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Background: Rural patients have unique health-care factors influencing outcomes of arthroplasty, hy-
pothetically putting these patients at increased risk for complications following total joint arthroplasty.
The aim of this study is to better understand differences in patient outcomes and satisfaction between
rural and urban patients receiving care in an urban setting and to provide more equitable care.
Methods: A retrospective chart review was performed on patients undergoing primary total hip
arthroplasty at a single large academic center between January 2013 and August 2020. Demographic,
operative, and hospital outcomes were obtained from the institutional electronic medical record. Rurality
was determined by rural-urban code (RUC) classifications by zip code with RUC codes 1-3 defined as
urban and RUC 4-10 defined as rural.
Results: Patients from urban areas were more likely to visit the emergency department within 30 days
postoperatively (P ¼ .006) and be readmitted within 90 days (P < .001). However, unplanned (P < .001)
admissions were higher in the rural group. There was no statistical difference in postoperative com-
plications (P ¼ .4). At 6 months, rural patients had higher patient-reported outcome measures (PROMs)
including Hip Disability and Osteoarthritis Outcome Score total (P ¼ .05), Hip Disability and Osteoarthritis
Outcome Score interval (P ¼ .05), self-reported functional improvement (P < .05), improvements in pain
(P < .05), and that the surgery met expectations (P < .05). However, these values did not reach minimal
clinically important difference.
Conclusions: There may be differences in emergency department visits, readmissions, and PROMs in
rural vs urban populations undergoing total hip arthroplasty in an urban setting. Patient access to care
and attitudes of rural patients toward health care may underlie these findings. Understanding differences
in PROMs, satisfaction, and hospital-based outcomes based on rurality is essential to provide equitable
arthroplasty care.
© 2023 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/lice

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

Identifying health-care disparities is essential to effectively
allocate resources to combat disease. Disparities in total joint
arthroplasty (TJA) utilization and outcomes linked to gender, race,
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and socioeconomic status have been identified, hindering equitable
care for these patients [1e6]. Previous studies have shown differ-
ences in the demographics of urban vs rural patients undergoing
TJA, indicating rural patients have higher rates of arthroplasty [7,8].
At present, there is a poor understanding of the effect of rurality on
hospital-based and patient-reported outcomes following total hip
arthroplasty (THA).

Rural patients have unique health-care risk factors influencing
outcomes of TJA including poorer health-care indicators and met-
rics of population health [9,10] and higher behavioral risk factors
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[11]. Rates of inactivity and obesity, 2 significant risk factors for
osteoarthritis (OA), are higher in rural populations [12,13]. Rural
patients are more likely to have diabetes [14] and use tobacco [15],
which independently lead to worse outcomes following TJA [16,17].
Additionally, patients in rural areas have been shown to be less
likely to complete physical therapy [18] or comply with other
postoperative treatment modalities like pneumatic compression
sleeves [19] than patients in urban areas, which may impact re-
covery. Furthermore, patients in rural areas may experience
different complications than patients in an urban setting. Patients
at rural hospitals have higher rates of perioperative prosthetic
fractures [20]. Undergoing TJA at a rural hospital has been found to
be a significant risk factor for 30- and 90-day readmission [21] and
increased length of stay following total knee arthroplasty [22]. In
the orthopaedic literature, rurality has been associated with
increased complications including postoperative hand infections
[23]. Therefore, rural patients appear to be at greater risk for
complications following TJA. However, there has yet to be literature
examining the effect of rurality comparing these patient pop-
ulations undergoing TJA.

This work seeks to further investigate the effect of patients
living in rural vs urban locations as a social determinant of health
on patient-reported and hospital outcomes following THA at an
urban hospital. We hypothesize that patients in urban areas would
have better hospital and patient-reported outcomes due to superior
health-care resources and lower risk factors for postoperative
complications.

Material and methods

A retrospective chart review was performed on patients un-
dergoing primary THA at a single large academic center between
January 1, 2013, and August 31, 2020. Investigational review board
approval was obtained. Inclusion criteria were set for patients over
the age of 18 who received an anterior-based muscle-sparing THA
[24], the approach commonly used at our hospital. All cases per-
formed by the only 3 arthroplasty surgeons performing THA were
included for analysis. The primary outcome of interest was urban vs
rural home location for patients undergoing THA. Rurality was
determined by the 2013 rural-urban code (RUC) classifications of
each zip code as determined by the US Department of Agriculture
Electronic Research Service. Each county is given a score based on
its population and adjacency to a metropolitan area. Areas with
RUC codes 1-3 were defined as urban areas, and RUC 4-10 were
defined as rural areas, per the US Department of Agriculture [25].
Demographic, operative, and hospital outcome data were obtained
from the institutional electronic medical record. Demographic in-
formation collected included zip code, sex, age, American Society of
Anesthesiologists (ASA) score, preoperative diagnosis, and insur-
ance type. Operative variables collected included arthroplasty fix-
ation (press fit vs cementless), procedure type (primary vs
conversion), anesthesia time in minutes, procedure duration in
minutes, and estimated blood loss in milliliters. Hospital-reported
outcomes included discharge disposition, transfusion within 90
days, intraoperative fracture, myocardial infarction (within 7 days),
pneumonia (within 7 days), sepsis/shock (within 7 days), surgical
site complication (within 30 days), pulmonary embolism (within
30 days), death (within 30 days), fracture (within 90 days), dislo-
cation (within 90 days), mechanical complication (within 90 days),
and infection (within 90 days). Patient-reported outcomes
collected included preoperative, 6 weeks, 3 months, 6 months, and
1-year Single Assessment Numeric Evaluation score, pain score, Hip
Disability and Osteoarthritis Outcome Score Joint Replacement
(HOOS JR), University of California, Los Angeles, and Patient-
Reported Outcomes Measurement Information System (PROMIS)
mental/physical and satisfaction scores, all collected from an in-
house database.

Initially, 6421 patients were included. After excluding patients
who were undergoing revision THA, patients who had a preoper-
ative diagnosis of septic arthritis, and patients with a discharge
disposition of expired or psychiatric hospital, the data included
6418 patients. After excluding those with missing RUC codes, the
final analytic dataset included 6066 patients.

Data analysis

In order to assess the relationship between rurality and our
outcomes of interest, all demographic, patient-reported, and
hospital-reported variables were analyzed with respect to rurality.
Pearson’s chi-square test was used for all normally distributed
categorical variables, and the Wilcoxon rank sum test or Fisher’s
exact test were used for nonnormally distributed categorical vari-
ables and all continuous variables.

Univariate regression models were created to analyze the rela-
tionship between patient- and hospital-reported outcomes and all
covariates (RUC category, age, body mass index (BMI) category,
insurer type, ASA rating, preoperative diagnosis, length of stay, and
discharge disposition). Linear and logistic regression approaches
were used according to the respective outcome (linear for contin-
uous outcomes, logistic for binary outcomes). Final linear and lo-
gistic multivariate regression models were created using a
combination of clinical expertise and purposeful selection (P < .2)
with respect to each individual outcome. All analysis was done on R
version 4.2.1.

Results

From January 1, 2013, to August 31, 2020, 6066 patients un-
derwent primary THA and met inclusion criteria. Of this patient
population, 2886 lived in zip codes classified as rural and 3180 lived
in zip codes classified as urban at the time of surgery (Table 1). The
average age of patients was 65 (±10) years, with an average BMI of
29.3 (±6). Women comprised 55% of the patient population with
96% of patients undergoing uncemented THA. Most surgeries per-
formed were primary procedures (99%), with slightly more uni-
lateral right THA (53%). Between the urban and rural groups, these
characteristics were not significantly different, yet age varied
slightly between urban and rural groups (65 ± 10, 66 ± 10; P <
.001). While height (P < .005) and weight (P¼ .021) varied between
groups, the average BMI and BMI category were not significantly
different (P ¼ .4, P ¼ .9). Patients living in rural areas were more
likely to have government insurance, while urban patients were
more likely to have private insurance (P < .001).

Surgical variables, including ASA rating (P ¼ .3), anesthesia type
(P ¼ .7), procedure duration (P ¼ .075), blood transfusion (P ¼ .15),
estimated blood loss (P ¼ .2), and intraoperative complication rates
between urban and rural groups did not differ significantly (P ¼ .2)
(Table 2). Anesthesia duration (P ¼ .015), room duration (P ¼ .024),
length of stay (P ¼ .002), and room duration were found to be
slightly higher within the urban population. The distribution of
preoperative diagnoses and postoperative dispositions between
groups were statistically significant, however. The diagnosis dis-
tribution of degenerative joint disease/OA, fracture, avascular ne-
crosis, rheumatoid arthritis, and dysplasia varied between urban
and rural patients (P < .001) with slightly higher percentages of
fracture in the urban population (2.1% vs 0.8%) and degenerative
joint disease/OA in the rural population (98% vs 96%). Among
discharge dispositions, including home, home health-care service,
skilled nursing facility, and rehabilitation facility, slightly higher
percentages of rural patients utilized home health-care services



Table 1
Demographic information.

Characteristic Overall, N ¼ 6066a Rural, N ¼ 2886a Urban, N ¼ 3180a P-valueb q-valuec

Cemented (yes) 228 (3.8%) 107 (3.7%) 121 (3.8%) .8 0.9
Procedure type (primary) 6000 (99%) 2854 (99%) 3146 (99%) .9 0.9
Laterality (right) 3239 (53%) 1556 (54%) 1683 (53%) .4 0.6
Both hips replaced (yes) 1591 (26%) 737 (26%) 854 (27%) .2 0.4
Sex (female) 3316 (55%) 1601 (55%) 1715 (54%) .2 0.4
Age at discharge 65 (10) 66 (10) 65 (11) <.001 <0.001
Weight (kg) 85 (20) 84 (20) 86 (20) .021 0.057
Height (m) 1.70 (0.10) 1.69 (0.10) 1.70 (0.10) .009 0.032
BMI 29.3 (6.0) 29.3 (6.0) 29.4 (6.0) .4 0.6
BMI category .9 0.9
Underweight 60 (1.0%) 26 (0.9%) 34 (1.1%)
Healthy weight 1421 (23%) 681 (24%) 740 (23%)
Overweight 2143 (35%) 1024 (35%) 1119 (35%)
Obese 2442 (40%) 1155 (40%) 1287 (40%)

Insurer category <.001 <0.001
Government 3354 (56%) 1683 (59%) 1671 (53%)
Private 2652 (44%) 1171 (41%) 1481 (47%)
Unknown 60 32 28

a n (%); Mean (SD).
b Pearson's chi-squared test; Wilcoxon rank sum test.
c False discovery rate correction for multiple testing.
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(34% vs 31%), while their urban counterparts had comparatively
higher rates of home (60% vs 59%) and skilled nursing facility (6.8%
vs 5.6%) care (P ¼ .035).

Patients from urban areas were significantly more likely to
require an emergency department (ED) visit within 30 days of
discharge (P ¼ .006) and hospital readmission within 90 days of
discharge (P¼ <0.001) relative to their rural counterparts (Table 3).
While there was no statistically significant difference in number of
complications (P¼ .4) or surgical admissions (P¼ .2) within 90 days
postoperatively, the rural group was significantly more likely to
require an unplanned admission (P ¼ <0.001).

Patient-reported outcomes remained statistically similar be-
tween groups across time, from the preoperative period to 1-year
postoperation, except at 6 months (Table 4). In both urban and ru-
ral patient populations, Single Assessment Numeric Evaluation,
Table 2
Surgical variables and disposition.

Characteristic Overall, N ¼ 6066a Rural, N

ASA rating 2 (1) 2 (1)
Unknown 812 390

Preoperative diagnosis
DJD/OA 5851 (97%) 2802 (98
AVN 89 (1.5%) 41 (1.
Fracture 89 (1.5%) 24 (0.
Unknown 37 19

Anesthesia type (general) 5879 (97%) 2800 (97
Unknown 1 0

Anesthesia time (min) 109 (21) 108 (22
Unknown 3 0

Procedure duration (min) 66 (19) 66 (19
Room duration (min) 102 (21) 102 (21
Length of stay (h) 34 (20) 34 (19
Discharge disposition
Home or self-care 3623 (60%) 1701 (59
Home health care Svc 1988 (33%) 990 (34
Skilled nursing facility 379 (6.2%) 163 (5.
Rehab facility 76 (1.3%) 32 (1.

EBL (mL) 221 (78) 220 (76
Unknown 1481 707

Blood transfusion (yes) 53 (0.9%) 20 (0.
Intraoperative complication (yes) 18 (0.3%) 11 (0.

EBL, estimated blood loss; DJD, degenerative joint disease; AVN, avascular necrosis.
a Mean (SD); n (%).
b Wilcoxon rank sum test; Pearson's chi-squared test.
c False discovery rate correction for multiple testing.
University of California, Los Angeles scores, HOOS JR interval,
PROMIS-physical, ‘pain’ satisfaction, ‘functional improvement’
satisfaction, and ‘met expectations’ satisfaction scores trended up-
wards over time postoperatively. HOOS JR and pain scores trended
downward over time, and PROMIS-mental and ‘surgeon’ satisfaction
remained constant among all groups over time. Significantly
improved patient-reported outcomes were noted in the rural group
observed in the ‘pain’ satisfaction survey at 3 (P¼ .03) and 6 (P¼ .04)
months, the ‘functional improvement’ satisfaction survey at 3 (P ¼
.02) and 6 (P ¼ .02) months, the ‘met expectations’ satisfaction sur-
vey at 6months (P¼ .03), HOOS JR at 6months (P¼ .05) and HOOS JR
interval (P ¼ .05) scores.

On multivariate analysis, any complication was significantly
associated with longer length of stay (P < .001), higher ASA rating
(P¼ .009), and home health care services (P¼ .036). ED visits within
¼ 2886a Urban, N ¼ 3180a P-valueb q-valuec

2 (1) .3 0.3
422

<.001 0.005
%) 3049 (96%)
4%) 48 (1.5%)
8%) 65 (2.1%)

18
%) 3079 (97%) .7 0.7

1
) 109 (21) .015 0.055

3
) 66 (18) .075 0.14
) 102 (20) .024 0.067
) 35 (22) .002 0.012

.035 0.078
%) 1922 (60%)
%) 998 (31%)
6%) 216 (6.8%)
1%) 44 (1.4%)
) 222 (79) .7 0.7

774
7%) 33 (1.0%) .15 0.2
4%) 7 (0.2%) .2 0.3



Table 3
Hospital outcomes.

Characteristic Overall, N ¼ 6066a Rural, N ¼ 2886a Urban, N ¼ 3180a P-valueb

ED visit within 30 d 117 (1.9%) 41 (1.4%) 76 (2.4%) .006
Days after surgery until ED visit 8 (4, 15) 7 (3, 19) 8 (4, 15) .9
Readmission within 90 d 186 (3.1%) 57 (2.0%) 129 (4.1%) <.001
Days after surgery until readmission 33 (13, 59) 28 (16, 57) 34 (13, 59) .8
Surgical admission 53 (66%) 25 (74%) 28 (61%) .2
Unplanned admission 186 (3.1%) 57 (2.0%) 129 (4.1%) <.001
Complication 80 (1.3%) 34 (1.2%) 46 (1.4%) .4
Myocardial infarction within 7 d 8 (0.1%) 4 (0.1%) 4 (0.1%) >.9
Pneumonia within 7 d 3 (<0.1%) 2 (<0.1%) 1 (<0.1%) .6
Sepsis within 7 d 0 (0%) 0 (0%) 0 (0%)
Surgical site infection within 30 d 4 (<0.1%) 0 (0%) 4 (0.1%) .13
Pulmonary embolism within 30 d 4 (<0.1%) 2 (<0.1%) 2 (<0.1%) >.9
Death within 30 d 2 (<0.1%) 0 (0%) 2 (<0.1%) .5
Fracture within 90 d 23 (0.4%) 11 (0.4%) 12 (0.4%) >.9
Dislocation within 90 d 9 (0.1%) 3 (0.1%) 6 (0.2%) .5
Mechanical complication within 90 d 4 (<0.1%) 2 (<0.1%) 2 (<0.1%) >.9
Joint infection within 90 d 12 (0.2%) 5 (0.2%) 7 (0.2%) .7
Wound infection within 90 d 11 (0.2%) 5 (0.2%) 6 (0.2%) .9

a n (%); Median (interquartile range).
b Pearson's chi-squared test; Wilcoxon rank sum test; Fisher's exact test.
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30 days were more likely to be associated with urban patients (P ¼
.011), higher ASA rating (P < .001), and home health care services
(P ¼ .021). Furthermore, ED visits within 90 days were more likely
to be associated with urban patients (P < .001), higher ASA rating (P
< .001), government insurance (P ¼ .008), and an increased length
of stay (P ¼ .008). Unplanned readmissions were also associated
with patients from urban areas (P < .001), higher ASA rating (P <
.001), government insurance (P ¼ .008), and length of stay (P ¼
.008).

Discussion

We examined the differences in demographic, hospital, and
patient-reported outcomes in a rural and urban population un-
dergoing THA at a single large academic medical center. Patient
demographic, surgical, and complication metrics were similar
among the 2 populations. However, patients residing in urban areas
were more likely to return to the ED within 30 days, be readmitted
within 90 days, and have an unplanned admission. Patient-
reported outcomes were generally similar preoperatively at 6
weeks, 3 months, and a year. However, patients from rural areas
were statistically more satisfied at 6 months including HOOS JR,
functional, pain, and surgeon satisfaction scores. These findings
highlight the need to recognize differences in THA outcomes based
on patient rurality.

Complication rates after 90 days were similar between the 2
populations, contrary to previous studies and our hypothesis that
patients in rural areas would experience higher rates of complica-
tions. Patients living in rural areas did not have higher rates of
surgical site injections, as previously demonstrated in the hand
literature [23]. There was no difference in incidence of peri-
prosthetic fracture following primary THA, contrasting previous
studies that found rural hospitals had a higher incidence of peri-
prosthetic fracture [20]. TJA at rural hospitals has been associated
with increased risk for 30- and 90-day readmission [21] and
increased length of stay following total knee arthroplasty [22],
which did not occur in our rural patient population. Taken together,
this data suggests complications associated with the rural popu-
lation may be more related to hospital rather than patient-specific
factors. Previous studies have looked at TJA performed at rural
hospitals, which likely have lower volumes, unlike our study, which
was performed at a high-volume tertiary care center. High-volume
hospitals demonstrate superior outcomes following arthroplasty
[26e31]. Thus, while it appears rural patients may be more at-risk
for orthopaedic complications while undergoing TJA in smaller
rural hospitals; complications were equal within the 2 populations
when treated in a larger, tertiary center.

Contrary to our hypothesis and previous literature [21], signifi-
cantly more urban patients visited the ED within 30 days and were
readmitted within 90 days. Although it is possible that some of the
rural patients may have sought care at facilities closer to where
they reside and were not picked up in our health system database,
we feel that early readmission would be directed to the surgeon
that performed the original surgery. While it could be argued that
rural patients willing to travel for THA may be more affluent, a
protective factor, rural patients were more likely to have govern-
ment insurance, a proxy we utilized for income. On multivariate
analysis, government insurance was a risk factor for 90-day ED
visits and unplanned admission, suggesting it may be a risk factor
independently of rurality. Furthermore, transportation and access
to care may have been a barrier for these patients to receive care at
the tertiary care center within this 90-day period. Rural patients
were more likely to require home health-care services, suggesting
the population needed more assistance to access care. While lower
rates of ED visits and readmission could be due to healthier patients
that are able to travel to a tertiary facility, rural patients in this
study were older and more likely to have government insurance, a
proxy for socioeconomic status.

Alternatively, patient mindset toward health care in rural pop-
ulations may shape this difference, as rural patients are more likely
to avoid going to the doctor, delay care due to cost, or tell anyone
they are sick [32]. Within the TJA patient population, Kamath et al.
[11] found rural patients had fewer diagnosed comorbidities, which
could further support poor access and lower health-care utilization
in this patient population. When rural patients were admitted in
our study, the admission was more likely to be unplanned, poten-
tially a result of lack of access to care. Furthermore, lower income
for this population, as supported by higher rates of government vs
private insurance, may underlie several of these differences. Pa-
tients of lower income are more likely to avoid medical care due to
cost and have more avoidable hospital admissions [33,34]. There-
fore, while rural patients were less likely to have an ED visit or
readmission, barriers to access to care may alter the postoperative
problems for which they seek care. Additionally, this evidence does



Table 4
Patient-reported outcome measures.

Characteristic Preoperative 6 wk 3 mo 6 mo 1 y

Single Assessment Numeric Evaluation (SANE):
All (n ¼ 6069) 41.51 ± 21.31 77.07 ± 17.96 85.56 ± 17.52 89.78 ± 15.47 90.04 ± 15.81
Urban (n ¼ 3183) 41.72 ± 21.82 77.13 ± 17.48 84.95 ± 19.37 88.83 ± 16.50 89.96 ± 15.64
Rural (n ¼ 2886) 41.27 ± 20.75 77.01 ± 18.49 86.17 ± 15.50 91.02 ± 13.94 90.13 ± 16.01

P-value: .53 .85 .58 .09 .84
Pain:
All (n ¼ 6069) 5.61 ± 2.21 1.56 ± 1.69 1.04 ± 1.36 0.95 ± 1.64 0.89 ± 1.65
Urban (n ¼ 3183) 5.65 ± 2.23 1.56 ± 1.71 1.12 ± 1.41 1.02 ± 1.79 0.88 ± 1.62
Rural (n ¼ 2886) 5.57 ± 2.20 1.55 ± 1.67 0.96 ± 1.31 0.85 ± 1.43 0.91 ± 1.68

P-value: .24 .95 .33 .17 .65
University of California, Los Angeles:
All (n ¼ 6069) 7.70 ± 2.00 4.86 ± 1.40 5.72 ± 1.78 6.14 ± 1.91 6.37 ± 1.89
Urban (n ¼ 3183) 7.76 ± 1.83 4.84 ± 1.42 5.55 ± 1.77 6.13 ± 1.91 6.38 ± 1.87
Rural (n ¼ 2886) 7.63 ± 2.17 4.88 ± 1.38 5.90 ± 1.78 6.16 ± 1.92 6.37 ± 1.91

P-value: .07 .46 .11 .83 .87
Hip Disability and Osteoarthritis Outcome Score

Joint Replacement (HOOS JR):
All (n ¼ 6069) 15.37 ± 4.43 4.78 ± 3.42 3.09 ± 2.98 2.58 ± 3.63 2.32 ± 3.37
Urban (n ¼ 3183) 15.25 ± 4.57 4.73 ± 3.48 3.53 ± 3.23 2.90 ± 4.00 2.38 ± 3.34
Rural (n ¼ 2886) 15.49 ± 4.26 4.83 ± 3.36 2.69 ± 2.71 2.16 ± 3.07 2.26 ± 3.40

P-value: .14 .40 .13 .05 .47
Hip Disability and Osteoarthritis Outcome Score Joint

Replacement (HOOS JR) interval:
All (n ¼ 6069) 40.93 ± 15.47 76.37 ± 13.08 83.59 ± 13.07 86.72 ± 15.23 87.88 ± 14.33
Urban (n ¼ 3183) 41.27 ± 15.93 76.66 ± 13.39 81.90 ± 13.81 85.41 ± 16.41 87.45 ± 14.12
Rural (n ¼ 2886) 40.57 ± 14.94 76.05 ± 12.71 85.11 ± 12.27 88.39 ± 13.44 88.33 ± 14.55

P-value: .22 .20 .19 .05 .23
Patient-Reported Outcomes Measurement

Information System (PROMIS), mental:
All (n ¼ 6069) 50.32 ± 7.39 51.50 ± 7.04 51.44 ± 6.35 51.33 ± 6.95 51.89 ± 7.29
Urban (n ¼ 3183) 50.35 ± 7.55 51.41 ± 7.12 51.83 ± 6.58 51.17 ± 7.27 51.88 ± 7.27
Rural (n ¼ 2886) 50.28 ± 7.22 51.60 ± 6.95 51.06 ± 6.12 51.50 ± 6.58 51.90 ± 7.31

P-value: .77 .44 .33 .53 .96
Patient-Reported Outcomes Measurement

Information System (PROMIS), physical:
All (n ¼ 6069) 39.83 ± 5.26 44.95 ± 5.48 46.48 ± 5.78 46.82 ± 6.24 47.28 ± 6.29
Urban (n ¼ 3183) 39.85 ± 5.32 45.01 ± 5.52 46.72 ± 6.03 46.51 ± 6.53 47.15 ± 6.41
Rural (n ¼ 2886) 39.81 ± 5.19 44.89 ± 5.44 46.25 ± 5.54 47.17 ± 5.89 47.42 ± 6.16

P-value: .81 .53 .51 .16 .31
Pain satisfaction:
All (n ¼ 6069) / 8.89 ± 1.73 9.22 ± 1.57 9.41 ± 1.34 9.44 ± 1.26
Urban (n ¼ 3183) / 8.90 ± 1.74 8.88 ± 1.90 9.28 ± 1.52 9.45 ± 1.18
Rural (n ¼ 2886) / 8.87 ± 1.72 9.54 ± 1.13 9.59 ± 1.01 9.44 ± 1.35

P-value: / .64 .03 .04 .87
Functional improvement satisfaction:
All (n ¼ 6069) / 8.64 ± 1.69 9.01 ± 1.38 9.30 ± 1.40 9.34 ± 1.30
Urban (n ¼ 3183) / 8.65 ± 1.68 8.70 ± 1.50 9.15 ± 1.54 9.36 ± 1.24
Rural (n ¼ 2886) / 8.64 ± 1.69 9.30 ± 1.19 9.51 ± 1.17 9.32 ± 1.36

P-value: / .83 .02 .02 .56
Met expectations satisfaction:
All (n ¼ 6069) / 9.02 ± 1.66 9.17 ± 1.69 9.38 ± 1.44 9.44 ± 1.37
Urban (n ¼ 3183) / 9.05 ± 1.63 8.90 ± 1.89 9.24 ± 1.64 9.45 ± 1.30
Rural (n ¼ 2886) / 8.98 ± 1.70 9.41 ± 1.45 9.57 ± 1.10 9.43 ± 1.44

P-value: / .30 .12 .03 .75
Surgeon satisfaction:
All (n ¼ 6069) / 9.81 ± 0.73 9.60 ± 1.38 9.88 ± 0.61 9.86 ± 0.65
Urban (n ¼ 3183) / 9.81 ± 0.72 9.42 ± 1.78 9.86 ± 0.72 9.85 ± 0.69
Rural (n ¼ 2886) / 9.82 ± 0.74 9.77 ± 0.83 9.91 ± 0.42 9.87 ± 0.60

P-value: / .95 .18 .50 .51
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not support the rural population as amore privileged subgroup that
is able to access care at a tertiary center.

Patients from the rural population had significantly higher
patient-reported outcome measures (PROMs) including HOOS JR,
pain satisfaction, functional improvement, and that the surgery
met expectations at 6 months. While statistically significant, it is
noteworthy that these values likely do not reach minimal clini-
cally important differences, suggesting no clinically significant
difference in PROMs [35]. Previous literature on patient satisfac-
tion and rurality remains unclear. Ho [36] reported rural patients
had higher satisfaction in safety-net hospitals compared with
nonsafety-net hospitals. A larger study of Medicare patients by
Henning-Smith et al. [32] found increased rurality led to
decreased satisfaction, mainly due to travel distance and avail-
ability of care specialists. However, our study differs from these
previous studies in that rural patients receive care at a tertiary
center as opposed to a smaller safety-net hospital. Within the
rural population, patients are likely more willing to travel for
perceived better care and have increased expectations for TJA,
which has been associated with better patient-reported outcomes
[37]. Additionally, patients undergoing arthroplasty received
multidisciplinary, team-based care at our tertiary center, which
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has shown improved patient satisfaction [38,39] along with the
increased resources of a tertiary academic center to provide this
level of care. Improved preoperative and rehabilitation protocols
at a high-volume arthroplasty center may result in more equi-
table care, resulting in improved patient-reported and hospital
outcome metrics.

Ultimately, patient-reported outcomes were comparable at
1 year, potentially due to the similar preoperative demographic and
patient-reported outcome metrics. While rural patients were
slightly older in this study, BMI, ASA, and all preoperative patient-
reported outcomes were comparable between the 2 populations.
While the rural population has poorer health-care indicators and
metrics of population health [9,10], this may not be reflective of
patients that are suitable TJA candidates. Previously, Dowsey et al.
[40] found no difference in pain and function scales between urban
and rural patients at 12 and 24 months after TJA at a large, tertiary
academic center in Australia. This study found rural patients were
significantly younger when they underwent TJA but otherwise had
similar demographic and preoperative metrics consistent with our
study. This contrasts previous findings in which Banerjee et al. [7]
concluded that females and minorities living in rural areas were
less likely to undergo TJA than their urban counterparts, likely due
to barriers in accessing health care. Furthermore, lower preopera-
tive PROMs have been shown in at-risk populations, non-White
race/ethnicity, and lower-income populations, although this may
not apply to rural populations [41]. Comparable levels of comor-
bidities are consistent with Kamath et al. [11], who found rurality
was not associated with comorbidities in a large population un-
dergoing TJA. Thus, similar patient-reported outcomes in our study
may be due to comparable preoperative comorbidities and PROMs,
potentially due to patient selection and ability to travel. Alterna-
tively, the extremely high rates of successful THAmay further dilute
any difference in clinical or PROM between these 2 patient
populations.

Lower rates of readmissions and ED visits with similar patient-
reported outcomes in a rural, potentially at-risk population may
support regionalization of TJA to high-volume centers to minimize
differences in outcomes. Benefits of regionalized TJA include
improved outcomes, operative room efficiency, and decreased costs
[42]. Alternatively, removing cases from local rural hospitals may
limit access to care, infringe upon patient autonomy where they
receive care and have a devastating economic effect on local hos-
pitals and communities. Dy et al. [43] found high-volume centers
decreases risk of complications, although vulnerable patients are
less likely to utilize these high-volume hospitals. Centralization of
revision TJA has been shown to affect patients from rural counties
travel burden more so than other demographic factors [44],
potentially a significant barrier to care. Regionalized TJA care may
improve individual outcomes but would likely have unintended
consequences for overall access to TJA, especially in vulnerable
populations. However, our results may support a model of per-
forming more complex TJA cases in high-volume centers and hav-
ing low-risk patients undergo TJA in rural centers to optimize
outcomes and accessibility. Another model could include estab-
lishing more efficient, cost-effective centers in rural and suburban
areas to best balance access, cost and efficiency for arthroplasty.
This could minimize travel costs and barriers to care for rural pa-
tients while supporting and optimizing high-volume, fellowship-
trained surgeons in rural areas. These findings are limited as we did
not compare costs of undergoing THA in a rural or urban hospital
and outcomes of fellowship-trained arthroplasty surgeons in a
rural vs urban hospital setting. Future comparative studies would
further elucidate if there are any hospital- and patient-specific
factors in rural vs urban areas that alter outcomes for patients
undergoing THA.
Limitations

There are several notable limitations to this study. With patient-
reported outcome surveys, there is potential for incomplete data
and bias. Nevertheless, previous studies have found nonresponders
have similar responses in TJA PROMs [45]. Furthermore, the pop-
ulation was racially and ethnically homogenous, limiting general-
izability to areas where there is more diversity. Previous studies
have found only 31.1% of rural patients undergo TJA at an urban,
nonteaching hospital; thus, these results may not apply to patients
undergoing care at rural hospitals [7]. The rates of complications
were low in our population, making it difficult to pick up any po-
tential differences. Data from only 3 surgeons at one center was
analyzed in this study, further limiting generalizability. Access to
tertiary centers is different in different rural areas; therefore, it is
important to consider that care is not homogenous among all rural
populations.
Conclusions

The present findings indicate that there may be some differ-
ences in ED visits, readmissions, and patient satisfaction metrics in
rural vs urban populations undergoing THA. Patient access to care
and attitudes of rural patients toward health care may underlie
these findings. While previous literature has shown differences in
health-care outcomes based on rurality, no differences in preop-
erative risk factors or postoperative complications in our patient
population may underlie similar long-term outcomes. Under-
standing differences in patient-reported satisfaction and hospital-
based outcomes in rural vs urban populations is essential to
improve management of those undergoing THA while providing
equitable care.
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