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Ayushmita De, PhDc, Adam A. Sassoon, MD, MSa,*

aDepartment of Orthopaedic Surgery, David Geffen School of Medicine at UCLA, Los Angeles, 
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bPacific Northwest University School of Health Sciences, Yakima, WA

cAmerican Joint Replacement Registry, American Academy of Orthopaedic Surgery, Rosemont, 
IL

Abstract

Background: The purpose of our study was to investigate the association of race and ethnicity 

with the use of the newest technology and postoperative outcomes in total hip arthroplasty (THA) 

using the American Academy of Orthopaedic Surgeons (AAOS) American Joint Replacement 

Registry (AJRR).

Methods: Adult THA procedures were queried from the AJRR from 2012 to 2020. A mixed-

effects multivariate regression model was used to evaluate the association of race and ethnicity 

with the use of the newest technology (ceramic femoral head, dual-mobility implant, and robotic 

assist) at 30-day, and 90-day readmission. A proportional subdistribution hazard model was used 

to model a risk of revision THA.

Results: There were 85,188 THAs with complete data for an analysis of outcomes and 103,218 

for an analysis of ceramic head usage. The median length of follow-up was 37.9 months 

(interquartile range [IQR] 21.6 to 56.3 months). In multivariate models, compared to White 

non-Hispanic patients, Black (odds ratio [OR] 0.79, 95% confidence interval [CI] 0.69–0.92, P 
< .001), Hispanic (OR 0.76, CI 0.59–0.99, P = .037), Asian (OR 0.74, CI 0.55–1.00, P = .045), 

and Native American (OR 0.52, CI 0.30–0.87, P = .004) patients all had significantly lower rates 

of ceramic head use in THA. Compared to White non-Hispanic patients, Asian (hazard ratio 

[HR] 0.39, CI 0.18–0.86, P = .008) and Hispanic (HR 0.43, CI 0.19–0.98, P = .043) patients had 

significantly lower rates of revision. No differences in 30-day or 90-day readmission rates were 

seen.
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Conclusion: Black, Hispanic, Native American, and Asian patients had lower rates of ceramic 

head use in THA when compared to White patients. These differences did not translate into 

worse clinical outcomes on a short-term follow-up. In fact, Asian patients had lower revision rates 

compared to non-Hispanic White patients. Additional study is necessary to evaluate the long-term 

consequence of lower ceramic head use in non-White patients in the United States.

Keywords

total hip arthroplasty; ceramic femoral head; racial disparities; joint replacement registry; surgical 
outcomes; resource utilization

Research on racial and ethnic inequities in total joint arthroplasty (TJA) so far has been 

consistent with broader trends well-described in other domains of social determinants of 

health in the United States (US) [1–3]. The experience of non-White patients (especially 

Black and Hispanic) undergoing TJA is substantially different to their White counterparts. 

Non-White patients have more severe arthritis and deceased function at the time of 

surgery [4–7], decreased utilization of TJA [8,9], increased perioperative mortality and 

complications [10,11], longer hospital stays [12–14], higher rates of nonhome discharge 

[12,13,14], and higher rates of revision TJA [12–14]. The drivers of these disparities are 

complex and multifactorial and include access to care and health insurance, quality of care, 

poverty, lower education and medical literacy, decreased trust in the healthcare system, 

and racism and discrimination [15–17]. Research to date on disparities in quality of care 

have examined referral patterns and decreased access to high volume surgeons as potential 

drivers of poorer outcomes [18–20]. Access to the newest surgical and implant technology 

with potential clinical benefits such as ceramic implants, robotic-assisted (RA) surgery, 

and dual mobility implants have not been analyzed as potential contributors to decreased 

perioperative outcomes.

Over the past few decades, multiple advances have been made to total hip arthroplasty 

(THA) to improve implant function and survival. Ceramic components in THA have become 

increasingly popular due to their favorable mechanical and tribological properties compared 

to metal-on-polyethylene or metal-on-metal components [21,22]. Ceramic femoral head use 

is associated with significantly longer implant survival in a single institution and large 

registry studies [23–25]. While the use of these components is increasing in parts of the 

world, cost remains a limiting factor [21,23]. RA technology for hip arthroplasty has grown 

significantly in the last several decades, with 17% of THA performed in 2015 using robotics 

[26]. While data supports its use for improving implant positioning and alignment, its effect 

on clinical outcomes remains unclear [27]. Finally, dual mobility components initially used 

in revision and fracture settings to decrease instability and dislocation are increasingly 

used in primary THA with good outcomes [28,29]. The utilization of some of the newest 

technologies, that is, “cutting-edge” features, such as ceramic components and RA-THA, 

have been shown to be higher in patients with private insurance compared to Medicare or 

Medicaid, likely a result of higher associated costs [26,30].

As none of these components are universally used, we hypothesized that racial disparities 

in access will manifest in the decreased use of cutting-edge surgical features in non-White 
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patients. Furthermore, we hypothesized that disparities in the use of cutting-edge surgical 

features would contribute to disparities in THA outcomes. Herein, we undertake an analysis 

of THA patients from the American Joint Replacement Registry (AJRR) examining racial 

disparities in the use of “cutting-edge” surgical features, readmissions, and revision THA.

Methods

Primary THA procedures from 2012 to 2020 were queried from the AJRR maintained 

by the American Academy of Orthopaedic Surgeons (AAOS). Patients aged 18 years or 

older at the time of primary THA were included in the study. Those who had missing 

values for race and ethnicity, THA head type, liner type, and age were excluded from the 

study. For a readmission and revision analysis, patients with missing outcome information 

were excluded from the analysis. Variables collected included age, race, ethnicity, gender, 

Charlson Comorbidity Index (CCI), hospital of operation, and elective versus nonelective 

operation. Outcome variables included implant femoral head type (ceramic versus metal), 

use of RA surgery, use of dual mobility implants, all cause revision at 30 days, all cause 

revision at 90 days, and any revision THA over the course of the study.

The following racial-ethnic categories collected by the AJRR were analyzed: Whites, 

African Americans, Hispanic-White, Hispanic-Other, Native American, and Asian. The 

Hispanic categories were created using the race and ethnicity variables in AJRR. Those 

who identified as Hispanic ethnicity and White race were categorized as Hispanic-White. 

Those who identified as Hispanic ethnicity and non-White race or had missing values for 

race were categorized as Hispanic-Other. Patients identifying as non-Hispanic ethnicity and 

Native Hawaiian or other Pacific Islander were excluded due to the small number of patients. 

Patient identifying non-Hispanic ethnicity and two or more racial categories were excluded, 

given the limitation regarding interpretability. Similarly, patients who had missing values for 

ethnicity and race or age were excluded from the study.

Multilevel multivariate logistic regression was used to examine the association of race and 

ethnicity with the use of different cutting-edge features (ceramic head use, robotic surgery, 

and dual mobility use). Age was included as a covariate in the model due to significant 

differences found between racial groups. The hospital site was treated as a random intercept, 

to account for the correlation of patients clustered within each hospital. When the global 

statistical test for the inclusion of race/ethnicity in multivariate models was found to be 

significantly associated with the cutting-edge feature use, pairwise group differences were 

tested using the Tukey-Kramer method to adjust for multiple comparisons [31,32]. The 

global statistical test is a likelihood ratio test of regression models with and without a 

given categorical variable; this additional step is used to minimize the type 1 error when 

performing multiple pairwise comparisons [33]. The analysis was conducted using the 

Laplace approximation method [34].

Similarly, multivariate multilevel logistic regression models were used to evaluate the 

association of patient race with all-cause 30-day readmission and 90-day readmission. The 

hospital was specified as a random effect to account for clustering of patients within the 

same centers. A revision risk was evaluated with a proportional subdistribution hazards 
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model, with death treated as a competing risk for revision events. In the revision model, the 

robust sandwich covariance estimate was used to account for clustering within the hospital. 

All models controlled for age, CCI, elective versus nonelective procedures, and ceramic 

head use. When the global statistical test of race was statistically significant, pairwise 

comparisons were tested and adjusted for multiple comparisons using a simulation-based 

approach. For the readmission models, the ceramic head variable caused a large-scale 

gradient that resulted in a missing standard error for the head type variable. Therefore, 

separate models were run stratified by whether a ceramic or metal femoral head was used. 

All analyses were performed in SAS, version 9.4.

Results

A total of 785,559 patients were identified in the AJRR undergoing THA during our 

study period. There were varying numbers of patients with incomplete data across different 

outcomes of interest. A total of 10,378 patients were excluded as they identified as 2 or more 

racial groups (n = 9,701) or Native Hawaiian or other Pacific Islander (n = 677) (“Other”, 

Table 1). Of the total identified, 102,121 patients were included in the ceramic head analysis, 

239,997 in the RA analysis, 602, 602,211 in the dual mobility analysis, and 85,188 in the 

analysis of readmission and revision surgery.

The mean patient age was 68.1 years for all patients (Table 1). White patients were 

significantly older and had higher levels of medical comorbidity compared to Black and 

Hispanic patients (P < .001 for both, Table 1). On an unadjusted analysis, race and ethnicity 

was significantly associated with the use of all cutting-edge features and outcomes of 

interest (Table 1). White patients had lower rates of ceramic head use (43.9%) compared to 

Black patients (53.8%) but higher rates compared to Asian (39.7%) and Native American 

(35.8%) patients (P < .001). With regard to dual mobility, White patients (7.2%) had 

higher utilization than Black patients (6.6%) but lower rates than both groups of Hispanic 

patients (9.4 and 8.4%, P < .001). Univariate results regarding readmission and revision were 

mixed as well (Table 1). The proportion of patients missing cutting-edge feature data varied 

significantly by the racial-ethnic group for dual mobility and RA surgery but not ceramic 

head use (Table 1). The proportion of patients missing revision follow-up data also varied 

significantly by racial group (Table 1).

A summary of patient characteristics for those receiving ceramic femoral heads is presented 

in Table 2. Overall, ceramic heads were used in 44.4% of patients. The mean age of patients 

receiving ceramic heads was significantly lower (64.7 years) compared to those receiving 

nonceramic heads (74.5 years, P < .0001, Table 2). Ceramic head patients also had a lower 

average CCI and a higher rate of elective THA compared to nonceramic head patients (P < 

.0001 for all comparisons).

Ceramic Femoral Head Use and Other Cutting-Edge Surgical Features

Younger patients were significantly more likely to receive ceramic heads, with the odds 

increasing 1.12 times (P < .0001) for each year decrease in patient age (Table S3). The 

global test of race/ethnicity in the multivariate model indicated that it was significantly (P 
< .0001) associated with ceramic head use and therefore pairwise testing was performed 
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to determine which specific groups were significantly different in their likelihood of 

receiving ceramic heads (Table 2). Compared to White patients, both Black (odds ratio 

[OR] 0.79, P < .001) and Hispanic-White patients (OR 0.76, P = .037) had significantly 

lower rates of ceramic head use in THA. Asian (OR 0.74, P = .045), Native American 

(OR 0.52, P =.0041), and Other-Hispanic racial groups (OR 0.65, P =.0016) were also 

less likely to undergo THA with a ceramic head compared to White patients. The pairwise 

differences between Asians, Hispanic-Whites, Hispanic-Other, and Native-Americans were 

not statistically significant (Table 2).

For the use of robotic surgery, the global test of race and ethnicity in the multivariate model 

(Table S4) indicated that it was significantly (P = .0075) associated with RA use. Therefore, 

pairwise testing was performed; however, no specific groups were significantly different in 

their likelihood of receiving robotic surgery (Table S1). Regarding dual mobility implants, 

the global test of race and ethnicity in the multivariate model (Table S5) indicated that it 

was significantly (P = .037) associated with their use; however, no specific groups were 

significantly different in their likelihood of receiving dual mobility implants (Table S3).

Analysis of Readmission and Revision Total Hip Arthroplasty

There were 85,188 THAs with complete data for readmission and revision analysis. 

The median follow-up was 37.9 months, with an interquartile range (IQR) of 21.6 to 

56.3 months. Race and ethnicity were not statistically significant predictors of 30-day 

readmission in both the ceramic and metal head subgroups (P = .07 and .58, respectively). 

Race and ethnicity were also not significant predictors of 90-day readmission in both 

subgroups (ceramic P = .81 and metal P = .83). Race and ethnicity were statistically 

significant predictors of a revision risk (P = .0002) in the full hazard model (Table S6). On 

pairwise testing, Asian patients had a lower risk of revision than White patients (hazard ratio 

[HR] 0.39, P = .0075), and patients identified as Hispanic-Other had a lower risk of revision 

than White patients (HR 0.43, P = .043, Table 4).

Discussion

Racial disparities following THA are persistent and multifactorial. One unexplored 

component is disparity in access to new technologies with potential clinical benefits. 

Previous research has focused on disparities in access to high-volume centers as one 

aspect of quality, with one potential consequence being differential access to the newest 

surgical technologies. Here, we examined disparities in cutting-edge surgical features as 

another contributing, if related, factor affecting quality. Most significantly, we find that 

Black, Hispanic, Native American, and Asian patients had lower rates of ceramic femoral 

head use when compared to White patients when controlling for patient age, medical 

comorbidity, and hospital where the procedure was performed. There were no significant 

pairwise differences between racial groups with regard to dual mobility implant use and 

RA surgery on a regression analysis. When femoral head type was controlled for, we found 

no differences between racial groups regarding 30-day and 90-day readmission or a risk of 

revision THA.
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Our finding of racial disparities in ceramic femoral head use is somewhat surprising, given 

their popularity in primary THA [21,22]. As per the AJRR annual report, ceramic femoral 

head use in primary THA has increased 38% in 2012 to 71% in 2020 [22]. It is well known 

that ceramic heads are durable components with 20-year follow-up data demonstrating lower 

rates of polyethylene wear and osteolysis and less taper corrosion when compared to metal 

heads [35–37]. Fracture of the ceramic is a concern, but design changes have reduced 

the fracture rate [38]. While the advantages of ceramic femoral heads are well known 

to fellowship-trained arthroplasty surgeons, it is possible that general orthopedic surgeons 

performing fewer THA operations may be less familiar with this technology. However, 

there are no studies examining the rates of femoral head usage by the surgeon-training 

type to support or refute this hypothesis; however, a survey of arthroplasty thought leaders 

have shown high rates of ceramic head use [21]. This is consistent with prior research 

demonstrating racial disparities in access to high-volume arthroplasty centers [19,20].

Another limiting factor for more widespread ceramic head use may be cost, which Nandi 

et al found as the most common reason for arthroplasty surgeons to not use ceramic heads 

[21]. The racial difference in ceramic head utilization may be driven at least in part by 

differences in insurance status. It has been shown that Black, Hispanic, and Native American 

individuals are more likely to be uninsured or underinsured, which may drive the use of 

cheaper implants in these patients [39,40]. However, Asian Americans have essentially equal 

rates of insurance coverage compared to White patients, so insurance status alone does 

not entirely explain these differences [41]. The etiology of femoral head choice is likely 

multifactorial and is informed by a host of the hospital, surgeon, and patient factors. Further 

study is necessary to fully understand drivers of this disparity.

Although our study did not uncover race-based and ethnicity-based disparities in clinical 

outcomes after controlling for ceramic femoral head use, our median length of follow-up of 

38 months is relatively short. Ceramic femoral heads reduce long-term rates of polyethylene 

wear and taper corrosion compared to metal counterparts and so the effect of disparities 

in their use will likely take years to become observable [42–44]. A recent registry study 

of the United Kingdom found significantly lower revision rates at two years for ceramic-on-

polyethylene bearings compared to metal-on-polyethylene bearings [25].

Unlike our findings here, prior literature has uncovered important and statistically significant 

racial disparities in readmission and revision surgery [9,10,12–14]. Ezomo et al found that 

when compared to White patients, Black and Hispanic patients were more likely to develop 

surgical complications following THA and that Native American patients were more likely 

to undergo reoperation [11]. Interestingly, Okike et al found a similar rate of readmission 

and reoperations following THA in a universally insured population in the western United 

States [45]. Disparities in access and utilization of primary arthroplasty have been well 

documented [19,46]. If similar patterns existed for revision arthroplasty, reduced access may 

result in erroneously similar estimated revision rates between groups due in part to limited 

follow-up and later intervention, if any in some cases. Ramirez et al examined the travel 

burden associated with centralized revision arthroplasty centers and did not find a significant 

disparity along racial and ethnic lines [47]. However, parity in travel distance does not 
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necessarily imply equality in utilization. Further research is needed to examine disparities in 

revision arthroplasty utilization.

Finally, given prior research showing non-White patients tend to present for arthroplasty 

later in disease progression, with more severe arthritis, we were surprised that in our study 

population Black patients were younger (62.3 vs 68.6) and had lower medical comorbidity 

(CCI of 2.45 vs 2.92) compared to White non-Hispanic patients. In administrative database 

and retrospective institutional studies, non-White patients have been found to have higher 

rates of baseline comorbidity at the time of primary and revision arthroplasty [9,45,48,49]. 

It is unclear why comorbidity levels were lower in non-White patients in our study, although 

this likely reflects a difference in the underlying population captured by the AJRR. Indeed, 

AJRR THA patients are younger and slightly more likely to identify as White compared 

to THA patients identified in the National Inpatient Sample database, the largest nationally 

representative administrative database [50]. Multiple studies have found the average age of 

non-White patients undergoing primary arthroplasty to be lower than White patients, as we 

find here [9,11,45].

The present study is not without its limitations. We recognize the inherent weakness in 

a large retrospective registry study including the potential for errors in coding and data 

entry. Furthermore, the AJRR does not collect information on income, education level, or 

insurance status all of which may be associated with race and/or ethnicity and are additional 

mechanisms of disparity. In addition, information on patient’s local environment, such as 

distance to healthcare providers and overall neighborhood socioeconomic status, is also 

not available. These neighborhood effects have been well-studied in the health disparities 

literature and are associated with an overall level of medical comorbidity and mortality, 

obesity, access to green space, and levels of physical activity as well has THA outcomes 

[51–54]. Furthermore, one of the categories was Hispanic-Other, which refers to those of 

Hispanic ethnicity, but either were not identified as Hispanic-White or just had missing 

values for the race variable. In addition, certain outcomes have a high-level of missingness 

in the AJRR. Specifically, the missingness varied significantly by the racial group in RA 

surgery, dual mobility implants, and revision THA. Interpretation of results related to 

these outcomes must therefore be limited. Although this exclusion of these patients likely 

reflects the representativeness of this study, this is a limitation of registry studies that 

rely on self-reporting of statistics from a vast number of different institutions. Overall, the 

representativeness of the AJRR has shown to correlate well with nationally representative 

administrative databases [50]. Finally, while we have identified some THA features as 

cutting-edge, we acknowledge that there are no published guidelines recommending their 

use. Rather, we have identified them as newer technologies with potential clinical benefits 

reflecting differential surgeon access. Further study, including cost-benefit analyses, are 

necessary before such guidelines are issued.

Conclusion

Our findings indicate that compared to White patients, Black, Hispanic, Native American, 

and Asian patients have lower rates of ceramic femoral head placement in THA. These 

differences exist despite the growing popularity of ceramic femoral head use in modern 
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arthroplasty and may contribute to a growing divide in THA outcomes between these 

groups. Interestingly, when controlling for femoral head type, we found no differences in 

revision THA in a short-term follow-up, although a longer-term follow-up is necessary 

to address this question. The disparity in ceramic femoral head use may be driven by 

differential access to fellowship-trained arthroplasty surgeons or lower reimbursement 

driving the selection of cheaper implants by hospitals and health systems. Further research 

is necessary to uncover the etiology of this disparity to address these causes and reduce the 

impact of femoral head use on long-term outcomes.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Table 2

Summary Statistics for Study Patients by Ceramic Head Use.

Variable Nonceramic Head Ceramic Head P Value

n = 57,383 n = 45,824

Age 74.47 (SD 11.91) 64.73 (SD 11.32) <.0001

CCI 3.72 (SD 1.99) 2.47 (SD 1.57) <.0001

Elective THA 38,366 (66.86%) 44,501 (97.11%) <.0001

30-d readmission
a 254 (0.64%) 183 (0.41%) <.0001

90-d readmission
a 496 (1.25%) 395 (0.87%) <.0001

Revisions
a 660 (1.59%) 556 (1.2%) <.0001

Deaths
a 488 (1.17%) 100 (.22%) <.0001

Robotic assisted 339 (1.67%) 472 (3.7%) <.0001

Dual mobility 2,399 (7.16%) 4,185 (10.43%) <.0001

Race/Ethnicity <.0001

 White 51,718 (90.13%) 40,490 (88.36%)

 Black 2,539 (4.42%) 2,952 (6.44%)

 Hispanic-White 864 (1.51%) 715 (1.56%)

 Hispanic-Other 569 (0.99%) 464 (1.01%)

 Asian 715 (1.25%) 470 (1.03%)

 Native American 401 (0.7%) 224 (0.49%)

 Other Races 577 (1.01%) 509 (1.11%)

a
Totals from the outcome analysis were used for these variables, n = 85,118.
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Table 3

Pairwise Multivariate Multilevel Regression Results for Ceramic Femoral Head Use by Racial/Ethnic Group.

Comparison OR (95% CI) More Ceramic Use P Value

Native American vs Asian 0.70 (0.38, 1.27) − .57

Native American vs Hispanic-Other 0.80 (0.43, 1.48) − .94

Native American vs White 0.52 (0.30, 0.87) White .0041

Native American vs Hispanic-White 0.68 (0.38, 1.21) − .43

Native American vs Black 0.65 (0.38, 1.12) − .22

Asian vs Hispanic-Other 1.14 (0.74, 1.77) − .97

Asian vs White 0.74 (0.55, 1.00) White .045

Asian vs Hispanic-White 0.97 (0.66, 1.43) − .99

Asian vs Black 0.93 (0.67, 1.29) − .99

Hispanic-Other vs White 0.65 (0.47, 0.90) White .0016

Hispanic-Other vs Hispanic-White 0.85 (0.56, 1.27) − .89

Hispanic-Other vs Black 0.81 (0.57, 1.15) − .59

Hispanic-White vs White 0.76 (0.59, 0.99) White .037

Black vs White 0.79 (0.69, 0.92) White <.0001

Hispanic-White vs Black 0.96 (0.72, 1.28) − .99

Statistically signficant values are given in bold.
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Table 4

Pairwise Multilevel Multivariate Proportional Hazard Regression Results for Risk of Revision Total Hip 

Arthroplasty by Racial Group.

Comparison HR (95% CI) P Value

Native American vs Asian 2.5317 (0.8579, 7.4716) .13

Native American vs Hispanic-Other 2.329 (0.7808, 6.9474) .23

Native American vs White 0.9947 (0.4726, 2.0937) 1

Native American vs Hispanic-White 1.0311 (0.3658, 2.9062) 1

Native American vs Black 1.1886 (0.5367, 2.6325) .99

Asian vs Hispanic-Other 0.9199 (0.2975, 2.8443) 1.00

Asian vs White 0.3929 (0.1797, 0.8591) .0075

Asian vs Hispanic-White 0.4073 (0.1514, 1.0953) .10

Asian vs Black 0.4695 (0.2012, 1.0956) .11

Hispanic-Other vs White 0.4271 (0.1853, 0.9842) .043

Hispanic-Other vs Hispanic-White 0.4427 (0.1498, 1.3086) .25

Hispanic-Other vs Black 0.5104 (0.2102, 1.2394) .25

White vs Hispanic-White 1.0365 (0.5123, 2.0972) 1.00

White vs Black 1.1949 (0.9217, 1.5491) .35

Hispanic-White vs Black 1.1528 (0.5421, 2.4514) .99

Statistically signficant values are given in bold.
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