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ABSTRACT

BACKGROUND

There are large variations in the use of knee arthroplasty among Medicare enrollees ac-
cording to race or ethnic group and sex. Are racial and ethnic disparities more pro-
nounced in some regions than in others, and if so, why?

METHODS

We used all Medicare fee-for-service claims data for 1998 through 2000 to determine
the incidence of knee arthroplasty according to Hospital Referral Region, sex, and race
or ethnic group. A total of 430,726 knee arthroplasties were performed during the
three-year study period.

RESULTS

At the national level, the annual rate of knee arthroplasty was higher for non-Hispanic
white women (5.97 procedures per 1000) than for Hispanic women (5.37 per 1000) and
black women (4.84 per 1000). The rate for non-Hispanic white men (4.82 procedures
per 1000) was higher than that for Hispanic men (3.46 per 1000) and more than double
that for black men (1.84 per 1000). The rates were significantly lower for black men
than for non-Hispanic white men in nearly every region of the country (P<0.05). For the
Hispanic population and for black women, racial or ethnic disparities at the national
level were due in part to geographic differences rather than to differences in the rates
for different racial and ethnic groups within geographic areas. Residential segregation
and low income levels contributed to racial and ethnic disparities in arthroplasty rates.

CONCLUSIONS
In the Medicare population, the rate of surgical treatment for osteoarthritis of the knee
varies dramatically according to sex, race or ethnic group, and region. These variations
underscore the importance of geography and sex in determining racial or ethnic barri-
ers to health care.
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DISPARITIES IN KNEE ARTHROPLASTY

NEE ARTHROPLASTY IS AN EFFECTIVE

alternative to medical management for

the relief of pain and improvement of
function in patients with moderate-to-severe artic-
ular disease of the knee.1-3 The indications for this
surgical procedure continue to broaden as methods
of fixation improve and survival of the components
increases, and its use is growing at a rapid rate
among Medicare enrollees.* The use of knee arthro-
plasty varies according to sex and race or ethnic
group, with lower rates among men, blacks,*5 and
Hispanics.® The differences between the sexes have
been attributed to the higher rate of osteoarthritis
among women.”-8 However, since rates of osteoar-
thritis are generally higher among blacks and His-
panics than among whites,9-11 the possibility of ra-
cial barriers must be considered.

The rates of knee arthroplasty also vary substan-
tially among regions.*12 Regional variations in the
rates of discretionary surgery are commonly consid-
ered to reflect differences in local medical opinion
concerning the value of these procedures.* Little is
known about regional patterns of racial disparities
in knee arthroplasty and the importance of local
factors in explaining such differences. To what ex-
tent are national rates of arthroplasty lower among
blacks or Hispanics because they live in regions
where the overall rate of knee arthroplasty is lower?
To what extent are racial or ethnic differences the
consequence of lower income levels or residential
segregation?

METHODS

STUDY POPULATION

We used all data for Medicare beneficiaries en-
rolled in fee-for-service programs or non-risk-bear-
ing health maintenance organizations from 1998
through 2000 to calculate rates of knee arthroplas-
ty classified as code 81.54 (total knee replacement)
of the International Classification of Diseases, Ninth Revi-
sion, Clinical Modification, which does not include re-
operations. Data bases, including the Denominator
File (used to determine the number of beneficiaries
inaregion), were provided by the Centers for Medi-
care and Medicaid Services. Arday et al. have found
that the Medicare designations for black and His-
panic enrollees closely reflect self-reported racial or
ethnic identity.13 However, the sensitivity of the His-
panic designation is low; fewer than half of self-
identified elderly Hispanic people are coded as such
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Figure 1. Annual Rates of Knee Arthroplasty among Medicare Enrollees

in Selected Hospital Referral Regions from 1998 through 2000, According to
Sex and Race or Ethnic Group (Black or Non-Hispanic White).

The rates vary according to the Hospital Referral Region in all groups, but the
overlap for men is much less than that for women.

in the Medicare claims data.3 Three racial or ethnic
groups were defined: black, Hispanic, and non-His-
panicwhite (or “white”). No provisions are available
in Medicare data for multiple racial or ethnic iden-
tifications.

STUDY DESIGN
We used the Hospital Referral Region as the geo-
graphic variable in the study; the Dartmouth Atlas of
Health Care identifies 306 such regions.1# A Hospital
Referral Region is a region served by a hospital or
group of hospitals that offers cardiovascular and
neurosurgical procedures, so that each Hospital Re-
ferral Region includes at least one tertiary care hos-
pital. All ZIP Codes in the United States were as-
signed to Hospital Referral Regions on the basis of
the migration patterns of hospital use among the
elderly population. For example, if a person who
lived in the Lebanon, New Hampshire, Hospital Re-
ferral Region traveled to Boston for a knee arthro-
plasty, the procedure would be credited to the Leb-
anon, not the Boston, Hospital Referral Region.*
The unit of analysis was the rate of knee arthro-
plasty according to sex, race or ethnic group, and
Hospital Referral Region. Since there are 2 sexes,
3 racial or ethnic groups, and 306 Hospital Referral
Regions, the number of separate observations was
2x3x300, or 1836. The observations were analyzed
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Table 1. Rates of Knee Arthroplasty among Black and Non-Hispanic White Medicare Enrollees in Selected Hospital

Referral Regions, 1998-2000.*

Region

Rates among men
No significant difference

Bronx, N.Y.7

Significantly lower for blacks

Birmingham, Ala.
Little Rock, Ark.
Los Angeles, Calif.
Washington, D.C.
Atlanta, Ga.
Chicago, Ill.

New Orleans, La.
Shreveport, La.
Baltimore, Md.
Detroit, Mich.
Jackson, Miss.
St. Louis, Mo.
Camden, N.J.
Newark, N.J.

East Long Island, N.Y.

Manhattan, N.Y.
Charlotte, N.C.
Durham, N.C.
Greenville, N.C.
Raleigh, N.C.
Cleveland, Ohio
Philadelphia, Pa.
Charleston, S.C.
Columbia, S.C.
Memphis, Tenn.
Dallas, Tex.
Houston, Tex.
Norfolk, Va.
Richmond, Va.

Blacks

Non-Hispanic Whites

procedures per 1000

1.3

21
1.8
1.7
1.7
21
1.3
1.2
1.3
2.2
1.6
1.0
1.9
1.3
1.0
1.4
1.0
2.5
1.4
1.9
2.0
1.9
23
2.2
1.8
1.0
1.5
1.7
2.0
21

2.1

43
47
3.2
45
4.2
3.0
4.4
3.8
5.0
5.3
3.4
5.9
3.4
2.0
2.6
2.0
438
4.4
5.1
4.4
438
40
5.4
49
3.4
4.4
45
438
438
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Table 1. (Continued.)

Region Blacks Non-Hispanic Whites

procedures per 1000
Rates among women

No significant difference

Birmingham, Ala. 5.6 5.8
Little Rock, Ark.7 5.3 6.1
Los Angeles, Calif. 5.0 4.7
Camden, N.J. 42 4.4
Newark, NJ.7 2.4 3.1
Bronx, N.Y. 39 34
East Long Island, N.Y. 33 33
Manhattan, N.Y.7 3.4 2.9
Charlotte, N.C. 5.9 5.9
Durham, N.C.t 5.1 5.9
Greenville, N.C. 6.2 6.6
Raleigh, N.C. 5.9 5.8
Charleston, S.C. 5.8 6.4
Columbia, S.C. 5.8 5.8
Norfolk, Va. 4.7 5.8

Significantly lower for blacks

Washington, D.C. 4.4 5.6
Atlanta, Ga. 4.5 5.3
Chicago, III. 2.9 4.5
New Orleans, La. 3.4 5.4
Shreveport, La. 3.5 5.3
Baltimore, Md. 5.4 6.7
Detroit, Mich. 3.7 6.5
Jackson, Miss. 3.7 5.0
St. Louis, Mo. 4.6 7.2
Cleveland, Ohio 4.5 6.1
Philadelphia, Pa. 4.5 5.4
Memphis, Tenn. 3.0 4.4
Dallas, Tex. 4.5 6.2
Houston, Tex. 4.2 5.7
Richmond, Va. 4.6 6.2

* The listed Hospital Referral Regions are the 30 with the largest population of black Medicare enrollees. They are listed al-
phabetically by state. Comparisons were made with the use of a 95 percent confidence interval with a Bonferroni correc-
tion (P<0.0017=0.05/30) to adjust for the possibility that in multiple comparisons, the null hypothesis may be rejected
by chance.

T In this region the null hypothesis was not rejected with use of the Bonferroni-corrected P value. However, the null hy-
pothesis was rejected with use of the conventional P value of 0.05, without adjustment for multiple hypothesis testing.
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as continuous at the level of the Hospital Referral
Region, rather than at the individual level, for com-
putational reasons (since there were 80.5 million
person-years of data) and to allow the use of linear
regression methods. A small fraction of patients
(6.6 percent) underwent two knee arthroplasties
during the three-year period; these events were treat-
ed independently in the statistical analysis.

Sampling error among small groups of Hispan-
ics and blacks can create the appearance of varia-
tion in surgical rates, even if none exists.15 We re-
stricted the graphic analysis to Hospital Referral
Regions for which the expected number of surgical
procedures is at least 25 (of which there are 51 re-
gions for blacks and 14 regions for Hispanics), so
that the 95 percent confidence intervals for reported
rates would not exceed plus or minus 1.7 proce-
dures per 1000 persons. For multiple comparisons
of racial or ethnic differences according to the Hos-
pital Referral Region, hypothesis testing was per-
formed with use of the Bonferroni correction (the
Pvalue divided by the total number of pairwise com-
parisons) to correct for the chance that in multiple
comparisons, the null hypothesis would be rejected
in a few regions by chance alone.1¢ All rates are ad-
justed for differences in age composition among
Hospital Referral Regions by the use of indirect
standardization, which involves multiplying the ap-
propriate national rate by the ratio of the crude rate
to the predicted rate for the Hospital Referral Re-
gion.1”

The first hypothesis was that observed disparities
in national rates might be a consequence of the re-
gion where black or Hispanic Medicare enrollees
lived rather than the result of treatment differences
within hospitals or regions. To test this hypothesis,
we first performed a regression analysis at the level
of the Hospital Referral Region (separately accord-
ing to sex) of the rates for blacks and non-Hispanic
whites (306x2=612) and for Hispanics and non-
Hispanic whites (306 x2=612), in which the inde-
pendent variable was race or ethnic group. When
the regression was weighted by the Medicare pop-
ulation, the resulting coefficient for the black or
Hispanic categorical variable was simply the over-
all national difference in rates.18 The regression was
then estimated after adjustment for the Hospital Re-
ferral Region, so that the new coefficient for the
black or Hispanic categorical variable can be inter-
preted as the “within—Hospital Referral Region” ra-
cial or ethnic difference in surgical rates. If elderly
people who were black or Hispanic had lower rates

of arthroplasty because they lived in regions where
whites had lower rates of arthroplasty, the adjusted
coefficient on race and ethnic group would shrink
toward zero in these models adjusted for the Hos-
pital Referral Region. The results were similar when
the more flexible Blinder—Oaxaca approach was
used.19-21

In considering potential causes of regional vari-
ation in racial or ethnic disparities, we also hypoth-
esized that the degree of residential segregation and
differences in household income could explain vari-
ations in access to care.22-24 The index of dissimi-
larity measures the hypothetical fraction of blacks
(or whites) who would have to move from their
neighborhoods to other neighborhoods in order to
attain perfect integration, in which the fraction of
blacks in each neighborhood would be equal to the
regional average.25:26 The index ranges from 0.0,
for the case in which every Census block is fully in-
tegrated, to 1.0, for the case in which all blocks are
entirely segregated, and is calculated on the basis of
the 2000 Census at the level of Metropolitan Statis-
tical Areas.2” There were 232 Metropolitan Statisti-
cal Area—Hospital Referral Region matches for the
dissimilarity index for blacks (with 9 Metropolitan
Statistical Areas assigned to more than 1 Hospital
Referral Region). A Hospital Referral Region was
considered to have a high or low level of residential
segregation if its dissimilarity index for blacks was
above or below the sample median. Data from the
2000 Census were used to determine the median
household income for black and Hispanic house-
holds according to the Metropolitan Statistical
Area,?8 with 235 Metropolitan Statistical Areas
matched to Hospital Referral Regions. Each Hos-
pital Referral Region was stratified according to
whether the median income for blacks was above
or below the sample median.

To determine whether racial or ethnic differences
were affected by income or residential segregation,
we estimated the interaction of differences in ar-
throplasty rates between blacks and other groups
with the income category (high or low) and segrega-
tion category (high or low) for blacks. This analysis
tested the hypothesis that a high income or a low
degree of segregation might attenuate existing dis-
parities in arthroplasty rates. We also estimated sep-
arately the interaction of differences in arthroplasty
rates between Hispanic and other groups with the
Hispanic income category (high or low). The dis-
similarity index, a measure of residential segrega-
tion, is not available for the Hispanic population.
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RESULTS

A total of 430,726 knee arthroplasties (performed
in 403,251 persons in a sample of 80.5 million per-
son-years) were reported in the Medicare claims
data from 1998 through 2000. Among women, the
national rates were higher for whites (5.97 proce-
dures per 1000 women) than for Hispanics (5.37 per
1000) and blacks (4.84 per 1000) (P<0.001). Among
men, the gap was more pronounced: the rate for
whites (4.82 procedures per 1000 men) was higher
than that for Hispanics (3.46 per 1000) and more
than double the rate for blacks (1.84 per 1000, P<
0.001). Because the patterns of utilization were so
different for men and women, sex-specific analyses
were performed.

Figure 1 shows the regional dispersion in rates
according to sex and race or ethnic group among
blacks and non-Hispanic whites, with each circle
representing one of 51 Hospital Referral Regions.
Among men, there was very little overlap in the dis-
tribution of rates between blacks and whites. Table 1
shows arthroplasty rates according to race or ethnic
group among men and women for the 30 Hospital
Referral Regions with the largest black populations.
In 29 of the 30 Hospital Referral Regions, the rates
were significantly lower for black men than for white
men. In contrast, Figure 1 shows more overlap in
rates between black women and white women than
in rates between black men and white men. Table 1
shows that the rates were significantly lower for
black women than for white women in half (15) of
the Hospital Referral Regions. In the remaining 15
regions where arthroplasty rates for black and white
women did not differ significantly, according to
analysis with use of the Bonferroni correction, 7 re-
gions had rates that were equal or higher for black
women than for white women, and 8 had rates that
were lower. (Results are also shown with a conven-
tional Pvalue [P<0.05] that does not correct for mul-
tiple hypothesis testing.)

Figure 2 shows the regional dispersion in rates
according to sex and race or ethnic group among
Hispanics and non-Hispanic whites for the 14 Hos-
pital Referral Regions with sufficiently large num-
bers of Hispanic men and women. For both men
and women, the overlap was considerable. In San
Antonio, Texas (the region studied by Escalante et
al.®), Houston, Miami, New York (Manhattan), and
the Bronx, the arthroplasty rates for Hispanic men
were significantly lower than those for non-Hispan-
ic white men (Table 2). For women, there was just
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Figure 2. Annual Rates of Knee Arthroplasty among Medicare Enrollees
in Selected Hospital Referral Regions from 1998 through 2000, According to
Sex and Race or Ethnic Group (Hispanic or Non-Hispanic White).
The rates vary according to the Hospital Referral Region in all groups, with
considerable overlap.

one region where the null hypothesis was rejected:
New York (Manhattan), where rates for Hispanic
women were greater than those for non-Hispanic
white women (P<0.001) (Table 2). No other differ-
ences in rates were significant after the Bonferroni
correction.

Figure 3 shows the role of geographic variation
in racial and ethnic differences in national knee
arthroplasty rates. The rates were 4.82 procedures
per 1000 for white men and 1.84 per 1000 for black
men at the national level, a difference of 2.98 per
1000. Figure 3 also shows the difference after cor-
rection for the Hospital Referral Region of resi-
dence. Among black men, the difference declined
slightly, to 2.50 per 1000 (95 percent confidence
interval, 2.62 to 2.39), 84 percent of the national
difference. The national difference between black
women and white women was 1.13 per 1000; after
correction for the Hospital Referral Region of resi-
dence, the difference was reduced to 0.70 per 1000
(95 percent confidence interval, 0.83 to 0.56), 62
percent of the national difference.

Among men, the difference at the national level
between the rates for Hispanics and those for non-
Hispanic whites was 1.36 per 1000. After adjust-
ment for the Hospital Referral Region of residence,
the difference for Hispanic men fell to 0.89 per 1000
(95 percent confidence interval, 1.10 to 0.67), 65
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Table 2. Rates of Knee Arthroplasty among Hispanic and Non-Hispanic White
Medicare Enrollees in Selected Hospital Referral Regions, 1998-2000.*

Region

Rates among men
No significant difference

Fresno, Calif.

Los Angeles, Calif.

San Diego, Calif.

Chicago, III.

Albuguerque, N.M.

El Paso, Tex.

Corpus Christi, Tex.

Harlingen, Tex.

McAllen, Tex.T
Significantly lower for Hispanics

Miami, Fla.

Bronx, N.Y.

Manhattan, N.Y.

Houston, Tex.

San Antonio, Tex.
Rates among women
Significantly higher for Hispanics

Manhattan, N.Y.

No significant difference

Fresno, Calif.

Los Angeles, Calif.1

San Diego, Calif.

Miami, Fla.

Chicago, IIlI.

Albuquerque, N.M.

Bronx, N.Y.

Corpus Christi, Tex.

El Paso, Tex.T

Harlingen, Tex.

Houston, Tex.

McAllen, Tex.

San Antonio, Tex.}

Non-Hispanic

Hispanics Whites

procedures per 1000
5.2 4.3
3.7 3.2
4.0 4.2
3.0 3.0
3.5 39
4.8 4.2
5.6 5.4
5.0 6.0
8.1 6.3
1.8 2.7
1.1 2.1
1.1 2.0
23 4.5
3.5 5.2
4.4 2.9
5.7 5.2
5.6 4.7
6.5 5.8
3.9 3.8
4.5 4.5
5.0 5.5
3.6 34
6.9 7.0
6.9 5.8
6.1 7.3
4.8 5.7
7.7 828
5.8 6.7

* Comparisons were made with the use of a 95 percent confidence interval and
a Bonferroni correction (P<0.0036=0.05/14) to adjust for the possibility that
in multiple comparisons, the null hypothesis may be rejected by chance.

T In this region the null hypothesis was not rejected with use of the Bonferroni-
corrected P value. However, the null hypothesis was rejected with use of the
conventional P value of 0.05, without adjustment for multiple hypothesis

testing.

1356

percent of the national difference. Among women,
the difference was 0.60 per 1000; after adjustment
for the Hospital Referral Region of residence, the
difference fell to 0.03 per 1000 (95 percent confi-
dence interval, 0.25 to 0.19), just 5 percent of the
national difference.

Higher income and a lower level of residential
segregation appeared to mitigate the effects of ra-
cial or ethnic differences, although not equally for
both sexes. Among black men, living in regions with
incomes at or above the median for blacks, as com-
pared with regions with incomes below the median
for blacks, was associated with a slightly diminished
difference in arthroplasty rates (2.42 vs. 2.79 per
1000, P=0.003). Among Hispanic women in re-
gions with incomes at or above the median for His-
panics, the rate (0.35 per 1000) was higher than that
for white women; by contrast, the rate among His-
panic women in lower-income regions (0.45 per
1000) was lower than that among white women
(P=0.001). Among black women, living in a region
with alow level of residential segregation was asso-
ciated with a smaller difference in arthroplasty rates
(0.46 per 1000) than living in a region with a high
level of segregation (1.05 per 1000, P<0.001).

DISCUSSION

Arecentstudy by the Institute of Medicine called at-
tention to the pervasive differences in treatments
and in outcomes between blacks and nonblacks,29
but relatively little attention was paid to the role of
geography in these disparities. Previous studies have
not always been able to consider racial disparities
according to region and sex, because of limitations
in sample size.3° Our study, drawing on 80.5 million
person-years of observation in the Medicare popu-
lation, suggests that patterns of differences in the
use of knee arthroplasty differ fundamentally ac-
cording to sex, race or ethnic group, and region.
In some regions, the rate for black women was
significantly lower than that for white women,
whereas in other regions, the rates were roughly
equal. There was substantial variation both within
and between regions; for example, the rate for black
women in Greenville, North Carolina (6.2 proce-
dures per 1000), was twice as high as that for white
women in Manhattan (2.9 per 1000). Roughly 35
percent of the national differences in arthroplasty
rates for black women and 95 percent of the nation-
al differences for Hispanic women are explained by
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the fact that black and Hispanic women are more
likely to live in regions with lower rates for all races
and ethnic groups. Schneider et al. found, analo-
gously, that nearly half the differences between
blacks and whites in the rates of breast-cancer
screening, use of beta-blockers, and eye examina-
tions among patients with diabetes were explained
by the fact that black patients belonged to lower-
quality health plans rather than by differences in the
quality of care for blacks and whites within the
plans.31 Finally, our study showed that higher de-
grees of residential racial segregation (among black
women) and low income (among Hispanic women
and black men) were associated with larger differ-
ences in arthroplasty rates.22.23

Arthroplasty rates were consistently lower
among black men than among white men in nearly
every Hospital Referral Region, and in some re-
gions, such as Jackson, Mississippi, and Detroit, the
rates for black men were less than one third those
for white men. One cannot explain these persistent
differences on the basis of financial or geographic
barriers alone, since the pattern was not apparent
for black women living in the same neighborhoods.
The pattern in arthroplasty rates is also quite differ-
ent from the much better documented difference in
rates of cardiac surgery, for which racial disparities
have been found among both men and women and
in avariety of settings.31-36 In contrast to our study,
Schulman et al. found that only black women were
less likely to be referred for cardiac catheterization
and that there was no significant difference be-
tween black men and white men.3738

One important limitation of our study is that
equality of rates does not necessarily mean that the
health care system is free of bias. Variation in ar-
throplasty rates could be explained, for example, by
differences in underlying health status. Previous
studies have suggested an increase by a factor of
1.5 to 2.0 in the incidence of osteoarthritis in wom-
en,®10 a difference that is not matched by corre-
spondingly higher arthroplasty rates.8 Hirsch et al.
found that among women over the age of 60 years,
38 percent of non-Hispanic whites, 61 percent of
non-Hispanic blacks, and 44 percent of Mexican-
Americans had radiologic signs of knee osteoarthri-
tis; the corresponding proportions of men were 31
percent, 43 percent, and 39 percent.® It is difficult
to define the appropriate null hypothesis of racial
or ethnic equality without adjusting for the under-
lying incidence of disease.3? Another limitation of

[ Difference adjusted B National difference
for HRR

3.04

2.54

2.0+

1.5+

1.0

0.5

Racial or Ethnic Difference in Rate (per 1000 population)

Figure 3. Racial or Ethnic Differences in Rates of Knee
Arthroplasty among Medicare Enrollees at the National
Level and with Adjustments for the Hospital Referral
Region (HRR).

The differences are for the subgroups shown as com-
pared with non-Hispanic white men and women. The

I bars indicate 95 percent confidence intervals for the ad-
justed estimates (306x2=612 observations). Rates at
the national level were calculated with infinitesimal sam-
pling error. For black women and Hispanic men and
women, the smaller magnitude of the difference in ar-
throplasty rates after adjustment for the region of resi-
dence shows that these subgroups tended to live in re-
gions where the rates for non-Hispanic whites were
lower than the national average. However, for black men,
the region of residence had little effect on overall racial
differences in the rate of knee arthroplasty.

our study is the difficulty of detecting racial or eth-
nic differences in rural areas with small numbers
of black or Hispanic Medicare patients.

How much of the regional variation in knee ar-
throplasty can be explained by differences in the
rates of underlying disease? Hawker et al. compared
two regions in Canada— one with high rates of hip
and knee arthroplasty and one with low rates —and
found differences in potential need of at most 27
percent, depending on how need was defined.4®

N ENGL J MED 349;14 WWW.NEJM.ORG OCTOBER 2, 2003

Downloaded from www.nejm.org at DARTMOUTH HITCHCOCK MED CTR on April 29, 2008 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

1357



1358

The NEW ENGLAND JOURNAL of MEDICINE

Although health status is likely to explain part of
the observed variation in our study, it is unlikely to
account entirely for the overall differences among
regions.

Another possible cause of variation in arthro-
plasty rates is differences in patients’ preferences.
Although arthroplasty has been shown to be a su-
perior alternative to medical management for im-
proving function and decreasing pain in patients
with osteoarthritis of the knee,1-341 it carries a small
risk of death or long-term complications, which may
include infection, neurologic injury, and the need for
reoperation. Patients’ preferences should therefore
have arole in determining rates of knee arthroplasty
according to sex, race or ethnic group, and region.
Previous research has shown that black patients are
less willing than white patients to undergo risky
cardiac surgery, largely because they are less famil-
iar with the procedures.3¢ Blacks also report less
confidence in the efficacy of knee or hip replace-
ment,*2 suggesting that lack of information about
risks and benefits,*3 compounded by general dis-
trust of the health care system,*4 is a partial deter-
minant of the observed lower operation rates.

These studies raise the question, already posed
in the literature on regional variation in rates of
health care interventions, “Which rate is right?”45

REFERENCES

Presumably, the right rate would be achieved if the
procedure were performed in every patient who
could clinically benefit from it and who wanted it
done. But how do clinicians determine what pa-
tients really want? Katz has distinguished between
choices “guided by informed decisions” and choices
“limited by truncated opportunities or historical cir-
cumstances,”#¢ and that distinction seems appro-
priate here.

Although efforts to erase disparities at the lo-
cal level will have important benefits, particularly
among black men, even perfect equality in rates of
knee arthroplasty according to race or ethnic group
at the local level will not eradicate all disparities at
the national level. Finally, ensuring that patients are
well informed about the potential benefits and costs
of surgery and are allowed to make choices free of
economic or geographic barriers to care is an impor-
tant step in solving the problem of disparities in
rates of knee arthroplasty.4748

Supported in part by grants from the National Institute of Arthri-
tis and Musculoskeletal and Skin Diseases (MRCP60-AR048094-
01A1, U01-AR45444-01A1) and from the National Institute on Ag-
ing (KO1 AG00752 and PO1 AG19783), the Robert Wood Johnson
Foundation, the American Academy of Orthopedic Surgeons, and
the American Hospital Association.

We are indebted to Tamara Morgan, Kristen Bronner, Cindi Krei-
man, and Stephanie Raymond for invaluable assistance in the prep-
aration of the manuscript.

1. Lavernia C, Guzman J, Gachupin-Gar-
cia A. Cost effectiveness and quality of life in
knee arthroplasty. Clin Orthop 1997;345:
134-9.

2. Hawker GA, WrightJG, Coyte PC, et al.
Health-related quality of life after knee re-
placement. J Bone Joint Surg Am 1998;80:
163-73.

3. Miyasaka KC, Ranawat CS, Mullaji A.
10- to 20-year follow-up of total knee ar-
throplasty for valgus deformities. Clin Or-
thop 1997;345:29-37.

4. Weinstein J, ed. The Dartmouth atlas of
musculoskeletal health care. Chicago:
American Hospital Association Press, 2000.
5. Wilson MG, May DS, KellyJJ. Racial dif-
ferences in the use of total knee arthroplasty
for osteoarthritis among older Americans.
Ethn Dis 1994;4:57-67.

6. Escalante A, Espinosa-Morales R, del
Rincon I, Arroyo RA, Older SS. Recipients of
hip replacement for arthritis are less likely to
be Hispanic, independent of access to health
care and socioeconomic status. Arthritis
Rheum 2000;43:390-9.

7. Katz JN, Wright EA, Guadagnoli E, Li-
ang MH, Karlson EW, Cleary PD. Differenc-
es between men and women undergoing

major orthopedic surgery for degenerative ~HCFA’s racial and ethnic data: current accu-

arthritis. Arthritis Rheum 1994;37:687-94.
8. Hawker GA, Wright JG, Coyte PC, et al.
Differences between men and women in the
rate of use of hip and knee arthroplasty.
N EnglJ Med 2000;342:1016-22.

9. Hirsch R, Cheng X, Grigorian M, et al.
Radiographic knee osteoarthritis prevalence
in older adults in the United States. Arthritis
Rheum 2001;44:Suppl:S225. abstract.

10. Anderson JJ, Felson DT. Factors associ-
ated with osteoarthritis of the knee in the
first National Health and Nutrition Exami-
nation Survey (NHANES I): evidence for an
association with overweight, race, and phys-
ical demands of work. Am ] Epidemiol 1988;
128:179-89.

11. Forman MD, Malamet R, Kaplan D. A
survey of osteoarthritis of the knee in the
elderly. ) Rheumatol 1983;10:282-7.

12. Peterson MG, Hollenberg JP, Szatrow-
ski TP, Johanson NA, Mancuso CA, Charl-
son ME. Geographic variations in the rates
of elective total hip and knee arthroplasties
among Medicare beneficiaries in the United
States. J Bone Joint Surg Am 1992;74:1530-
9.

13. Arday SL, Arday DR, Monroe S, Zhang]J.

racy and recent improvements. Health Care
Financ Rev 2000;21:107-16.

14. Wennberg J, Cooper M, eds. The Dart-
mouth atlas of health care. Chicago: Ameri-
can Hospital Association Press, 1999.

15. Diehr P, Cain KC, Kreuter W, Rosen-
kranz S. Can small-area analysis detect vari-
ation in surgery rates? The power of small-
area variation analysis. Med Care 1992;30:
484-502.

16. Bland JM, Altman DG. Multiple signifi-
cance tests: the Bonferroni method. BMJ
1995;310:170.

17. Fisher L, van Belle G. Biostatistics: a
methodology for the health sciences. New
York: John Wiley, 1993:769-72.

18. Deaton A. The analysis of household
surveys: a microeconomic approach to de-
velopment policy. Baltimore: Johns Hop-
kins University Press, 1997.

19. Altonji J, Blank R. Race and gender in
the labor market. In: Ashenfelter OC, Layard
R, eds. Handbook of labor economics. Vol.
3C. New York: North Holland, 2000.

20. Blinder A. Wage discrimination: re-
duced form and structural estimates. ] Hum
Res 1973;8:436-55.

N ENGL J MED 349;14 WWW.NEJM.ORG OCTOBER 2, 2003

Downloaded from www.nejm.org at DARTMOUTH HITCHCOCK MED CTR on April 29, 2008 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.



DISPARITIES IN KNEE ARTHROPLASTY

21. Oaxaca R. Estimation of union/non-
union wage differentials within occupation-
al/regional subgroups. ] Hum Res 1975;10:
529-37.

22. Acevedo-Garcia D. Residential segrega-
tion and the epidemiology of infectious dis-
eases. Soc Sci Med 2000;51:1143-61.

23. Polednak A. Trends in US urban black
infant mortality, by degree of residential
segregation. Am J Public Health 1996;86:
723-6.

24. Cromley EK, McLafferty SL. GIS and
public health. New York: Guilford Press,
2002.

25. Duncan OD, Duncan B. A methodologi-
cal analysis of segregation indices. Am Soc
Rev 1955;20:210-7.

26. Massey D, Denton N. The dimensions of
residential segregation. Social Forces 1988;
67:281-315.

27. Glaeser E, Vigdor J. Survey series: racial
segregation in the 2000 Census: promising
news. Washington, D.C.: Brookings Institu-
tion, 2001:1-16.

28. Census 2000 summary file 3 (SF 3):
sample data. Washington, D.C.: Depart-
ment of Commerce, 2002.

29. Smedley BD, Stith AY, Nelson AR, eds.
Unequal treatment: confronting racial and
ethnic disparities in health care. Washing-
ton, D.C.: National Academies Press, 2002.
30. Chandra A, Skinner J. Geography and
racial health disparities. Working paper no.
9513. Cambridge, Mass.: National Bureau
of Economic Research, 2003.

31. Schneider EC, Leape LL, Weissman JS,
Piana PN, Gastonis C, Epstein AM. Racial
differences in cardiac revascularization rates:
does “overuse” explain higher rates among
white patients? Ann Intern Med 2001;135:
328-37.

N ENGL J MED 349;14 WWW.NEJM.ORG

32. AyanianJZ, Udvarhelyi IS, Gatsonis CA,
Pashos CL, Epstein AM. Racial differences
in the use of revascularization procedures
after coronary angiography. JAMA 1993;
269:2642-6.

33. Petersen LA, Wright SM, Peterson ED,
Daley J. Impact of race on cardiac care and
outcomes in veterans with acute myocardial
infarction. Med Care 2002;40:Suppl 1:1-86—
1-96.

34. Peterson ED, Shaw LK, DeLong ER, Pry-
or DB, Califf RM, Mark DB. Racial variation
in the use of coronary-revascularization pro-
cedures: Are the differences real? Do they
matter? N EnglJ Med 1997;336:480-6.

35. Sedlis SP, Fisher VJ, Tice D, Esposito R,
Madmon L, Steinberg EH. Racial differenc-
es in performance of invasive cardiac proce-
dures in a Department of Veterans Affairs
Medical Center. J Clin Epidemiol 1997;50:
899-901.

36. Whittle J, Conigliaro J, Good CB, Lof-
gren R. Racial differences in the use of inva-
sive cardiovascular procedures in the De-
partment of Veterans Affairs medical
system. N EnglJ Med 1993;329:621-7.

37. Schulman KA, Berlin JA, Harless W, et
al. The effect of race and sex on physicians’
recommendations for cardiac catheteriza-
tion. N Engl ] Med 1999;340:618-26. [Erra-
tum, N EnglJ Med 1999;340:1130.]

38. Schwartz LM, Woloshin S, Welch HG.
Misunderstandings about the effects of race
and sex on physicians’ referrals for cardiac
catheterization. N Engl J Med 1999;341:
279-83.

39. Gomes C, McGuire T. Identifying the
sources of racial and ethnic disparities in
health care use. Boston: Department of
Health Care Policy, Harvard Medical School,
2001.

40. Hawker GA, Wright JG, Coyte PC, et al.
Determining the need for hip and knee ar-
throplasty: the role of clinical severity and
patients’ preferences. Med Care 2001;39:
206-16.

41. Callaghan JJ, Albright JC, Goetz DD,
Olejniczak JP, Johnston RC. Charnley total
hip arthroplasty with cement: minimum 25-
year follow-up. J Bone Joint Surg Am 2000;
82:487-97.

42. Ibrahim SA, Siminoff LA, Burant CJ,
Kwoh CK. Variations in perceptions of treat-
ment and self-care practices in elderly with
osteoarthritis: a comparison between Afri-
can American and white patients. Arthritis
Rheum 2001;45:340-5.

43. Idem. Understanding ethnic differences
in the utilization of joint replacement for os-
teoarthritis. Med Care 2002;40:Suppl 1:I-
44-1-55.

44, FergusonJA, Weinberger M, Westmore-
land GR, etal. Racial disparity in cardiac de-
cision making: results from patient focus
groups. Arch Intern Med 1998;158:1450-3.

45. WennbergJ. Which rate is right? N Engl
J Med 1986;314:310-1.

46. Katz JN. Patient preferences and health
disparities. JAMA 2001;286:1506-9.

47. Weinstein JN. The missing piece: em-
bracing shared decision making to reform
health care. Spine 2000;25:1-4.

48. DPhelan EA, Deyo RA, Cherkin DC, et al.
Helping patients decide about back surgery:
a randomized trial of an interactive video
program. Spine 2001;26:206-12.

Copyright © 2003 Massachusetts Medical Society.

OCTOBER 2, 2003

Downloaded from www.nejm.org at DARTMOUTH HITCHCOCK MED CTR on April 29, 2008 .
Copyright © 2003 Massachusetts Medical Society. All rights reserved.

1359



