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Abstract

Background: Recent policy initiatives, including Bundled Payments for Care Improvement (BPCI) Initiative by the
Centers for Medicare and Medicaid Health Services (CMS), encourage healthcare providers to manage the total
episode of care, rather than just the surgical episode. Surgical site infections (SSI) following total joint replacement
result in preventable morbidity and suffering for patients and excess healthcare utilization for healthcare providers.
This study sought to estimate the additional resources associated with SSIs within the 90-day episode of care
following hip and knee joint replacement.

Methods: Using the 2013 Nationwide Readmissions Database (NRD), healthcare resource utilization was compared
between propensity score matched patient groups with and without SSI-related readmissions within the 90-day
episode of care following total joint replacement.

Results: Surgical site infections were associated with significantly longer hospital length of stay and increased costs
following hip and knee joint replacement procedures. Generalized estimating equation regression results confirmed
that additional costs associated with SSIs following both cohorts were significant, with additional hospital length of
stay and costs following total hip and knee replacement procedures ranging from 4.9 to 5.2 days and $12,689 to
$12,890, respectively.

Conclusion: Surgical site infections following total joint replacement account for significant additional healthcare
resource use within the 90-day episode of care.
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Introduction
As life expectancy continues to improve, healthcare ad-
ministrators anticipate a corresponding rise in the inci-
dence of total joint replacement, particularly primary hip
and knee procedures [1–3]. The demand for total knee
arthroplasty procedures has been projected to increase to
about 3.5 million procedures annually by 2030, and a cor-
responding increase in Medicare payments to hospitals
[4]. With an increasingly aging population presenting with
comorbid conditions, managing the risk of postoperative
complications, including surgical site infections (SSIs),
represents a significant challenge to healthcare providers
[5–7]. SSIs following total joint replacement are associated

with significant healthcare utilization and worsened qual-
ity of life in patients [7, 8]. de Lissovoy et al. projected that
by 2020, SSI-related readmissions following surgical pro-
cedures would account for almost one million additional
inpatient days and $1.6 billion in costs [9]. Peel et al. also
confirmed that SSIs are one of the top 2 major complica-
tions over the first 30 days following a knee or hip replace-
ment procedure [10].
Recent policy initiatives, including the Comprehensive

Care for Joint Replacement (CJR) program from the Cen-
ters for Medicare and Medicaid Health Services (CMS),
are intended to encourage healthcare providers to con-
sider best practices in managing patients over a 90-day
episode of care, rather than just the acute care period [11,
12]. Bundled payments provide further financial incentives
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to put in steps to avoid postoperative complications that
might result in excess treatment costs.
The current study sought to estimate the incidence

and additional economic burden associated with surgical
site infections within the 90-day episode of care period
using the National Readmissions Database (NRD) of the
Healthcare Cost and Utilization Project (HCUP). This
unique database captures information on discharges with
and without repeat hospital visits per year, allowing for
the longitudinal study of patient populations through a
12-month period, such that readmissions and associated
resource use following an event of interest can be cap-
tured and followed over time. With an increased em-
phasis on improved healthcare delivery while containing
costs, this database has the capability of identifying
causes of readmissions, making it possible to critically
assess relevant patient populations and proactively de-
velop strategies to successfully mitigate inefficiencies,
while improving outcomes. The HCUP NRD is a pub-
licly available (https://www.hcup-us.ahrq.gov/db/nation/
nrd/nrddbdocumentation.jsp) national database that
captures all-payer hospital inpatient-related events, and
its flexibility allows various readmission-related analyses.
Capturing more than 14 million discharges in 2013, 21
US states are accounted for in the database, representing
over 2000 hospitals.
The present study was aimed at estimating the eco-

nomic burden of SSI within 90 days following primary
hip/knee joint replacement procedures.

Methods
Using the 2013 NRD, discharges that were identified to
be at least 45 years old with an International Classifica-
tion of Diseases, Ninth Revision, Clinical Modification
(ICD-9-CM) primary procedure code for an elective
total hip or knee joint replacement procedure were in-
cluded into the study. Patients who presented with bilat-
eral joint procedures were excluded from the study.
The date of admission for the joint replacement was de-

fined as the index date, and each patient was followed

forward in time to capture any repeat visits associated with
surgical site infections within 90 days of the primary joint
replacement procedure. Readmissions due to a primary
diagnosis of surgical site infections identified based on the
presence of any of the ICD-9 CM diagnostic codes which

Table 1 Procedures/diagnoses by ICD-9 codes
Total joint replacement procedures

Primary THA 81.51

Primary TKA 81.54

Surgical Site Infections ICD-9 CM diagnosis code

Infection and inflammatory reaction due to internal joint prosthesis 99666

Infection and inflammatory reaction due to other internal orthopedic
device, implant, and graft

99667

Infection and inflammatory reaction due to other internal prosthetic
device, implant, and graft

99669

Infected postoperative seroma 99851

Other postoperative infection 99859

Table 2 Comparison of baseline characteristics by surgical site
infection status pre- and post-match in the total hip arthroplasty
cohort

Pre-match Post-match

Total No SSI SSI No SSI

N 48,143 47,740 403 403

Mean age (SD) 65.45
(10.87)

65.46
(10.87)

64.81
(10.99)

64.59
(10.86)

Sex (%)

Male 22,000
(45.7)

21,822
(45.71)

178 (44.17) 189 (46.9)

Female 26,143
(54.3)

25,918
(54.29)

225 (55.83) 214 (53.1)

Payer (%)

Medicare 26,264
(54.6)

26,029
(54.52)

235 (58.31) 231 (57.32)

Medicaid 1459 (3.03) 1432 (3) 27 (6.7) 30 (7.44)

Private insurance 18,504
(38.47)

18,376
(38.49)

128 (31.76) 130 (32.26)

Self-pay 315 (0.65) 314 (0.66) 1 (0.25) 2 (0.5)

No charge 61 (0.13) 59 (0.12) 2 (0.5) 2 (0.5)

Other 1502 (3.12) 1493 (3.13) 9 (2.23) 7 (1.74)

Unknown 38 (0.00) 37 (0.08) 1 (0.25) 1 (0.25)

Hospital bedsize (%)

Small 7500 (15.58) 7444 (15.59) 56 (13.9) 52 (12.9)

Medium 12,482
(25.93)

12,380
(25.93)

102 (25.31) 96 (23.82)

Large 28,161
(58.49)

27,916
(58.48)

245 (60.79) 255 (63.28)

Zip income quartile (%)

0–25th percentile 9457 (19.95) 9367 (19.62) 90 (22.33) 94 (23.33)

26th–50th percentile 12,301
(25.95)

12,192
(25.54)

109 (27.05) 107 (26.55)

51st–75th percentile 13,035
(27.5)

12,929
(27.08)

106 (26.3) 103 (25.56)

76th–100th percentile 12,604
(26.59)

12,512
(26.21)

92 (22.83) 95 (23.57)

Unknown 746 (0.00) 740 (1.55) 6 (1.49) 4 (0.99)

Hospital teaching status (%)

Metropolitan non-
teaching

22,070
(45.84)

21,863
(45.8)

207 (51.36) 200 (49.63)

Metropolitan teaching 21,865
(45.42)

21,707
(45.47)

158 (39.21) 166 (41.19)

Non-metropolitan
teaching

4208 (8.74) 4170 (8.73) 38 (9.43) 37 (9.18)

Comorbidity Index (%)

0–1 37,938
(78.8)

37,627
(78.82)

311 (77.17) 316 (78.41)

2–3 3873 (8.04) 3843 (8.05) 30 (7.44) 24 (5.96)

> 3 6332 (13.15) 6270 (13.13) 62 (15.38) 63 (15.63)
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include 99666, 99667, 99669, 99851, and 99859 were identi-
fied (see Table 1). Other discharge-level information ex-
tracted from the NRD includes age, gender, primary payer
information, comorbidity measures, event dates, and
healthcare utilization data (hospital length of stay, costs).

Total hospital costs were derived from total charges
and cost-charge ratio data provided by HCUP, and these
were estimated as the total costs associated with a pa-
tient from index hospital admission (defined as joint re-
placement) through the 90-day post-discharge period.

Fig. 1 Graphic distribution of propensity scores after match in the total hip arthroplasty cohort

Fig. 2 Graphic distribution of propensity scores before match in the total hip arthroplasty cohort
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Statistical analyses
Frequencies, means, and standard deviations were used in
univariate analyses to describe the study population;
thereafter, using a caliper-propensity score without re-
placement matching technique, patients identified to
present with SSI within the 90-day post-index event dis-
charge period were matched with patients without SSIs
based on age, gender, and primary payer status (Medicare,
Medicaid, private insurance, and the uninsured). Other
baseline variables included were Zip income quartile, hos-
pital bed size, hospital teaching status, and Charlson co-
morbidity scores (see Table 2 for details). Propensity
scores (PS) were derived based on multinomial logistic re-
gression; thereafter, study groups were matched based on
a caliper setting of < 0.01. Baseline characteristics before
and after the PS match were compared to assess whether
balance was achieved between the matched groups. Fol-
lowing PS matching, paired t tests and generalized esti-
mating equations which accounted for the matched
nature of the final study sample were used to assess the
relationship between hospital resource use and the pres-
ence/absence of SSIs following TJA. All analyses were car-
ried out using the statistical analytical software, SAS 9.4.
Descriptive statistics (mean, standard deviation, and fre-
quency) were used to summarize baseline sociodemo-
graphic, clinical characteristics, and health care utilization
cost patterns. McNemar’s and generalizing estimating
equation (GEE) regression analyses were also conducted
as deemed appropriate.
The top and bottom 1% of both cost and LOS data

were winsorized in order to curtail the possible
underestimation/overestimation effects of outliers on
the study results.

Outcomes
The main dependent and independent variables were
total hospital costs and the presence/absence of a surgi-
cal site infection within 90 days following a total joint
replacement respectively. The association between surgi-
cal site infections and cost and length of stay in the hos-
pital were compared with non-SSI discharges following a
1:1 match in both adjusted and unadjusted analyses. The
regression analyses employed took into account the
positively skewed nature of healthcare resource use, as-
suming gamma and negative binomial distributions with
log link function for costs and LOS respectively.

Results
A total of 48,143 adult ≥ 45-year-old patients were iden-
tified to have met inclusion criteria within the study
period; of this, 403 (0.84%) were identified to have surgi-
cal site infection-related readmissions. Table 2 shows
how the SSI and non-SSI hip replacement cohorts com-
pare before and after PS matching; the observed overlap

between groups in Fig. 1 compared to Fig. 2 shows that
balance was achieved between the 2 sub-populations
after match. Table 3 shows the distribution of the spe-
cific SSI responsible for readmission, with “Infection and
inflammatory reaction due to internal joint prosthesis”
and “Other postoperative infection” accounting for
49.9% and 41.4% of surgical site infection-related read-
missions respectively. In both unadjusted and adjusted
analyses, Table 4 shows that the mean difference in total
costs ($12,890; p < 0.001) and LOS (5.2; p < 0.0001) be-
tween patients with SSIs (total costs $29,288; LOS 8.25
days) and patients without SSIs (total costs $16,398;
LOS 3.03 days) within 90 days post-discharge was statis-
tically significant.
In the total knee replacement cohort, a total of 158,

516 patients ≥ 45 years met inclusion criteria; of this,
1140 (0.72%) met the inclusion criteria for readmis-
sion due to surgical site infection within the 90-day
episode of care period. Table 5 shows how the groups
in the knee cohort differ before and after match;
moreover, the overlap observed between groups in
Fig. 3 confirms that balance was achieved between
groups after the match when compared to before the
match (see Fig. 4). Table 6 shows that the most com-
mon SSIs responsible for a readmission were

Table 3 Distribution of surgical site infections in the total hip
arthroplasty cohort

Surgical site
infection ICD-9
code

Description of infection Frequency
(%)

99666 Infection and inflammatory reaction
due to internal joint prosthesis

201 (49.88)

99667 Infection and inflammatory reaction
due to other internal orthopedic
device, implant, and graft

12 (2.98)

99669 Infection and inflammatory reaction
due to other internal prosthetic device,
implant, and graft

2 (0.5)

99851 Infected postoperative seroma 21 (5.21)

99859 Other postoperative infection 167 (41.44)

Total 403 (100)

Table 4 Relationship between surgical site infection status and
resource use in total hip arthroplasty patients

Total SSI No SSI Difference Unadjusted Adjusted

N 806 403 403 –

Total
cost of
care [$]
(SD)

22,843.08
(10342)

29,288
(9290)

16,398
(6679)

12,890.20
(10,922)

< .0001 < .0001

Length
of stay
[days]
(SD)

5.64
(3.44)

8.25
(2.73)

3.03
(1.58)

5.22 (3.00) < .0001 < .0001
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“Infection and inflammatory reaction due to internal
joint prosthesis” and “Other postoperative infection”,
accounting for 49.8% and 46.1% respectively. There
was a statistically significant additional cost of $12,
689; p < 0.0001 associated with patients with SSIs
($28,576) compared to their peers without SSIs ($15,
887); by LOS, patients readmitted due to SSIs
(8.02 days) spent an additional 4.9 days; p < 0.0001 in
the hospital compared to their peers without SSI-
related readmissions with an LOS of 3.12 days (see
Table 7).

Discussion
Although 400,000 hip and knee joint replacement proce-
dures were completed in 2014, accounting for over $7
billion in hospitalizations [11], quality of care and costs
still vary widely and surgical site infections (SSIs) con-
tinue to pose a significant burden to patients and the
healthcare system. The recent emphasis on the 90-day
episode of care bundled payment for the CJR program
[11, 13] coupled with financial incentives, as part of the
Bundled Payments for Care Improvement (BPCI) Initia-
tive by CMS, make it imperative that healthcare

Table 5 Comparison of baseline characteristics by surgical site infection status pre- and post-match in the total knee arthroplasty
cohort

Pre-match Post-match

Total No SSI SSI no SSI

N 158,516 157,376 1140 1140

Mean age (SD) 66.25 (9.7) 66.3 (9.7) 65.3 (10.0) 65.8 (9.7)

Sex (%)

Male 61,012 (38.5) 60,456 (38.4) 556 (48.8) 562 (49.3)

Female 97,504 (61.5) 96,920 (61.6) 584 (51.2) 578 (50.7)

Payer (%)

Medicare 90,700 (57.2) 90,040 (57.2) 660 (57.9) 672 (59.0)

Medicaid 4607 (2.9) 4535 (2.9) 72 (6.3) 69 (6.1)

Private insurance 55,590 (35.1) 55,243 (35.1) 347 (30.4) 349 (30.6)

Self-pay 636 (0.4) 626 (0.4) 10 (0.9) 15 (1.3)

No charge 166 (0.1) 163 (0.1) 3 (0.3) 4 (0.4)

Other 6632 (4.2) 6585 (4.2) 47 (4.1) 31 (2.7)

Unknown 185 (0.1) 184 (0.1) 1 (0.1) 0(0)

Hospital bedsize (%)

Small 28,404 (17.9) 28,223 (17.9) 181 (15.9) 172 (15.1)

Medium 42,309 (26.7) 41,997 (26.7) 312 (27.4) 298 (26.1)

Large 87,803 (55.4) 87,156 (55.4) 647 (56.8) 670 (58.8)

Zip income quartile (%)

0–25th percentile 33,248 (21.0) 32,992 (21.0) 256 (22.5) 268 (23.5)

26th–50th percentile 42,535 (26.8) 42,237 (26.8) 298 (26.1) 286 (25.1)

51st–75th percentile 43,118 (27.2) 42,810 (27.2) 308 (27.0) 312 (27.4)

76th–100th percentile 37,061 (23.4) 36,799 (23.4) 262 (23.0) 264 (23.2)

Unknown 2554 (1.6) 2538 (1.6) 16 (1.4) 10 (0.9)

Hospital teaching status (%)

Metropolitan non-teaching 78,155 (49.3) 77,586 (49.3) 569 (49.9) 581 (51.0)

Metropolitan teaching 64,844 (40.9) 64,391 (40.9) 453 (39.7) 461 (40.4)

Non-metropolitan teaching 15,517 (9.8) 15,399 (9.8) 118 (10.4) 98 (8.6)

Comorbidity Index (%)

0–1 124,721 (78.7) 123,890 (78.7) 831 (72.9) 833 (73.1)

2–3 12,378 (7.8) 12,273 (7.8) 105 (9.2) 100 (8.8)

> 3 21,417 (13.5) 21,213 (13.5) 204 (17.9) 207 (18.2)
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providers understand both the clinical and financial im-
plications of SSIs in the post-acute care period.
The findings of the current study confirm that the add-

itional costs associated with SSIs within the 90-day episode
of care following total joint replacement are significant.

However, patient suffering due to additional treatments of
these preventable infections are unquantifiable and so is the
pressure that these events can put on providers that are
subject to working based on bundled payments. With pro-
jections suggesting that joint replacement procedures are

Fig. 3 Graphic distribution of propensity scores after match in the total knee arthroplasty cohort

Fig. 4 Graphic distribution of propensity scores before match in the total knee arthroplasty cohort
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on the rise [14], there is a need for healthcare providers to
take a more active and pragmatic approach to prevent com-
plications, such as SSIs. This has the potential to reduce
avoidable morbidity and associated mortality, improve pa-
tient satisfaction and quality of life, and contribute to im-
proved clinical and financial performance.
Although there are treatment protocols and guidelines

designed to improve perioperative efficiencies, curtail
and/or prevent the incidence and severity of preventable
surgical site infections following joint replacement [14–
16], a more pro-active, individualized approach may be
required to adequately address this issue. Surgical site
infection prevention measures may involve the identifi-
cation of high-risk patients and the proactive implemen-
tation of pre- and postoperative protocols to mitigate
such preventable complications [17]. There is evidence
supporting the prophylactic use of systemic antibiotics in
the perioperative period; however, the use of antibiotic-
loaded bone cement in reducing infections following joint
replacement is inconclusive [14–16]. Other published
studies have also reported the impact of a number of
evidence-based protocols that have proven effective in the
reduction of complications, such as the targeted use of
negative pressure wound therapy (NPWT) on surgical in-
cisions [15, 16, 18, 19]. Although the incidence of SSI
within 90 days following total joint replacement from the
present study is less than 1%, the associated resources
used are significant especially as it adds to an already ex-
pensive procedure. Although other studies have reported

incidence rates ranging from 0.3 to 2.5% [20–22], the risks
of infection following hip and knee replacement are ex-
pected to rise to 6.5% and 6.8% respectively by 2030 [14],
unless mechanisms are more proactively developed and
executed to mitigate this projected increase.
With the surgical site infection-related readmis-

sions observed to be primarily due to the internal
device used, it would also be important to consider
how outcomes differ by the specific internal joint
prosthesis used in joint replacement. While device
costs remain a significant determining factor in the
choice of the prosthesis used, there is a need to as-
sess how long-term outcomes impact overall treat-
ment costs. The extended period of antibiotic
treatment and revisions as a result of infections from
surgical implants are considered significant and in
most cases avoidable. This is of crucial financial im-
portance as complication of device, implant, or graft
is considered one of the five most expensive condi-
tions by payer, accounting for over $12.4 million and
632,000 hospital stays [23].
Our study adds to the existing literature estimating the

economic burden of SSIs over the 90-day episode of care
period following hip and knee joint replacement, utiliz-
ing the Nationwide Readmissions Database, a nationally
representative database with the capability of capturing
readmissions following an event of interest [24–26]. We
estimated the additional costs associated with surgical
site infections following total joint replacement by apply-
ing a propensity score matching technique to account
for possible bias between groups due to differences in
baseline characteristics. We also focused on only read-
missions that identified surgical site infections as the pri-
mary cause of readmission. The present study ensured
that baseline covariates identified to be significant risk
factors for infections following joint replacement proce-
dures were comparable between the groups with and
without SSIs. Some limitations of the study include a
possible underestimation of the economic burden of sur-
gical site infections due to the omission of surgical site
infection-related readmissions considered as a secondary
reason for readmission and outpatient-based treatments.
Such events will be considered less severe, hence did not
warrant a readmission. Another limitation, common
with observational studies, is the inability to control for
unmeasured covariates; however, our ability to

Table 6 Distribution of surgical site infections in the total knee
arthroplasty cohort

Surgical site
infection ICD 9
code

Description of infection Frequency
(%)

99666 Infection and inflammatory reaction
due to internal joint prosthesis

568 (49.8)

99667 Infection and inflammatory reaction
due to other internal orthopedic
device, implant, and graft

41 (3.6)

99669 Infection and inflammatory reaction
due to other internal prosthetic device,
implant, and graft

3 (0.3)

99851 Infected postoperative seroma 3 (0.3)

99859 Other postoperative infection 525 (46.1)

Total 568 (49.8)

Table 7 Relationship between surgical site infection status and resource use in total knee arthroplasty patients

Total SSI No SSI Difference p value

Unadjusted Adjusted

N 2240 1120 1120 – – –

Total cost of care [$] (SD) 22,231.58 (10,762) 28,576.02 (10,468) 15,887.14 (6450) 12,689 (11,898) < .0001 < .0001

Length of stay [days] (SD) 5.57 (3.4) 8.02 (3.0) 3.12 (1.7) 4.90 (3.5) < .0001 < .0001
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adequately match all measured baseline covariates mini-
mizes this effect. Furthermore, while the database con-
tains about 17 million discharges per year, accounting
for 27 states in the USA, the observed findings may not
be generalizable beyond the population studied.

Conclusion
Surgical site infections following total joint replacement
are associated with significant healthcare costs within the
90-day episode of care. Healthcare providers, particularly
those subject to quality improvement initiatives and bun-
dled payments, are encouraged to consider evidence-
based protocols to avoid excess morbidity, patient suffer-
ing, and the financial costs associated with these events.

Abbreviations
BPCI: Bundled Payments for Care Improvement; CJR: Comprehensive Care for
Joint Replacement; GEE: Generalizing estimating equation; HCUP: Healthcare
Cost and Utilization Project; ICD-9-CM: International Classification of Diseases,
Ninth Revision, Clinical Modification; LOS: Length of stay; NPWT: Negative
pressure wound therapy; NRD: National Readmissions Database;
PS: Propensity score; SSI: Surgical site infection; TJA: Total joint arthroplasty

Authors’ contributions
AA was involved in the study design, data collection, data analysis, and
interpretation. PT was involved in the study design and result interpretation.
Both authors significantly contributed to the manuscript development and in
the decision to publish these results. Both authors read and approved the
final manuscript.

Funding
This research project was sponsored by Smith & Nephew, Inc.

Availability of data and materials
The data that support the findings of this study are available from The
National Readmissions Database of the Healthcare Costs and Utilization
Project, but restrictions apply to the availability of these data, which were
used under license for the current study, and so are not publicly available.
Data are however available from the authors upon reasonable request and
with permission of The National Readmissions Database of the Healthcare
Costs and Utilization Project.

Ethics approval and consent to participate
This study was based on a completely de-identified retrospective national
database (National Readmissions Database), and only aggregate data were
reported. Institutional Review Board approval was not required.

Consent for publication
Not applicable as only completely de-identified retrospective database from
which only aggregate results were reported.

Competing interests
AA & PT are employees of Smith & Nephew, Inc., and may own shares of
Smith & Nephew.

Author details
1Smith & Nephew, Inc., 150 Minuteman Road, Andover, MA 01810, USA.
2Smith & Nephew, Inc., Hull, UK.

Received: 20 February 2019 Accepted: 4 June 2019

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):780–5.

2. Kurtz SM, Lau E, Ong K, Zhao K, Kelly M, Bozic KJ. Future young patient
demand for primary and revision joint replacement: national projections
from 2010 to 2030. Clin Orthop Relat Res. 2009;467(10):2606–12.

3. Kurtz S, Lau E, Halpern M, Ong K. Trend shows growing orthopedic surgery
case load. Will surgeons be able to keep up? Mater Manag Health Care.
2006;15(7):61–2.

4. Healy WL, Rana AJ, Iorio R. Hospital economics of primary total knee
arthroplasty at a teaching hospital. Clin Orthop Relat Res. 2011;469(1):
87–94.

5. Berstock JR, Beswick AD, Lenguerrand E, Whitehouse MR, Blom AW.
Mortality after total hip replacement surgery: A systematic review. Bone
Joint Res. 2014;3(6):175–82.

6. Bozic KJ, Ong K, Lau E, et al. Estimating risk in Medicare patients with THA:
an electronic risk calculator for periprosthetic joint infection and mortality.
Clin Orthop Relat Res. 2013;471(2):574–83.

7. Kurtz SM, Lau E, Schmier J, Ong KL, Zhao K, Parvizi J. Infection burden for
hip and knee arthroplasty in the United States. J Arthroplasty. 2008;23(7):
984–91.

8. Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of
periprosthetic joint infection in the United States. J Arthroplasty. 2012;27(8
Suppl):61–65.e61.

9. de Lissovoy G, Fraeman K, Hutchins V, Murphy D, Song D, Vaughn BB.
Surgical site infection: incidence and impact on hospital utilization and
treatment costs. Am J Infect Control. 2009;37(5):387–97.

10. Agodi A, Auxilia F, Barchitta M, et al. Risk of surgical site infections
following hip and knee arthroplasty: results of the ISChIA-GISIO study.
Ann Ig. 2017;29(5):422–30.

11. Centers for Medicare and Medicaid Services. Comprehensive Care for Joint
Replacement Model. 2018; https://innovation.cms.gov/initiatives/cjr. .
Accesed 11 Jan 2017.

12. Centers for Medicare and Medicaid Services. Medicare Program.
Advancing care coordination through episode payment models
(EPMs); cardiac rehabilitation incentive payment model; and changes
to the comprehensive care for joint replacement model (CJR). Final
rule. Fed Regist. 2017;82(1):180–651.

13. Department for Health and Human Services; Centers for Medicare & Medicaid
Services. Comprehensive Care for Joint Replacement Model (CJR) Provider
Education,. 2016; https://www.cms.gov/Outreach-and-Education/Medicare-
Learning-Network-MLN/MLNMattersArticles/Downloads/MM9533.pdf. Accesed
11 Jan 2017.

14. Berrios-Torres SI, Umscheid CA, Bratzler DW, et al. Centers for disease
control and prevention guideline for the prevention of surgical site
infection, 2017. JAMA Surg. 2017;152(8):784–91.

15. Allegranzi B, Bischoff P, de Jonge S, et al. New WHO recommendations on
preoperative measures for surgical site infection prevention: an evidence-
based global perspective. Lancet Infect Dis. 2016;16(12):e276–87.

16. Allegranzi B, Zayed B, Bischoff P, et al. New WHO recommendations on
intraoperative and postoperative measures for surgical site infection
prevention: an evidence-based global perspective. Lancet Infect Dis.
2016;16(12):e288–303.

17. Owens CD, Stoessel K. Surgical site infections: epidemiology, microbiology
and prevention. J Hosp Infect. 2008;70(Suppl 2):3–10.

18. Porucznik M. “Zero in on zero” to reduce complications. AAOS Now. 2011.
19. Karlakki SL, Hamad AK, Whittall C, Graham NM, Banerjee RD, Kuiper JH.

Incisional negative pressure wound therapy dressings (iNPWTd) in routine
primary hip and knee arthroplasties: a randomised controlled trial. Bone
Joint Res. 2016;5(8):328–37.

20. Poultsides LA, et al. In-hospital surgical site infections after primary hip and
knee arthroplasty--incidence and risk factors. J Arthroplasty. 2013;28(3):385–9.

21. Pugely A. The Incidence of and risk factors for 30-day surgical site
infections following primary and revision total joint arthroplasty. J of
Arthroplasty. 2015;30(9):47–50.

22. Mistry JB, et al. Decreasing the incidence of surgical-site infections after
total joint arthroplasty. Am J Orthop. 2017;46(6):E374–87.

23. Healthcare Cost and Utilization Project. National Inpatient Hospital Costs:
The Most Expensive Conditions by Payer, 2013. 2016; https://hcup-us.ahrq.
gov/reports/statbriefs/sb204-Most-Expensive-Hospital-Conditions.pdf.
Accessed 11 Jan 2017.

24. Triantafyllopoulos G, Stundner O, Memtsoudis S, Poultsides LA. Patient,
surgery, and hospital related risk factors for surgical site infections following
total hip arthroplasty. ScientificWorldJournal. 2015;2015:979560.

Adeyemi and Trueman Journal of Orthopaedic Surgery and Research          (2019) 14:196 Page 8 of 9

https://innovation.cms.gov/initiatives/cjr
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNMattersArticles/Downloads/MM9533.pdf
https://www.cms.gov/Outreach-and-Education/Medicare-Learning-Network-MLN/MLNMattersArticles/Downloads/MM9533.pdf
https://hcup-us.ahrq.gov/reports/statbriefs/sb204-Most-Expensive-Hospital-Conditions.pdf
https://hcup-us.ahrq.gov/reports/statbriefs/sb204-Most-Expensive-Hospital-Conditions.pdf


25. Peel TN, Dowsey MM, Daffy JR, Stanley PA, Choong PF, Buising KL. Risk
factors for prosthetic hip and knee infections according to arthroplasty site.
J Hosp Infect. 2011;79(2):129–33.

26. Browne JA, Novicoff WM, D'Apuzzo MR. Medicaid payer status is associated
with in-hospital morbidity and resource utilization following primary total
joint arthroplasty. J Bone Joint Surg Am. 2014;96(21):e180.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Adeyemi and Trueman Journal of Orthopaedic Surgery and Research          (2019) 14:196 Page 9 of 9


	Abstract
	Background
	Methods
	Results
	Conclusion

	Introduction
	Methods
	Statistical analyses
	Outcomes

	Results
	Discussion
	Conclusion
	Abbreviations
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

