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Article

Introduction

Ankle osteoarthritis is a debilitating condition, with break-
down of tibiotalar joint cartilage and underlying bone lead-
ing to pain, stiffness, difficulty walking, and diminished 
quality of life. The physical disability caused by ankle 
arthritis has been compared to end-stage renal disease and 
congestive heart failure.21 End-stage ankle osteoarthritis 
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Abstract
Background: Ankle arthroplasty has emerged as a viable alternative to ankle arthrodesis due in large part to recent 
advancements in both surgical technique and implant design. This study seeks to document trends of arthroplasty and 
arthrodesis for ankle osteoarthritis in New York State from 2009-2018 in order to determine if patient demographics play 
a role in procedure selection and to ascertain the utilization of each procedure and rates of complications.
Methods: Patients 40 years and older from 2009-2018 were identified using International Classification of Diseases, Ninth and 
Tenth Revisions (ICD-9 and ICD-10), Clinical Modification (CM) diagnosis and procedure codes for ankle osteoarthritis, ankle 
arthrodesis, and ankle arthroplasty in the New York statewide planning and research cooperative system database. A trend 
analysis for both inpatient and outpatient procedures was performed to evaluate the changing trends in utilization of ankle 
arthrodesis and ankle arthroplasty over time. A multivariable logistic regression was used to assess the odds of receiving 
ankle arthrodesis relative to ankle arthroplasty. Complications were compared between inpatient ankle arthrodesis and 
arthroplasty using multivariable Cox proportional hazards regression.
Results: A total of 3735 cases were included. Ankle arthrodesis increased by 25%, whereas arthroplasty increased by 
757%. African American race, federal insurance, workers compensation, presence of comorbidities, and higher social 
deprivation were associated with increased odds of having an ankle arthrodesis vs an ankle arthroplasty. Compared with 
ankle arthroplasty, ankle arthrodesis was associated with increased rates of readmission, surgical site infection, acute renal 
failure, cellulitis, urinary tract infection, and deep vein thrombosis.
Conclusion: Ankle arthroplasty volume has grown substantially without a decrease in ankle arthrodesis volume, suggesting 
that ankle arthroplasty may be selectively used for a different population of patients than ankle arthrodesis patients. Despite 
the increased growth of ankle arthroplasty, certain patient demographics including patients from minority populations, 
federal insurance, and from areas of high social deprivation have higher odds of receiving arthrodesis.
Level of Evidence: Level III, retrospective cohort.
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can be treated surgically with ankle fusion or ankle replace-
ment. Ankle arthrodesis, or fusion, has long been the gold 
standard for management of advanced ankle osteoarthritis 
with reliable symptom improvement.14 Ankle arthroplasty, 
or replacement, has emerged as a viable alternative to treat-
ing ankle osteoarthritis due in large part to recent advance-
ments in both surgical technique and implant design.9 
Improved implant survivorship as well as broader interest 
in the orthopaedic community has increased the prevalence 
of arthroplasty, with the ultimate goal of providing patients 
with improved physiologic joint function and equivalent 
pain reduction compared with arthrodesis.11

Ankle arthrodesis is more commonly performed for 
end-stage ankle arthritis throughout the United States, 
whereas ankle arthroplasty is a more specialized procedure 
often performed at higher-volume academic centers.4 The 
appropriateness of total ankle arthroplasty vs arthrodesis 
remain controversial because of the lack of available litera-
ture on the long-term outcomes of current-generation pros-
theses and debate regarding the risk-benefit analysis of 
each procedure.13 The decision regarding arthroplasty vs 
arthrodesis is often based on individual patient characteris-
tics and functional demands.

Considering the lingering questions regarding ankle 
fusion vs arthroplasty, there is a clear need to study both the 
utilization of each procedure and their associated complica-
tions. Using data from the New York Statewide Planning 
and Research Cooperative System (SPARCS) database, this 
study aimed to document rates of arthroplasty and arthrod-
esis for ankle osteoarthritis in New York State from 2009 to 
2018 in order to determine if patient demographics play a 
role in procedure selection and to ascertain the utilization of 
each procedure and rates of complications.

Methods

Patients were identified in the New York Statewide Planning 
and Research Cooperative System (SPARCS) database 
from 2009 to 2018. SPARCS is a comprehensive all-payer 
database collecting outpatient (emergency department, 
ambulatory surgery, and hospital-based clinic visits) and all 
inpatient claims in New York State. This includes 
International Classification of Diseases (ICD) diagnosis 
codes and ICD / Current Procedural Terminology (CPT) 
procedure codes associated with all visits. Inpatient claims 
were first identified using the ICD-9-Clinical Modification 
(CM) and ICD-10-CM ankle osteoarthritis diagnosis codes 
(see Supplemental Table S1; this includes primary osteoar-
thritis, posttraumatic osteoarthritis, secondary osteoarthri-
tis, and osteoarthrosis). Claims were then filtered by 
ICD-9-CM and ICD-10 Procedural Coding Systems (PCS) 
procedure codes to isolate patients who went on to receive 
an ankle arthrodesis or ankle arthroplasty (see Supplemental 
Table S2 for codes used). Only a patient’s first operation 
was considered eligible for follow-up.

A trend analysis for both inpatient and outpatient proce-
dures was performed to determine if there was a shift toward 
either ankle arthrodesis or ankle arthroplasty over time. 
After removing patients with incomplete data, patient demo-
graphics were reviewed on a univariate and multivariate 
level to determine the relative use of ankle arthrodesis and 
arthroplasty among different populations. For analysis of 
complications, inpatient cases were isolated to ensure a more 
homogeneous patient population and postoperative care. 
Patients who were residents of New York were followed up 
to a maximum of 1 year postoperatively. The 1-month, 
3-month, and 12-month risks of interest were as follows: 
readmission, urinary tract infection, acute renal failure, car-
diorespiratory arrest, pneumonia, acute stroke, surgical site 
infection, deep vein thrombosis, acute respiratory failure, 
pulmonary embolism, cellulitis, wound complications, in-
facility mortality, and revision surgery (see Supplemental 
Table S3 for codes used). SPARCS claim dates are listed as 
the first day of the month in which the service occurred due 
to SPARCS deidentification policy. Therefore, if a compli-
cation occurred within the same month as the primary proce-
dure, the time to complication was defined as 0.5 months. 
Using the same inpatient cohort, a length of stay analysis 
was performed to determine which populations were at risk 
of increased inpatient length of stay.

Statistical Analyses

For the trend analysis, the proportion of ankle arthrodesis 
and ankle arthroplasty was calculated for each year, 2009-
2018. A univariate linear regression model was used to 
determine if there was a shift in proportions over time, with 
the difference in proportion as the dependent variable and 
year as the independent variable.

Patient demographics were compared using χ2 analy-
sis. t tests were used for comparing sample means and 
Mann-Whitney U tests were used when appropriate when 
continuous data were found to be not normally distrib-
uted. A multivariable analysis was performed using logis-
tic regression to predict the odds of receiving ankle 
arthrodesis relative to ankle arthroplasty. The model 
included patient age, sex, race, ethnicity, Charlson 
Comorbidity Index (CCI), primary insurance type, and 
social deprivation index (SDI).

For the complication analysis, multivariable Cox pro-
portional hazards regression was used for the analysis of 
risk likelihood across the ankle procedure type. Each com-
plication was modeled separately while controlling for 
ankle procedure type, patient age, sex, race, ethnicity, CCI, 
primary insurance type, and SDI. “Other” race excludes 
White, Asian, and African American but does include mul-
tiracial. Federal insurance includes Medicare, Medicaid, 
Veterans Affairs, and “other federal programs.” SPARCS 
began collecting outpatient hospital-based clinic visits in 
2011; therefore, 2009 and 2010 were omitted from the 
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complication analysis. To allow for a 1-year follow-up 
through 2018, only New York residents from 2011 to 2017 
were modeled. The length of stay analysis was performed 
using a multivariable linear regression and included the 
same independent variables as the complication analysis.

The CCI was calculated using the method described by 
Deyo et al.6 CCI was dichotomized to a score of 0 vs a 
score of ≥1. SDI as described by Butler et al2 was linked to 
each patient based on zip code and is therefore a reflection 
of their geographic deprivation rather than individual 
deprivation. SDI was designed to identify areas in the 
greatest need of additional health care resources and pro-
vides a robust measure of social determinants of health not 
traditionally captured by health care administrative data-
bases by converting the following categories to an index 
from 1 to 100: percentage living in poverty, percentage 
with less than 12 years of education, percentage single-
parent household, percentage living in rented housing unit, 
percentage living in overcrowded housing unit, percentage 
of households without a car, and percentage nonemployed 
adults <65 years of age. A higher SDI score equates to 
greater social deprivation. SDI data in this study were 
based on 2015 statistics.2

A P value <.05 was considered significant across all sta-
tistical analyses. All analyses were performed using SAS, 
version 9.4 (SAS Inc, Cary, NC).

Results

A total of 3735 cases were included in the trend analysis in 
years 2009-2018. The range per year for ankle arthrodesis 
over the study period was 184-274 for ankle arthrodesis and 
42-360 for ankle arthroplasty (Figure 1). In 2009, 84% of 
procedures were ankle arthrodesis and 16% were ankle 
arthroplasty. By 2018, 43.2% were ankle arthrodesis and 
56.8% were ankle arthroplasty (P < .0001). Over the study 
period, ankle arthrodesis increased by 25% whereas arthro-
plasty increased by 757% (Figure 1). The same trend was 

noted when isolating inpatient cases (Figure 2). Both 
arthrodesis and arthroplasty have increased steadily in the 
outpatient setting from 2009 to 2018 (Figure 3).

A total of 2148 cases were included in a univariate 
demographics analysis. Patients undergoing ankle arthrod-
esis had a lower mean age and tended to be located in areas 
of greater social deprivation. Furthermore, patients under-
going ankle arthrodesis were more likely to be male or 
African American and to have 1 or more Charlson comor-
bidities. Patients undergoing ankle arthroplasty were more 
likely to be White (Table 1).

The multivariable logistic regression analysis included 
the same 2148 cases and showed that older-age patients had 
decreased odds of receiving ankle arthrodesis. Male sex and 
African American patients had increased odds of ankle 
arthrodesis compared with female sex and White patients, 
respectively. Having federal insurance or workers compen-
sation was associated with increased odds of ankle arthrod-
esis compared with private insurance. CCI score higher or 
equal to 1 was associated with increased odds of ankle 
arthrodesis. Lastly, being from an area of greater social 
deprivation was associated with increased odds of ankle 
arthrodesis (Table 2).

Figure 1. The total (combined inpatient and outpatient) 
number of ankle arthrodesis and arthroplasty cases in New 
York, 2009-2018.

Figure 2. The number of inpatient ankle arthrodesis and 
arthroplasty cases in New York, 2009-2018.

Figure 3. The number of outpatient ankle arthrodesis and 
arthroplasty cases in New York, 2009-2018.
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The left side of Figure 4 illustrates how the SDI varied 
across New York zip codes, with darker areas representing 
greater social deprivation. The right side of Figure 4 illus-
trates the rate of ankle arthrodesis by zip code. As an exam-
ple, western Long Island, which encompasses New York 
City and surrounding boroughs, represents higher SDI 
scores and higher rates of ankle arthrodesis.

A total of 1462 patients were included in the inpatient 
complication analysis comparing ankle arthrodesis relative 
to ankle arthroplasty. Compared with ankle arthroplasty, 
ankle arthrodesis had increased 1-, 3-, and 12-month rates 
of readmission, acute renal failure, and cellulitis; increased 
1-month rates of urinary tract infection; and increased 
12-month rates of surgical site infection and deep vein 
thrombosis (Table 3).

Using the same 1462 patients, a multivariable linear 
regression for length of stay showed those with federal 
insurance have an approximately 1-day longer stay com-
pared to privately insured patients. Having a CCI score 
≥1 was associated with an approximately 1-day longer 
stay than those without comorbidities. Those undergoing 
ankle fusion had an approximately 0.8-day longer length 
of stay compared to those undergoing arthroplasty  
(Table 4).

Discussion

This study documents a slight increase in ankle arthrodesis in 
conjunction with a rapid increase in rates of ankle arthro-
plasty from 2009 to 2018 for ankle osteoarthritis. During this 
time period, proportion of ankle arthrodesis procedures fell 
from >80% to just 43.2% of all procedures while the propor-
tion of arthroplasty rose from <20% to comprise >56.8% in 
2018. Most of these relative changes were due to the signifi-
cant arthroplasty increase, as ankle arthrodesis increased by 
25% whereas arthroplasty increased by 757%. Ankle arthro-
plasty volume has grown substantially without a decrease in 
ankle arthrodesis volume, suggesting that ankle arthroplasty 
is drawing from a different population of patients than ankle 
arthrodesis patients. A net increase in the total volume of pro-
cedures for ankle osteoarthritis demonstrates an increasing 
trend toward surgical management, with arthroplasty emerg-
ing as the more common operative modality in the studied 
patient population. Seaworth et al,23 a 2016 study also utiliz-
ing the SPARCS database, found that ankle arthroplasty in 
New York State had a better survival rate than national 

Table 1. Patient Demographics and Characteristics, by 
Procedure.

Arthrodesis
(n = 744)

Arthroplasty
(n = 718) P Value

Age, mean (SD) 58.1 (13.3) 63.6 (9.9) <.0001
Sex, n (%)
 Female 530 (40.2%) 390 (47.1%) .0015
 Male 790 (59.9%) 438 (52.9%) –
Ethnicity, n (%)
 Non-Hispanic 1,251 (94.8%) 790 (95.4%) .5084
 Hispanic 69 (5.2%) 38 (4.6%) –
Race, n (%)
 White 1,078 (81.7%) 732 (88.4%) <.0001
 Asian 10 (0.8%) 6 (0.7%) .9311
 African American 103 (7.8%) 26 (3.1%) <.0001
 Other 129 (9.8%) 64 (7.7%) .107
Primary insurance, n (%)
 Private 701 (53.1%) 474 (57.3%) .0606
 Federal 487 (36.9%) 313 (37.8%) .6718
 Self-pay 15 (1.1%) 5 (0.6%) .2111
CCI, n (%)
 0 836 (63.3%) 566 (68.4%) .0173
 ≥1 484 (36.7%) 262 (31.6%) –
SDI, median (mean, 

SD)
37 (44, 29.4) 31 (36.9, 27.1) <.0001

Abbreviations: CCI, Charlson Comorbidity Index; SDI, social deprivation 
index.
Bold P Values are <.05.

Table 2. Multivariable Logistic Regression for the Odds of 
Receiving Ankle Arthrodesis.

Odds Ratio (95% CI) P Value

Age 0.95 (0.95, 0.96) <.0001
Sex
 Males – –
 Femalesa 0.71 (0.59, 0.86) .0003
Race
 White – –
 Asianb 0.99 (0.35, 2.86) .9909
 African Americanb 1.63 (1.01, 2.62) .0459
 Otherb 1.07 (0.75, 1.53) .7204
Ethnicity
 Non-Hispanic – –
 Hispanicc 0.69 (0.44, 1.11) .1248
Primary insurance
 Private – –
 Federald 1.72 (1.39, 2.14) <.0001
 Workers’ compensationd 1.75 (1.16, 2.62) .0072
 Self-payd 1.9 (0.65, 5.52) .241
CCI
 0 – –
 ≥1e 1.4 (1.16, 1.71) .0007
SDI 1.01 (1, 1.01) .0004

Abbreviations: CCI, Charlson comorbidity index; CI, confidence interval; 
SDI, social deprivation index.
aCompared to males.
bCompared to White race.
cCompared to non-Hispanic ethnicity.
dCompared to private insurance.
eCompared to CCI = 0.
Bold P Values are <.05.
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registries, potentially contributing to this shift, but that those 
survival rates were not yet on par with those of hip and knee 
replacement surgeries. Nationally, recent studies looking at 
data as recent as 2018 have tended to indicate that ankle 
arthrodesis rates remain considerably higher than those of 
arthroplasty, noting that the Northwest of the United States 
lags behind in arthroplasty rates considerably.4,18 Another 
study drawing from the SPARCS database as of 2014 
found—as expected—higher rates of arthrodesis from 2005, 
but also noted that arthroplasty was practiced much more 
heavily in high-volume academic centers, whereas lower-
volume facilities tended to favor arthrodesis.3

The present study is demonstrative of the increasing uti-
lization of total ankle arthroplasty. Improvements in implant 
design and operative technique have been supported in the 
literature, with foot and ankle surgeons growing more com-
fortable both promoting and performing the operation. 
These improvements led to the per capita usage of ankle 
arthroplasty increasing over 6-fold between 1998 and 2010, 
with a continued rise in prominence since that time.17 
Likewise, patients who are wary of the motion limitation of 
fusion and would previously have gravitated toward nonop-
erative management are now finding a commonly per-
formed, motion-sparing alternative in arthroplasty. Though 
recent national data indicate that ankle arthrodesis remains 
more widely used across the United States, the present 
study demonstrates the effects that a growing interest in 
arthroplasty is having on both total operations and relative 
rates of the 2 procedures.4 One potential explanation is that 
arthroplasty design and instrumentation have significantly 

improved in recent years and that arthroplasty provides 
improved functionality and mobility.20,22,25

Previous studies have argued that despite the increased 
cost of arthroplasty, it becomes more cost effective than 
arthrodesis and provides more quality-adjusted life years 
(QALYs) when indirect costs such as missed productive 
days at work are considered.5,15 Courville et al’s5 2011 study 
found that although ankle arthroplasty was $20200 more 
expensive, it provided 1.7 additional QALYs as compared 
to arthrodesis. The cost differential between the procedures 
is corroborated by Jiang et al, which estimated the differ-
ence to be $24431.12 This comes out to $11800 per QALY, 
which is well below the established benchmark of $100000 
per QALY as a measure of cost-effectiveness.5 Other stud-
ies have reinforced the validity of Courville et al’s5 results—
Nwachukwu et al15 also found ankle arthroplasty to cost 
$14500 per QALY, and both studies argued that arthroplasty 
would be more cost-effective in younger patients. Although 
cost-effectiveness supports the rise in arthroplasty observed 
in New York State, it is less likely to be a motivating factor 
for physicians and patients when compared to the impact of 
improved implant design and surgical technique.

In terms of complications, patients with ankle arthrodesis 
had increased rates of readmission, acute renal failure, cel-
lulitis, urinary tract infection, surgical site infection, and 
deep vein thrombosis. In contrast, SooHoo et al24 found that 
arthroplasty was associated with increased rates of device-
related infection and need for revision surgery, though their 
complications were assessed at 5 years postprocedure, 
whereas this study only documented up to 1 year from 

Figure 4. Left: SDI by New York zip code. Gray zip codes had no ankle arthrodesis or arthroplasty cases during the study period. 
Right: Rate of ankle arthrodesis surgery by zip code. Gray zip codes had no ankle arthrodesis or arthroplasty cases during the study 
period. zip codes with a 0% ankle arthrodesis rate had a 100% ankle arthroplasty rate.
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surgery. Other studies have agreed with SooHoo et al in 
finding increased rates of revision for ankle arthroplasty 
compared to arthrodesis years after the procedure,19,26 but 
that short- and intermediate-term complication rates are 

similar between the 2 procedures.12,16,26 However, higher 
rates of complications in patients undergoing fusion is not 
particularly surprising given higher comorbidity patients are 
more likely to be considered for arthrodesis, a trend that was 

Table 3. Risk of Complication After Ankle Arthrodesis Vs Arthroplasty.

Complication Interval

Ankle Arthrodesis,
n (%)

(n = 744)

Ankle Arthroplasty,
n (%)

(n = 718)
Hazard Ratioa  

(95% CI) P Value

Readmission 1 mo 51 (6.9) 27 (3.8) 1.593 (0.968, 2.621) .0671
3 mo 85 (11.4) 48 (6.7) 1.49 (1.023, 2.171) .0378
12 mo 213 (28.6) 129 (18) 1.564 (1.241, 1.971) .0001

Urinary tract infection 1 mo 18 (2.4) 6 (0.8) 3.054 (1.177, 7.926) .0218
3 mo 21 (2.8) 12 (1.7) 1.729 (0.827, 3.614) .1457
12 mo 36 (4.8) 22 (3.1) 1.529 (0.878, 2.662) .1335

Acute renal failure 1 mo 20 (2.7) 5 (0.7) 2.963 (1.081, 8.127) .0348
3 mo 21 (2.8) 6 (0.8) 2.626 (1.032, 6.685) .0428
12 mo 37 (5) 16 (2.2) 1.875 (1.02, 3.445) .0428

Cardiorespiratory arrest 1 mo NA NA NA NA
3 mo NA NA NA NA
12 mo NA NA NA NA

Pneumonia 1 mo 7 (0.9) 2 (0.3) 3.474 (0.7, 17.236) .1275
3 mo 7 (0.9) 3 (0.4) 2.227 (0.557, 8.901) .2573
12 mo 18 (2.4) 11 (1.5) 1.434 (0.657, 3.13) .3656

Acute stroke 1 mo 5 (0.7) 3 (0.4) 2.054 (0.482, 8.741) .3302
3 mo 5 (0.7) 4 (0.6) 1.351 (0.354, 5.156) .6597
12 mo 11 (1.5) 6 (0.8) 1.917 (0.694, 5.291) .2092

Surgical site infection 1 mo 21 (2.8) 7 (1) 2.257 (0.909, 5.604) .0793
3 mo 28 (3.8) 12 (1.7) 1.938 (0.949, 3.957) .0692
12 mo 41 (5.5) 17 (2.4) 1.871 (1.03, 3.399) .0396

Deep vein thrombosis 1 mo NA NA NA NA
3 mo NA NA NA NA
12 mo 12 (1.6) 3 (0.4) 4.381 (1.184, 16.214) .0269

Acute respiratory failure 1 mo 5 (0.7) 2 (0.3) 3.322 (0.631, 17.501) .1567
3 mo 6 (0.8) 2 (0.3) 3.229 (0.628, 16.603) .1606
12 mo 10 (1.3) 4 (0.6) 2.314 (0.701, 7.644) .1688

Pulmonary embolism 1 mo 1 (0.1) 2 (0.3) 0.231 (0.014, 3.779) .3039
3 mo 2 (0.3) 3 (0.4) 0.398 (0.054, 2.933) .3657
12 mo 2 (0.3) 4 (0.6) 0.301 (0.046, 1.951) .208

Cellulitis 1 mo 17 (2.3) 6 (0.8) 3.065 (1.177, 7.978) .0218
3 mo 25 (3.4) 8 (1.1) 3.079 (1.354, 7.003) .0073
12 mo 49 (6.6) 10 (1.4) 4.384 (2.181, 8.811) <.0001

Wound Comp 1 mo 12 (1.6) 6 (0.8) 1.431 (0.506, 4.05) .4995
3 mo 17 (2.3) 11 (1.5) 1.012 (0.45, 2.274) .9778
12 mo 21 (2.8) 13 (1.8) 0.978 (0.464, 2.059) .9526

In-hospital mortality 1 mo 1 (0.1) 1 (0.1) 0.654 (0.036, 12.007) .7746
3 mo 1 (0.1) 1 (0.1) 0.654 (0.036, 12.007) .7746
12 mo 5 (0.7) 3 (0.4) 1.506 (0.347, 6.535) .5844

Revision 1 mo 5 (0.7) 2 (0.3) 2.307 (0.39, 13.651) .3569
3 mo 12 (1.6) 4 (0.6) 2.18 (0.654, 7.27) .2048
12 mo 33 (4.4) 29 (4) 1.013 (0.591, 1.735) .9622

Abbreviation: NA, not analyzable.
aHazard ratios are adjusted for physician volume, age, sex, race, ethnicity, primary insurance type, Charlson comorbidity index and social deprivation 
index.
Bold P Values are <.05.
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observed in the present study. This also likely explains the 
relative increased length of stay following ankle fusion, as 
patients with greater comorbidities may stay longer for med-
ical management as well as skilled nursing care placement.

Patients from zip codes with greater social deprivation 
index (SDI) scores were noted to have higher rates of ankle 
arthrodesis as compared to ankle arthroplasty, despite the 
significant increase in arthroplasty rates over time. These 
results were substantiated when evaluating insurance status 
as well, with those receiving federal insurance also being 
more likely to receive an ankle arthrodesis procedure. These 
results are consistent with those noted by Heckmann et al, 
the authors reported that patients with Medicaid tended to 
receive arthrodesis.10 The socioeconomic factors contribut-
ing to these disparities are particularly complicated and  
difficult to elucidate. The cost of arthroplasty is one vari-
able, which in one study was noted to be $20200 more than 
ankle arthrodesis as of 2011, though the effect that has on 
either patient or physician decision making may not be  
substantial.5 Patients of lower socioeconomic backgrounds 
are more likely to be performing manual labor occupations, 
which makes them more ideal candidates for ankle fusion 

compared with ankle arthroplasty. This is compounded by a 
preference for arthrodesis in sicker and higher-comorbidity 
patients, both of which are well correlated to socioeconomic 
status.7 The impact of racial and socioeconomic disparities 
on access to quality health care cannot be understated, as 
primary care physicians managing primarily African 
American patients have demonstrably greater difficulty 
referring patients to specialized surgeons.1 Hospitals that 
serve higher proportions of non-White patients have fewer 
hip arthroplasty surgeons than those with lower concentra-
tions.8 It is reasonable to extrapolate that lower socioeco-
nomic areas likely have more limited surgical options than 
those of more affluent populations. As with hip and knee 
arthroplasty, disparities in ankle arthroplasty utilization 
require ongoing study to better understand and address this 
area of health care inequality.

This study exhibits several limitations. Large-database 
studies are prone to biases that come with retrospective 
analysis of incomplete data sets. The use of a large database 
inherently requires accurate coding. Because this study 
evaluated outcomes for the same procedure across the data-
base, any differences in reporting should be global and the 
large sample size should help minimize substantial changes 
to the observed outcomes. Moreover, there are several sig-
nificant demographic differences between the cohorts 
included in this study such as patients undergoing arthrod-
esis having a lower mean age, higher likelihood of African 
American race, more comorbidities, and more likely to be 
from areas of higher social deprivation (Tables 1 and 2). 
However, we did attempt to control for these during our sta-
tistical analysis. Our study involved patients within the con-
fined geographic zone of New York State via the SPARCS 
database. Therefore, national and global trends cannot be 
directly considered, possibly limiting appropriate extrapo-
lation to other areas. However, New York is a large state 
composed of a highly variable population of patients, hospi-
tals, and surgeons with a great degree of demographic vari-
ability and therefore may be generalizable to larger 
populations.27 Another limitation of this study is that we 
limited the population to ankle osteoarthritis to gather a 
more homogenous patient population for analysis; however, 
there remain other indications for these surgeries such as 
inflammatory arthritis.

Conclusion

The trend toward ankle arthroplasty for the treatment of 
end-stage ankle osteoarthritis is relevant for both patients 
and providers. The present study demonstrates a substantial 
rise in ankle arthroplasty volume, with a relatively smaller 
increase in ankle arthrodesis volume. This and the deeper 
analysis performed herein suggests that distinct New York 
State patient populations are undergoing these procedures. 
Although we found that ankle arthrodesis was associated 

Table 4. Multivariate Linear Regression for Length of Stay.

Coefficient
(95% CI) P Value

Age 0.01 (−0.01, 0.03) .5363
Sex
 Male – –
 Female 0.14 (−0.27, 0.54) .5034
Race
 White – –
 Asiana 0.14 (–2.18, 2.46) .9072
 African Americana 0.53 (−0.33, 1.4) .2262
 Othera −0.17 (−0.95, 0.6) .6591
Ethnicity
 Non-Hispanic Ethnicity – –
 Hispanic Ethnicity 0.26 (−0.64, 1.17) .571
Primary Insurance
 Private – –
 Federalb 1 (0.54, 1.47) <.0001
 Worker’s Compensationb −0.09 (−0.93, 0.76) .8385
 Self-Payb 1.72 (−0.22, 3.66) .0826
CCI
 CCI = 0 – –
 CCI ≥ 1 0.97 (0.55, 1.39) <.0001
Social Deprivation Index 0 (0, 0.01) .2617
Ankle Procedure
 Arthroplasty – –
 Fusion 0.79 (0.36, 1.21) .0003

Abbreviation: CCI, Charlson comorbidity index.
aCompared to White race.
bCompared to private insurance.
Bold P Values are <.05.
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with increased rates of readmission, surgical site infection, 
deep vein thrombosis, and various other medical complica-
tions, ankle arthrodesis patients were more likely to have 
major medical comorbidities and racial or socioeconomic 
disparities.
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Supplemental Table S1. Diagnosis Codes for Ankle Osteoarthritis.

ICD-9-CM ICD-10-CM

715.17, 715.27, 715.37, 715.97 M19.07, M19.071, M19.072, M19.079, M19.17, M19.171, M19.172, M19.179, M19.27, M19.271, 
M19.272, M19.279

Supplemental Table S2. Procedure Codes for Ankle Arthrodesis and Arthroplasty.

Description ICD-9-CM ICD-10-CM

Arthrodesis 81.11 0SGF04Z, 0SGF05Z, 0SGF07Z, 0SGF0JZ, 0SGF0KZ, 0SGF0ZZ, 0SGF34Z, 0SGF35Z, 0SGF37Z, 
0SGF3JZ, 0SGF3KZ, 0SGF3ZZ, 0SGF44Z, 0SGF45Z, 0SGF47Z, 0SGF4JZ, 0SGF4KZ, 0SGF4ZZ, 
0SGG04Z, 0SGG05Z, 0SGG07Z, 0SGG0JZ, 0SGG0KZ, 0SGG0ZZ, 0SGG34Z, 0SGG35Z, 0SGG37Z, 
0SGG3JZ, 0SGG3KZ, 0SGG3ZZ, 0SGG44Z, 0SGG45Z, 0SGG47Z, 0SGG4JZ, 0SGG4KZ, 0SGG4ZZ

Arthroplasty 81.56 0SRF07Z, 0SRF0J9, 0SRF0JA, 0SRF0JZ, 0SRF0KZ, 0SRG07Z, 0SRG0J9, 0SRG0JA, 0SRG0JZ, 0SRG0KZ

Supplemental Table S3. Diagnosis and Procedure Codes for Ankle Arthrodesis and Arthroplasty Complications.

Complication ICD-9-CM ICD-10-CM / PCS CPT

Revision 81.11 81.56 0SGF04Z, 0SGF05Z, 0SGF07Z, 
0SGF0JZ, 0SGF0KZ, 0SGF0ZZ, 
0SGF34Z, 0SGF35Z, 0SGF37Z, 
0SGF3JZ, 0SGF3KZ, 0SGF3ZZ, 
0SGF44Z, 0SGF45Z, 0SGF47Z, 
0SGF4JZ, 0SGF4KZ, 0SGF4ZZ, 
0SGG04Z, 0SGG05Z, 0SGG07Z, 
0SGG0JZ, 0SGG0KZ, 0SGG0ZZ, 
0SGG34Z, 0SGG35Z, 0SGG37Z, 
0SGG3JZ, 0SGG3KZ, 0SGG3ZZ, 
0SGG44Z, 0SGG45Z, 0SGG47Z, 
0SGG4JZ, 0SGG4KZ, 0SGG4ZZ, 
0SRF07Z, 0SRF0J9, 0SRF0JA, 0SRF0JZ, 
0SRF0KZ, 0SRG07Z, 0SRG0J9, 
0SRG0JA, 0SRG0JZ, 0SRG0KZ

27703, 27704, 
27870

Pulmonary embolism 415.0, 415.12, 415.13, 415.19, 
415.11

I26.09, I26.90, I26.92, I26.99, I26.90, 
I26.99, T80.0XXA, T81.718A, 
T81.72XA, T82.817A, T82.818A

-

Cardiorespiratory arrest 427.5, 996.0 I46.9 -
Deep vein thrombosis 451.0, 451.11, 451.19, 451.2, 451.81, 

451.82, 451.83, 451.84, 451.89, 
451.9, 453.40, 453.41, 453.42

I80.0, I80.1, I80.20, I80.3, I80.21, I80.8, 
I80.9, I82.409, I82.439, I82.4Y9, 
I82.449, I82.499, I82.4Z9

-

 (continued)
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Complication ICD-9-CM ICD-10-CM / PCS CPT

Pneumonia 481, 482.0, 482.1, 482.2, 482.30, 
482.31, 482.32, 482.39, 482.40, 
482.41, 482.42, 482.49, 482.81, 
482.82, 482.83, 482.84, 482.89, 
482.9, 486, 997.32

J13, J15.0, J15.1, J14, J15.4, J15.3, J15.20, 
J15.211, J15.212, J15.29, J15.8, J15.5, 
J15.6, A48.1, J15.9, J18.9, J95.89

-

Acute renal failure 584.5, 584.6, 584.7, 584.8, 584.9 N17.0, N17.1, N17.2, N17.8, N17.9 -
Urinary tract infection 996.64, 599.0 T83.51XA, N39.0 -
Acute stroke 431, 433.00, 433.01, 433.10, 433.20, 

433.30, 433.31, 433.80, 433.81, 
433.90, 433.91, 434.01, 434.11, 
434.90, 434.91, 433.11, 433.21, 
434.00, 434.10

I61.9, I65.1, I63.22, I65.29, I65.09, I65.8, 
I63.59, I65.8, I63.59, I65.9, I63.20, 
I63.30, I63.40, I66.9, I63.50, I63.139, 
I63.239, I63.019, I63.119, I63.219, 
I66.09, I66.19, I66.29, I66.09, I66.19, 
I66.29, I66.9

-

Acute respiratory failure 518.2, 518.82, 518.84, 518.51, 
518.52, 518.53

J98.3, J80, J96.20, J95.821, J96.00, J95.2, 
J95.3, J95.822, J96.20

 

Cellulitis 682.6, 682.7 L03.115, L03.116  
Surgical site infection 998.51, 998.59, 996.67 T81.4XXA, K68.11, T81.4XXA, 

T84.60XA, T84.7XXA, T84.50XA, 
T84.59XA

 

Wound complications 998.13, 998.32, 998.83, 998.11, 
998.12

T88.8XXA, T81.31XA, T81.89XA, 
D78.02, D78.22, E36.02, G97.32, 
G97.52, H59.121, H59.122, H59.123, 
H59.129, H59.321, H59.322, H59.323, 
H59.329, H95.22, H95.42, I97.42, 
I97.62, J95.62, J95.831, K91.62, 
K91.841, L76.02, L76.22, M96.810, 
M96.811, M96.830, M96.831, N99.62, 
N99.821
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