiographic union was seen in
90% of screw-only constructs and 94% of anterior-plate
constructs. However, we would strongly caution on inter-
preting these data because of the large portion of missing
radiographs, imbalance in the missing data (greater number
of missing data in the plating construct), and statistical fra-
gility of the plating construct data. For example, an addi-
tional radiographic nonunion in the plating construct would
shift the nonunion rate to 88%. Given the aforementioned
factors, we feel that we cannot comment on differences (or
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similarities) in union rates based on surgical construct.
Further, the purpose of our study was to assess episode of
care cost and not a long-term follow-up study of ankle
fusions vs cost at our center. Lastly, we should note that our
elective hardware removal rates after fusion are relatively
high, regardless of construct. A possible explanation may
include activity preferences in our practice region with
screws and/or plates potentially more symptomatic in winter
sports that require ski boots.

Our findings are consistent with previous research. Hyer
et al (2008) examined the costs of crossed screws vs
dorsal plating for first metatarsophalangeal joint arthrodesis.'?
They discovered that the mean crossed screws construct
($374.05 =$76.3) was considerably cheaper than the dorsal
plating technique ($603.57 = $234.7), which was strongly sig-
nificant (P=.0002). Similarly, our study found that total direct
costs (P<<.001) as well as implant costs (P<<.001) were sig-
nificantly higher for the anterior plate-screws cohort compared
to the screws-alone group in relative cost analysis.

Multiple prior studies have explored tibiotalar union rates
based on surgical construct. Studies have largely found no sta-
tistical differences in nonunion rates comparing compression
screws to anterior plating for ankle fusions.!%13:17:22.273135 For
surgeons practicing in an environment with a particular empha-
sis on health care costs, a screw-only construct for tibiotalar
fusions may achieve notable reductions in cost relative to ante-
riorly based plates. In our practices, we use both constructs
with decision making tailored to the specific patient.

In conclusion, our study demonstrates that screw-only
surgical constructs for tibiotalar arthrodesis are associated
with significantly lower overall total costs compared with
anterior plate-screw constructs. The cost difference is
mostly due to a cheaper implant cost for screw-only surgi-
cal constructs. Many variables are considered when select-
ing surgical constructs for ankle arthrodesis. When clinically
appropriate, screw-only ankle arthrodesis constructs could
be considered if there is a need to reduce overall costs.
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