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Abstract
Background Racial health disparities across orthopaedic
surgery subspecialties, including spine surgery, are well
established. However, the underlying causes of these dis-
parities, particularly relating to social determinants of
health, are not fully understood.

Questions/purposes (1) Is there a racial difference in 90-
day mortality, readmission, and complication rates (“safety
outcomes”) among Medicare beneficiaries after spine sur-
gery? (2) To what degree does the Centers for Disease
Control and Prevention Social Vulnerability Index (SVI), a
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community-level marker of social determinants of health,
account for racial disparities in safety outcomes?
Methods To examine racial differences in 90-day mor-
tality, readmission, and complications after spine surgery,
we retrospectively identified all 419,533 Medicare bene-
ficiaries aged 65 or older who underwent inpatient spine
surgery from 2015 to 2019; we excluded 181,588 patients
with endstage renal disease or Social Security disability
insurance entitlements, who were on Medicare HMO, or
who had missing SVI data. Because of the nearly universal
coverage of those age 65 or older, Medicare data offer a
large cohort that is broadly generalizable, provides im-
proved precision for relatively rare safety outcomes, and is
free of confounding from differential insurance access
across races. The Master Beneficiary Summary File in-
cludes enrollees’ self-reported race based on a restrictive
list of mutually exclusive options. Even though this does
not fully capture the entirety of racial diversity, it is self-
reported by patients. Identification of spine surgery was
based on five Diagnosis Related Groups labeled “cervical
fusion,” “fusion, except cervical,” “anterior-posterior
combined fusion,” “complex fusion,” and “back or neck,
except fusion.” Although heterogeneous, these cohorts do
not reflect inherently different biology that would lead us to
expect differences in safety outcomes by race. We report
specific types of complications that did and did not involve
readmission. Although complications vary in severity, we
report them as composite measures while being cognizant
of the inherent limitations of making inferences based on
aggregate measures. The SVI was chosen as the mediating
variable because it aggregates important social determi-
nants of health and has been shown to be a marker of high
risk of poor public health response to external stressors.
Patients were categorized into three groups based on a
ranking of the four SVI themes: socioeconomic status,
household composition, minority status and language, and
housing and transportation. We report the “average race
effects” among Black patients compared with White pa-
tients using nearest-neighbor Mahalanobis matching by
age, gender, comorbidities, and spine surgery type.
Mahalanobis matching provided the best balance among
propensity-type matching methods. Before matching,
Black patients in Medicare undergoing spine surgery were
disproportionately younger with more comorbidities and
were less likely to undergo cervical fusion. To estimate the
contribution of the SVI on racial disparities in safety out-
comes, we report the average race effect between models
with and without the addition of the four SVI themes.
Results After matching on age, gender, comorbidities, and
spine surgery type, Black patients were on average more
likely thanWhite patients to be readmitted (difference of 1.5%
[95% CI 0.9% to 2.1%]; p < 0.001) and have complications
with (difference of 1.2% [95% CI 0.5% to 1.9%]; p = 0.002)
or without readmission (difference of 3.6% [95% CI 2.9% to

4.3%]; p < 0.001). Adding the SVI to the model attenuated
these differences, explaining 17% to 49% of the racial dif-
ferences in safety, depending on the outcome. An observed
higher rate of 90-day mortality among Black patients was
explained entirely by matching using non-SVI patient de-
mographics (difference of 0.00% [95% CI -0.3% to 0.3%];
p = 0.99). However, even after adjusting for the SVI, Black
patients had more readmissions and complications.
Conclusion Social disadvantage explains up to nearly 50%
of the disparities in safety outcomes betweenBlack andWhite
Medicare patients after spine surgery. This argument high-
lights an important contribution of socioeconomic circum-
stances and societal barriers to achieving equal outcomes. But
even after accounting for the SVI, there remained persistently
unequal safety outcomes among Black patients compared
withWhite patients, suggesting that other unmeasured factors
contribute to the disparities. This is consistent with evidence
documenting Black patients’ disadvantages within a system
of seemingly equal access and resources. Research on racial
health disparities in orthopaedics should account for the SVI
to avoid suggesting that race causes any observed differences
in complications among patients when other factors related to
social deprivation are more likely to be determinative.
Focused social policies aiming to rectify structural disad-
vantages faced by disadvantaged communities may lead to a
meaningful reduction in racial health disparities.
Level of Evidence Level III, therapeutic study.

Introduction

People of color in the United States experience worse health
outcomes after medical care [8, 28], and this applies to ortho-
paedic care as well [9, 40]. Black patients are at an increased
risk of having delayed surgery, complications, readmissions,
and mortality in the setting of numerous orthopaedic proce-
dures, including spine surgery [3, 4, 15, 16, 33, 37, 43].

Research on the underlying causes of racial disparities is
incomplete. Contributing factors include implicit racial
bias, overt racism, healthcare segregation [36], and social
determinants of health, which may be endemic in certain
communities [41]. Elucidating the contributions of each of
these factors is necessary to address racial disparities.

Social determinants of health represent the complex con-
ditions of an individual’s lived environment, including social
structure and economic systems that affect health [38]. This
has not be explored in depth in musculoskeletal research, but
it does appear to affect disease burden and outcomes [22]. The
Centers for Disease Control and Prevention developed the
Social Vulnerability Index (SVI) as a metric of community-
level markers of high risk of poor public health in the face of
external stressors inUS communities [11]. The SVI integrates
data on factors such as poverty, employment, education, and
income; household composition; minority status and English-
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language proficiency; and housing and transportation disad-
vantages. Understanding the degree to which SVI explains
racial disparities in outcomes after orthopaedic surgery can
dispel assumptions about the causality of race on outcomes,
encourage future research on the social determinants of
health, and inform social policies that seek to mitigate racial
disparities [2].

Examining the interplay of SVI and racial disparities in
relatively uncommon orthopaedic safety outcomes
requires a large study population to be sufficiently powered
to detect differences and to be generalizable. We chose
spine surgery as a substrate because of the intensity of these
surgical procedures; these are marked by relatively high
resource use and morbidity profiles [23, 34]. We believe
the findings could be translatable to other high-intensity
inpatient orthopaedic interventions, including total joint
arthroplasty and trauma. Though diverse spine procedures
were included in this study, we believe the methodology
balances generalizability with the risks of losing insight by
pooling a relatively heterogeneous study population.

We asked: (1) Is there a racial difference in 90-day
mortality, readmission, and complication rates (“safety
outcomes”) among Medicare beneficiaries after spine sur-
gery? (2) To what degree does the Centers for Disease
Control and Prevention SVI, a community-level marker of
social determinants of health, account for racial disparities
in safety outcomes?

Patients and Methods

Study Design and Setting

This is a retrospective, comparative study drawn from a
large, federally maintained database. We analyzed
Medicare claims from October 2015 through October
2019, including fee-for-service beneficiaries 65 years or
older with a hospital Diagnosis Related Group (DRG) code
for spinal surgery. Because of its nearly universal coverage
of those age 65 or older, Medicare data offer a large cohort
that is broadly generalizable, provides improved precision
for relatively uncommon safety outcomes, and is free of
confounding due to differential insurance access across
race. Additionally, it is one of the most comprehensive
databases within a patient demographic (patients aged 65
or older), it requires patients to self-report their racial or
ethnic identity, and it reliably reports mortality, read-
mission, and complications.

Patients

Based on the grouping of DRG codes from The Center for
Medicare and Medicaid Innovation (CMMI), this study in-
cluded cohorts labeled as “cervical fusion,” “fusion, except
cervical,” “anterior-posterior combined fusion,” “complex

Fig. 1 Flow chart of study population as exclusions were applied, racial breakdown of
patients, and final sample size after matching.
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fusion,” and “back or neck surgery, except fusion.”
Although a heterogeneous mix of spinal pathology and
procedures, these cohorts do not reflect any inherently dif-
ferent biology that would lead us to expect differences in
safety outcomes by race. We excluded beneficiaries in the
End-stage Renal Disease (ESRD), Social Security Disability
Insurance (SSDI), and Medicare-HMO (for example,
Medicare Advantage) programs as well as patients with
missing zip code, SVI, or discharge year data.

After excluding 30% (181,588 of 601,121) of claims,
most of which were for patients younger than 65 and/or in
ESRD/SSDI entitlement programs, a total of 419,533 eli-
gible Medicare beneficiaries met the inclusion criteria for
analysis (Fig. 1). Most patients were White (90% [376,385
of 419,533]), 5% (22,878 of 419,533) of patients were
Black, and 5%were grouped as Other (20,270 of 419,533).
These findings align with the racial composition of the
Medicare population.

Patients’ Data at Baseline

White patients in the cohort were older, disproportionately
men, had fewer comorbidities, and were less likely to undergo
inpatient cervical fusions than Black patients (Table 1).

Independent Variable

The Master Beneficiary Summary File (MBSF) includes
patients’ self-identification for race based on a mutually
exclusive list of options. Race, the primary independent
variable, was coded as Black (Black or African
American), White (White or Caucasian), and a combined
Other (includes other, Asian, Hispanic ethnicity, and
North American native). The relatively small number of
patients for the specific racial groups within the Other
category precluded sufficient statistical power for a
meaningful analysis. Furthermore, the comparison be-
tween Black and White patients may represent the most
extreme difference in racial disparities given the pre-
ponderance of evidence showing health disparities be-
tween these groups. Though broadly categorizing race
into Black and White lacks nuance given the racial di-
versity within each group, the data were limited by the
options available for patient self-report during Medicare
enrollment. The fact that patients selected their racial
classification ensures that it at least broadly applies to
them. A separate variable for ethnicity was not available;
Hispanic and North American native ethnicities were in-
cluded as distinct options within the race variable and
were mutually exclusive of other options.

Table 1. Characteristics of Medicare spine surgery procedures by race

White
(n = 376,385)

Black
(n = 22,878)

p value
(Black vs White)

Other
(n = 20,270)

p value
(Other vs White)

Age in years 74 6 6 73 6 5 < 0.001 72 6 6 < 0.001

Age group in years

65-69

70-74

75-79

80-84

85+

28 (104,414)

32 (121,584)

24 (88,330)

12 (43,317)

5 (18,740)

36 (8310))

32 (7347)

20 (4580)

9 (1968)

3 (673)

< 0.001
40 (8006)

32 (6481)

16 (3293)

8 (1620)

4 (870)

< 0.001

Men 47 (175,292) 42 (9585) < 0.001 54 (10,898) < 0.001

Charlson comorbidity index

0

1

2+

46 (173,044)

27 (99,774)

28 (103,567)

32 (7420)

28 (6302)

40 (9156)

< 0.001
44 (8897)

27 (5543)

29 (5830)

< 0.001

Spine cohort

Back or neck surgery nonfusion

Cervical fusion

AP fusion

Complex fusion

Lumbar fusion

14 (52,344)

21 (78,914)

17 (65,202)

4 (16,353)

44 (163,569)

14 (3123)

30 (6901)

15 (3348)

3 (745)

38 (8761)

< 0.001
15 (2957)

23 (4746)

19 (3752)

4 (884)

39 (7931)

< 0.001

Data presented as mean 6 SD or % (n).
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Mediating Variables: Social Vulnerability Index and the
Four Themes

We examined differences in safety outcomes by race and
the mediating effect of social disadvantage, as measured by
the SVI, which is a composite measure of community
disadvantage based on 15 factors reported at the United
States Census Tract level [11]. It includes four themes that
represent social disadvantages: socioeconomic (poverty,
work, education, and income), household composition and
disability, minority and language (English language pro-
ficiency), as well as housing and transportation. Examples
of contributing factors include proportions of the pop-
ulation that are living below the poverty line, unemployed,
uninsured, disabled, adults without a high school diploma,
single-parent households, racial minorities, living in group
quarters, and households with no vehicle available. The
SVI is assigned to individuals based on ZIP Codes. We
classified patients into low (1st through 33rd percentile),
medium (34th through 66th percentile), and high (67th
through 99th percentile) levels of disadvantage based on
their ranking for each of the four SVI themes. The SVI has
been validated in studies of medical diagnoses as well as
studies of natural disasters as a factor that is associated with
complications and mortality, though its use in orthopaedic
research is limited [7, 11, 14, 17, 31].

Covariates

We collected patient demographics, including age (grou-
ped into 5-year increments), gender, diagnosis codes from
the ICD-10 included with the index admission, and spine
procedure cohort. The Charlson comorbidity index (CCI)
was calculated based on ICD-10 codes [32].

Safety-related Outcomes

We linked our cohort to the MBSF to obtain data on
mortality and date of death. In addition, successive claims
for the same patients were linked over time to identify
beneficiaries who had any (all-cause) readmission. To
facilitate a time-to-event analysis, the days between the
date of the index hospital discharge and the date of death
and/or the first inpatient readmission were calculated for
each beneficiary.

We linked each spine admission to all subsequent in-
patient claims (from the Inpatient Research Identifiable
File) and Part B (office-based and provider) claims from the
Carrier Claims File through 90 days after discharge to
identify postoperative complications. Patients with ad-
missions during the last quarter of 2019 were excluded to
ensure a minimum 90-day follow-up period for all patients.

Postoperative complications were based on ICD-10 codes
that specifically identified a perioperative complication.
Complication codes were grouped into broader categories
(such as infection) and by whether they involved a sub-
sequent inpatient admission (Supplementary Table 1;
http://links.lww.com/CORR/A873). We separately
reported complications that did or did not require a
readmission, which served as a gauge of complication
severity. Complications were not otherwise weighted by
severity in the composite measures, introducing the
limitations inherent to inferences based on aggregate
measures. All-cause readmissions were included in the
composite measure for inpatient complications. Death was
treated independently and not counted in the composite
complication measures.

Statistical Analysis

We report unadjusted rates of 90-day mortality, all-cause
readmission, and complications across racial groups. Using
claims spanning the analysis period, we then performed a
time-to-event survival analysis based on Cox proportional
hazard regression for mortality and readmission, including
variables for race, age, gender, CCI, spine cohort, and the
four SVI themes.

Because of differences in demographics and the po-
tential for selection bias, we conducted a 1:1 matched co-
hort analysis for each outcome usingMahalanobis distance
to match each Black patient to a White patient most similar
in age, gender, comorbidity, and spine cohort.
Mahalanobis distance matching is based on the covariance
matrix without calipers or replacement and, similar to
propensity score matching, explicitly addresses treatment
bias in observational studies [1, 20]. Mahalanobis match-
ing yielded better covariate balance than propensity score
matching. We calculated the standardized differences (all
near 0) and variance ratios (all near 1) for each factor in the
matched cohort. Balance plots were examined to assess the
post-match balance between the cohorts (Supplementary
Fig. 1; http://links.lww.com/CORR/A874). For these
analyses, we focused only on the evaluation of Black and
White racial disparities. To understand the contribution of
the SVI to racial disparities, we examined differences in the
“average race effect among Black patients” using
sequential models that did or did not include the four SVI
themes. The term “average race effect among Black
patients” is analogous to the “average treatment effect
among the treated” from interventional trials. It compares
the difference in mean safety outcomes between Black
patients versus the counterfactual among Black patients as
if they were treated in the health system as White. We
calculated the influence of the SVI on racial disparities as a
proportion of change in the average race effect among
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Black patients between the models with and without SVI
as a matching covariate. All analyses were conducted using
Stata-MP version 17.1 (StataCorp LLC) within Medicare’s
Virtual Research Data Center [12].

Results

Racial Disparities in Safety-related Outcomes and the
Influence of SVI

Black patients experienced higher rates of adverse safety
events across all measures than White patients (Table 2).
The differences between Black and White patients, as well
as the contributions from demographic matching with and
without SVI, are presented as follows.

Mortality

Black patients had a higher observed 90-day mortality
(2.4%) than White patients (1.8%) (Table 2) and higher
adjusted mortality over the entire study period (HR 1.1
[95% confidence interval (CI) 1.1 to 1.2]; p < 0.001)
(Fig. 2).

The average race effect among Black patients for 90-day
mortality was 0.00 (95% CI -0.3 to 0.3) percentage points
(ppt) after matching for age, gender, CCI, and spine cohort,
but not the SVI (Table 2). This suggests that the observed
difference in 90-day mortality was entirely explained by
differences in demographics. The effect was slightly re-
versed to -0.2 ppt (95% CI -0.4 to 0.1; p = 0.30) when
adding the SVI themes to the model. Thus, matching on the
SVI did not account for a difference in mortality between
Black and White patients. High socioeconomic SVI was
associated with an increased risk of overall mortality (HR

1.18 [95% CI 1.14 to 1.23]; p < 0.001) (Supplementary
Table 2; http://links.lww.com/CORR/A875).

Readmission

Black patients had a higher 90-day readmission (16%)
compared with White patients (13%), a 3.0 ppt difference
(95% CI 2.4 to 3.5; p < 0.001) (Table 2). Matching on
demographics but not the SVI attenuated the average race
effect to 1.5 ppt (95% CI 0.9 to 2.1; p < 0.001), explaining
49% of the racial difference in readmission. Further
matching on SVI yielded an average race effect of 1.2 ppt
(95% CI 0.5 to 1.8), explaining an additional 23% of racial
disparity. We tracked cumulative readmission over the
entire study period (Fig. 3).

The likelihood of 90-day readmission was increased
among patients living in communities with high socio-
economic SVI (OR 1.08 [95% CI 1.05 to 1.12]; p <

Table 2. Average race effect among Black patients for 90-day mortality, readmission, and complications in a matched cohort with
and without inclusion of the SVI, 2015-2019a

Observed unadjusted, % Matched without SVI Matched with SVI

White Black

Difference,
ppt (95%

CI)
p

value
Difference,
ppt (95% CI)

p
value

% explained
by non-SVI

demographics
Difference,
ppt (95% CI)

p
value

%
explained
by SVI

Mortality 1.8 2.4 0.6 (0.4 to 0.8) < 0.001 0.0 (-0.3 to
0.3)

0.99 100% -0.2 (-0.4 to
0.1)

0.30

Readmission 13 16 3.0 (2.4 to 3.5) < 0.001 1.5 (0.9 to 2.1) < 0.001 49% 1.2 (0.5 to 1.8) 0.001 23%

Complication
with readmission

25 27 2.3 (1.5 to 3.0) < 0.001 1.2 (0.5 to 1.9) 0.002 48% 0.6 (-0.2 to 1.4) 0.15 49%

Complication
without
readmission

20 24 4.0 (3.3 to 4.8) < 0.001 3.6 (2.9 to 4.3) < 0.001 10% 3.0 (2.2 to 3.8) < 0.001 17%

aBased on nearest-neighbor Mahalanobis matching on age, sex, comorbidity, and spine cohort and including bias adjustment for
age and Charlson comorbidity and exact matching on spine cohort. Rounding may have affected the ppt difference results; ppt =
percentage point difference based on average race effect among Black patients.

Fig. 2 Unadjusted mortality after spine surgery among
Medicare beneficiaries, by race. Shaded areas represent 95%
CIs based on Kaplan-Meier survival plots.

Volume 481, Number 2 SVI Contributes to Spine Surgery Racial Disparities 273

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/CORR/A875


0.001) and high minority and language SVI (OR 1.08
[95% CI 1.04 to 1.11]; p < 0.001) (Supplementary
Table 2; http://links.lww.com/CORR/A875).

Complications

Black patients in the matched analysis had a greater like-
lihood of having complications that involved (1.2 ppt [95%
CI 0.5 to 1.9]; p = 0.002) or did not involve readmission
(3.6 ppt [95% CI 2.9 to 4.3]; p < 0.001) (Table 2). Adding
the SVI to the models attenuated the average race effect to
0.6 ppt for complications with readmission (95% CI -0.2 to
1.4; p = 0.15) and 3.0 ppt without readmission (95% CI 2.2
to 3.8; p < 0.001). Thus, the SVI accounted for 49% and
17%, respectively, of the racial health disparities in com-
plications that involved or did not involve readmission.
The minority and language theme had the greatest in-
fluence on complications with (OR 1.07 [95% CI 1.04 to
1.10]; p < 0.001) or without readmission (OR 1.26 [95%CI
1.21 to 1.31]; p < 0.001) (Supplementary Table 2; http://
links.lww.com/CORR/A875).

We further examined racial disparities in specific
types of complications. Adjusted 90-day complication
rates linked with readmission that were higher for Black
patients than for White patients included infection (0.5
ppt [95% CI 0.2 to 0.8]; p < 0.001), pulmonary embo-
lism (0.6 ppt [95% CI 0.4 to 0.9]; p < 0.001), and deep
venous thrombosis (1.2 ppt [95% CI 0.9 to 1.4]; p <
0.001) (Table 3). Complications not involving read-
mission that were higher among Black patients than
among White patients included infection (0.4 ppt [95%
CI 0.1 to 0.6]; p = 0.003), musculoskeletal complica-
tions (0.6 ppt [95% CI 0.04 to 1.1]; p = 0.04), deep
venous thrombosis (0.6 ppt [95% CI 0.3 to 1.0]; p <
0.001), and cerebrovascular complications (1.6 ppt
[95% CI 1.3 to 2.0]; p < 0.001) (Table 4). Black-White

disparities in musculoskeletal complications and deep
venous thromboses were most explained by the SVI at
43% and 37%, respectively.

Discussion

People from racial minority groups experience worse out-
comes in many metrics across orthopaedic surgery sub-
specialties, but the reasons for racial health disparities are
unclear [3, 4, 15, 16, 33, 37, 43]. Given minimal biological
evidence for this association, there are likely structural and
social explanations [25, 39]. In our analysis of Medicare
patients undergoing spine surgery, we found a higher ad-
justed rate of readmission and postoperative complications
among Black patients than among White patients.
Interestingly, demographic differences such as age and
comorbidity explained the observed racial difference in
mortality. Among readmission and complications, SVI, a
marker of social community disadvantage, explained 17%
to 49% of the disparities. This suggests that race is not an
inherent predictor of poor outcomes; instead, there are
underlying societal factors that contribute to worse safety
outcomes. Efforts to decrease racial health disparities
should address the needs of underserved communities,
including employment, education, housing, and trans-
portation. Future research on race and outcomes should
account for SVI to avoid misleading conclusions that race
itself is responsible for patient outcomes.

Limitations

Our study has limitations. As with any observational study
design, the potential for unobserved confounding prohibits
direct causal inferences about the effect of the SVI on
disparities. The study population included only patients
with Medicare insurance. This increases the internal val-
idity of our findings by reducing possible confounders of
access to insurance and age but limits the generalizability
of the findings to a broader population. Social factors may
affect the health outcomes of older and younger patients
differently. Patients with private insurance have a de-
creased risk of adverse safety outcomes compared with
those who haveMedicare insurance, so our population may
skew toward higher rates of safety events than the overall
population [15]. Relying on claims data prevents a detailed
analysis of clinical factors influencing safety and does not
include patient pain or functional status. Although the five
spine surgery cohorts that we matched on represent a het-
erogeneous mix of spinal pathology and procedures, we do
not believe that subgroups of spinal procedures or di-
agnoses within these cohorts reflect any inherently

Fig. 3 Unadjusted cumulative all-cause readmission rate after
spine surgery among Medicare beneficiaries, by race. Shaded
areas represent 95% CIs based on Kaplan-Meier failure plots.

274 Engler et al. Clinical Orthopaedics and Related Research®

Copyright © 2022 by the Association of Bone and Joint Surgeons. Unauthorized reproduction of this article is prohibited.

http://links.lww.com/CORR/A875
http://links.lww.com/CORR/A875
http://links.lww.com/CORR/A875


different biology that would lead us to expect differences in
safety outcomes by race.

Inferences were only made between Black and White
patients. Dichotomizing race into Black and White results
in a loss of nuance about the racial diversity within each
group [24]. However, race was based on patient self-
identification from a limited set of predefined options at the
time of Medicare enrollment. The general effects of racial
disparities in this study are evident despite the heteroge-
neity within groups, although the reader should be aware
that the implications for a given patient are more nuanced
than can be assumed from their membership in the Black or
White race. Although SVI has been validated elsewhere [7,
11, 14, 17, 31] and captures social disadvantages, its use in

orthopaedic research is limited. Our most refined assess-
ment of disadvantaged communities was via the ZIP Code
and its translation to the SVI. Our findings might be prone
to unobserved confounding, although we adjusted for these
to the fullest extent possible by using other factors in our
statistical models and with a matched cohort approach.

Discussion of Key Findings

The key finding from this study is that SVI explains up to
49% of the racial differences in postoperative safety out-
comes. This finding supports the assertion of an Institute of
Medicine report that socioeconomic status, racism, and

Table 3. Average race effect among Black patients for select complications involving a readmission in a matched cohort with and
without inclusion of the SVI, 2015-2019a

Observed unadjusted, % Matched without SVI Matched with SVI

White Black
Difference,
ppt (95% CI)

p
value

Difference,
ppt (95% CI)

p
value

%
explained by

non-SVI
demographics

Difference,
ppt (95% CI)

p
value

%
disparities
explained
by SVI

Respiratory 1.1 1.3 0.2 (0.04 to 0.4) 0.013 0.03 (-0.2 to 0.2) 0.75 86 0.08 (-0.1 to 0.3) 0.46

Infection 1.6 2.2 0.7 (0.4 to 0.9) < 0.001 0.5 (0.2 to 0.7) < 0.001 27 0.5 (0.2 to 0.8) < 0.001 0%

Pulmonary
embolism

1.1 1.7 0.7 (0.5 to 0.8) < 0.001 0.5 (0.3 to 0.7) < 0.001 19 0.6 (0.4 to 0.9) < 0.001 0%

Deep venous
thrombosis

1.6 2.8 1.2 (1.0 – 1.5) < 0.001 1.1 (0.8 to 1.4) 0.002 11 1.2 (0.9 to 1.4) < 0.001 0%

Cerebrovascular 0.6 0.7 0.2 (0.08 to 0.3) < 0.001 0.1 (-0.02 to 0.3) < 0.001 37 0.1 (-0.02 to 0.3) 0.08 0%

aBased on nearest-neighbor Mahalanobis matching on age, sex, comorbidity, and spine cohort and including bias adjustment
for age and Charlson comorbidity and exact matching on spine cohort. Roundingmay have affected the ppt difference results;
ppt = percentage point difference based on average race effect among Black patients.

Table 4. Average race effect among Black patients for select complications not involving a readmission in a matched cohort with
and without inclusion of the SVI, 2015-2019a

Observed unadjusted, % Matched without SVI Matched with SVI

White Black
Difference,
ppt (95% CI)

p
value

Difference,
ppt (95% CI)

p
value

%
explained
by non-SVI

demographics
Difference,
ppt (95% CI)

p
value

%
disparities
explained
by SVI

Musculoskeletal 8.7 9.6 0.9 (0.3 to 1.5) 0.002 1.0 (0.5 to 1.5) < 0.001 0 0.6 (0.04 to 1.1) 0.04 43

Deep venous
thrombosis

2.3 3.3 1.0 (0.8 to 1.3) < 0.001 1.0 (0.7 to 1.3) < 0.001 4 0.6 (0.3 to 1.0) < 0.001 37

Vascular 1.7 2.2 0.6 (0.3 to 0.8) < 0.001 0.5 (0.2 to 0.7) < 0.001 18 0.4 (0.1 to 0.7) 0.004 13

Infection 1.3 1.7 0.4 (0.3 to 0.6) < 0.001 0.4 (0.2 to 0.6) 0.001 12 0.4 (0.1 to 0.6) 0.003 5

Cerebrovascular 2.1 4.0 2.0 (1.7 to 2.3) < 0.001 1.7 (1.4 to 2.0) < 0.001 14 1.6 (1.3 to 2.0) < 0.001 5

Cardiac 1.0 1.3 0.3 (0.2 to 0.5) 0.001 0.2 (0.05 to 0.4) 0.01 25 0.4 (0.2 to 0.6) < 0.001 0

Pulmonary
embolism

0.9 1.1 0.2 (0.1 to 0.4) 0.005 0.2 (-0.02 to 0.3) 0.08 27 0.2 (-0.03 to 0.4) 0.09 0

aBased on nearest-neighbor Mahalanobis matching on age, sex, comorbidity, and spine cohort and including bias adjustment
for age and Charlson comorbidity and exact matching on spine cohort. Roundingmay have affected the ppt difference results;
ppt = percentage point difference based on average race effect among Black patients.
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culture each explain roughly one-third of healthcare dis-
parities encountered in the United States, with genetic
differences accounting for less than 10% [39].
Socioeconomic status and minority and disability status
were the primary SVI themes associated with worse safety
outcomes in our study. We believe that the design of this
work, and the use of spine surgery as a substrate, allows
translation to other aspects of orthopaedic care, such as
total joint arthroplasty and fracture care in Medicare
patients.

Previous studies have evaluated community disadvan-
tage to explain racial health disparities in orthopaedic
surgery, although none have quantified that contribution.
Two studies found that patient-reported outcomes after
arthroplasty were worse with increased community pov-
erty, more so in Black patients than in White patients,
suggesting amplified racial disparities among disadvan-
taged communities [18, 19]. Similarly, Dy et al. [15]
reported increased risks of delayed surgery, reoperation,
readmission, and mortality among Black patients un-
dergoing treatment for hip fractures, even after controlling
for the Area Deprivation Index, a neighborhood-level
measure of socioeconomic disadvantage. Black patients
more frequently experienced delayed surgery and read-
mission than White patients at every Area Deprivation
Index level.

The present investigation supports community disad-
vantage, as measured by SVI, as an important contributor
to racial health disparities in the United States. Addressing
underlying factors that lead to social vulnerability, better
stated as structural disadvantages for non-White people
that lead to worse health outcomes, may reduce associated
disparities. These factors include poverty, unemployment,
education, insurance access, and adequate housing, par-
ticularly in some Black communities. Given these
insights, a multiarmed approach by policymakers, health-
care administrators, and providers that addresses salient
SVI themes, including poverty, employment, education,
housing, and transportation, may improve the orthopaedic
outcomes of Black people in the United States.

Racial disparities largely persist even after adjustment
for socioeconomic status, as was seen in the present study
as well as that of Barr [8]. This suggests that other un-
measured structural factors also drive racial healthcare
disparities, with implicit bias, racism, and healthcare seg-
regation as important candidates [36, 42]. Future studies on
these topics could include examining racial disparities in
outcomes of patients with patient-physician race concor-
dance, where implicit bias and racism may be mitigated. If
few disparities exist, then implicit bias and racism are likely
to play some role in racial health disparities. If healthcare
segregation is a prominent factor, study of racial disparities
in outcomes of patients within the same medical facility
may show decreased disparities. Elucidating patient

perceptions of the healthcare system as a factor in racial
disparities is more challenging given that patients must be
individually asked about their trust in the system or like-
lihood to seek care, and that must be done with a sufficient
sample size to find an association with health outcomes.
Although difficult, such a study could be valuable by il-
lustrating the need to earn the trust of racial minority
patients.

Research on tangible strategies to improve health equity
in orthopaedics is limited and shows mixed results. Equal
access to insurance and care may decrease disparities [35].
In comparisons between racial minorities and White pa-
tients in universally insured populations, studies have
shown similar mortality rates among patients with hip
fractures [30], ACL reconstruction revision rates [27], and
reoperation and complication rates after THA [29].
Nevertheless, in the Medicare-insured population, we
could identify several important disparities. Therefore,
greater access to health insurance alone may be in-
sufficient. There is mixed evidence on the impact of state-
level and national-level efforts by governments and or-
thopaedic societies to improve access to care to address
racial health disparities in orthopaedics [5, 6, 10]. Given the
findings of the present study, however, mixed results
should not dissuade leaders from action but instead spur
renewed and creative solutions to reduce social disadvan-
tages and other potential underlying causes of racial health
disparities.

In evaluating health disparities by race, it is important to
avoid false conclusions regarding causality [26].
Historically, disparities have been sometimes attributed to
“myths of racial biology, behavioral explanation predi-
cated on racial stereotypes, and territorial stigmatization”
[13]. In other words, people may attribute higher compli-
cation rates among non-White people to inherently differ-
ent biology, higher-risk behaviors, or the concept that non-
White-dominant neighborhoods may be to blame. Each of
these has roots in racial stereotypes, and such conclusions
are not substantiated by the work presented here [24, 25].
The use of the word “vulnerable,” as is used in SVI, is also
problematic because it glosses over structural racism as a
driver of disadvantages that Black communities face [21].
As a field, we must think critically about the context and
framing of analyses involving race to avoid perpetuating
systemic racism.

With this inmind, an additional implication of this study
is that SVI, or a similar metric of community disadvantage,
should be considered and adjusted for in future research on
race. Identifying associations between race and outcomes
lacks nuance and risks the reader assuming that a patient’s
race is the reason for worse outcomes. This is a concerning
premise that may lead to judgment being placed on par-
ticular races. If researchers account for community disad-
vantage, they may show that disadvantageous social
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factors are instead a key reason for worse outcomes in
particular racial groups.

Conclusion

We found that community social disadvantage is an im-
portant driver of racial disparities in safety after spine
surgery. Future research on racial health disparities in or-
thopaedics should account for community disadvantage,
potentially preventing misleading assumptions about a
patient’s inherent race as the driver of outcomes when in
fact community disadvantage plays a substantial role.
Furthermore, this finding can help focus efforts by ortho-
paedic practitioners, healthcare organizations, and policy-
makers to reduce racial health disparities by addressing
elements of the SVI that are experienced by the commu-
nities they serve. Salient factors to be addressed include
poverty, employment, education, housing, and trans-
portation. However, even after controlling for patient de-
mographics and community disadvantage, Black patients
were still more likely to experience readmissions and
complications. Therefore, additional factors that contribute
to these disparities should also serve as the focus of future
research. For example, finding associations between racial
health disparities and patient-physician race concordance
or patient trust in the healthcare system could implicate
implicit bias/racism or patient perspectives on medical
care, respectively, as driving factors of these disparities.
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