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Abstract

Object: The Affordable Care Act expanded Medicaid eligibility in many states, improving access 

to some forms of elective healthcare in the United States. Whether this effort increased access 

to elective spine surgical care is unknown. This study’s objective was to evaluate the impact of 

Medicaid expansion under the Affordable Care Act on the volume and payer mix of elective spine 

surgery in the United States.

Methods—This study evaluated elective spine surgeries using all-payor state inpatient databases 

from 2011–2016 from 10 states that did and four states that did not expand Medicaid access 

in 2014. Adult patients aged 18 to 64 years undergoing elective spine surgery were included. 

We used a quasi-experimental difference-in-difference design to evaluate the impact of Medicaid 

expansion on hospital procedure volume and payer mix, independent of any time-dependent 

trends. Subgroup analyses were conducted that stratified results by cervical fusion, thoracolumbar 

fusion, and non-instrumented surgery.

Results: We identified 218,648 surgeries in 10 Medicaid expansion states and 118,693 in 4 

non-expansion states. Medicaid expansion was associated with a 17% (95% CI 2%-35%; p=0.03) 

increase in mean hospital spine surgical volume, and a 23% (95% CI −0.3%-52%; p=0.054) 

increase in Medicaid volume. Privately insured surgical volumes did not change significantly 

(incidence rate ratio=1.13; 95% CI −5%-34%; p=0.18). The rise in Medicaid volumes led to a shift 

in payer mix, with the proportion of Medicaid patients rising by 6.0 percentage points (95% CI 

4.1–7.0; p<0.001), and the proportion of private payers decreasing by 6.7 percentage points (95% 

CI 4.5–8.8; p<0.001). While the magnitude of the effects varied, these trends were similar across 

procedure subgroups.

Conclusion: Medicaid expansion under the Affordable Care Act was associated with an 

economically and statistically significant increase in spine surgery volume and the proportion 

of surgical patients with Medicaid insurance, indicating improved access to care.
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Introduction:

In an attempt to expand healthcare access, the United States Congress passed the Patient 

Protection and Affordable Care Act (ACA) in 2010, representing the largest overall change 

to health insurance in the United States since the establishment of Medicaid and Medicare.1 

Among other provisions, the ACA provided federal support for states to expand their 

Medicaid programs to increase coverage.1 Since the ACA was passed, more than 20 million 

Americans have gained health insurance, with the majority of the new coverage being in 

the form of increased access to Medicaid.2 Nonetheless, both the impact and legality of 

the ACA continue to be the subject of ongoing debate and litigation,3 highlighting the 

importance of studying the effects of Medicaid expansion on healthcare delivery.

A large body of evidence has demonstrated positive effects associated with Medicaid 

expansion, including improved access to care and healthcare quality across a variety of 

conditions.4 Although many of these studies have focused on access to medical care,5–8 

there is growing evidence suggesting that Medicaid expansion also improved access to 

some forms of elective surgical care.6,8–10 For elective orthopedic disease, evidence has 

been more limited. For example, one study in New York state found increased use of a 

variety of orthopedic procedures following Medicaid expansion,9 and Medicaid expansion 

was associated with improved access to joint arthroplasty.6 Nonetheless, other studies have 

shown that Medicaid patients face ongoing barriers to access elective orthopedic care.11

Ensuring access to degenerative spine care is a particularly important priority, given that 

degenerative spine disease is among the most common and disabling health conditions in 

the United States and worldwide.12,13 However, there is sparse evidence describing the 

impact of Medicaid expansion under the ACA on access to spine surgical care. Preliminary 

investigations evaluating healthcare reform in Massachusetts yielded mixed results regarding 

the extent to which Medicaid expansion influenced spine surgery access and quality.14 

For example, one investigation found that rates of surgical intervention for cervical spine 

fractures were unchanged after health reform, but several markers of quality improved.15

Given these limited and inconclusive results, focused attention is needed to identify the 

extent to which the ACA impacted access to spine care, particularly for elective surgeries 

where physicians may have more discretion in determining whether to offer a surgery based 

on patient insurance status. Consequently, the objective of this study was to evaluate the 

impact of the ACA on elective spine surgical care, including both treatment rates and payer 

mix. As a secondary objective, we evaluated the extent to which the impact of Medicaid 

expansion varied by specific procedure type.
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Material and Methods:

Study Dataset

Data for this study came primarily from State Inpatient Databases (SID) provided by the 

Healthcare Cost and Utilization Project supported by the Agency for Healthcare Research 

and Quality. The SID are administrative billing databases that included all discharges from 

non-federal hospitals in participating states.16 We used the SID from the following selection 

of geographically and socially diverse states: Arizona, Arkansas, Colorado, Florida, Iowa, 

Maryland, Nebraska, New Jersey, Nevada, New York, Wisconsin, Washington, and Vermont. 

In addition, we obtained Missouri inpatient discharge data from the Hospital Industry Data 

Institute (HIDI; Missouri Hospital Association, Jefferson City, MO). Together, these sources 

provided comprehensive information on all non-federal discharges in ten states that did and 

four states that did not expand Medicaid access in 2014.

Patient Selection

We included patients between 18 and 64 years who underwent elective spine surgery in 

participating states between 2011 and 2016. We excluded patients with Medicare and 

other (e.g. military, worker’s compensation, and other government) insurance coverage, 

as these populations would not be expected to benefit from Medicaid expansion. In the 

overall analysis, we included patients who underwent spinal fusion, cervical arthroplasty, or 

non-instrumented surgery (laminectomy and/or discectomy). We also conducted subgroup 

analyses in patients who underwent cervical spine fusion, thoracolumbar or lumbosacral 

fusion, or non-instrumented spine surgery. The cervical arthroplasty group was not analyzed 

independently due to its small size. The complete list of International Classification of 
Diseases (ICD)-9 and ICD-10 codes used to identify the population of interest is shown in 

E-Table 1 in the online-only Appendix.

To restrict the analysis to only elective operations, we excluded patients who had a diagnosis 

of spinal trauma or spinal cord injury, neoplasm, cauda equina syndrome, or infection, along 

with patients who underwent fracture repair. In addition, we excluded patients who were 

admitted from the emergency department or transferred from another hospital.

Exposure, Outcome, and Confounder Assignment

The exposure in this analysis was expansion of Medicaid insurance under the ACA. 

Expansion states included AZ, AR, CO, IA, MD, NJ, NV, NY, WA, and VT, which all 

expanded Medicaid eligibility on January 1, 2014.17 Non-expansion states included FL, MO, 

NE, and WI, though MO and NE chose to expand Medicaid eligibility after the analysis 

period. The pre-expansion period was 2011–2013, and the post-expansion period was 

2014–2016. The primary outcomes were the mean overall and Medicaid hospital procedure 

volume per capita, along with the proportion of elective spine surgeries covered by Medicaid 

or private insurance. Per capita volume calculations were based on United States Census 

estimates each year, therefore accounting for any inconsistency in population changes across 

states during the study period.18 We also evaluated rates of uninsured (i.e. self-pay) cases 

as secondary outcomes, although conclusions are limited by the very low case prevalence of 

uninsured elective spine procedures.
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Four states did not have data available for all study years. In particular, data were not 

available for year 2016 for CO, IA, NV, or WA, or for years 2011–2012 for WI. To avoid 

bias resulting from sudden changes in observed volume across years, these states were not 

included in analyses of hospital volume, which were restricted to states containing data for 

all years (AZ, AR, FL, MD, MO, NE, NJ, NY, VT). While MO included data for all years, it 

did not independently identify uninsured patients, which limited comparisons among payer 

subgroups. Consequently, MO was not included in analyses of payor mix changes. The 

number of patients per year contributed by state to each analysis is summarized in E-Table 2. 

Finally, to substantiate that our findings reflected the impact of Medicaid expansion, we also 

conducted a sensitivity analysis to evaluate changes in other payer (e.g. Medicare, military) 

procedure volumes, as these groups should not have experienced a significant change.

We considered patient age, race, comorbidity status, median income of home zip code, 

residence in a rural location, and state-level disability rates as potential confounders with 

the Medicaid outcome. Comorbidities were defined using a composite score based on the 

Elixhauser comorbidity index.19 Median income of home zip code, divided into quartiles 

by state, was generally captured in the SID. In instances when this variable was missing, 

we used median income data for zip code provided by the University of Michigan.20 Rural 

versus non-rural status was defined based on rural-urban commuting area (RUCA) codes, 

defined based on patient FIPS county codes when available or zip codes in other cases.21,22 

Disability data were provided by the Social Security Office of Retirement and Disability 

Policy.23

Statistical Analysis

To evaluate the impact of Medicaid expansion under the ACA, we used a difference-in-

difference quasi-experimental design. This design leverages comparisons between two 

groups experiencing the same time-dependent trends, other than a policy exposure (i.e., 

Medicaid expansion) applied only to one group and only in select time periods—before 

vs. after the 2014 expansion. Using this exposure, we could evaluate pre-post changes 

in Medicaid insurance coverage attributable to Medicaid expansion, independent of any 

background changes common to the all states.24

A difference-in-difference analysis assumes that although the groups being compared may 

have differed in levels of the outcome prior to intervention, they had the same (i.e. 

“parallel”) trend prior to intervention.25 We investigated this assumption graphically and 

statistically by testing for a significant group-time interaction in the pre-implementation 

period. The difference-in-difference analysis also assumes that major influences on the 

outcome occurring during or after the policy intervention will have an equal impact on both 

intervention and control groups (i.e. “common shocks”). While not directly testable, we did 

not identify any major health coverage changes impacting the states analyzed during the 

study period, apart from the ACA. Additionally, while some expansion states did have minor 

variations in how they met the ACA provisions,17 all adhered to the general specifications of 

expanding Medicaid eligibility, justifying their analysis as a single exposure group.

To evaluate changes in procedure volumes, we used negative binomial models producing 

incidence rate ratios (IRR) due to over-dispersion in the data. To evaluate change in payer 
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mixes, we used linear probability models. All models included state-level expansion status, 

exposure period, an interaction between those terms, as well as potential confounding 

variables listed above. We also included variables for state and year fixed effects. The 

model interaction term between exposure period and expansion status captures the impact 

of Medicaid expansion, independent of other variables in the model. We used generalized 

estimating equations to account for state-level clustering impacting the standard errors. All 

analyses were conducted using complete case analysis, and significance was set as p < 0.05. 

All analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC). The authors’ 

Institutional Review Board (IRB) determined this study did not constitute human subjects 

research. Therefore, neither IRB approval nor informed consent was needed.

Results:

During the study period, we identified a total of 337,341 elective spine surgeries meeting 

inclusion criteria, including 218,648 surgeries in Medicaid expansion states and 118,693 

in non-expansion states. In total, 48,538 (14.4%) surgeries had Medicaid insurance 

coverage. The most common surgery type in both exposure groups and study periods was 

thoracolumbar fusion (n=138,542, 41.1%), followed by cervical spine fusion (n=123,927, 

36.7%), non-instrumented surgery (n=71,632, 21.2%) and cervical arthroplasty (n=3,240, 

1.0%).The mean age (49.9 years) and proportion female (53%) were very similar between 

expansion and non-expansion states during both the pre- and post-expansion period. The 

proportion of non-White patients and mean comorbidity index were slightly higher in 

expansion (23.6% and 4.0) compared to non-expansion (19.2% and 3.2) states during both 

study periods. By comparison, the proportion rural was higher in non-expansion states 

(33.1% vs. 26.9%). As discussed in more detail below, expansion states had a higher 

proportion of Medicaid patients and a lower proportion of privately insured patients than 

non-expansion states, proportions that shifted during the study period. The population 

demographic characteristics for both expansion and non-expansion states are summarized 

by study period in Table 1.

To test for heterogeneity in socioeconomic status among Medicaid patients in each exposure 

group, we specifically evaluated the median income of home zip code for Medicaid patients 

(E-Table 3). As shown in the table, the median income of home zip code was generally 

similar across exposure groups. However, expansion states did have a slightly higher 

proportion of patients living in zip codes with the lowest income (40.8% vs. 36.5% in 

the pre-expansion period). The distribution of median income of home zip codes changed 

little in the post-expansion period.

There were no notable deviations from the parallel trends assumption in the pre-expansion 

period, consistent with the lack of a statistically significant difference in trends between 

expansion and non-expansion states in the pre-expansion period (E-Tables 2–3). In other 

words, there was no evidence for significant differences in trends for payor mix or volume 

by payor between expansion and non-expansion states from 2011 to 2014.

Trends in overall procedure volume as well as the procedure volume for specific payers 

are shown in Figure 1 and E-Figures 1–3. From 2011–2016, the mean hospital volume 
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per quarter-year decreased from 0.24 surgeries to 0.20 surgeries per 100,000 residents in 

non-expansion states. By comparison, in expansion states there was a negligible change in 

surgery rates per quarter-year (0.33 in both periods). This difference led to a significant 17% 

relative increase in elective spine surgical volume associated with Medicaid expansion (95% 

CI 2%-35%; p=0.03). The magnitude and significance of the impact of Medicaid expansion 

on surgical volume varied by procedure type. There was a statistically significant 24% 

(95% CI 4%-48%; p=0.02) and 15% (95% CI 0.5%-31%; p=0.04) increase in cervical and 

thoracolumbar fusion volumes. By comparison, there was a smaller, not significant effect of 

Medicaid expansion on non-instrumented surgeries (IRR 1.09; 95% CI 0.97–1.21; p=0.15), 

where both expansion and non-expansion states had decreased volume in the post-expansion 

period (E-Figure 1; Table 2).

The increase in overall elective spine volume associated with Medicaid expansion was 

largely driven by a 23% increase in Medicaid surgical volume (95% CI −0.3%-52%; 

p=0.054). While privately insured surgical volumes decreased across the 2011–2016 study 

period, the relative rates of privately insured surgeries did not change significantly in 

association with Medicaid expansion in 2014 (IRR=1.13; 95% CI −5%-34%; p=0.18). 

Uninsured (i.e., self-pay) procedures accounted for less than 2% of overall volume, and 

there was a non-significant change in the uninsured procedure volume (IRR=1.31; 95% CI 

0.92–1.88; p=0.14) associated with Medicaid expansion. While all procedure subgroups saw 

relative increases in Medicaid procedure volumes associated with Medicaid expansion, the 

magnitude and significance of these changes varied. For example, the change in Medicaid 

volumes ranged from a 9% (95% CI −12%-36%; p=0.41) increase for cervical fusions to a 

34% (95% 5%-70%; p=0.02) increase for thoracolumbar fusion. These changes in overall, 

Medicaid, privately insured, and uninsured procedure volumes are summarized in Table 2. 

Finally, the sensitivity analysis indicated Medicaid expansion status was not associated with 

a significant change in procedure volume for other payer types, such as military or Medicare 

insurance (IRR 1.09; 95% CI 0.97–1.24; p=0.15).

The disproportionate increase in Medicaid surgical volumes compared to privately insured 

surgical volumes led to a shift in payer mix. Therefore, Medicaid expansion in 2014 was 

associated with a statistically significant 6.0 percentage point (95% CI 4.1–7.0; p < 0.001) 

increase in the proportion of patients with Medicaid coverage (Figure 2). This effect was 

generally similar across procedure subgroups (range 5.9–6.2). This change was closely 

mirrored by the 6.7 percentage point (95% CI 4.5–8.8; p <0.001) decrease in the proportion 

of surgeries with private insurance. As shown in Figure 2, the impact of Medicaid expansion 

on payer mix gradually increased in the post-expansion period, with the proportion of 

Medicaid patients increasing and the proportion of privately insured patients decreasing 

from 2014–2016. Medicaid expansion was associated with a small and not significant 

change in the proportion of patients without insurance coverage (0.7 percentage points; 95% 

CI −0.3–1.7; p=0.17). The complete summary of the changes in payer mix is shown in Table 

3 and E-Figures 4–5.
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Discussion:

To our knowledge this is the first focused assessment of the impact of Medicaid expansion 

under the ACA on elective spine surgical volumes and payer mix. Our primary results 

indicated that the ACA was associated with a 17% increase in overall elective surgical 

volume, which was driven primarily by a 23% increase in Medicaid surgical volume. There 

was no significant change in volume of privately insured surgeries or patients with other 

(e.g. military, Medicare) insurance. Increases in Medicaid surgical volume also led to a 

change in payer mix, with Medicaid expansion states experiencing a 6.0 percentage point 

increase in the proportion of patients with Medicaid coverage. Although the magnitude 

and statistical significance of these changes varied, the results were generally consistent 

across subgroups of different procedure types. In both study groups and treatment periods, 

uninsured (i.e., self-pay) patients were a small minority of those treated, and our results did 

not indicate that Medicaid expansion was associated a significant change in access for these 

patients.

Our finding that Medicaid expansion led to a significant expansion in access to elective 

spine care is somewhat surprising in light of previous evidence demonstrating major barriers 

to spine care for Medicaid patients. For example, one study found Medicaid patients had to 

travel approximately three times farther than privately insured to find a provider who would 

offer elective lumbar spine surgical care.26 Other studies have found Medicaid patients had 

success rates below 1% making appointments for elective lumbar spine care.27,28 While 

such results would suggest that Medicaid expansion would have had a negligible impact on 

elective spine practice, these limited case series may not provide a generalizable perspective 

on population trends.

One explanation for our findings is that the increase in Medicaid surgeries was generally 

restricted to patients with higher spine disease severity (e.g. more severe myelopathy 

or deformity) who either did not pursue or were not offered surgery prior to Medicaid 

expansion. While not directly testable using billing data, this theory is consistent with 

previous studies indicating that Medicaid patients have worse deformity than privately 

insured patients at the time of presentation and scoliosis surgery.29,30 The notion that 

treatment access was concentrated among patients with severely disabling disease is also 

supported by comparisons to other orthopedic conditions. For example, spine disease is 

typically more disabling than other orthopedic pathologies,31 such as hip and knee disease. 

Reflecting this difference, we observed a notably larger shift in Medicaid payer mix 

following Medicaid expansion (6.0%) than has been shown previously for hip and knee 

arthroplasty (1.5%).6

Beyond orthopedic conditions, the impact of Medicaid expansion on elective spine surgical 

care should be interpreted within the context of the broader surgical and economic literature. 

We observed an overall increase in elective spine surgical volume of 17%, similar to 

rate changes found in studies evaluating major general surgery procedures, including 

gastric bypass surgery (8%), paraesophageal hernia or reflux disease surgery (17%), cancer 

surgeries (12%), hernia repair (16%), and vascular surgery (20%).8,32–34 While each of these 

conditions differs with regard to the urgency of treatment and the likely unmet demand 
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among uninsured patients, the impact of Medicaid expansion was similar. These findings 

suggest that observed changes in procedural volume may partly reflect the degree to which 

surgeons balance new Medicaid demand with maintaining privately insured volumes, a 

tradeoff which appears to bear similarity across a variety of major health conditions. Finally, 

given estimates of fusion surgeries alone leading to approximately $13 billion in costs in the 

United States in 2011,35 a 17% change in spine surgery volume is likely to have important 

economic significance.36

By leveraging a large and representative dataset, this study provides novel insights about 

the impact of Medicaid expansion on one of the most common surgeries performed in the 

United States. Moreover, by examining several endpoints and patient subgroups using a 

robust statistical approach, these results support a detailed examination of the policy effects. 

This study also has limitations. The most important limitation is that the study datasets only 

included inpatient surgeries. Given the growing role of outpatient elective spine surgery,37 

a disproportionate shift to outpatient surgeries in non-expansion versus Medicaid expansion 

states could have impacted our results. However, several lines of evidence suggest that 

such patterns should not undermine our conclusions. First, the shift to outpatient surgery 

has been far more pronounced for non-instrumented than fusion surgeries.38 For fusion 

surgeries, and lumbar fusion in particular, existing evidence suggests that the vast majority 

of surgeries occurred in the inpatient setting during the study period.38–41 The consistency of 

our findings across procedure subgroups make it unlikely that consideration of ambulatory 

practices would impact these results. Second, previous studies have not found a marked 

change in ambulatory surgeries associated with the timing of Medicaid expansion in 

2014.38,42,43 Finally, previous evidence suggests that the shift to ambulatory surgeries has 

occurred in similar proportions across states and geographic regions, making a differential 

impact associated with Medicaid expansion status unlikely.44,45

Another limitation is that despite including a larger sample of states than many comparable 

studies,6–8 our sample size still limited our ability to test for heterogeneity in effects across 

states, such as variations related to individual state expansion strategies.17 Finally, the 

study dataset did not allow us to investigate the exact mechanisms leading to the observed 

changes, such as increased imaging and referral rates by primary care physicians versus 

changes in decision-making among spine surgeons. Such questions may be explored by 

future researchers using other data sources that incorporate relevant data elements.

Conclusions:

Medicaid expansion under the ACA was associated with an economically significant 

increase in overall spine surgery volumes and volume of Medicaid surgeries. Along with 

an increase in the proportion of surgical patients with Medicaid insurance, these results 

support the hypothesis that Medicaid expansion increased access to elective spine surgery, 

likely offering improved quality of life to a subset of the population previously unable to 

access treatment. Future work should use alternative datasets to identify the mechanisms 

leading to the observed changes in practice, including examining changes in both imaging 

practices and outpatient referral rates.
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Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Changes in procedure volume according to payer type. Individual data points are displayed 

by quarter-year. The vertical dashed line indicates the time of Medicaid expansion in 2014. 

A) changes in overall volume, B) changes in Medicaid surgical volume, C) changes in 

privately insured surgical volume, D) changes in uninsured surgical volume.
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Figure 2: 
Changes in payer mix during the analysis period. Individual data points are displayed by 

quarter-year. The vertical dashed line indicates the time of Medicaid expansion in 2014. A) 

changes in proportion of Medicaid patients, B) changes in proportion of privately insured 

patients, C) changes in proportion uninsured.
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Table 1:

Demographic characteristics of patients treated in expansion and non-expansion states. IQR=interquartile 

range.

Characteristic Expansion States Non-expansion states

Pre-expansion Post-expansion Pre-expansion Post-expansion

Age in years, mean (IQR) 49.5 (43–58) 50.2 (44–58) 49.6 (43–58) 50.5 (44–58)

Gender, n (%)

 Male 55,038 (46.4) 47,036 (47.0) 28,096 (46.4) 27,201 (46.8)

 Female 63,497 (53.6) 53,061 (53.0) 32,519 (53.7) 30,868 (53.2)

 Missing NR 15 (0.01) NR NR

Race, n (%)

 Non-White 26,506 (22.4) 25,142 (25.1) 11,246 (18.6) 11,511 (19.8)

 White 92,028 (77.6) 74,970 (74.9) 49,369 (81.5) 46,567 (80.2)

Insurance status, n (%)*

 Private 100,914 (85.1) 78,007 (77.9) 39,684 (89.5) 40,002 (88.6)

 Medicaid 15,570 (13.1) 20,497 (20.5) 3,728 (8.4) 4,661 (10.3)

 Uninsured 2,052 (1.7) 1,608(1.6) 947 (2.1) 502 (1.1)

Median income of home zip code, n (%)

 1st (lowest) quartile 25,468 (21.5) 23,110 (23.1) 12,957 (21.4) 12,084 (20.8)

 2nd quartile 29,116 (24.6) 24,577 (24.6) 15,378 (25.4) 14,979 (25.8)

 3rd quartile 30,961 (26.1) 26,037 (26.0) 16,499 (27.2) 26,080 (27.7)

 4th (highest) quartile 32,463 (27.4) 26,082 (26.1) 15,765 (26.0) 14,881 (25.6)

 Missing 528 (0.45) 306 (0.31) 16 (0.03) 54 (0.09)

Elixhauser comorbidity index, mean (IQR) 3.9 (0–7) 4.1 (0–7) 3.2 (0–5) 3.3 (0–6)

Rural zip code, n (%) 28,158 (23.8) 25,666 (25.6) 20,904 (34.5) 19,520 (33.6)

 Missing 11,930 (10.1) 6,770 (6.8) 22 (0.04) 32 (0.06)

Procedure type, n (%)

 Cervical fusion 42,857 (36.2) 37,367 (37.3) 22,352 (36.9) 21,351 (36.8)

 Cervical arthroplasty 638 (0.54) 964 (0.96) 765 (1.3) 873 (1.5)

 Thoracolumbar fusion 46,249 (39.0) 42,697 (42.7) 24,743 (40.8) 24,853 (42.8)

 Non-instrumented surgery 28,792 (24.3) 19,084 (19.1) 12,755 (21.0) 11,001 (18.9)

*
Excluded data from MO, where the proportion of uninsured patients was not reported.

NR= not reported due to not reaching the HCUP minimum threshold of 10 events per cell.
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Table 2:

Impact of Medicaid expansion on mean hospital elective spine surgical volume per quarter-year. Adjusted 

incidence rate ratios (with 95% CI) are shown for all elective surgeries, and also separated by surgery type.

Overall Medicaid Private Uninsured

All surgeries 1.17 (1.02–1.35)* 1.23 (−0.3–52) 1.13 (0.95–1.34) 1.31 (0.91–1.88)

Cervical spine fusion 1.24 (1.04–1.48)* 1.09 (0.88–1.36) 1.23 (0.99–1.52) 1.24 (0.97–1.59)

Thoracolumbar fusion 1.15 (1.005–1.31)* 1.34 (1.05–1.70)* 1.12 (0.95–1.32) 1.29 (1.17–1.43) **

Non-instrumented surgery 1.09 (0.97–1.21) 1.19 (1.04–1.37)* 1.04 (0.91–1.20) 1.16 (0.95–1.43)

*
<0.05,

**
< 0.01

Analyses are adjusted for state and year fixed effects, state-level disability rates, as well as mean hospital values for patient age, gender, and 
comorbidity index.
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Table 3:

Impact of Medicaid expansion on payor mix of elective spine surgery. The difference-in-difference estimate 

(with 95% CI) is shown for change in probability of Medicaid, private insurance, and uninsured payer type.

Medicaid Private Uninsured

All elective surgeries 6.0 (4.1–7.0)** −6.7 (−8.8 – −4.5)** 0.7 (−0.3–1.7)

Cervical spine fusion 6.2 (3.9–8.6)** −7.2 (−9.5 – −4.9)** 1.0 (−0.1–2.2)

Thoracolumbar spine fusions 5.9 (4.2–7.6)** −6.5 (−8.2 – −4.7)** 0.6 (−0.1 – 1.2)

Non-instrumented surgery 6.1 (4.0–8.2)** −7.2 (−9.9 – −4.5)** 0.7 (−1.2–1.8)

*
< 0.05;

**
<0.01

Estimates are adjusted for state and year fixed effects, patient age, race, comorbidity index, median income of home zip code, rural zip code, and 
state-level disability rates.
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