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Context: There are significant disparities in access to
health care, but there are limited data about the impact of race
and socioeconomic status on postoperative outcomes following
anterior cruciate ligament reconstruction (ACLR) surgery.

Objective: To identify associations between the Area Depri-
vation Index (ADI), strength measures, and patient-reported out-
comes following ACLR and examine differences in outcomes
between race, sex, and socioeconomic status.

Design: Case-control study in a single hospital setting.

Setting: Database secondary analysis.

Patients or Other Participants: Data were collected from
340 patients who underwent primary, isolated, unilateral ACLR.

Main Outcome Measure(s): Strength measures and patient-
reported outcomes were obtained at patients’ postoperative
assessments at approximately 6 months postsurgery. Area Depri-
vation Index values were calculated on each patient’s census
tract, as determined through medical records review. Correlations
were conducted to determine the relationship between the ADI
and Knee Injury and Osteoarthritis Outcome Score measures,
International Knee Documentation Committee, and limb symmetry

on strength measurements. The racial composition of the sample
was heavily skewed and was excluded from statistical analyses.

Results: The ADI was weakly correlated with International

Knee Documentation Committee (q ¼ 0.11, P ¼ .04) out-

comes, with more disadvantaged patients reporting better qual-

ity of life and knee function. The ADI was not correlated with

other outcomes of interest. The median ADI value of the sam-

ple was 32 (range, 1–86 [interquartile range, 19–47]).
Conclusions: Our study revealed a weak correlation between

higher levels of socioeconomic disadvantage as measured by

the ADI and improved subjective assessment of knee function

and quality of life as measured by International Knee Documen-

tation Committee. These findings are contrary to what other

studies on this subject have found and highlight the impor-

tance of further research into the impact of socioeconomic

status and other social determinants of health on post-ACLR

outcomes.
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Key Points

• Patients with a higher socioeconomic status had poorer subjective post–anterior cruciate ligament reconstruction
outcomes as measured by the International Knee Documentation Committee.

• Timely interventions and sufficient rehabilitation are important factors for post–anterior cruciate ligament
reconstruction recovery that can be affected by social determinants of health.

Anterior cruciate ligament (ACL) injury is one of the
most common injuries of the knee. Surgical interven-
tion to reconstruct the injured ligament is the standard

of care for almost all individuals who suffer an ACL tear in
North America, with many other countries opting for more
conservative approaches, primarily physical therapy.1,2 Indi-
viduals who undergo ACL reconstruction (ACLR) surgery
are at risk for future ACL injuries, including both ipsilateral

and contralateral injuries, relative to individuals without prior
injury.3 Factors that have been found to reduce the risk of
reinjury following ACLR include sufficient time in physical
rehabilitation and regaining quadriceps strength in the surgical
leg to reach a comparable level as that of the uninjured leg.3

As knowledge of public health continues to grow, so too
does the understanding that social determinants of health,
such as socioeconomic status (SES), can have a significant
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impact on health outcomes.4 Lower SES has regularly been
linked to a variety of poor health outcomes, including higher
incidences of cancer, diabetes, heart disease, and overall
mortality.5 In addition to SES, racial and ethnic disparities in
health care are also known to affect access to care.6 Social
determinants of health, including but not limited to level of
education, family income, and food security, were found to
be consistently worse in African American, Hispanic, Amer-
ican Indian, and Pacific Islander populations than in White
populations.7 Given the range of diseases and medical condi-
tions that social determinants of health have been implicated
in, it is reasonable to think that health outcomes in orthope-
dics may be affected as well.
There is some evidence that suggests a connection between

race and ethnicity and incidence of ACL injuries, time from
injury to ACLR, and outcomes following ACLR.8 Although
White patients are more likely to suffer ACL tears, non-White
individuals are less likely to undergo ACLR following an
ACL tear.8 When controlling for insurance status, African
American and Hispanic patients have longer delays before
ACLR and are less likely to undergo ACLR than White
patients.8 It has also been shown that African American and
other non-White patients had a greater risk for loss to follow-
up at 2 years post-ACLR.9 Additionally, African American
and Hispanic patients attended fewer physical therapy sessions
and had larger deficits in quadriceps and hamstring strength
measures than White patients 9 months post-ACLR.10 Unfor-
tunately, the mechanisms to explain these racial disparities
related to ACLR have not yet been determined.
Socioeconomic status has been shown to have a signifi-

cant impact on health outcomes in both orthopedic and gen-
eral patient populations, independent of race and ethnicity.
Individuals of lower income, education, or occupational
status experience worse health outcomes and have shorter
lifespans than individuals of higher SES.11 In a meta-
analysis of health care disparities in orthopedics, social
deprivation and race were independently linked to poorer
access to health care, which was associated with delays in
time to initial presentation, imaging, and surgery.12 In
patients who have undergone ACLR, previous research has
demonstrated that lower neighborhood SES is associated
with worse patient-reported outcomes (PROs; such as pain,
symptoms, and quality of life) after ACLR.13

In both orthopedic and general population studies, there
have been difficulties in measuring and quantifying SES.
Socioeconomic status can be difficult to quantify given that
there are a large number of factors that contribute to SES,
such as education level, occupation, income, availability of
quality housing, and access to quality health care. Prior
studies investigating what effects patient SES may have on
orthopedic outcomes have primarily used health insurance
data and median household income levels or a patient’s zip
code as obtained from US Census Bureau data.13–17

Although both of these measures can serve as good proxies
for SES, they fail to fully encapsulate all of the factors that
contribute to a patient’s SES, such as educational, environ-
mental, and financial opportunity. The Area Deprivation
Index (ADI) is a metric that quantifies the level of socio-
economic disadvantage in a neighborhood based on 17 dif-
ferent factors from the US Census, including income,
education, housing, and employment.18 The ADI has previ-
ously been shown to be predictive of health outcomes in a

variety of settings, including readmission risk following a
hospital stay, neuropathological changes associated with
Alzheimer’s disease, and coronavirus disease 2019 in-hospital
mortality.18 In orthopedic settings, the ADI was shown to be
associated with poorer compliance with post-fracture care,
with more deprived patients being more likely to have delays
in care and more likely to miss scheduled orthopedic visits.19

Given the importance of sufficient rehabilitation following
ACLR and the barriers that some patients may have in gain-
ing access to these resources, it is possible that more disad-
vantaged patients may have poorer outcomes after ACLR.
The primary purpose of this study was to identify associations
between the ADI, PROs, and functional outcomes. The sec-
ondary purpose was to examine differences in outcomes
between sex, race, and SES. We hypothesized that non-White
patients and patients with lower national ADI values would
have poorer lower extremity strength and poorer PROs at
6 months following ACLR.

METHODS

This was a single-site study including patients who had
undergone an ACLR from a single hospital setting. Inclu-
sion criteria included the ACL injury being the first ACL
injury ever sustained by a patient, no other structural dam-
age to the knee (ie, no other ligament damage), and an
uncomplicated ACLR procedure, meaning no follow-up
procedures such as revisions, debridements, or chondro-
plasties were performed. The patient’s race was obtained
from electronic medical record (EMR) data. Race was cate-
gorized following the same classifications as used by the
EMR: American Indian or Alaska Native, Asian, Black or
African American, Hispanic or Latino, White, and Other or
Unknown. Patients were only able to select 1 option for
their race within the EMR. Each patient’s address from the
EMR was used to determine ADI values. This study was
approved by the local institutional review board, and all
patients involved in this study provided informed consent.
Following ACLR at our institution, patients undergo

standardized return to physical activity testing to monitor
physical recovery and help establish a safe clearance for
return to sport. Testing was completed based on referral by
the treating surgeon and was typically completed for most
patients initially at 3 to 4 months post-ACLR, with a
follow-up assessment 5 to 8 months post-ACLR. The num-
ber of assessments varied between patients based on their
willingness to complete testing as well as their rehabilita-
tion progress, as patients who performed well were often
not required to return. As part of their assessment, patients
perform knee flexion and knee extension isokinetic strength
testing as well as hop tests, including both single hops and
triple hops. The strength and hopping metrics are then com-
pared between the reconstructed and contralateral legs to
establish a Limb Symmetry Index (LSI) between the 2 limbs.
The LSI metric is calculated as (reconstructed limb value/con-
tralateral limb value) 3 100%. The LSI is expressed as a per-
centage, with 90% accepted as sufficient symmetry during
strength and hopping tasks.20

Knee-Extensor and -Flexor Strength

Each patient completed concentric knee extension and
flexion strength testing at 908/s on a Biodex System 3
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Dynamometer, a machine that measures isokinetic strength.
Patients completed 8 repetitions of knee extension and 8
repetitions of knee flexion, and the peak knee extension
and peak knee flexion torques were used for analysis,
respectively. All testing was performed first on the unin-
volved limb and then the involved limb. Participants com-
pleted practice trials on each limb to ensure familiarization
before testing. We chose to analyze the peak instead of the
average across trials because our primary interest is in eval-
uating maximal torque generating capacity of each muscle
group. This approach has been widely used in the ACLR
assessment literature.21–23 Testing was always conducted on
the uninvolved limb first followed by the involved limb.

Single-Legged Hopping

Patients also completed the single-leg hop for distance.24

Each patient completed 3 single-leg hops per limb along a
6-m tape measure, alternating between the uninvolved and
involved limb. Hop distance was measured from the begin-
ning of the tape measure to the landing position of the heel,
and the average distance of the 3 trials was used for analy-
sis. If patients could not hold the landing position for at
least 2 seconds, the test was repeated.

Patient-Reported Outcomes

All patients completed a battery of PROs during their
assessment visit. The International Knee Documentation
Committee (IKDC) was used to determine subjective knee
function.25 The IKDC consists of 3 categories: symptoms,
athletic activity, and knee function.25 The Knee Injury and
Osteoarthritis Outcome Score (KOOS) was used to assess
the severity of each patient’s knee symptoms and functional
disability.26 The KOOS questionnaire consists of 5 mea-
sures: Pain, Symptoms, Activities of Daily Living, Sport and
Recreation Function, and Knee-Related Quality of Life.26

Each of these outcome measures is scored on a scale of 0 to
100, with 100 representing ideal status. Previous studies
have found that both of these measures are correlated with
post-ACLR outcomes. Regarding IKDC, prior work has
shown that individuals who completed a full return to their
pre-ACLR activity levels had higher IKDC scores than indi-
viduals who did not make a complete return to pre-ACLR
activity levels.27 The KOOS questionnaire has been found to
be reliable and valid for evaluating patient progress follow-
ing ACLR across multiple studies.26,28

Area Deprivation Index

The ADI is a measure that allows for stratification of geo-
graphic areas by socioeconomic disadvantage on both state
and national levels. It includes measures for factors including
income, education, employment, and housing quality.18,29 The
ADI has been used previously in a variety of settings, includ-
ing, but not limited to, a predictive study regarding readmis-
sion to a large urban hospital and a retrospective review of
mortality related to COVID 2019.30,31 Specifically in orthope-
dic settings, the ADI has been correlated with worse pain and
function scores as well as poorer outcome measures following
pediatric orthopedic procedures.12 The EMR was also used to
determine each patient’s current listed home address, which
was then used to find their ADI. Area Deprivation Index val-
ues can range from 1 to 99, with higher numbers representing

greater disadvantage and lower numbers indicating lesser
disadvantage.

Statistical Analysis

All statistical analyses were performed in Stata 17 (Stata-
Corp). Comparisons of categorical data were made via chi-
squared analysis. Because continuous data were not normally
distributed, sex comparisons were performed using Mann-
Whitney U tests, and associations were calculated using
Spearman q correlations using Stata 17 to determine covari-
ance between ADI and KOOS measures, the IKDC, and limb
symmetry on strength measurements.32 Correlation coeffi-
cients were classified as weak (0.0–0.25), fair (0.26–0.50),
moderate (0.51–0.75), and strong (�0.76).33 The a level was
set at P, .05.

RESULTS

Participants

A total of 340 participants following ACLR were enrolled
in this study, with full demographic information displayed in
Table 1. The population in this study was comprised of
student-athletes as well as community members, with a large
number of the participants being involved in athletics at
some level. Four hundred sixty-three patients were initially
included. One hundred twenty-three patients were excluded
for lack of ADI, race, or KOOS data or for failing to meet
the 3 ACLR criteria of being primary (first ever ACL
injury), isolated (no other cartilage or ligament damage), and
unilateral, leaving 340 patients (Figure 1).
The racial demographics of the sample are shown in

Table 1. The median national ADI value of the sample was
32.5 (interquartile range, 19–47), with a minimum value of
1 and a maximum value of 86. Visualization of the distribu-
tion of the ADI can be found in Figure 2, and further
patient demographics are available in Table 1.
Lower extremity strength, single-leg hop, and PRO mea-

sures are summarized in Table 2. The relationships between
all measured variables and PROs with the ADI were exam-
ined. Only patient outcomes from the IKDC (q ¼ 0.11, P ¼
.04) were statistically significantly correlated with the ADI
(Figure 3). The ADI was not statistically significantly corre-
lated with knee extension LSI (q ¼ –0.09, P¼ .09), knee flex-
ion LSI (q ¼ –0.01, P ¼ .89), single-leg hop LSI (q ¼ –0.04,
P ¼ .54), KOOS Symptoms (q ¼ 0.09, P ¼ .10), KOOS Pain
(q ¼ 0.06, P ¼ .28), KOOS Activities of Daily Living (q ¼
0.06, P ¼ .28), KOOS Sport (q ¼ 0.06, P ¼ .24), and KOOS
Quality of Life (q ¼ 0.10, P ¼ .06).

DISCUSSION

Our results suggest that post-ACLR outcomes may be
related to the degree of a patient’s socioeconomic disadvan-
tage as measured by the ADI, with more disadvantaged
patients reporting better knee-related function and quality of
life. As outcomes following ACLR have often been exam-
ined on the basis of sex demographic variables, PROs,
strength, and hop data were compared by sex. Age, height,
mass, and knee extension strength of the quadriceps varied
by sex. There was a statistical difference in median age by
sex of approximately 2 years, and both sexes showed unsat-
isfactory strength in quadriceps function using traditional
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LSI interpretations.34 Therefore, it was determined that it
would be appropriate to focus on the role of the ADI across
both sexes in this sample.
The primary finding of this analysis was the inverse rela-

tionship between the ADI and IKDC score. These findings

run contrary to much of the existing literature, which has gen-
erally shown poorer outcomes following orthopedic proce-
dures in more disadvantaged patients.12,13,19 Unfortunately, the
mechanisms to explain these findings are unclear, although it
warrants further investigation to determine what underlying
factors may explain more disadvantaged patients having better
PROs or if this finding is potentially due to reporting bias. It
is important to note that statistically significant associations
were observed between the ADI and only a small portion of
PRO measures. There were no other statistically significant
associations between the ADI and other outcomes of interest
for this study, including other metrics for PRO measures and
functional measures. Further, the associations that did exist
between the ADI and PROs were classified as weak.
Although the ADI has been shown to be associated with

outcomes in other areas of health care, it does not appear to

Table 1. Participant Demographics (Median 6 SD)

Total Male Female

Comparison by

Sex P Value

n 340 164 176

Race, n (%)a

White 257 (75.6) 116 (70.7) 141 (80.1) .12

African American 41 (12.1) 22 (13.4) 19 (10.8)

Asian 6 (1.8) 2 (1.2) 4 (2.3)

Hispanic 12 (3.5) 9 (5.5) 3 (1.7)

Other 24 (7.0) 15 (9.2) 9 (5.1)

Age, y 19.3 6 9.5 20.4 6 9.7 18.6 6 9.3 ,.001b

Height, cm 172.76 10.2 177.8 6 8.4 165.16 7.1 ,.001b

Mass, kg 71.9 6 18.1 82.6 6 18.6 63.5 6 12.2 ,.001b

Time since surgery, mo 7.1 6 5.3 7.1 6 5.9 7.3 6 4.7 .71

ADI value, national % 33.0 6 18.4 33.0 6 18.5 32.0 6 18.3 .51

Graft type, n (%)a

Patella tendon 215 (63.2) 98 (59.8) 117 (66.5)

Hamstring tendon 120 (35.3) 62 (37.8) 58 (33.0)

Quadriceps tendon 3 (0.9) 2 (1.2) 1 (0.5)

Allograft 0 0 0

Not listed 2 (0.6) 2 (1.2) 0

Abbreviation: ADI, Area Deprivation Index.
a Race and graft type are listed as the number of participants followed by the cumulative percentage within each respective graft type.
b Significant based on an a of P � .05.

Figure 1. Flow chart of study participants. Abbreviations: ACLR,
anterior cruciate ligament reconstruction; ADI, Area Deprivation
Index; EMR, electronic medical record; KOOS, Knee injury and Oste-
oarthritis Outcome Score.

Figure 2. Distribution of Area Deprivation Index (ADI) values for
all patients as determined by their listed addresses in their elec-
tronic medical record, with higher values indicating greater levels
of disadvantage.
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be well correlated with postoperative lower extremity strength
measures and PROs following ACLR. Additionally, it is
important to highlight that the measure found to be related to
the ADI, IKDC, is a subjective, patient-reported measure,
whereas all strength metrics used to gauge ACLR were found
to have no correlation with the ADI. Given the skewed racial
distribution of participants, we were not able to test the role of
race as an independent predictor of post-ACLR outcomes or
its interaction with the ADI. Relative to national demograph-
ics, White patients were overrepresented by roughly 15%,
Hispanic patients were underrepresented by roughly 15%, and
African American patients were underrepresented by 1.5% in
our sample.35

The weak correlation between the ADI and post-ACLR out-
comes may be impacted by the elective nature of the ACLR
procedure. Given the economic and social burdens of undergo-
ing ACLR, individuals of lower SES may be less likely to pur-
sue this treatment option in situations where it is not deemed
necessary or if they do not have the financial stability to afford
the costs of surgery and sufficient physical therapy and missed

time from work. It is also possible that the decreased number
of more disadvantaged patients within this sample could reflect
an inability for this patient population to see a physician or
physical therapist if they do sustain an ACL injury. An addi-
tional possibility is that patients with higher ADI values may
have lower levels of involvement in sports and other activi-
ties that have increased potential for causing ACL injuries.
Socioeconomic barriers that can limit sports involvement
include cost, household factors such as material deprivation,
and neighborhood factors such as lack of access.36

Previous studies in this area have yielded mixed evidence
regarding the strength of relationships between race, SES,
social determinants of health, and postoperative ACLR out-
comes.9,10,37,38 Prior research has suggested that patients of
lower SES have poorer post-ACLR outcomes than patients of
higher SES.13 Although much of the existing literature consis-
tently points to lower SES resulting in poorer outcomes fol-
lowing ACLR, there is less conclusive evidence regarding the
correlation between race and post-ACLR outcomes. In 1 study,
African American and Hispanic patients were found to have
greater deficits in strength during rehabilitation and a greater
risk for hospital admission following ACLR than White
patients.8 However, there are other studies that found that Afri-
can American, Asian, and Hispanic patients had a lower risk
of future ACLR after an initial surgery than White patients.37

Previously published studies have found no differences in
post-ACLR outcomes between races. One study found that,
despite African American and Hispanic patients averaging
fewer physical therapy visits than White patients, there was no
difference in postoperative outcomes, namely graft rupture, a
contralateral ACL injury, or a new meniscus injury, between
races.10 Ultimately, it appears that more work is needed to fully
realize what impact, if any, race has on post-ACLR outcomes.
A potential area for future work is the collection of insur-

ance data, as this may allow for a more accurate assessment
of an individual’s ability to access care and rehabilitation
resources following ACLR. Insurance data were not included
in this patient sample, as a significant portion of the patients
did not have verifiable insurance information in their EMR.
Prior work regarding insurance status and its association with
post-ACLR outcomes is more robust than the ADI and other
measures of SES. Patients using government insurance as
opposed to private insurance experienced greater delays in
time from injury to first appointment, injury to surgery, and
injury to return to play.39 As mentioned earlier, both spending
sufficient time in physical rehabilitation and regaining sufficient

Table 2. Functional and Patient-Reported Outcomes (Median 6 SD)

Total Male Female

Comparison by

Sex P Value

IKDC score 85.1 6 13.2 86.2 6 12.8 85.0 6 13.6 .30

KOOS Symptoms 89.3 6 13.2 89.3 6 11.9 89.3 6 14.3 .18

KOOS Pain 94.4 6 10.3 94.4 6 10.4 94.4 6 10.3 .20

KOOS ADL 100.0 6 6.7 100.06 6.5 100.0 6 6.9 .58

KOOS Sport 90.0 6 17.3 90.0 6 16.1 90.0 6 18.3 .73

KOOS QOL 75.0 6 20.3 75.0 6 19.5 72.0 6 21.0 .19

Knee extension LSI, % 75.6 6 15.7 76.5 6 15.8 74.5 6 15.4 .02a

Knee flexion LSI, % 95.1 6 18.1 96.9 6 19.4 93.5 6 16.7 .08

Single-leg hop LSI, % 93.7 6 11.1 94.7 6 11.0 93.0 6 11.1 .13

Abbreviations: ADL, activities of daily living; IKDC, International Knee Documentation Committee; KOOS, Knee injury and Osteoarthritis
Outcome Score; LSI, limb symmetry index comparing the affected limb as a percentage of the unaffected limb; QOL, quality of life.
a Significance based on an a level of P , .05.

Figure 3. The relationship between the International Knee Docu-
mentation Committee (IKDC) score and the Area Deprivation Index.
The correlation between them was poor (q 5 0.11) although signifi-
cant (P 5 .04).
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strength have been shown to reduce the likelihood of reinjury
following ACLR. However, the rehabilitation resources needed
to achieve these benchmarks are not readily available to all
patients. When comparing patients using private insurance and
public insurance, those who used private insurance received
magnetic resonance imaging twice as fast after their injury and
underwent ACLR almost 40% faster than publicly insured
patients.40 Patients using Medicaid insurance had their coverage
accepted at almost 50% fewer physical therapy clinics than
patients who used private insurance and had to wait 3 days
more on average than privately insured patients before their ini-
tial physical therapy visit.41 In addition to attending fewer post-
operative physical therapy sessions, patients using Medicaid
were less likely to return to sport following ACLR than pri-
vately insured patients.42 Another potential area for future study
is the inclusion of data from other institutions that serve more
diverse patient populations to better determine any impact that
race and the ADI may have on post-ACLR outcomes.

Limitations

One of the primary limitations of this study was the homo-
geneity of the sample population, with over three-quarters of
the patients being White and a median national ADI value of
32.5. These findings are not entirely surprising, as they mirror
the demographics of the population surrounding the institution
from which the sample population was recruited. Based on
the most recent census data, the racial demographics of the
metropolitan area surrounding the institution are as follows:
74% White, 10% African American, 4% Asian, 6% Hispanic,
and 4% identifying as 2 or more races.43 Another limitation
was that the ADI, although correlated with many different
health outcomes both in our study and others, may not fully
encapsulate an individual’s SES and ability to access care fol-
lowing ACL injuries and ACLR. Additionally, the ADI is not
able to capture factors such as a patient’s insurance status or
baseline strength and activity level, all of which may impact
post-ACLR outcomes either directly or indirectly.44 Another
limitation of the ADI is that it is based upon the address pro-
vided by the patient. At an academic institution like ours that
serves many individuals who are attending college, the
address listed may be the address of their student housing and
thus not an accurate representation of their ADI. In our sam-
ple, 150 individuals were between the ages of 18 and 22, pre-
sumably many of whom were attending college and not living
at their home address. Given that the area surrounding our
institution is largely comprised of low ADI values, the aver-
age ADI of our sample may be lower than it would have been
if students had used their home address.

CONCLUSIONS

Ultimately, patient ADI values were found to have sta-
tistically significant, although weak, correlations with
IKDC measures. These results suggest that patients of
greater socioeconomic disadvantage have better post-
ACLR outcomes as measured by the IKDC. Other out-
comes of interest regarding patient strength and PROs
were not found to have a statistically significant relation-
ship with the ADI. Although this is potentially an encour-
aging finding, it remains true that timely interventions
following ACL tears and having sufficient rehabilitation
are important factors in maximizing patient outcomes

following ACLR, and some patients will be limited in
their ability to access these resources. It is important to
remain cognizant of the disparities that exist across
many areas of health care, including orthopedics, and
continue to work toward more equitable access to health
care for all individuals.
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