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Abstract

BACKGROUND: While Medicaid expansion has improved access to primary care services, its 

impact on surgical specialty utilization remains unclear. To determine whether Medicaid 

expansion was associated with increased compared utilization rates of total hip arthroplasty (THA) 

and total knee arthroplasty (TKA) in Illinois (which expanded Medicaid) relative to Missouri 

(which did not expand Medicaid).

METHODS: Using administrative data sources, we analyzed 374,877 total hospitalizations 

(236,333 in Illinois and 138,544 in Missouri) for THA/TKA from 2011–2016 (Illinois’ Medicaid 

expansion date: 1/1/2014).

RESULTS: The percentage of THA/TKA funded by Medicaid in Illinois was 2.4% in 2013 and 

3.9% in 2016 (Missouri - 2013: 2.7%; 2016: 2.6%). A difference-in-difference analysis (adjusted 

for patient age and sex, county-level Area Deprivation Index, and number of orthopaedic 
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surgeons) demonstrated a statistically significant increase in Medicaid-funded THA/TKA in 

Illinois in 2016 compared to 2013 (p=0.012).

CONCLUSIONS: Our study demonstrates that Medicaid expansion in Illinois was associated 

with increased utilization of THA and TKA. Further study is needed to understand the impact of 

Medicaid expansion in other states and for other procedures.

Keywords

health policy; total hip arthroplasty; total knee arthroplasty; Medicaid expansion; Affordable Care 
Act

Introduction

Passage of the Affordable Care Act (ACA) has led to increases in health insurance coverage, 

with 90% of Americans having health insurance in 2015.[1] Many Americans who recently 

gained health insurance under ACA are covered by Medicaid, particularly in states that 

expanded Medicaid programs. In Medicaid expansion, income-based enrollment thresholds 

were relaxed with the intent of increasing the number of enrollees. This has allowed low-

income adults greater self-reported access to primary care providers, medical specialists, 

preventive care, and medications[2]; however whether Medicaid expansion also improved 

access to specialty surgical care remains unclear. In particular, patients with Medicaid 

insurance seeking elective specialty surgeries have difficulty scheduling appointments, 

require a PCP referral, have longer waits, and travel further for care than patients with 

commercial insurance.[3–6] These challenges, combined with the fact that 40% of 

orthopaedic surgeons were not accepting new patients with Medicaid as of 2011[7], 

demonstrate how patients can be at risk for under-utilization of specialty services like 

orthopaedic care.

Prior population-based studies have analyzed utilization of orthopaedic services under 

Medicaid expansion that occurred before the ACA. There was a steady increase in utilization 

of orthopaedic and plastic surgeries among Medicaid beneficiaries after New York expanded 

Medicaid in 1999.[8, 9] Another study demonstrated an increase in elective, preference-

sensitive procedures after Massachusetts implemented health care reform in 2007.[10] 

However, the generalizability of these findings is limited by the absence of a contemporary 

comparison population, specifically in the light of recent ACA-related Medicaid expansion. 

Of the 50 states and the District of Columbia, 32 have implemented Medicaid expansion; 5 

have adopted Medicaid expansion but not yet implemented it; and 14 states have chosen not 

to adopt Medicaid expansion.

While some contemporary studies have shown that expanded Medicaid coverage increases 

access to care compared to non-expansion states, these findings are limited to self-reported 

access to outpatient medical services and preventative care - not actual utilization of 

specialty surgical procedures.[11] The only surgical procedures that have been compared 

between non-expansion and expansion states post-ACA are urgent interventions, such as 

heart valve arthroplasty or coronary bypass procedures.[12] Examining utilization of non-

elective procedures is a suboptimal indicator of access to surgical specialty care, as it does 
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not address ability of patients to undergo elective, discretionary procedures occurring 

outside of emergency conditions. We chose to evaluate access to total hip arthroplasty 

(THA) and total knee arthroplasty (TKA) because they improve quality of life and are 

commonly performed, but represent a substantial cost center for insurers.[13,14] 

Furthermore, disparities in both access to THA/TKA and postoperative outcomes have been 

demonstrated among Medicaid beneficiaries.[15,16]

In our study, we compared utilization rates of THA and TKA between two adjacent states, 

Illinois and Missouri, with divergent Medicaid expansion policies: Illinois underwent 

Medicaid expansion under the ACA while Missouri did not. We hypothesized that rates of 

Medicaid-funded THA/TKA increased in Illinois relative to Missouri, starting in 2014.

Methods

Data for this retrospective cross-sectional study were obtained from Hospital Industry Data 

Institute (HIDI; Missouri Hospital Association, Jefferson City, MO). The datasets from HIDI 

include all hospital discharges in Missouri and Illinois from 2011 to 2016. Exemption from 

further human subjects research review was obtained from our institutional review board. 

Cohort selection included all hospital admissions in Missouri and Illinois from 2011 to 2016 

for adults aged 18–99 years coded with an ICD-9-CM procedure code for THA (81.51) or 

TKA (81.54). Hospitalizations coded for spina bifida and craniotomy were excluded to 

minimize influence of complex chronic conditions associated with multiple hospitalizations 

(Appendix Table A). Hospitalizations coded with multiple fractures (likely representing a 

polytrauma; Appendix Table A) were similarly excluded. Additional admission-level 

variables included patient age and sex. Patients under age 18 years or over age 99 were 

excluded.

DEPENDENT VARIABLE:

The dependent variable in our analysis was percentage of THA and TKA with Medicaid 

listed as primary payer. The other primary payer categories were Medicare, commercial 

insurance, Workers Compensation, and other (including uninsured).

COUNTY-LEVEL MARKET CHARACTERISTICS:

Market characteristics were calculated at the county level, using information from the 

primary dataset (HIDI) and Area Health Resources File (AHRF, https://

datawarehouse.hrsa.gov/topics/ahrf.aspx). Hospital zip code was linked to AHRF via 

hospital’s county Federal Information Processing Standard (FIPS) code. Each variable was 

linked per county and year; when HIDI data contained more years than AHRF, the last 

complete prior year of AHRF data was used. Physician supply data (number of non-federally 

employed orthopaedic surgeons) and county insurance estimates (Medicaid and Medicare 

eligibility) from AHRF were included. The number of non-federally employed orthopaedic 

surgeons were not available for 2015 and 2016; for these years, the 2014 data were used. 

Socioeconomic data for each county were median household income (from AHRF) and Area 

Deprivation Index, a measure of social deprivation obtained from University of Wisconsin 

Health Innovation Program.[17] Market competitiveness for THA/TKA was measured by 
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Herfindahl-Hirschman Index (HHI),[18] which was calculated from the dataset of eligible 

THA/TKA hospitalizations by summing number of THA/TKA admissions per hospital (h), 

aggregating to total in a county (c) and computing sum of all hospital market shares squared, 

per FIPS and year.

EXPOSURE TO MEDICAID EXPANSION:

Illinois Governor Pat Quinn signed Medicaid expansion into law in July 2013, with 

expanded eligibility going into effect on January 1,2014. Missouri did not expand its 

Medicaid program. The contrasting Medicaid expansion policies in these adjacent states 

provide the opportunity to study the natural experiment of whether the policy has resulted in 

increased utilization of care.

DIFFERENCE-IN-DIFFERENCES ANALYSIS:

We used a multivariable difference-in differences (DID) model to estimate the association 

between Medicaid expansion in Illinois vs. the control state of Missouri. DID is a quasi-

experimental approach commonly used with observational data.[19] Variation over time and 

across groups facilitates a longitudinal analysis of trends, and difference between trends 

across two groups implies causal impacts, subject to model assumptions. Our dependent 

variable was a binary indicator for whether the primary payer for admission was Medicaid or 

any other source (Medicare, private insurance, uninsured, other). Following DID 

conventions, we modeled likelihood of Medicaid payment using linear regression (a linear 

probability model). Linear regression has the advantage of providing directly interpretable 

coefficients, which represent changes in proportion of orthopaedic procedures performed in 

Medicaid patients in a given state-year.[20] Control variables in the final model were a state 

indicator for Illinois, year fixed effects (2012–2016), county-level Area Deprivation Index, 

patient sex, patient age, number of orthopaedic surgeons in each county, and county-level 

Herfindahl-Hirs chman Index. To estimate the impacts of Medicaid expansion on likelihood 

of a surgery being paid by Medicaid, we examined the interaction terms between time (post‐

expansion years 2014, 2015, and 2016) and policy variable (Illinois state indicator variable).

[19] The reference group is Illinois*2011 (the first year of the study).

SAMPLE SIZE CALCULATION:

An a priori sample size calculation was performed using Healthcare Utilization Project 

aggregate data from 2013 (HCUPnet, https://hcupnet.ahrq.gov/HCUPnet.jsp), which indicate 

that Medicaid was the primary payer for 3.17% of all cases for our selected ICD-9 procedure 

codes. To adjust for unequal population sizes, data from Kaiser Family Foundation (https://

www.kff.org/statedata/) were used to calculate an IL:MO population ratio. To evaluate a 

25% difference in proportion of cases with Medicaid listed as primary payer in the post-

ACA period, a total of 20,743 patients (14,536 in IL and 6,207 in MO) were necessary over 

the study period with 80% power (alpha=0.05, 2-tailed).

Potential sources of confounding included secular trends in THA/TKA utilization (which is 

accounted for by using a difference-in-differences approach comparing two geographically-

contiguous states with similar demographic composition) and the potential for clustering of 

results at the hospital-level. All models used heteroscedasticity-robust standard errors, 
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clustered at hospital level. The final sample included 374,877 observations, and 241 

hospitals, so accounting for correlation (clustering) at hospital level is important. Without 

this, the model would treat all observations as fully independent and overstate statistical 

significance.[21]SAS version 9.4 was used for all data management and analysis (SAS 

Institute, Cary, NC). Models were checked and confirmed using Stata 15.0 (Stata Corp, 

College Station, TX) by a second analyst.

Results

From 2011–2016, there were 374,877 total hospitalizations (236,333 in Illinois and 138,544 

in Missouri) associated with THA/TKA (FIGURE 1;TABLE 1). TKA composed 65% of 

included admissions in Illinois and 69% of included admissions in Missouri (TABLE 1). 

Over the study period, the percentage of cases paid for by Medicaid was relatively 

unchanged in Missouri and increased in Illinois (Unadjusted results; TABLE 2). County-

level changes are demonstrated in the heat maps in FIGURES 2A–2C. In our DID model 

adjusted for patient age, patient sex, county-level Area Deprivation Index, county-level 

Herfindahl-Hirschman Index, and number of orthopaedic surgeons in the county, there was a 

statistically significant increase in Medicaid-funded THA/TKA in Illinois in 2016 (IL*2016, 

p=0.012) (relative to IL*2011), indicating that Illinois’ expansion of Medicaid was 

associated with an increase in Medicaid-funded inpatient orthopaedic surgeries (FIGURE 3). 

In years 2014 and 2015, there were slight increases that did not reach statistical significance 

(IL*2014, p=0.719; IL*2015, p=0.092) (relative to IL*2011). There were no significant 

differences in interaction terms in the pre-expansion years (IL*2012, p=0.702; IL*2013, 

p=0.458) (relative to IL*2011), satisfying the assumption of parallel trends. In our DID 

linear regression model, patient age, sex, number of orthopaedic surgeons in the county, and 

county-level Area Deprivation Index all had statistically significant associations with 

Medicaid-funded THA/TKA (TABLE 3). Pairwise comparisons of the interaction variables 

for post-expansion years vs 2013 (last year pre-expansion) indicates significant increases in 

2015 and 2016 (p=0.003 and p<0.001, respectively) (TABLE 3).

Discussion

Patients with scarce financial resources struggle to access health care services. Obtaining 

health insurance is one major hurdle, only to be followed by difficulty in finding physicians 

who will accept their insurance. While ACA expansion of Medicaid programs is meant to 

address the former, the latter remains a major barrier because many physicians (and 

particularly specialists) have chosen not to treat patients with Medicaid insurance.[7] Prior 

work has shown that Medicaid expansion has led to improved self-reported access to 

primary care and medical specialty services.[2] Furthermore, we have demonstrated 

increased utilization of a subspecialty surgical service (total joint arthroplasty) in a Medicaid 

expansion state compared to a state without expansion. Examination of insurance types 

during the study period demonstrated that the proportion of cases with a primary payer of 

Medicaid in Missouri remained flat during the study period. In contrast, in Illinois, the 

proportion of Medicaid-funded cases increased (TABLE 2).
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Our findings are relevant to the ongoing conversation about access to care following 

Medicaid expansion. We have substantiated prior findings of increased surgical subspecialty 

care reported by Aliu et al, Giladi et al, and Ellimoottil et al after pre-ACA Medicaid 

expansions in New York and Massachusetts. [8–10] We have also expanded on recent ACA-

related findings of self-reported increases in access to care following Medicaid expansion by 

demonstrating increase in actual utilization.[2, 11] While we have demonstrated increased 

access to total joint arthroplasty in this two-state comparison, access to specialty care 

remains an issue for other specialties.[22, 23] Additionally, we have not analyzed specific 

barriers presented to Medicaid beneficiaries attempting to access services, such as narrower 

networks of providers willing to see patients with Medicaid.[7] Our analysis adjusted for 

number of orthopaedic surgeons within each county but because we do not have provider-

level data, we are unable to evaluate whether Medicaid expansion resulted in changes in 

surgeon willingness to provide surgery to Medicaid beneficiaries. While it is often proposed 

that low reimbursements deter physicians from treating Medicaid patients, the fee schedules 

for these particular surgeries did not appreciably change in either state during the study 

period.

Because each state administers their own Medicaid program, it is difficult to extrapolate the 

national implications if more states were to expand their Medicaid eligibility programs. In 

2014, there were 44,415 discharges associated with THA and TKA with Medicaid listed as 

the primary payer (https://hcupnet.ahrq.gov/). This was 4.2% of all THA/TKA cases listed. 

In our unadjusted analysis, there was a 62.5% increase in Medicaid-funded THA/TKA in 

Illinois (2.4% in 2013 and 3.9% in 2016) after implementation of Medicaid expansion. If 

this percentage increase is applied to the national data from 2014, we estimate 72,174 

THA/TKA funded by Medicaid. We cannot predict the economic implications of this 

increase in caseload since Medicaid is administered at a state level (and reimbursement 

levels vary by state).

Our analysis is subject to limitations, particularly those surrounding the DID analysis. The 

DID analysis relies on the assumptions of parallel trends (common trajectories during the 

pre-expansion period) and common shocks (unobservable or un-modeled events affecting 

both groups equally). Our model satisfied the assumption of parallel trends, as there were no 

significant associations in the year*state variable prior to Illinois’ Medicaid expansion on 

January 1,2014. The common shocks assumption is not directly testable but is reasonable for 

two bordering Midwest states with similar demographics and economies. Based on our 

knowledge and work as part of the local health policy and medical/orthopaedic communities, 

we are not aware of any systematic changes which are not included and which would 

threaten the validity of this model. The Center for Medicare and Medicaid Services 

introduced voluntary bundled payment pilot programs (Bundled Payments for Care 

Improvement; BPCI) from 2013 to 2016 for THA and TKA and the Comprehensive Care for 

Joint Replacement (CJR) bundled payment program on April 2016, but these payment 

reforms are specified for Medicare beneficiaries only. While it is possible that hospitals and 

surgeons may have modified their practices in preparation for these programs, only four 

hospitals (1 in Missouri and 3 in Illinois) participated in BPCI and only one Metropolitan 

Statistical Area (St. Louis) has been selected for the CJR program within our two-state 

sample.[24, 25] Additionally, the physician fee schedules by Medicare and Medicaid for 
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these procedures were stable over this time period. Additional limitations of the model 

include our limited number of control variables and the possibility of spillover effects across 

states. Our data use agreements with HIDI permitted us to use only a small set of individual 

characteristics; if available, other sociodemographic patient factors associated with health 

care use and insurance would have been desirable (e.g., income, education, family structure, 

neighborhood). We capture some of these factors through Area Deprivation Index, although 

this county-level variable was matched to the hospital ZIP code, and some patients reside in 

a different localities from the hospital of service. Similarly, defining HHI at county level 

may not capture the broader market environment in some parts of each state. However, we 

have no reason to believe there are any systematic differences in these measurement 

differences between Missouri or Illinois or over time.

At a time in which the ACA faces substantial modification or potential repeal, our study 

provides empirical data that a major component of the ACA (Medicaid expansion) was 

associated with increased utilization of THA and TKA in Illinois. Given the variability 

among Medicaid programs, further study is needed to understand the impact of Medicaid 

expansion in other states and for other procedures.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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APPENDIX

Appendix Table A.

Orthopedic Procedures and Exclusions Identified Through International Disease 

Classification 9th Revision (ICD9-CM) Procedure and Diagnosis Codes

CODE DESCRIPTION ICD9-CM PROCEDURE CODE ICD9-CM DIAGNOSIS CODE

TOTAL KNEE REPLACEMENT 81.54

TOTAL HIP REPLACEMENT 81.51

CRANIOTOMY* 01.12, 01.14, 01.20, 01.21, 01.22, 01.23, 
01.24, 01.25, 01.28, 01.29, 01.31, 01.32, 
01.39, 01.41, 01.42, 01.51, 01.52, 01.53, 
01.59, 02.11, 02.12, 02.13, 02.14, 02.91, 
02.92, 02.93, 07.51, 07.52, 07.53, 07.54, 
07.59, 07.61, 07.62, 07.63, 07.64, 07.65, 
07.68, 07.69, 07.71, 07.72, 07.79, 38.01, 
38.11, 38.31, 38.41, 38.51, 38.61, 38.81, 
39.28
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CODE DESCRIPTION ICD9-CM PROCEDURE CODE ICD9-CM DIAGNOSIS CODE

TRAUMA CODES* 820.09, 820.80, 733.14, 820.21, 
820.00, 996.44, 808.00, 820.02, 
733.13, 733.15, 820.03, 823.00, 
821.23, 733.19

*
used for exclusion criteria
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FIGURE 1. 
Flow diagram for cohort assembly.
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FIGURE 2. 
Percentage of total hip and knee arthroplasties in Illinois and Missouri that were funded by 

Medicaid in 2013 (2A; last year prior to Medicaid expansion in Illinois) and 2016 (2B). 

Percentage point change within county is demonstrated in 2C.
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FIGURE 3. 
Bar graph demonstrating year-to-year percentage of total hip arthroplasty and total knee 

arthroplasty funded by Medicaid in Illinois and Missouri. Note that Illinois expanded 

Medicaid on January 1,2014.
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Dy et al. Page 15

TABLE 1.

Baseline characteristics of study cohort. (IQR=interquartile range)

Variable Illinois Missouri

Total admissions 236,333 138,544

 Total knee arthroplasty: number (% of state total) 154,474 (65.4%) 96,028 (69.3%)

 Total hip arthroplasty 81,859 42,516

Female Admissions: number (% of state total) 143,009 (60.5) 83,023 (59.9)

Median Area Deprivation Index (IQR) 68.8 (22.8) 87.3 (19.0)

Median number of orthopedic surgeons in each county (IQR) 90 (489) 49 (148)

Number of admissions by year:

2011 35,547 20,321

2012 36,036 21,221

2013 37,485 22,597

2014 39,849 23,950

2015 41,889 23,962

2016 45,527 26,493
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TABLE 2.

Payer mix for all procedures, stratified by state and year. Unadjusted raw percentage point difference between 

years 2016 and 2013 (last pre-expansion year in Illinois) shown on the right.

2011 2012 2013 2014 2015 2016 2016–2013 (Unadjusted)

Commercial
MO 38.8% 38.5% 38.8% 39.2% 39.7% 38.6% −0.2%

IL 41.7% 41.1% 41.9% 43.8% 44.6% 41.6% −0.3%

Medicaid
MO 2.7% 2.7% 2.7% 2.8% 2.8% 2.6% −0.1%

IL 2.8% 2.6% 2.4% 2.9% 3.7% 3.9% 1.5%

Medicare
MO 56.0% 56.4% 56.2% 55.3% 54.4% 55.7% −0.5%

IL 52.4% 52.8% 53.1% 51.4% 49.2% 51.7% −1.4%

Other/Uninsured
MO 2.0% 2.0% 2.0% 2.3% 2.7% 2.9% 0.9%

IL 3.1% 3.5% 2.7% 1.9% 2.5% 2.8% 0.1%

Workers Compensation
MO *** *** *** *** *** *** n/a

IL *** *** *** *** *** *** n/a

***
indicate that values (number of cases) are less than 11, which cannot be reported in accordance with our data use agreements.
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TABLE 3.

Regression covariate estimates for the difference-in-difference regression model.

Parameter Estimate Std Error 95% Confidence Interval p value

Illinois (reference: Missouri) 0.00926 0.00698 −0.00448, 0.02300 0.186

Hlinois*2011 Ref

Illinois*2012 −0.00105 0.00274 −0.00645, 0.00435 0.702

Illinois*2013 −0.00250 0.00337 −0.00914, 0.00413 0.458

Illinois*2014 0.00163 0.00452 −0.00727, 0.01053 0.719

Illinois*2015 0.00895 0.00529 −0.00147, 0.01938 0.092

Illinois*2016 0.01405 0.00555 0.00312, 0.02499 0.012

Area Deprivation Index 0.00065 0.00013 0.00038, 0.00091 0.000

Number of orthopedic surgeons 0.00004 0.00002 0.00000, 0.00008 0.041

Female (reference: male) 0.00977 0.00119 0.00742, 0.01212 0.000

Age −0.00306 0.00031 −0.00366, −0.00246 0.000

Herfindahl-Hirschman Index 0.02011 0.01167 −0.00294, 0.04315 0.087

Pairwise comparisons of interaction terms Contrast sum of squares Std Error T value p value

niinois*2012 vs Illinois*2013 0.00146 0.00240 0.61 0.544

Illinois*2014 vs Illinois*2013 0.00413 0.00316 1.31 0.192

Illinois*2015 vs Illinois*2013 0.01146 0.00377 3.04 0.003

Illinois*2016 vs Illinois*2013 0.01656 0.00393 4.21 <0.001

Individual years (without state interaction) and model intercept were also included in the regression model, but are not shown here. State*year 
interaction terms demonstrate a statistically significant downward associations in Medicaid-funded orthopaedic surgeries prior to the date of 
Medicaid expansion in Illinois (January 1,2014) and significant upward associations in the post-expansion years. Pairwise comparisons of the 
state*year interaction variable in post-expansion years vs 2013 are included at the bottom of the table.
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