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D emand for total knee arthroplasty (TKA) is expected to reach 

3.48 million procedures annually in the United States by 

2030.1 With increased demand comes increased emphasis on 

improving both TKA outcomes and perioperative efficiency. Using 

a standardized care pathway for TKA is one method that has been 

implemented to achieve these goals.2-12 Results of published studies 

on the utilization of standardized TKA pathways have demonstrated 

improved early outcomes including reduced length of stay (LOS), 

reduced cost, decreased blood loss and transfusions, and reduced 

opioid use, with no increased incidence of complications.2-6,8,9,11-14 

However, these studies have either consisted primarily of White 

patients or not specified their samples’ ethnic makeup.2-6,8,9,11-14 

There are limited studies on implementing standardized TKA 

pathways in minority populations. Inferior TKA outcomes have 

been documented in minority populations compared with those 

reported in nonminority populations.15-18

The purpose of this study was to evaluate the effects of a 

multidisciplinary standardized TKA pathway on TKA outcomes at 

an urban teaching hospital that primarily serves minority patients. 

We hypothesize that pathway standardization in this population 

will reduce the LOS, shorten the use of patient-controlled analgesia 

(PCA), and increase the rate of discharge to home without an increase 

in complications following unilateral primary TKAs.

METHODS
This was an institutional review board–approved, retrospective 

cohort study. Two groups of consecutive patients underwent primary 

unilateral TKAs, before and after the institution of the standard-

ized pathway. The pathway was designed with the collaboration of 

fellowship-trained arthroplasty surgeons, anesthesiologists, nurses 

(both in the operating room and on the wards), and social services 

professionals. The protocols were based upon evidence-based data 

and techniques already available in the literature. The pathway was 

implemented in September 2015.

The hospital is an urban, county-financed tertiary teaching 

hospital that primarily serves minority and indigent patients. The 
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ABSTRACT

OBJECTIVES: Inferior total knee arthroplasty (TKA) 
outcomes are reported in minority populations. Standardized 
TKA pathways improve outcomes but have not been studied 
extensively in minority populations. This study evaluated the 
impact of TKA pathway standardization at an urban teaching 
hospital that predominantly treats minority patients.

STUDY DESIGN: Retrospective cohort study.

METHODS: This study compared primary TKA outcomes 
before and after implementation of a standardized 
multidisciplinary pathway that emphasized preoperative 
education and discharge planning, preemptive multimodal 
pain control, and early rehabilitation. Patients were grouped 
as “nonpathway” (n = 144) or “pathway” (n = 182) based 
on whether they underwent TKA before or after pathway 
implementation. Outcomes included length of stay (LOS), 
patient-controlled analgesia (PCA) use, blood transfusion, 
postoperative hemoglobin, complications, and discharge 
disposition. Analysis involved negative binomial and multiple 
logistic regression models, t tests, and Fisher’s exact tests.

RESULTS: Mean (SD) age was 61.6 (8.7) years, and 36.5% 
were men. Ethnicity of the patients included Hispanic 
(44.5%), African American (27.9%), Asian (14.1%), and 
White (12.9%). Pathway and nonpathway patients were 
similar demographically and racially. Pathway patients had 
shorter LOS (P = .04), less PCA use (P < .001), more frequent 
discharge home (P = .03), fewer transfusions (P = .002), 
and higher postoperative hemoglobin (P < .001). Overall 
incidence of complications was similar (P = .61). Nonpathway 
patients developed more cardiopulmonary complications 
(P = .02), whereas pathway patients had more wound 
dehiscence (P = .01).

CONCLUSIONS: Compared with nonpathway patients, 
standardized TKA pathway patients had shorter LOS, 
decreased PCA use, increased discharge to home, fewer 
blood transfusions, and higher postoperative hemoglobin, 
with no difference in total incidence of complication.
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“nonpathway” cohort included 144 consecutive 

patients who underwent TKAs from April 

2014 to August 2015 by 2 fellowship-trained 

arthroplasty surgeons. The “pathway” cohort 

included 182 consecutive patients who under-

went TKAs from September 2015 to August 2016 

by 1 fellowship-trained arthroplasty surgeon. All 

surgeons utilized similar surgical techniques 

and implant selection. All the patients analyzed 

in the study had at least 90 days of follow-up.

Pathway

For the nonpathway patients, there was no 

preoperative discharge planning or standardized perioperative 

pain control regimen. All patients received femoral nerve blocks 

and general anesthesia. A tourniquet was utilized, and tranexamic 

acid (TXA) was not administered during surgery. Postoperatively, 

the patients received hydromorphone or morphine PCA and oral 

hydrocodone as needed. The PCA was discontinued when the 

pain was adequately controlled with oral medications. Venous 

thromboembolic prophylaxis included sequential compression 

devices and either low-molecular-weight heparin or aspirin during 

the inpatient stay. All patients received aspirin 325 mg twice daily 

for 4 weeks after discharge.

The pathway patients attended a preoperative “joints camp” to 

meet with the nurses, social workers, and advanced practitioners 

(physician assistant and nurse practitioner) to review the informed 

consent, discuss the procedure, establish the expectations, empha-

size early mobilization, discuss discharge planning, approve and 

acquire durable medical equipment, and coordinate postdischarge 

physical therapy and follow-up visits. In addition, a perioperative 

multimodal pain control regimen was instituted. Pathway patients 

received adductor canal blocks instead of femoral nerve blocks to 

allow for preservation of quadriceps activation and early mobiliza-

tion postoperatively. The protocol included preemptive pain control 

using oxycodone and gabapentin in the preoperative holding area. 

Either general or spinal anesthesia was utilized, with preference for 

spinal anesthesia when possible. Tourniquet and intravenous TXA 

were used for all the procedures. The postoperative pain regimen 

consisted of scheduled oxycodone given for 5 doses, with hydroco-

done given as needed. Hydromorphone or morphine PCA was also 

available if required. Physical therapy evaluation and mobilization 

began the day of the surgery. Indwelling urinary catheter was 

no longer utilized unless clinically indicated. Thromboembolic 

prophylaxis was similar to that of the nonpathway group. There 

was no change in implant selection or surgical techniques after 

pathway implementation.

Data Collection and Analysis

Demographic and clinical variables collected for analysis included 

age, sex, body mass index (BMI), ethnicity, LOS in days, PCA use in 

days, preoperative hemoglobin (most recent value prior to surgery), 

postoperative hemoglobin (first value after surgery), incidence of 

blood transfusion, discharge disposition (home vs skilled nursing 

facility vs rehabilitation facility), and complications.

Demographic characteristics were reported for all patients 

together, as well as pathway and nonpathway patients separately. 

Continuous variables were described with mean and SD compared 

using 2-independent sample t tests with the Satterthwaite method 

for unequal variances. Categorical variables were described using 

proportions and compared with Fisher’s exact tests.

Next, a negative binomial regression model for our primary 

outcomes compared LOS and PCA use between pathway and 

nonpathway patients. A nonlinear regression model was used 

to evaluate LOS and PCA use between cohorts and reported as 

geometric means (GMs). In addition, disposition was analyzed in a 

binary fashion as discharged to home vs discharged to facility other 

than home (skilled nursing or rehabilitation facility). To estimate 

the probability of discharge home with adjusted odds ratios (ORs), 

a multiple logistic regression model was created and included 

penalized maximum likelihood estimation along with Firth’s bias 

correction. Age, sex, BMI, ethnicity, need for blood transfusion, and 

incidence of complications were adjusted for as covariates in both 

the negative binomial and multiple logistic regression models.

Statistical analyses were carried out using SAS software version 9.4 

(SAS Institute Inc). Level of significance was set at α = .05 (2-tailed), 

and the false discovery rate (FDR) procedure was implemented to 

control false positives over the multiple tests.

RESULTS
In total, 326 patients were included (144 nonpathway and 182 

pathway patients). The mean (SD) age was 61.6 (8.7) years (range, 

42-84 years). Men made up 36.5% of patients. The mean (SD) BMI 

was 31.6 (4.8) kg/m2 (range, 18.6-44.6 kg/m2). Ethnicity of the patients 

included Hispanic (44.5%), African American (27.9%), Asian (14.1%), 

White (12.9%), and other (0.6%). Pathway and nonpathway patients 

were not different in age (P = .06), gender (P = .56), BMI (P = .12), or 

ethnic composition (Hispanic [P = .78], African American [P = .37], 

White [P = .50], Asian [P = .83]). See Table 1 for a summary of 

demographic characteristics. General anesthesia was utilized for 

TAKEAWAY POINTS

Inferior total knee arthroplasty (TKA) outcomes are reported in minority populations. This 
study, performed at an urban teaching hospital that predominantly treats minority patients, 
found that a standardized care pathway for TKA was associated with improved outcomes and 
no difference in overall complication rates compared with nonpathway TKA patients.

 › The standardized multidisciplinary care pathway emphasized preoperative education and 
discharge planning, preemptive multimodal pain control, and early rehabilitation.

 › Pathway patients had decreased length of stay, decreased patient-controlled analgesia use, 
and more frequent discharge to home.

 › Although overall complications were similar, pathway patients had fewer cardiopulmonary 
complications but increased wound dehiscence.
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all 144 nonpathway patients but only 101 of 182 pathway patients, 

with the rest receiving spinal anesthesia (100% vs 55.5%; P < .001).

The LOS and the PCA use were compared between the 2 groups 

using the negative binomial regression model. The LOS was shorter 

for the pathway group (GM, 2.65 days; 95% CI, 2.47-2.83; range, 1-9; 

P = .04; FDR, 0.04) than for the nonpathway group (GM, 3.10 days; 

95% CI, 2.76-3.49; range, 1-21). Additionally, the pathway patients 

required less PCA use (GM, 0.04 days; 95% CI, 0.01-0.14; range, 0-4; 

P < .001; FDR, <0.001) than the nonpathway patients (GM, 1.87 days; 

95% CI, 1.74-2.00; range, 0-7).

Regarding disposition, 95.1% of pathway patients and 86.8% 

of nonpathway patients were discharged to home. The multiple 

logistic regression model demonstrated that the pathway patients 

were significantly more likely to be discharged to home than the 

nonpathway patients (OR, 2.39; 95% CI, 1.05-5.76; P = .03; FDR, 0.03).

Despite there being no difference in the mean preoperative 

hemoglobin between the 2 groups (13.1 g/dL for pathway patients 

vs 13.4 g/dL for nonpathway patients; P = .10), as shown in Table 1, 

pathway patients required fewer transfusions (1.6% vs 9.7%; P = .002) 

and had higher mean postoperative hemoglobin values (11.7 vs 10.5 g/

dL; P < .001). Outcomes comparisons are summarized in Table 2.

The incidence of total complications was not different between 

the groups (11.5% for pathway patients vs 13.9% for nonpathway 

patients; P = .61; FDR, 0.75). The nonpathway patients had more 

cardiopulmonary complications (5.6% vs 0%; P = .02; FDR, 0.06) 

whereas the pathway patients had more incidences of wound 

dehiscence (4.4% vs 0%; P = .01; FDR, 0.06). Incidence of pulmonary 

embolism was greater in the nonpathway patients but did not reach 

significance (2.1% vs 0%; P = .051; FDR, 0.10). Complications are 

detailed in Table 3.

DISCUSSION
Our data were similar to those in previous reports on the efficacy of 

standardized clinical pathways in improving TKA outcomes.2-6,8,9,11-14 

This study, however, is unique in that the study patient population 

consisted primarily of minority ethnicities with lower socioeconomic 

status in an urban teaching center.

Limited studies exist on the utilization of standardized pathways 

in minority populations undergoing TKAs. Available published 

studies have reported a substantial disparity between minority 

and nonminority patient populations in terms of TKA access and 

outcomes. Minority patients undergo fewer TKAs than nonminority 

patients, despite having similar arthritis disease prevalence.19,20 

They also more frequently undergo TKA in low-volume centers,15,17,21 

which have been associated with poorer outcomes.22-24

There are differences in TKA outcomes between minority and 

nonminority patients. Preoperatively, minority patients have lower 

Oxford Knee Scores, have higher pain levels, and tend to anticipate 

higher levels of postoperative pain.25,26 Postoperatively, minority 

patients have longer LOS and are more likely to be discharged to 

a subacute care facility than to home.14,27-29 African American and 

Hispanic patients in particular are at higher risk of complications 

and readmissions.15-17 Furthermore, minority patients achieve 

lower postoperative knee functional scores.26,30-32 Minority patients 

also have been identified as having a disproportionate rate of TKA 

revisions.33 Finally, being in an ethnic minority has been identified 

TABLE 1. Comparison of Patient Characteristics

Nonpathway 
(n = 144)

Pathway 
(n = 182) P

 Age in years, mean (SD) 62.6 (8.9) 60.8 (8.6) .06

 Male gender, n (%) 55 (38.2%) 64 (35.0%) .56

 BMI in kg/m2, mean (SD) 32.1 (5.1) 31.2 (4.5) .12

 Hispanic, n (%) 62 (43.1%) 83 (45.4%) .78

 African American, n (%) 47 (32.6%) 44 (24.0%) .37

 Asian, n (%) 22 (15.3%) 24 (13.1%) .83

 White, n (%) 12 (8.3%) 30 (16.4%) .50

 Preoperative Hb in g/dL, mean (SD) 13.4 (1.4) 13.1 (1.4) .10

BMI, body mass index; Hb, hemoglobin.

TABLE 2. Comparison of Outcomesa

Nonpathway 
(n = 144)

Pathway 
(n = 182) P

Length of stay in days, GM (95% CI)
3.10 

(2.76-3.49)
2.66 

(2.47-2.83)
.04

PCA use in days, GM (95% CI)
1.87 

(1.74-2.00)
0.04 

(0.01-0.14)
<.001

Blood transfusion, n (%) 14 (9.7%) 3 (1.6%) .002

Postoperative Hb in g/dL, mean (SD) 10.5 (1.5) 11.7 (2.5) <.001

Discharge disposition, n (%) .03

Home 125 (86.8%) 173 (95.1%)

Skilled nursing facility 10 (6.9%) 6 (3.3%)

Inpatient rehabilitation 9 (6.3%) 3 (1.6%)

GM, geometric mean; Hb, hemoglobin; PCA, patient-controlled analgesia.
aBold indicates statistical significance (P < .05).

TABLE 3. Complicationsa

Nonpathway 
(n = 144)

Pathway 
(n = 182) P

Any complication, n (%) 20 (13.9%) 21 (11.5%) .61

Periprosthetic joint infection 3 (2.1%) 4 (2.2%) .94

Wound dehiscence 0 (0.0%) 8 (4.4%) .01

Joint stiffness or instability 4 (2.8%) 7 (3.9%) .60

Foot drop 0 (0.0%) 1 (0.6%) .37

Deep vein thrombosis 2 (1.4%) 1 (0.6%) .43

Pulmonary embolism 3 (2.1%) 0 (0.0%) .05

Pneumonia, COPD exacerbation 4 (2.8%) 0 (0.0%) .02

Stroke, arrhythmia 4 (2.8%) 0 (0.0%) .02

COPD, chronic obstructive pulmonary disease.
aBold indicates statistical significance (P < .05).
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as an independent risk factor for in-hospital mortality following 

TKA.17,34 These disparities highlight the importance of improving 

outcomes for minority patient populations through standardized 

care pathways for TKA.

The TKA pathway patients in this study had a significant decrease 

in LOS and increase in discharge to home. This is valuable because 

shorter stays and discharge to home have been associated with 

improved clinical outcomes, increased patient satisfaction, and 

reduced costs.2,27,35,36

At our institution, reducing LOS by 1 day saves the hospital 

approximately $665. This value includes room expenses, routine 

laboratory testing, physical therapy, and medications. Our data 

showed that the TKA pathway standardization was associated 

with a 0.45-day reduction in LOS. At a rate of 300 TKAs per year, 

for example, the shorter LOS alone would reduce the costs to our 

institution by $89,709.

Discharge to a subacute care facility has also been associated 

with increased odds of readmission and the development of 

respiratory, septic, thromboembolic, and urinary complications.37 

Furthermore, discharge to a subacute care facility is a cost driver 

in total joint arthroplasty. This further underscores the financial 

benefit of standardized care pathways that are associated with the 

reduction of discharges to the subacute care facility and an increase 

of discharges to home.13,36

Studies have also demonstrated that minority patients tend 

to report higher pain levels preoperatively and anticipate higher 

postoperative pain levels.25,26 Our TKA pathway pain protocol 

effectively reduced PCA use. The improved pain management 

invariably contributed to earlier and more effective mobilization 

of the patients. Other studies have reported that patients using 

PCA are twice as likely to miss therapy sessions.38 Decreased PCA 

use allowing for earlier mobilization could have had other benefits, 

including risk reduction of venous thromboembolism, pneumonia, 

delirium, urinary retention, and urinary tract infection.39-41

Pathway patients had higher postoperative hemoglobin levels and 

decreased need for blood transfusion, despite similar preoperative 

hemoglobin levels. In our pathway, this finding is likely related 

to the use of TXA intraoperatively, as this was the only difference 

in blood loss management between the 2 groups. This has been 

previously reported.9

Wound dehiscence was the only complication that occurred 

significantly more often in the pathway group than in the nonpathway 

group. Both groups had similar closure technique with regard to 

the suture material and size used. There was also no change in the 

surgical dressing protocol between the groups. Six of the 8 patients 

with wound dehiscence in the pathway group underwent skin closure 

with subcutaneous Monocryl as opposed to staples. The increase 

in wound dehiscence in the pathway group may have been due to 

increased incisional stresses as a result of the earlier and more 

aggressive rehabilitation and more effective pain management. 

The surgical site or the periprosthetic joint infection rate, however, 

was not different between the 2 groups.

Limitations
Limitations of this study include its retrospective design and lack 

of randomization. Randomization may not have been appropriate, 

however, given that standardized pathways for TKA are generally 

accepted as safe and effective in the general population. Furthermore, 

as a limitation, we did not conduct chart review of patients who 

were not a part of the pathway after implementation. In addition, 

the surgical techniques between the pathway and nonpathway 

surgeons, although similar, were not standardized with regard to 

tourniquet time and closure techniques. Functional data were not 

well documented and therefore could not be analyzed. Although 

we can infer that the pathway patients made functional gains more 

quickly than the nonpathway patients given the shorter LOS and 

more frequent discharge to home, we do not have precise data on 

how quickly our patients met specific range of motion and activity 

milestones. We also did not account for how factors related to each 

patient’s living situation might have affected discharge disposition. 

Another limitation is that we did not control for specific medical 

or clinical characteristics outside of basic demographic informa-

tion. However, we do not suspect significant differences between 

pathway and nonpathway patients in terms of clinical characteristics, 

as these were relatively large samples of patients from the same 

institution undergoing the same procedure for the same disease 

process. Finally, a relatively short follow-up (minimum of 90 days) 

was required for inclusion, which may not capture complications 

that develop in the longer term.

CONCLUSIONS
This study demonstrated that the institution of a standardized 

TKA pathway resulted in shorter LOS, decreased PCA use, increased 

discharge to home, fewer blood transfusions, and higher post-

operative hemoglobin with no difference in the total incidence 

of complications. Our data validated that the utilization of the 

standardized pathway was effective and safe in improving outcomes 

in the minority patient populations at an urban teaching hospital 

and could potentially reduce the costs of TKA. Further studies 

are needed to corroborate our conclusions and evaluate whether 

standardized pathways could reduce the disparity in the outcomes 

between minority and nonminority patient populations. n

Author Affiliations: Department of Orthopedic Surgery (DWR, GAC, KAE, MHH), 
Department of Clinical Sciences (PN), and Medical School (DG), UT Southwestern 
Medical Center, Dallas, TX.

Source of Funding: None.

Author Disclosures: The authors report no relationship or financial interest 
with any entity that would pose a conflict of interest with the subject matter of 
this article.

Authorship Information: Concept and design (DWR, DG, KAE, MHH); acquisition 
of data (DWR, DG); analysis and interpretation of data (DWR, DG, GAC, PN, KAE, 
MHH); drafting of the manuscript (DWR, DG, GAC, PN, MHH); critical revision 
of the manuscript for important intellectual content (DWR, DG, GAC, PN, MHH); 
statistical analysis (PN); administrative, technical, or logistic support (DG, KAE, 
MHH); and supervision (KAE).

Address Correspondence to: Dietrich W. Riepen, MD, Department of Orthopedic 
Surgery, UT Southwestern Medical Center, 6369 Bordeaux Ave, Dallas, TX 75209. 
Email: Dietrich.Riepen@gmail.com.



e156  MAY 2021 www.ajmc.com

CLINICAL

REFERENCES
1. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip and knee arthroplasty in 
the United States from 2005 to 2030. J Bone Joint Surg Am. 2007;89(4):780-785. doi:10.2106/JBJS.F.00222
2. Andreasen SE, Holm HB, Jørgensen M, Gromov K, Kjærsgaard-Andersen P, Husted H. Time-driven 
activity-based cost of fast-track total hip and knee arthroplasty. J Arthroplasty. 2017;32(6):1747-1755. 
doi:10.1016/j.arth.2016.12.040
3. Auyong DB, Allen CJ, Pahang JA, Clabeaux JJ, MacDonald KM, Hanson NA. Reduced length of hospitalization 
in primary total knee arthroplasty patients using an updated enhanced recovery after orthopedic surgery 
(ERAS) pathway. J Arthroplasty. 2015;30(10):1705-1709. doi:10.1016/j.arth.2015.05.007
4. Ayalon O, Liu S, Flics S, Cahill J, Juliano K, Cornell CN. A multimodal clinical pathway can reduce length of 
stay after total knee arthroplasty. HSS J. 2011;7(1):9-15. doi:10.1007/s11420-010-9164-1
5. den Hertog A, Gliesche K, Timm J, Mühlbauer B, Zebrowski S. Pathway-controlled fast-track rehabilitation after 
total knee arthroplasty: a randomized prospective clinical study evaluating the recovery pattern, drug consump-
tion, and length of stay. Arch Orthop Trauma Surg. 2012;132(8):1153-1163. doi:10.1007/s00402-012-1528-1
6. Duncan CM, Moeschler SM, Horlocker TT, Hanssen AD, Hebl JR. A self-paired comparison of perioperative 
outcomes before and after implementation of a clinical pathway in patients undergoing total knee arthroplasty. 
Reg Anesth Pain Med. 2013;38(6):533-538. doi:10.1097/AAP.0000000000000014
7. Feng JE, Novikov D, Anoushiravani AA, Schwarzkopf R. Total knee arthroplasty: improving outcomes with a 
multidisciplinary approach. J Multidiscip Healthc. 2018;11:63-73. doi:10.2147/JMDH.S140550
8. Ibrahim MS, Khan MA, Nizam I, Haddad FS. Peri-operative interventions producing better functional 
outcomes and enhanced recovery following total hip and knee arthroplasty: an evidence-based review. BMC 
Med. 2013;11:37. doi:10.1186/1741-7015-11-37
9. Jiang HH, Jian XF, Shangguan YF, Qing J, Chen LB. Effects of enhanced recovery after surgery in total knee 
arthroplasty for patients older than 65 years. Orthop Surg. 2019;11(2):229-235. doi:10.1111/os.12441
10. Kumar L, Kumar AH, Grant SA, Gadsden J. Updates in enhanced recovery pathways for total knee 
arthroplasty. Anesthesiol Clin. 2018;36(3):375-386. doi:10.1016/j.anclin.2018.04.007
11. Loftus T, Agee C, Jaffe R, Tao J, Jacofsky DJ. A simplified pathway for total knee arthroplasty improves 
outcomes. J Knee Surg. 2014;27(3):221-228. doi:10.1055/s-0033-1360657
12. Stowers MDJ, Lemanu DP, Coleman B, Hill AG, Munro JT. Review article: perioperative care in 
enhanced recovery for total hip and knee arthroplasty. J Orthop Surg (Hong Kong). 2014;22(3):383-392. 
doi:10.1177/230949901402200324
13. Bozic KJ, Ward L, Vail TP, Maze M. Bundled payments in total joint arthroplasty: targeting opportunities for qual-
ity improvement and cost reduction. Clin Orthop Relat Res. 2014;472(1):188-193. doi:10.1007/s11999-013-3034-3
14. Keeney BJ, Koenig KM, Paddock NG, Moschetti WE, Sparks MB, Jevsevar DS. Do aggregate socioeconomic 
status factors predict outcomes for total knee arthroplasty in a rural population? J Arthroplasty. 
2017;32(12):3583-3590. doi:10.1016/j.arth.2017.07.002
15. Adelani MA, Keller MR, Barrack RL, Olsen MA. The impact of hospital volume on racial differences in 
complications, readmissions, and emergency department visits following total joint arthroplasty. J Arthroplasty. 
2018;33(2):309-315.e20. doi:10.1016/j.arth.2017.09.034
16. Keeney JA, Nam D, Johnson SR, Nunley RM, Clohisy JC, Barrack RL. Socioeconomically disadvantaged CMS 
beneficiaries do not benefit from the readmission reduction initiatives. J Arthroplasty. 2015;30(12):2082-2085. 
doi:10.1016/j.arth.2015.06.031
17. Zhang W, Lyman S, Boutin-Foster C, et al. Racial and ethnic disparities in utilization rate, hospital volume, 
and perioperative outcomes after total knee arthroplasty. J Bone Joint Surg Am. 2016;98(15):1243-1252. 
doi:10.2106/JBJS.15.01009
18. Kerman HM, Smith SR, Smith KC, et al. Disparities in total knee replacement: population losses in quality-
adjusted life-years due to differential offer, acceptance, and complication rates for African Americans. Arthritis 
Care Res (Hoboken). 2018;70(9):1326-1334. doi:10.1002/acr.23484
19. Chen J, Rizzo JA, Parasuraman S, Gunnarsson C. Racial disparities in receiving total hip/knee replacement 
surgery: the effect of hospital admission sources. J Health Care Poor Underserved. 2013;24(1):135-151. 
doi:10.1353/hpu.2013.0026
20. Irgit K, Nelson CL. Defining racial and ethnic disparities in THA and TKA. Clin Orthop Rel Res. 
2011;469(7):1817-1823. doi:10.1007/s11999-011-1885-z

21. Losina E, Wright EA, Kessler CL, et al. Neighborhoods matter: use of hospitals with worse 
outcomes following total knee replacement by patients from vulnerable populations. Arch Intern Med. 
2007;167(2):182-187. doi:10.1001/archinte.167.2.182
22. Katz JN, Barrett J, Mahomed NN, Baron JA, Wright RJ, Losina E. Association between hospital and surgeon 
procedure volume and the outcomes of total knee replacement. J Bone Joint Surg Am. 2004;86(9):1909-1916. 
doi:10.2106/00004623-200409000-00008
23. Laucis NC, Chowdhury M, Dasgupta A, Bhattacharyya T. Trend toward high-volume hospitals and 
the influence on complications in knee and hip arthroplasty. J Bone Joint Surg Am. 2016;98(9):707-712. 
doi:10.2106/JBJS.15.00399
24. Wilson S, Marx RG, Pan TJ, Lyman S. Meaningful thresholds for the volume-outcome relationship in total 
knee arthroplasty. J Bone Joint Surg Am. 2016;98(20):1683-1690. doi:10.2106/JBJS.15.01365
25. Kudibal MT, Kallemose T, Troelsen A, Husted H, Gromov K. Does ethnicity and education influence 
preoperative disability and expectations in patients undergoing total knee arthroplasty? World J Orthop. 
2018;9(10):220-228. doi:10.5312/wjo.v9.i10.220
26. Lavernia CJ, Alcerro JC, Contreras JS, Rossi MD. Ethnic and racial factors influencing well-being, perceived 
pain, and physical function after primary total joint arthroplasty. Clin Orthop Relat Res. 2011;469(7):1838-1845. 
doi:10.1007/s11999-011-1841-y
27. Ihekweazu UN, Sohn GH, Laughlin MS, et al. Socio-demographic factors impact time to discharge following 
total knee arthroplasty. World J Orthop. 2018;9(12):285-291. doi:10.5312/wjo.v9.i12.285
28. Lan RH, Kamath AF. Post-acute care disparities in total joint arthroplasty. Arthroplast Today. 
2017;3(3):187-191. doi:10.1016/j.artd.2017.02.001
29. Pugely AJ, Martin CT, Gao Y, Belatti DA, Callaghan JJ. Comorbidities in patients undergoing 
total knee arthroplasty: do they influence hospital costs and length of stay? Clin Orthop Relat Res. 
2014;472(12):3943-3950. doi:10.1007/s11999-014-3918-x
30. Barrack RL, Ruh EL, Chen J, et al. Impact of socioeconomic factors on outcome of total knee arthroplasty. 
Clin Orthop Relat Res. 2014;472(1):86-97. doi:10.1007/s11999-013-3002-y
31. Kamath AF, Horneff JG, Gaffney V, Israelite CL, Nelson CL. Ethnic and gender differences in the 
functional disparities after primary total knee arthroplasty. Clin Orthop Relat Res. 2010;468(12):3355-3361. 
doi:10.1007/s11999-010-1461-y
32. Rosenthal BD, Hulst JB, Moric M, Levine BR, Sporer SM. The effect of payer type on clinical outcomes in 
total knee arthroplasty. J Arthroplasty. 2014;29(2):295-298. doi:10.1016/j.arth.2013.06.010
33. Saleh KJ, Santos ER, Ghomrawi HM, Parvizi J, Mulhall KJ. Socioeconomic issues and demographics of total 
knee arthroplasty revision. Clin Orthop Relat Res. 2006;446:15-21. doi:10.1097/01.blo.0000214416.91216.77
34. Memtsoudis SG, Pumberger M, Ma Y, et al. Epidemiology and risk factors for perioperative mortality after 
total hip and knee arthroplasty. J Orthop Res. 2012;30(11):1811-1821. doi:10.1002/jor.22139
35. Keswani A, Tasi MC, Fields A, Lovy AJ, Moucha CS, Bozic KJ. Discharge destination after total joint 
arthroplasty: an analysis of postdischarge outcomes, placement risk factors, and recent trends. J Arthroplasty. 
2016;31(6):1155-1162. doi:10.1016/j.arth.2015.11.044
36. Slover JD. You want a successful bundle: what about post-discharge care? J Arthroplasty. 
2016;31(5):936-937. doi:10.1016/j.arth.2016.01.056
37. Welsh RL, Graham JE, Karmarkar A, et al. Effects of postacute settings on readmission rates and 
reasons for readmission following total knee arthroplasty. J Am Med Dir Assoc. 2017;18(4):367.e1-367.e10. 
doi:10.1016/j.jamda.2016.12.068
38. Duellman TJ, Gaffigan C, Milbrandt JC, Allan DG. Multi-modal, pre-emptive analgesia decreases the length 
of hospital stay following total joint arthroplasty. Orthopedics. 2009;32(3):167.
39. Chandrasekaran S, Ariaretnam SK, Tsung J, Dickison D. Early mobilization after total knee replacement reduces 
the incidence of deep venous thrombosis. ANZ J Surg. 2009;79(7-8):526-529. doi:10.1111/j.1445-2197.2009.04982.x
40. Epstein NE. A review article on the benefits of early mobilization following spinal surgery and other 
medical/surgical procedures. Surg Neurol Int. 2014;5(suppl 3):S66-S73. doi:10.4103/2152-7806.130674
41. Husted H, Otte KS, Kristensen BB, Ørsnes T, Wong C, Kehlet H. Low risk of thromboembolic complications 
after fast-track hip and knee arthroplasty. Acta Orthop. 2010;81(5):599-605. doi:10.3109/17453674.2010.525196 

Visit ajmc.com/link/88637 to download PDF


