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Background: Health disparities disproportionately affect minority groups across the United States with
respect to care access, quality, and outcomes. The aim of this study is to examine existing disparities
between white and African American (AA) patients regarding postoperative outcomes following total
joint arthroplasty and provide insight into disparity trends over a 9-year period.
Methods: A retrospective review of 16,779 total joint arthroplasty patients at a single institution between
January 2013 and December 2021 was performed. Patients were grouped by race as AA or white. Out-
comes of interest included length of stay (LOS), home discharge, 30-day emergency department return,
and 30-day readmission. Univariate statistics and multivariate regressions were utilized to analyze
results.
Results: Significant improvements in LOS and rates of home discharge occurred for both white and AA
patients at our institution over a 9-year period, while rates of 30-day emergency department returns and
readmissions demonstrated a downward but nonestatistically significant trend. Despite these trends, AA
patients continued to experience longer lengths of stay, less likelihood of 0- or 1-day LOS, and higher risk
of nonhome discharge for most years examined. However, after controlling for demographic and co-
morbidity differences, the differences between groups narrowed over time resulting in no significant
differences in the aforementioned 3 measures by 2021.
Conclusions: Although racial disparities in outcomes are still apparent, over time, the differences in
resource utilization between AA and white patients have narrowed. Initiatives aimed at creating
healthier communities with increased access to care and the ultimate goal of equitable care must
continue to be pursued.
© 2022 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Introduction

Health disparities disproportionately affect many minority
groups across the United States with respect to access to care,
quality of care, utilization of care, and postoperative outcomes. In
the United States, minority groups account for more than 30% of the
total population, a number that is only expected to increase with
time [1]. It is estimated that by the year 2050, non-Hispanic whites
will no longer be the majority group in the United States [2].
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Furthermore, in 2015, the Harvard Business Review estimated the
US cost of race and ethnic health disparities to be roughly $245
billion dollars annually [3]. With the evolving population de-
mographics and the costly burden of health and health care dis-
parities, inequality within the health care system not only affects
disadvantaged groups; everyone is affected by these disparities
[1,2].

Osteoarthritis of the knee and hip is a common condition
affecting an estimated 30.8 million adults in the United States [4].
Total joint arthroplasty (TJA) is a highly successful procedure uti-
lized to treat these conditions in patients who have failed conser-
vative management [4]. Most patients report high levels of
satisfaction with improved pain, quality of life, and physical and
mental health after the surgery [5,6]. The complication rate of pa-
tients undergoing a TJA is relatively low; however, there remain
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Table 1
Patient comorbidities by race.

Patient comorbidities African American
(n ¼ 2489)

White
(n ¼ 14,290)

P value

Age 64.55 ± 9.78 67.53 ± 9.62 <.001
ASA 3þ 1106 (44.4) 5390 (37.7) <.001
MI 83 (3.3) 690 (4.8) .001
CHF 187(7.5) 779 (5.4) <.001
PVD 0 (0) 0 (0) 1
CVD 46 (1.8) 375 (2.6) .027
Dementia 14 (0.6) 123 (0.9) .159
COPD 510 (20.5) 2148 (15.0) <.001
Rheumatic 159 (6.4) 644 (4.5) <.001
PUD 5 (0.2) 36 (0.3) .826a

Mild liver disease 41 (1.6) 219 (1.5) .734
Diabetes w/o chronic complication 556 (22.3) 1908 (13.4) <.001
Diabetes w/ chronic complication 148 (5.9) 441 (3.1) <.001
Hemiplegia or paraplegia 3 (0.1) 12 (0.08) .478a

Renal disease 269 (10.8) 1009 (7.1) <.001
Malignancy 40 (1.6) 213 (1.5) .726
Moderate liver disease 0 (0) 4 (0.03) 1a

Metastatic solid tumor 4 (0.2) 18 (0.1) .557a

AIDS or HIV 10 (0.4) 4 (0.03) <.001a

CCI score 3.07 ± 1.82 3.04 ± 1.60 .364

MI, myocardial infraction; PUD, peptic ulcer disease; PVD, pulmonary vascular
disease.
P values < .05 are in bold. Data are expressed as n (%).

a Fisher’s exact test.
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significant disparities between white and African American (AA)
patients [7e10]. Not only are AA patients less likely to undergo a
TJA, they are more likely to be younger and female who ultimately
have worse outcomes postoperatively [11]. Unfortunately, it is not
enough to merely recognize the existence of these disparities, but
proactive measures must be taken to address health inequity head
on in order to make progress for the future.

The aim of this study is to add evidence to the existing body of
literature by examining the disparities that exist between white
and AA patients regarding postoperative outcomes following TJAs
at a single, high-volume institution. We also aim to provide insight
into the trends of these disparities over a period of 9 years as well as
describe various institutional initiatives that may have influenced
outcomes.

Material and methods

This study was deemed exempt from institutional review board
approval by the institutional clinical research committee. A retro-
spective chart review was performed for all patients undergoing a
total knee arthroplasty (TKA) or total hip arthroplasty (THA) be-
tween January 28, 2013, and December 30, 2021. Surgeries were
performed by 12 board-certified surgeons at a single institution,
encompassing 1 hospital and an affiliated ambulatory surgery
center. Our hospital is a regional medical center located in a sub-
urban environment but draws patients from both urban and rural
geographies. No orthopedic residency program exists at the hos-
pital, although programs in general surgery, obstetrics and gyne-
cology, and internal medicine are present. Data were collected
using an administrative database for patient demographics and
comorbidities. The American Society of Anesthesiologists (ASA)
score was used to quantify preoperative health status. Comorbidity
burden was calculated using the Charlson Comorbidity Index (CCI).

Perioperative protocol

All patients were cared for in a coordinated joint replacement
center and received written educational materials, preoperative
medical evaluations, preoperative home exercise or outpatient
physical therapy, and an education class for patients and their
caregivers. All patients were treated using a multimodal pain-
management protocol which, depending on patient factors,
included acetaminophen, oral nonsteroidal anti-inflammatory
drugs, pregabalin, ketorolac, and oral opioid medications as
needed.

Study population

All patients included in this study underwent a primary uni-
lateral THA or TKA from January 2013 to December 2021. Patients
undergoing a bilateral TKA or THA or revision procedures were
excluded from this study. Patients that had race unknown or
declined to answer were excluded, as were Asian, American Indian,
or Pacific Islander due to small numbers. Patients who had expired
in a hospital, had discharge disposition unknown, left against
medical advice, or were transferred to another acute care hospital
were also excluded. A total of 16,779 patients met the inclusion
criteria.

Study outcomes

Outcomes of interest included length of stay (LOS) in days, 0- or
1-day LOS, home discharge, 30-day emergency department (ED)
return, and 30-day readmission.
Statistical analysis

Patients were classified by race as AA or white, based on self-
identified determination. Inferential statistics were performed to
determine the impact of race on outcomes. A univariate analysis
including chi-square tests and two-sided independent samples
t-tests were used to determine differences in comorbidities and
outcomes between groups. Two-way analyses of variance were
used to assess the association between race and outcomes over
time. Multivariate linear and logistic regression assessed the
adjusted risk of outcomes controlling for various variables that
were selected as possible confounding factors because they were
significantly different at a < 0.05 between the groups in the pre-
liminary univariate analysis. All statistical analyses were performed
using R Studio (Version 1.4.1717 2009-2021; RStudio, PBC). Statis-
tical significance was assessed at P < .05.

Power analysis

An a priori power analysis was conducted to determine the
sample size necessary to detect small, medium, and large effect
sizes for chi-squared tests and two-sample t-tests while main-
taining an alpha of 0.05 and 80% power. This study was adequately
powered to detect these effect sizes for both categorical and
continuous endpoints.

Results

Of the 16,779 patients, 2489 (14.8%) were AA, and 14,290 (85.2%)
were white. AA TJA patients were on average 3 years younger than
white TJA patients (64.55 vs 67.53 years; P < .001). Overall co-
morbidity burden was higher in AA patients as measured by the
percent of patients who were ASA �3 (44.4 vs 37.7%; P < .001) but
similar between racial groups as measured by the CCI (P ¼ .364). Of
the CCI comorbidities examined, AA patients demonstrated higher
rates of congestive heart failure (CHF), chronic obstructive pulmo-
nary disease (COPD), rheumatic disease, diabetes with and without
chronic complications, renal disease, and acquired immune defi-
ciency syndrome or human immunodeficiency virus (AIDS or HIV)
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(all P < .001). However, AA patients had lower rates of myocardial
infarction (4.8 vs 3.3%; P ¼ .001) and cerebrovascular disease
(CVD) (1.8 vs 2.6%; P ¼ .027) (Table 1).

In comparison to white patients over the entire study period,
AA patients had significantly longer LOS (1.86 vs 1.70 days; P <
.001) and consequently had fewer patients with a LOS of 0 or 1 day
(53.7 vs 59.1%; P < .001). Furthermore, AA patients experienced
higher rates of 30-day ED returns (6.1 vs 4.5%; P ¼ .001). No sig-
nificant differences in rates of 30-day readmissions were observed
between the racial groups (AA: 2.5% vs white: 2.3%, P ¼ .561)
(Table 2). When stratified by procedure, AA TKA patients were
younger than white TKA patients (65.02 vs 67.81 years; P < .001),
had a significantly longer LOS (1.94 vs 1.73 days; P < .001), fewer
patients with an LOS of 0 or 1 day (50.4 vs 55.1%; P < .001), and
higher rates of 30-day ED returns (6.3 vs 5.0%; P ¼ .001) (Table 2).
Similarly, AA THA patients were younger than white THA patients
(63.71 vs 67.11 years; P < .001), had a significantly longer LOS (1.73
vs 1.65 days; P < .001), fewer patients with an LOS of 0 or 1 day
(59.5 vs 64.4%; P < .001), and higher rates of 30-day ED return (5.6
vs 3.8%; P ¼ .001) (Table 2). No significant differences in 30-day
readmission rates were observed between the groups for either
THA or TKA procedures.

These outcomes were then analyzed for significant differences
between races over time. The LOS trended downward consistently
from 2013 to 2021, but AA patients experienced a significantly
longer LOS than white patients in all years besides 2013 and 2015
(Fig. 1). Subsequently, 0- or 1-day LOS trended upward from 2013
to 2021. Notably, no statistically significant differences in rates of
0- or 1-day LOS were observed after 2018 (Fig. 2). Similarly, rates
of home discharge increased for both AA and white patients over
the study period.Whilewhite patients experienced higher rates of
home discharge from 2013 to 2018 (all P < .05), no statistically
significant differences in home discharge rates remained after
2018 (Fig. 3). In comparison to other endpoints, a greater vari-
ability was observed in rates of both 30-day ED returns and
readmissions over time, although a general downward trend was
observed for both AA and white patients in both measures. No
statistically significant differences in rates of either ED returns or
readmissions were observed between AA andwhite patients, with
the exception of a higher rate of ED returns in AA patients in 2021
(P ¼ .033) (Figs. 4 and 5).

Multivariate linear and logistic regression examined the asso-
ciations between outcomes and race by year after controlling for
comorbidities that differed between groupsdage, ASA, myocar-
dial infarction, CHF, CVD, COPD, rheumatic disease, diabetes with
and without chronic complication, renal disease, and AIDS or HIV.
After controlling for these factors, the AA race was associated with
similar lengths of stay from 2013 to 2016 and again in 2021 but
with increased lengths of stay in 2017-2020 (all P < .01) (Table 3).
When comparing odds of 0- or 1-day LOS, AA patients were
significantly less likely to discharge in 0 or 1 day from2014 to 2019
(all P < .01) but experienced similar rates in 2013, 2020, and 2021
(Table 4). An evaluation of home discharge demonstrated that AA
patients were significantly less likely to discharge home in all
years (all P < .04) except 2021. Finally, AA patients experienced no
significant differences in the risk of ED return or readmission in all
years, with the exception of increased risk of ED return in 2021
(P ¼ .020) (Table 4).

Discussion

The results of the current study demonstrate that improve-
ments in LOS and rates of home discharge occurred for both white
and AA patients at our institution over a 9-year period, while rates
for 30-day ED returns and readmissions demonstrated a



Figure 1. Length of stay days from 2013 to 2021. *P < .05.
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downward but nonestatistically significant trend. Despite these
trends, AA patients continued to experience a longer LOS, less
likelihood of 0- or 1-day LOS, and a higher risk of nonhome
discharge for most years examined. However, the narrowing of
differences between the racial groups over time and the finding
that, after risk adjustment, no significant differences in these 3
measures existed by 2021 suggests progress toward reducing racial
disparities is being made. In order to achieve the goal of fully
eliminating disparities, it is imperative that future studies continue
to evaluate their driving forces and the effects of targeted in-
terventions in the TJA population.

The differences in demographics, comorbidities, and outcomes
observed between AA and white patients undergoing a TJA in this
study are in alignment with previously published results [1,11e13].
Stone et al. conducted a retrospective review of 7208 TJA patients
comparing the outcomes between AA and white patients [1]. For
TKAs, they demonstrated that AA patients were more likely to be
female, younger, have higher body mass index (BMI), longer LOS,
higher rate of readmission and discharge to skilled nursing, and
lower median household income [1]. Additionally, Weiner et al.
demonstrated patients of non-Hispanic black race, female gender,
who are obese, have a Medicaid or an uninsured status, are older
Figure 2. Zero or 1-day length of st
than 75 years, and have a high comorbidity burden all had a higher
risk of extended LOS and nonhome discharge disposition following
THAs [13]. With regard to specific comorbidities, Cusano et al.
analyzed 230,712 patients undergoing TKAs and found higher rates
of diabetes, hypertension, anemia, and CHF in minority patients
[14]. The current study adds to this list, identifying increased rates
of CVD, COPD, rheumatic disease, renal disease, and HIV/AIDS in the
AA population undergoing TJAs. These data suggest that a signifi-
cant opportunity for improved medical management of chronic
conditions in AA patients undergoing TJAs exists. While many of
the comorbidity differences represent long-term nonmodifiable
disease processes, preoperative medical optimization programs are
a factor that has been shown to mitigate risk in TJA patients
[15e17]. Institutions aiming to reduce racial disparities should
consider investing resources in such programs and ensuring
appropriate access exists for patients of all races.

The results of the current study show promising trends toward
the reduction of disparities in LOS and nonhome discharge. Our
results also show an improvement over time with regard to LOS
reducing from about 2.75 days in 2013 to about 1.25 days in 2021
for both AA and white patients. The percentage of patients with
0- or 1-day LOS has also increased from less than 10% of patients in
ay from 2013 to 2021. *P < .05.



Figure 3. Home discharge from 2013 to 2021. *P < .05.
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2013 to greater than 80% of patients in 2021. Over the study period,
multiple interventions aimed at improving outcomes of all patients,
and specific interventions targeting patients at increased risk of
increased resource utilization have been implemented. Beginning
in 2012, our institution implemented a lean process-improvement
framework that included over 15 initiatives aimed at optimizing the
workflows of caring for TJA patients. These included standardiza-
tion and increased utilization of preoperative education courses
and guidebooks, adoption of consensus clinical guidelines, refine-
ment of the inpatient workflows and nurse navigator job duties,
and the implementation of a home-based ambulatory physical
therapy program. Furthermore, in 2019, an enhanced preoperative
education pathway was launched which provided individualized
counseling and education to minority patients and those with
multiple comorbidities or socioeconomic risk factors. Evaluation of
the first year of the program revealed that patients treated through
an enhanced preoperative education pathway experienced similar
lengths of stay, rates of home discharge, and 30-day readmissions
to lower-risk patients not utilizing the pathway and that outcomes
were similar between AA and non-AA patients [18]. Similar to our
own results, Aseltine et al. revealed a reversal in the gap between
AA and white patients regarding readmission rates regardless of
Figure 4. Thirty-day emergency departmen
patient selection or utilization of better-performing hospitals [12].
However, improvement in disparities has not been demonstrated
consistently across the literature. Our institutional results are in
contrast to those of a previous study that demonstrated persistent
if not worsening disparities over time from 2006 to 2015 [19].
Amen et al. reported AA patients had persistent disparities in LOS
and total complication rates, andmoreover, they had higher rates of
discharge to a facility other than home with evidence of worsening
disparities [19]. Our contrasting results suggest that efforts to
reduce disparities are succeeding, albeit slowly and in limited
domains.

An interesting and unexpected finding of the current study was
the lack of disparities in 30-day readmission rates over the entire
period under examination. With the AA population demonstrating
a higher prevalence of comorbidities, one would anticipate an
increased risk of medical complications requiring readmission, yet
this was not observed in our population. We are unable to infer the
exact reason for this finding. This could potentially be due to lack of
power to detect differences in the relatively infrequent occurrence
of readmission, although the large sample size utilized suggests
adequate power was achieved. Alternatively, it is possible that the
underlying differences between populations leading to disparities
t returns from 2013 to 2021. *P < .05.



Figure 5. Thirty-day readmissions from 2013 to 2021. *P < .05.
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in other outcomemeasures do not lead to true medical and surgical
complications requiring admission or that the institutional pro-
tocols in place adequately mitigated the risk factors for read-
mission. Conversely, in a study conducted by Aseltine et al.
evaluating patient disparities from 2005 to 2015, their results
demonstrated the readmission rate of AA patients increased
compared to that of white patients from 2005 to 2008 but then
decreased relative to that of white patients from 2009 to 2015 [12].
Similarly, in a 2015 retrospective cohort study, Oronce et al. eval-
uated the differences in readmission rates of THA patients by race
[20]. After adjustment for age, sex, hospital volume, minority-
serving hospital status, and comorbidities, AAs were 38% more
likely to be readmitted than white patients [20]. After further
adjusting for socioeconomic status, AAs were still 30% more likely
to be readmitted than white patients [20]. Given the variability in
these findings, we suggest further investigation into reasons for
readmissions across racial groups is required.

While the current study evaluated only disparities in outcomes,
another factor that must be assessed is disparities in access to care,
which also encompass disparities in utilization of orthopedic care.
According to the US Census Bureau, the community our institution
supports is made up of 18.3% AAs; however, only 14.8% of patients
in our study were AAs, suggesting decreased utilization or access to
care for this patient population [21]. To further demonstrate this
disparity, in a retrospective review of Medicare claims data from
2009 to 2017, Thirukumaran et al. compared elective TJA rates
Table 3
Multivariate linear regression: adjusted risk of length of stay in African American
patients by year.

Year Estimate (b) 95% Confidence interval P value

2013 0.04 �0.15 to 0.23 .647
2014 0.17 �0.03 to 0.38 .096
2015 0.07 �0.11 to 0.25 .437
2016 0.04 �0.15 to 0.23 .647
2017 0.25 �0.82 to 0.13 .007
2018 0.23 0.07 to 0.39 .006
2019 0.19 0.06 to 0.33 .006
2020 0.38 0.23 to 0.53 <.001
2021 0.07 �0.16 to 0.30 .571

MI, myocardial infraction.
P values < .05 are in bold. Controlling for age, ASA, MI, CHF, CVD, COPD, rheumatic
disease, diabetes with and without chronic complication, renal disease and AIDS or
HIV.
among white and AA beneficiaries [22]. The authors demonstrated
that AA patients were significantly less likely to undergo a TJA than
their white counterparts [22]. Various reasons have been suggested
in the literature for why disparities exist in access to orthopedic
care. Wang et al. examined the odds of TJA eligibility based on
several criteria including BMI, HgbA1c, and smoking status [23].
The authors found that while cutoffs of BMI <40, HgbA1c <8%, and
nonsmoking status are important for safe and successful procedure
and outcomes, these cutoffs decreased the odds of TJA eligibility for
AA vs white patients, women vs men, and patients of lower vs
higher socioeconomic status [23]. Furthermore, in another study,
Warwick et al. demonstrated that patients with a higher comor-
bidity burden were 3 times more likely to have a delay in diagnosis
of osteoarthritis to eventual TKA [24]. However, prior studies have
demonstrated encouraging results with regard to narrowing the
gap in both access to care and outcomes for TJA patients. By uti-
lizing the National Inpatient Sample data set, Gwam et al.
demonstrated an increase in TKA utilization by minority groups
from 2009 to 2015 [25]. Sheth et al. evaluated trends of THA use
from 2011 through 2017 and found a twofold increase in the
number of AA patients undergoing THAs with significant im-
provements in their comorbidity profile; however, they also
demonstrated no improvement in 30-day postoperative adverse
events [26].

A potential causative factor of existing disparities in orthopedic
care is the socioeconomic status of patients. Goodman et al. eval-
uated patient-reported outcomes following TKAs utilizing a
hospital-based registry and found that within communities with
higher poverty levels, AA patients had worse pain and function 2
years after the TKA than white patients [27]. Furthermore, in a
cross-sectional study, Rahman et al. utilized the Area Deprivation
Index national percentile as a measure of socioeconomic disad-
vantage to compare THA utilization rates among those with higher
and lower disadvantages [28]. Their results demonstrated that THA
rates were significantly higher in more affluent communities [28].
Holbert et al. utilized the Centers for Disease Control Social
Vulnerability Index to evaluate the social vulnerability of patients
undergoing a TJA with regard to home discharge and 90-day ED
returns [29]. They found that patients with nonhome discharge had
higher overall social vulnerability and greater vulnerability within
the 4 themes evaluated by the Social Vulnerability Index including
socioeconomic status, household composition and disability, mi-
nority status and language, and housing and transportation. They
also demonstrated that patients returning to the ED within 90 days
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had lower vulnerability with socioeconomic, household composi-
tion, and disability factors [29]. These findings reiterate the fact that
a multitude of factors underlie the disparities in health care.
Fortunately, several of these factors are potentially modifiable such
as the socioeconomic factors, housing, and transportation of pa-
tients, and therefore, there is potential to modify these factors in
order to combat disparities in these areas.

In order to combat disparities and health inequity, Williams and
Cooper provide a number of initiatives that could be implemented
[30]. They advocate for renewing emphasis on prevention, primary
care, addressing patients’ social risk factors and needs, and diver-
sifying the health care force which would act to both improve
health and reduce inequalities. Williams and Cooper also suggest
raising awareness of inequalities and building political will to
address them [30]. Understandably, initiatives of this scope and
complexity are difficult to organize and implement, and the ben-
efits are delayed for numerous years. However, beginning with
simpler methods and progressing to more complex initiatives is a
reasonable strategy to approach disparities. One such method was
examined in a retrospective review by Kelmer et al. who evaluated
the effects of nurse navigator programs on the outcomes of TJAs
[31]. They demonstrated that patients who attended nurse navi-
gator preoperative education programs had reduced lengths of stay,
decreased discharge to skilled nursing facilities, and reduced hos-
pital charges [31]. While this study had promising results, the
number of nonwhite patients that attended the education classes
was significantly lower suggesting there is opportunity for outreach
to encourage more minority patients to attend, which would in
turn improve their health outcomes and help close the gap on
disparities [31].

This study is not without limitations. First, our results are
derived from data from a single institution, and therefore, they
may not be applicable to the general population. This is of
particular importance when considering the complex interactions
between race, available health resources, and socioeconomic fac-
tors that are highly variable across geographic locations. The re-
sults are also potentially biased by the fact that race is determined
by patient self-identification, and we only had sufficient number
of study patients who self-identified as white or AA. Next,
although a preoperative protocol exists, with 12 board-certified
surgeons included in the study, we were not able to ensure that
all surgeons followed the protocol exactly throughout. Lastly,
health disparities are multifactorial, and while we controlled for
some variables, there are other unaccounted-for variables, notably
socioeconomic factors, influencing our results either directly or
indirectly.

Conclusion

This study demonstrates existing disparities related to ortho-
pedic care and the progress made at combating these disparities
over the years. Although the effects on minority groups are still
apparent, our study showed no significant differences after risk
adjustment for lengths of stay, likelihood of 0- or 1-day LOS, and
risk of nonhome discharge in 2021. These results demonstrate the
progress made in decreasing the disparity gap between AA and
white patients. However, there is still work to be done through
initiatives aimed at creating healthier communities with more
widespread access to care, with the ultimate goal of extinguishing
these disparities altogether.
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