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Background: It is unknown whether race- or insurance-based disparities in health care exist regarding baseline knee pain, knee
function, complete meniscal tear, or articular cartilage damage in patients who undergo anterior cruciate ligament reconstruction (ACLR).

Hypothesis: Black patients and patients with Medicaid evaluated for ACLR would have worse baseline knee pain, worse knee
function, and greater odds of having a complete meniscal tear.

Study Design: Cross-sectional study; Level of evidence, 3.

Methods: A cohort of patients (N ¼ 1463; 81% White, 14% Black, 5% Other race; median age, 22 years) who underwent ACLR
between February 2015 and December 2018 was selected from an institutional database. Patients who underwent concomitant
procedures and patients of undisclosed race or self-pay status were excluded. The associations of race with preoperative Knee
injury and Osteoarthritis Outcome Score (KOOS) Pain subscale, KOOS Function subscale, and intraoperatively assessed
complete meniscal tear (tear that extended through both the superior and the inferior meniscal surfaces) were determined via
multivariate modeling with adjustment for age, sex, insurance status, years of education, smoking status, body mass index
(BMI), meniscal tear location, and Veterans RAND 12-Item Health Survey Mental Component Score (VR-12 MCS).

Results: The 3 factors most strongly associated with worse KOOS Pain and KOOS Function were lower VR-12 MCS score,
increased BMI, and increased age. Except for age, the other two factors had an unequal distribution between Black and White
patients. Univariate analysis demonstrated equal baseline median KOOS Pain scores (Black, 72.2; White, 72.2) and KOOS
Function scores (Black, 68.2; White, 68.2). After adjusting for confounding variables, there was no significant difference between
Black and White patients in KOOS Pain, KOOS Function, or complete meniscal tears. Insurance status was not a significant
predictor of KOOS Pain, KOOS Function, or complete meniscal tear.

Conclusion: There were clinically significant differences between Black and White patients evaluated for ACLR. After accounting
for confounding factors, no difference was observed between Black and White patients in knee pain, knee function, or complete
meniscal tear. Insurance was not a clinically significant predictor of knee pain, knee function, or complete meniscal tear.
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Health care disparities have been long recognized in the
United States. Patients of a certain race, ethnicity, socioeco-
nomic status, or insurance status have been found to be at an
increased risk of poorer outcomes.16,21,23,27,39,49 Racial dispa-
rities are well documented in all medical specialties.††

The reasons for racial disparities in surgical patients are

considered multifactorial28,32 and consist of issues including
but not limited to insurance provider, patient characteristics,
and socioeconomic status.1,32

Much of the orthopaedic literature has focused on dispari-
ties in joint arthroplasty and spine surgery.‡‡ Several studies
have reported decreased joint arthroplasty utilization in Black
patients compared with White patients.6,43 Using a Medicare
database (MedPAR), Singh et al42 found persistent racial dis-
parities in joint arthroplasty usage and outcomes, with Black
patients having significantly lower utilization rates and
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poorer outcomes over the 18-year study period. Similar dispa-
rities have been reported based on insurance status.21,25,39,49

Schoenfeld et al39 analyzed the outcomes of patients with spi-
nal trauma in a national database and found that patients
lacking insurance were at an increased risk of mortality com-
pared with those with private commercial insurance. Patients
who lacked insurance also had a significantly decreased num-
ber of hospital days, days in the intensive care unit, and time
on a ventilator.

Previous studies in arthroplasty and spine surgery popula-
tions have relied on national databases that are capable of
providing information on outcomes and health care disparity.
No such standardized database exists for the subspecialty of
sports medicine. Furthermore, studies focusing on health care
disparities in arthroplasty and the spine population do not
necessarily apply to sports medicine populations, specifically
those undergoing anterior cruciate ligament (ACL) reconstruc-
tion (ACLR). ACLR is one of the most commonly performed
sports medicine procedures in the United States, with an esti-
mated annual incidence ranging from 60,000 to 175,000, and
previous reviews have shown the incidence to be increas-
ing.8,22,24,38 Despite the increased attention to health care dis-
parities over the past 2 decades and the increased incidence of
ACLR, there remain no studies specifically evaluating the exis-
tence of health care disparities in the ACLR population.

The objective of this study was to evaluate the possibility
of health care disparities in validated patient-reported out-
come measures (PROMs) for pain and function and menis-
cal tears in patients undergoing ACLR. We hypothesized
that Black patients and patients with Medicaid evaluated
for ACLR would have worse knee pain, worse knee func-
tion, and more meniscal tears.

METHODS

Participants

This study was approved by our institutional review board.
All patients undergoing elective sports medicine and
arthroscopic procedures at the Cleveland Clinic were

prospectively enrolled in the Outcomes Measurement Eval-
uation (OME) cohort.29 As a part of standard of care and
alteration of consent OME is a secure data collection sys-
tem that has been developed at the Cleveland Clinic to
prospectively capture patient characteristics (height,
weight, years of education, smoking status), joint-specific
and whole-body PROMs, quality of life scores, physical
examination findings, and intraoperative surgical findings.
The current study population was identified from an initial
cohort of 5284 patients who underwent arthroscopic partial
meniscectomy or ACLR between February 2015 and
December 2018. Exclusion criteria were (1) concomitant
complex surgery (eg, multiligament knee injury, patellofe-
moral surgery, quadriceps tendon repair), (2) inpatient stay
at time of surgery, (3) “self-pay” insurance, (4) language
barrier, (5) refusal to participate in OME, (6) lack of com-
pletion of patient PROMs or intraoperative surgical find-
ings, and (7) race not listed in the electronic medical record
(EMR). After application of all exclusion criteria, a total of
1463 patients were included in the current study analysis
(Figure 1).

Data Collection

After identification of all eligible patients, data from OME
were then exported to a secure Research Electronic Data Cap-
ture (REDCap, Vanderbilt University) database.15 Patient
age at time of surgery, sex, body mass index (BMI), smoking
status, PROM scores, and intraoperative findings were all
collected prospectively as part of OME. Race and insurance
status were obtained via an automated extract from the EMR.
Race entries available in the EMR included White, Black,
Asian, multiracial, Native American, Other, and not listed;
these entries are based on patient self-identification on
intake forms when first establishing care within the hos-
pital system. All races not reported as Black or White were
classified as Other for the purpose of this study.

All PROMs were collected before surgery. Preoperative
knee pain was assessed using the Knee injury and Osteo-
arthritis Outcome Score (KOOS) Pain subscale (KOOS
Pain).36 Preoperative patient-reported knee function was
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assessed using the KOOS Physical Function short form.30

This form, often abbreviated in the literature as KOOS PS,
is not one of the original KOOS subscales. It is shorter, with
fewer questions to reduce responder burnout. In the cur-
rent article, we refer to this scale as KOOS Function.
Finally, mental health was assessed using the Veterans
RAND 12-Item Health Survey Mental Component Score
(VR-12 MCS).41

Intraoperative findings were captured by the surgeon
and entered directly by the surgeon into OME. Concomi-
tant meniscal pathology was managed with partial menis-
cectomy or repair of the medial and/or lateral meniscus. A
complete tear was defined as a tear that extended through
both the superior and the inferior meniscal surfaces or a
tear extending from the central meniscus to the meniscal
periphery. The surgeon noted the location of the complete
tear as medial, lateral, or both menisci. Tear involvement of
the meniscus root was also noted.

Statistical Analysis

A power analysis was initially carried out to verify the
ability of this study to detect differences in the groups
studied. The generally accepted minimal clinically

important difference (MCID) of 8 points15 was used for
KOOS Pain and KOOS Function, and a true odds ratio of
1.5 was used for complete meniscal tear in the power anal-
ysis. The study was adequately powered (>80% power at
alpha ¼ .05) for comparing outcomes between Black and
White patients but was underpowered for comparing
patients of Other race (n ¼ 85; 3% of the study sample)
with Black or White patients.

Descriptive statistics were generated for the entire sam-
ple population. Normal variables were summarized using
mean and standard deviation, and nonnormal variables
were summarized using median and interquartile range.
The normality of continuous measures was determined
using the Shapiro-Wilk test. Categorical variables were
summarized using frequency. Univariate relationships
with race (White, Black, Other) were analyzed using anal-
ysis of variance (normal continuous variables), the
Kruskal-Wallis test (nonnormal continuous variables), and
the Pearson chi-square test (categorical variables). For
comparisons between the groups, we used Tukey adjust-
ments when the row variable was normally distributed and
the Benjamini-Hochberg method otherwise.

Multivariate linear regression was used to identify the
risk factors associated with KOOS Pain and KOOS Func-
tion. A multivariate proportional odds regression model
was used to identify risk factors associated with complete
meniscal tears. Linear regression assumptions (indepen-
dent and normally distributed, with mean¼ 0 and constant
variance) were checked and verified via residual graphs.
The proportional odds assumption was checked graphically
as well. All multivariate models included race, sex, insur-
ance type, BMI, years of education, smoking status, base-
line VR-12 MCS score, and meniscal tear characteristics.
The interactions of race � insurance and patient age �
years of education were tested in each model, in which a
significant interaction indicated that the magnitude effect
of 1 variable on the outcome depended on the second vari-
able and vice versa. The race� insurance interaction terms
were kept in all models, but the age � years of education
interaction term was excluded if it was not significant. To
measure the relative importance of individual variables in
the regression models, we created Akaike information cri-
terion (AIC) importance plots. These plots illustrate the
magnitude change in the AIC value, a measure of model
goodness of fit, when the individual variable was removed
from the statistical model. Finally, the overall quality of the
regression models for KOOS Pain, KOOS Function, and
meniscal tears were assessed using a validated, index-
adjusted R2 and concordance index. P values <.05 were
considered significant. Analysis was done in R Software
(Version 3.5).

RESULTS

Descriptive Statistics and Univariate Comparisons
Between Races

There were 1190 White patients (81%), 201 Black patients
(14%), and 72 patients (5%) considered Other (Table 1).

APM or ACLR surgery
Feb 2015 – Dec 2018
n = 5284

Ineligible
9.1% 
(479/5284) 

Concomitant surgery (n = 175)
Undisclosed race (n = 276)
Inpa�ent (n = 7)
Language barrier (n = 8)
Refused par�cipa�on (13)

Eligible APM or ACLR 
Feb 2015 – Dec 2018
n = 4805 Enrollment

failures
2.1% 
(99/4805)

T0 enrollment failure (n = 96)
Erroneous T0 PROMs (n = 3)

Final ACLR Cohort
Feb 2015 – Dec 2018 
with T0 PROMs
N = 1463

Exclusions
4.3% 
(66/1529)

Self-pay (n = 59)
Medicare (n = 7)

ACLR Cohort
Feb 2015 – Dec 2018 
with T0 PROMs
n = 1529

Isolated APM cohort
67.5% 
(3177/4706)

Figure 1. The Strengthening the Reporting of Observational
Studies in Epidemiology (STROBE) diagram. ACLR, anterior
cruciate ligament reconstruction; APM, arthroscopic partial
meniscectomy; PROM, patient-reported outcome measure;
T0, time zero (baseline).
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There were multiple clinically and statistically significant
differences in the distribution of sociodemographic vari-
ables between Black and White races (Table 1). White
patients had a lower mean BMI (White, 26.9 vs Black,
28.4; P ¼ .002). White patients were more likely to have a
commercial insurance plan (White, 93.0% vs Black, 57.7%;
P < .001). White patients were less likely to be current
smokers (White, 6.4% vs Black, 21.4%; P< .001). There was
a statistically significant but likely clinically nonsignificant
difference in median years of education (White, 13 years vs
Black, 12 years; P < .001).

Regarding preoperative PROMs, equivalent baseline
scores were observed between Black and White patients
in median KOOS Pain (Black, 72.2 vs White, 72.2;
P ¼ .412) and KOOS Function (Black, 68.2 vs White, 68.2;
P ¼ .151). There was a statistically significant difference in
median VR-12 MCS scores (Black, 53.3 vs White, 56.3;
P ¼ .001). Intraoperative findings showed differences by
race in the presence and location of complete meniscal tears
(P ¼ .004) but no difference in meniscus root involvement
(P > .999).

Comparisons of patients of Other race with Black and
White patients are provided (Table 1); because of the small
size of the Other group, these statistical comparisons were
underpowered and should be interpreted with caution.

Independent Associations With KOOS Pain, KOOS
Function, and Articular Cartilage Grade

Evaluating race (Black vs White) as a risk factor for
PROMs or intra-articular meniscal injuries required a mul-
tivariable analysis. This analysis was adjusted for other
risk factors either known to be associated or hypothesized
to be associated with a specific PROM or meniscal tear/
articular injury. These risk factors, adjusted for confound-
ing variables, are shown in Table 2.

There was no difference between Black and White
patients in KOOS Pain scores after adjusting for relevant
confounding variables (Table 2). Insurance type showed a
difference in KOOS Pain score, with patients with Medicaid
expected to have a KOOS Pain score worse than that for
patients with commercial insurance by a mean of 6.13

TABLE 1
Descriptive Statistics by Racea

Race P

Variable White, n ¼ 1190 Black, n ¼ 201 Other, n ¼ 72 White vs Black White vs Other Black vs Other

Age at surgery, y 22.0 [17.0-36.0] 21.0 [17.0-31.0] 24.0 [17.0-32.0] .313 .781 .727
Sex .390 .332 .390

Male 620 (52.1) 112 (55.7) 45 (62.5)
Female 570 (47.9) 89 (44.3) 27 (37.5)

Insurance type < .001 .005 < .001
Commercial 1107 (93.0) 116 (57.7) 60 (83.3)
Medicaid 83 (7.0) 85 (42.3) 12 (16.7)

BMI 26.9 ± 5.61 28.4 ± 7.37 26.4 ± 4.86 .002 .763 .031
Years of education 13.0 [11.0-16.0] 12.0 [11.0-14.0] 14.0 [11.0-16.0] < .001 .167 .001
Years of education by group .198 .336 .198
�12 785 (66.0) 121 (60.2) 52 (72.2)
<12 405 (34.0) 80 (39.8) 20 (27.8)

Smoking status < .001 .755 .057
Never 955 (80.3) 141 (70.1) 57 (79.2)
Quit 159 (13.4) 17 (8.5) 9 (12.5)
Current 76 (6.4) 43 (21.4) 6 (8.33)

Baseline VR-12 MCS 56.3 [48.1-61.3] 53.3 [43.1-59.4] 55.4 [47.3-60.3] .001 .614 .160
Meniscus root tear >.999 >.999 >.999

No 1151 (96.7) 195 (97.0) 70 (97.2)
Yes 39 (3.3) 6 (3.0) 2 (2.8)

Tear location .004 .866 .405
None 606 (50.9) 81 (40.3) 36 (50.0)
Medial 205 (17.2) 32 (15.9) 14 (19.4)
Lateral 252 (21.2) 49 (24.4) 13 (18.1)
Both 127 (10.7) 39 (19.4) 9 (12.5)

Baseline KOOS
Pain 72.2 [58.3-83.3] 72.2 [50.0-83.3] 72.2 [61.1-86.1] .412 .563 .412
Function 68.2 [61.4-78.0] 68.2 [58.0-78.0] 69.2 [58.0-78.8] .151 .647 .647

Extent of OA .248 .575 .248
Normal or G1 809 (68.0) 123 (61.2) 53 (73.6)
G2 184 (15.5) 39 (19.4) 10 (13.9)
G3, G4, or OCD 197 (16.6) 39 (19.4) 9 (12.5)

aData are reportedas median [interquartile range],n (%), or mean ± SD. Boldface P values indicate a statistically significant difference between
groups compared (P < .05). BMI, body mass index; G1, G2, G3, G4, grades 1-4; KOOS, Knee injury and Osteoarthritis Outcome Score; OA,
osteoarthritis; OCD, osteochondral defect; VR-12 MCS, Veterans RAND 12-Item Health Survey Mental Component Score.
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points (95% CI, 9.87-2.38; P ¼ .001). The magnitude of dif-
ference was not dependent on race. The main drivers of
KOOS Pain in order of importance were age, baseline men-
tal health (VR-12 MCS), BMI, smoking status, and years of
education (Figure 2). After accounting for confounding vari-
ables, neither race nor insurance showed a difference in
KOOS Function (Table 3). The main drivers of KOOS Func-
tion in order of importance were baseline mental health
(VR-12 MCS), age, BMI, smoking status, and years of
education (Figure 3). Four out of five most important dri-
vers (except age) of KOOS Pain and KOOS Function in the
multivariate analyses were unequally distributed
between Black and White patients in the univariate
analysis (Table 1).

After adjusting for confounding variables, the risk of a
complete meniscal tear was not significantly different
between Black and White patients. Neither race nor insur-
ance was a significant predictor of complete meniscal tear.
The 2 most important drivers of complete meniscal tear
were sex and years of education (Figure 4). The most impor-
tant driver of complete meniscal tear in the multivariate
analysis was unequally distributed between Black and
White patients in the univariate analysis.

The results of the multivariate analyses are summarized
in Table 5. Because of the small size of the Other group,
comparisons of Other race patients with Black and White

TABLE 2
Linear Regression Model Results: KOOS Paina

Variable Estimate (95% CI)b P

Age –0.41 (–0.5 to –0.32) < .001
Sex, female (vs male) –2.56 (–4.27 to –0.84) .004
Race

Black (vs White) 0.7 (–2.47 to 3.86) .666
Other (vs White) 0.48 (–3.77 to 4.74) .823

BMI –0.54 (–0.69 to –0.39) < .001
Years of education 0.56 (0.27 to 0.84) < .001
Smoking status

Quit (vs never) –0.69 (–3.35 to 1.97) .611
Current (vs never) –7.92 (–11.15 to –4.7) < .001

Baseline VR-12 MCS 0.37 (0.29 to 0.46) < .001
Insurance, Medicaid (vs

commercial)
–6.13 (–9.87 to –2.38) .001

Tear location
Medial (vs no tear) –0.19 (–2.55 to 2.17) .873
Lateral (vs no tear) 1.48 (–0.7 to 3.67) .183
Both (vs no tear) –0.47 (–3.19 to 2.25) .733

Race � insurance
Black � Medicaid 2.17 (–3.69 to 8.03) .468
Other � Medicaid 1.1 (–9.72 to 11.91) .843

aBoldface P values indicate a statistically significant difference
between groups compared (P < .05). BMI, body mass index;
KOOS, Knee injury and Osteoarthritis Outcome Score; VR-12 MCS,
Veterans RAND 12-Item Health Survey Mental Component Score.

bThis value represents the estimated change in KOOS Pain.
As an example, the estimated change in KOOS Pain per 1-year
increase in patient age was –0.41 points. The estimated differ-
ence in KOOS Pain among female versus male patients was
–2.56 points.

Figure 2. Variable importance plot for KOOS Pain. The relative
importance of each variable in explaining KOOS Pain was
ranked according to the increase in AIC upon removal from
the full model. When race or insurance was removed, the race
� insurance interaction was removed as well. ACLR, anterior
cruciate ligament reconstruction; AIC, Akaike information cri-
terion; BMI, body mass index; KOOS, Knee injury and Osteo-
arthritis Outcome Score; VR-12 MCS, Veterans RAND 12-Item
Health Survey Mental Component Score.

TABLE 3
Linear Regression Model Results: KOOS Functiona

Variable Estimate (95% CI)b P

Age –0.29 (–0.36 to –0.22) < .001
Sex, female (vs male) –2.19 (–3.58 to –0.81) .002
Race

Black (vs White) 0.29 (–2.28 to 2.85) .826
Other (vs White) –1.69 (–5.13 to 1.76) .337

BMI –0.4 (–0.52 to –0.28) < .001
Years of education 0.4 (0.18 to 0.63) .001
Smoking status

Quit (vs never) 0.29 (–1.87 to 2.45) .792
Current (vs never) –7.11 (–9.72 to –4.5) < .001
Baseline VR-12 MCS 0.28 (0.22 to 0.35) < .001

Insurance, Medicaid (vs
commercial)

–2.86 (–5.89 to 0.18) .065

Tear location
Medial (vs no tear) 0.44 (–1.47 to 2.35) .652
Lateral (vs no tear) 1.01 (–0.75 to 2.78) .262
Both (vs no tear) 1.28 (–0.92 to 3.48) .255

Race � insurance
Black � Medicaid –0.48 (–5.22 to 4.27) .844
Other � Medicaid 0.3 (–8.46 to 9.06) .946

aBoldface P values indicate statistical significance (P < .05).
BMI, body mass index; KOOS, Knee injury and Osteoarthritis Out-
come Score; VR-12 MCS, Veterans RAND 12-Item Health Survey
Mental Component Score.

bThis value represents the estimated change in KOOS Func-
tion. As an example, the estimated change in KOOS Function per
1-year increase in patient age is –0.29 points. The estimated dif-
ference in KOOS Function among female versus male patients is
–2.19 points.
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patients in the multivariate analyses were relatively
underpowered and should be interpreted with caution.

DISCUSSION

The principal findings of our study of >1400 patients dem-
onstrated that although characteristic differences exist
between Black and White patients, after adjusting for these
factors, no racial disparity exists with regard to knee pain,
knee function, or the presence of complete meniscal tear in
Black and White patients undergoing ACLR. After adjust-
ing for confounding variables, insurance type was a predic-
tor of baseline knee pain, with patients with Medicaid
demonstrating significantly worse pain than patients with
commercial insurance. This difference did not persist with
regard to knee function or complete meniscal tears. This
study is the first to evaluate health care disparities in
ACLR. The findings of this study are contrary to previously
documented reports in joint arthroplasty and spine
surgery.§§

The disparities expected for Black patients in knee pain,
knee function, and complete meniscal tear and/or articular
cartilage damage were absent in the present study. This is
an unexpected finding considering previously reported out-
comes. Even though ACL injuries represent a traumatic
event, the surgery remains elective in nature. The median
age in the present study was 22 years for White patients
and 21 years for Black patients, which would include a
significant population of patients who were injured in rec-
reational events that do not have on-site medical provider
coverage. In these cases, the desire to seek care would be
elective depending on injury evaluation.

Figure 3. Variable importance plot for KOOS Function. The
relative importance of each variable in explaining KOOS
Function was ranked according to the increase in AIC upon
removal from the full model. When race or insurance was
removed, the race � insurance interaction was removed as
well. ACLR, anterior cruciate ligament reconstruction;
AIC, Akaike information criterion; BMI, body mass index;
KOOS, Knee injury and Osteoarthritis Outcome Score;
VR-12 MCS, Veterans RAND 12-Item Health Survey Mental
Component Score.

Figure 4. Variable importance plot for complete meniscal
tear. The relative importance of each variable in explaining
complete meniscal tear was ranked according to the increase
in AIC upon removal from the full model. When race or insur-
ance was removed, the race � insurance interaction was
removed as well. ACLR, anterior cruciate ligament recon-
struction; AIC, Akaike information criterion; BMI, body mass
index; VR-12 MCS, Veterans RAND 12-Item Health Survey
Mental Component Score.

TABLE 4
Proportional Odds Regression Model Results: Complete

Meniscal Teara

Variable Odds Ratio (95% CI)b P

Age 1.01 (1-1.02) .143
Sex, female (vs male) 0.67 (0.55-0.83) < .001
Race

Black (vs White) 1.22 (0.83-1.81) .313
Other (vs White) 1.15 (0.68-1.94) .607

BMI 1.01 (0.99-1.03) .262
Years of education 0.95 (0.92-0.99) .009
Smoking status

Quit (vs never) 0.93 (0.67-1.29) .669
Current (vs never) 1 (0.67-1.5) .982

Baseline VR-12 MCS 1 (0.99-1.01) .660
Insurance, Medicaid (vs

commercial)
0.94 (0.59-1.5) .797

Race � insurance
Black � Medicaid 1.49 (0.71-3.12) .291
Other � Medicaid 0.59 (0.15-2.25) .436

aBoldface P values indicate statistical significance (P < .05).
BMI, body mass index; VR-12 MCS, Veterans RAND 12-Item
Health Survey Mental Component Score.

bThis value represents the increased odds of a complete menis-
cal tear. As an example, the odds of a complete meniscal tear
increases 1.01-fold per 1-year increase in patient age.

§§References 4, 7, 14, 20, 21, 33, 39, 40, 42–44, 48.
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Racial disparities have been identified in elective arthro-
plasty and spine surgery as well as trauma surgery. Tradi-
tionally, studies have used utilization and complication rates
to highlight disparities between Black and White
patients.34,39,40,42-44,48 It is believed that the evaluation of
Black patients is delayed because of a variety of personal
and institutional factors. This would suggest that
Black patients are evaluated with worse underlying
pathology.6,33,42 However, the evaluation of patients undergo-
ing ACLR is different from that of patients undergoing elec-
tive joint arthroplasty or spine surgery. ACL injuries typically
occur as an identifiable incident with associated pain and
effusion and a known mechanism of injury. ACL injuries are
also debilitating, and patients possibly are unable to ignore
them or delay their treatment as easily as pathology involved
in simple arthroscopy or other orthopaedic procedures. This
may lead patients to seek care sooner rather than later. Fur-
thermore, the institution has created a standardized process
meant to streamline treatment of patients with ACL injuries.
This system is built on a foundation of community outreach
and sports coverage that is not present in previously studied
populations. This may explain access for high school and col-
legiate athletes across backgrounds, but it does not fully
explain the outcome as it relates to recreational athletes. Ulti-
mately, patient evaluation is based on the injury and not
patient- or provider-related biases.

Similarly, there was no difference in knee function and
complete meniscal tears based on insurance status. After

adjusting for multiple factors, a modest but significant dis-
parity in KOOS Pain scores was observed between patients
with Medicaid and commercial insurance. Based on the lin-
ear regression analysis, patients with Medicaid were
expected to have a KOOS Pain score worse than that of
patients with commercial insurance by about 6.13 points.
Although this difference was statistically significant, it is
likely clinically nonsignificant. The MCID for the KOOS
Pain score has previously been reported at approximately
8 points.2,3,24,35 However, care should be taken when apply-
ing strict MCID values. Currently, there is no consensus
regarding MCID values. Furthermore, MCID values can be
influenced by calculation method, follow rate, follow tim-
ing, and so forth. MCID cannot be strictly applied across
various studies. We included this in this study as a general
point of reference, but we did not specially calculate or
address MCID, as this was a baseline analysis.17

Insurance status was not a significant driver of knee func-
tion or complete meniscal tears. Martin et al25 found that
patients undergoing joint arthroplasty with Medicaid were
evaluated with worse preoperative pain and function scores
than similar patients with private insurance or Medicare.
This continues to highlight the differences between joint
arthroplasty and ACLR populations. The previously outlined
manner in which these populations are evaluated is one expla-
nation for the opposing outcomes. Most previous studies have
specifically highlighted a lack of insurance as an important
predictor of outcome.37,39 All patients in the present study

TABLE 5
Summary of Significant Variables in Multivariate Analysisa

Variable KOOS Pain KOOS Function Complete Meniscal Tear

Age X X —
Sex, female (vs male) X X X
Race — — —

Black (vs White) — — —
Other (vs White) — — —

BMI X X —
Years of education X X X
Smoking status — — —

Quit (vs never) — — —
Current (vs never) X X —

Baseline VR-12 MCS X X —
Insurance — — —

Medicare (vs commercial) X — —
Medicaid (vs commercial) — — —

Meniscal tear, yes (vs no) — — —
Tear location — — —

Medial (vs no tear) — — —
Lateral (vs no tear) — — —
Both (vs no tear) — — —

Race � insurance — — —
Black � Medicare — — —
Other � Medicare — — —
Black � Medicaid — — —
Other � Medicaid — — —

Patient age � years of education — — —

aX indicates significant; — indicates not significant. BMI, body mass index; KOOS, Knee injury and Osteoarthritis Outcome Score; VR-12
MCS, Veterans RAND 12-Item Health Survey Mental Component Score.
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were insured, either via commercial insurance or a
government-sponsored program.

There were several variables associated with KOOS
values. Baseline VR-12 MCS was one of the strongest pre-
dictors of KOOS values. Mental health has demonstrated a
strong association with knee pain, which is demonstrated
in the baseline KOOS Pain and KOOS Function values.31

The association of psychological and mental health factors
with outcomes after ACLR has been well documented in
previous reviews.11,12 Higher BMI was another strong pre-
dictor for poorer KOOS values at baseline. This association
has been demonstrated in previous reports.18,19,45,46 How-
ever, the clinically relevant association of BMI has been
questioned by Spindler et al,45,46 who found that individual
differences in outcomes were below a clinically meaningful
difference.45,46 Current smoking status and years of
education had a modest but significant association with
KOOS values. Recent literature has suggested that smok-
ing has an independent negative effect on knee ligament
surgery.10,45,46,49 Years of education can act as a surrogate
for health care literacy. This has been demonstrated in pre-
vious studies in which years of education had a positive
association with health across a variety of conditions.9 All
these significant variables were statistically significantly
different between White and Black patients, with Black
patients having lower baseline mental health scores, higher
baseline BMI, higher rates of current smokers, and fewer
years of education (Table 1).

Limitations and Strengths

There are several important limitations to this study. The first
is that this study was performed at a single large hospital
system in the midwestern United States. It is possible that
patients in this geographic region are not representative of
the national patient population. Furthermore, care paths for
patients with ACL injuries may not be present in all institu-
tions. Because of the limited sample size of non-Black and
non-White patients, we were only able to evaluate White-
Black disparities with adequate statistical power. All patients
in the sample were insured with commercial insurance or
Medicaid. Therefore, it was not possible to completely evalu-
ate the significance of insurance status.

There are several strengths to this study. This work was
able to account for a number of confounders using logistic
regression techniques, something that is lacking in prior stud-
ies. This study benefits from the use of a large prospective
database that captures sociodemographic characteristics and
outcomes in a prospective manner (OME). This is a unique
form of data capture, as most standardized surgical registries
do not record PROMs. We believe that this allows us to more
accurately evaluate the effect an orthopaedic condition has on
individual patients. Finally, to our knowledge this is the first
study to evaluate health care disparities in patients undergo-
ing ACLR. The findings support the belief that previously
reported health care disparities cannot be generalized across
specialties and procedures. Further research is needed to con-
firm the present findings as well as identify whether racial
disparities exist in other areas of sports medicine. Further-
more, interaction with minority communities will be

necessary to identify the cause(s) of racial disparities observed
in the other areas of orthopaedics.

CONCLUSION

There were clinically significant differences between Black
and White patients evaluated for ACLR. After accounting
for other confounding factors (risk factors related to out-
come of interest), no clinically relevant difference was
observed between Black and White patients or patients
with Medicaid and commercial insurance in knee pain,
knee function, or complete meniscal tear.
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