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Abstract

Background: Tobacco use significantly increases the rate of wound complications in patients undergoing total ankle
arthroplasty (TAA). Preoperative optimization through smoking cessation programs significantly minimizes the rate of
infection and improves wound healing in arthroplasty procedures. Despite its utility, minimal research has examined
the cost-effectiveness of preoperative smoking cessation programs to reduce the need for extracapsular irrigation and
debridement (I&D) due to wound complications following TAA.

Methods: The cost of an I&D procedure was obtained from our institution’s purchasing records. Baseline wound
complication rates among tobacco users who have undergone TAA and smoking cessation program cost were obtained
from literature. A break-even economic analysis was performed to determine the absolute risk reduction (ARR) to
economically justify the implementation of preoperative smoking cessation programs. Different smoking cessation program
and I&D costs were tested to account for variations in each factor. ARR was then used to calculate the number needed
to treat (NNT) to prevent a single I&D while remaining cost-effective.

Results: Smoking cessation programs were determined to be economically justified if it prevents | 1&D surgery out of
8 TAAs among tobacco users (ARR=12.66%) in the early postoperative period (<30days). ARR was the same at the
literature high (27.3%) and weighted literature average (13.3%) complication rates when using the cost of I&D surgery
at our institution ($1757.13) and the literature value for a smoking cessation program ($222.45). Cost-effectiveness was
maintained with higher I&D surgery costs and lower costs of smoking cessation treatment.

Conclusion: Our model’s input data suggest that the routine use of smoking cessation programs among tobacco users
undergoing TAA is cost-effective for risk reduction of I&D surgery in the early postoperative period. This intervention was
also found to be economically warranted with higher I&D costs and lower smoking cessation program costs than those
found in the literature and at our institution.

Level of Evidence: Level lll, economic and decision analysis.
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Solving for IR, yields:

IR=((IRXC)-C)/C,

Figure |. Equation used to calculate the break-even wound complication rate (adapted from Hatch et al).'> C, cost of I&D surgery;

C, cost of smoking cessation program; IR, initial wound complication rate; IR, break-even wound complication rate; S

surgeries.

16.9%.% These infections significantly prolong hospital
length of stay'-3? and nearly double rehospitalization rates.*
If left untreated, superficial wound complications can prog-
ress to periprosthetic joint infections, resulting in revision
arthroplasty, conversion to arthrodesis, or potentially
below-the-knee amputation.?

In the United States, surgical site infections (SSIs) alone
account for approximately $3.5 billion of annual health care
costs,?*** with more than 150000 new cases annually.?’
Given the 16.4% compound annual growth rate in TAA uti-
lization,'¢ the 136.1% volume increase in the number of
TAAs being performed from 2009 to 2019 in the United
States,'® and expanding indications for TAA,'! it is reason-
able to expect a considerable increase in the total number of
wound complications among patients undergoing TAA.

Smoking and tobacco use have been well documented as
significant predictors of postoperative complications.
Although they have also been found to be a risk factor for
delayed wound healing following TAA,’ it is important to
understand that tobacco use is just one of the many con-
tributory factors for wound complications. Although Meller
et al' have shown the potential benefits of preoperative
smoking interventions in reducing postoperative morbidity
and complications, literature regarding the cost-effective-
ness of smoking cessation programs in preventing wound
complications following TAA is sparse. The aim of this
study was to determine the economic viability of imple-
menting routine smoking cessation programs preopera-
tively to prevent the need for irrigation and debridement
(I&D) surgery due to wound breakdown following TAA
using break-even economic modeling.

Materials and Methods
Study Design

A break-even analysis, adapted from Hatch et al,'? was per-
formed to determine the cost-effectiveness of smoking ces-
sation in preventing wound complications following TAA.
The primary goal of this analysis was to determine the abso-
lute risk reduction (ARR) necessary for the cost of smoking
cessation programs in patients undergoing TAA to equal the
cost of extracapsular 1&D surgery for treatment of wound

woiap tOT2l annual

breakdown. This methodology has been previously used in
orthopaedic studies to economically justify the utility of a
preoperative intervention to prevent postoperative infec-
tion.%1421-23 The equation in Figure 1 was used to calculate
the break-even wound complication rate (IR) following uti-
lization of a smoking cessation program using the initial
wound complication rate in those who did not use a smok-
ing cessation program (/R)), the cost of 1&D surgery (C)),
and the cost of a smoking cessation program (C,). The ARR
was calculated as the difference between /R, and /R, The
number needed to treat (NNT) was defined as the number of
patients needed to treat with a smoking cessation program
to prevent a single I&D surgery while remaining cost-effec-
tive. NNT was calculated as the inverse of ARR or 1/ARR.

Study Variables

The variable values used in this study were obtained from
the literature and our institution. Two studies have evalu-
ated the need for I&D due to wound complications in smok-
ers following TAA, with rates of 8.8%'3 and 27.3%.° These
values were assigned as the literature low and high rates of
wound complication, respectively. The weighted average
(13.3%) was also calculated and used as a third wound com-
plication rate for comparison in our analysis.

Boylan et al® conducted an analysis examining the cost-
effectiveness of preoperative smoking cessation programs
in the prevention of periprosthetic joint infection in total
joint arthroplasty. They used a base cost of $187.00 for a
smoking cessation intervention, consisting of 2 extended
counseling sessions, 2 abbreviated counseling sessions, and
a6-week supply of nicotine replacement therapy. Counseling
services cost a total of $86.00 and were calculated using the
2017 Centers for Medicare & Medicaid Services (CMS) fee
schedule. The cost of nicotine replacement therapy was
$101.00 and was calculated using the National Average
Drug Acquisition cost database. When adjusting values for
inflation using the Consumer Price Index, the 2023 cost for
a smoking cessation program is $222.45. Lastly, for the cost
of an extracapsular 1&D, our institutional value of $1757.13
was used. This was determined by using Current Procedural
Terminology (CPT) code 27610 (under incision procedures
on the leg [tibia and fibula] and ankle joint) to identify
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Table |I. Cost-Effectiveness of Smoking Cessation Programs in the Prevention of Irrigation and Debridement in Tobacco Users

Undergoing Total Ankle Arthroplasty.?

Cost of Smoking Initial Wound Break-Even Wound Absolute Risk Number Needed
Cessation Program, USD Complication Rate, % Complication Rate, % Reduction, % to Treat
222.45 8.8 -3.86 12.66 8

222.45 13.3¢ 0.64 12.66 8

222.45 27.34 14.64 12.66 8

Abbreviation: USD, US dollar.

Presumes irrigation and debridement surgery cost of $1757.13.
®Literature low complication rate.

“Weighted literature complication rate.

dLiterature high complication rate.

Table 2. Cost-Effectiveness of Smoking Cessation Programs While Varying Intervention Cost.?

Cost of Smoking Initial Wound Break-Even Wound Absolute Risk Number Needed to
Cessation Program, USD Complication Rate, % Complication Rate, % Reduction, % Treat
110.00 8.8° 2.54 6.26 16
222.45 8.8° -3.86 12.66 8
500.00 8.8° —19.66 28.46 4
110.00 13.3¢ 7.04 6.26 16
222.45 13.3¢ 0.64 12.66 8
500.00 13.3¢ —15.16 28.46 4
110.00 27.34 21.04 6.26 16
222.45 27.34 14.64 12.66 8
500.00 27.34 —1.16 28.46 4

Abbreviation: USD, US dollar.

?Presumes irrigation and debridement surgery cost of $1757.13.
bLiterature low complication rate.

“Weighted literature complication rate.

dLiterature high complication rate.

hospital account records with the associated CPT code.
Records with additional CPT codes were excluded. Our
institution’s purchasing records were then used to identify
itemized charges for each account record, which were then
totaled and averaged to represent our institutional value for
extracapsular I&D.

Sensitivity Analysis

Because variable values obtained from the literature and the
cost for I&D at our institution will vary across hospital and
health care systems, a sensitivity analysis was conducted to
vary the cost of the smoking cessation program (C,) and
cost of 1&D surgery (C)) to account for these differences.
These costs were examined using all 3 wound complication
rates in our analysis.

Results

With a cost of $222.45 for a smoking cessation program
and a cost of $1757.13 for I&D, implementation of

preoperative smoking cessation programs is economically
justified if it prevented 1 1&D surgery due to wound com-
plication out of 8 TAAs among tobacco users
(ARR=12.66%) with baseline wound complication rates
of 13.3% and 27.3% (Table 1). Cost-effectiveness was not
maintained with a wound complication rate of 8.8%, as the
final break-even rate exceeded the baseline complication
rate given an ARR of 12.66%.

Given that each tobacco treatment clinic uses different
regimens and therapies in their smoking cessation pro-
grams, variable treatment costs were analyzed for wound
complication rates of 8.8%, 13.3%, and 27.3% while keep-
ing the cost of I&D surgery ($1757.13) constant (Table 2).
Reducing the cost of treatment to half of its literature value
required an ARR of 6.26% (NNT=16) and demonstrated
economic viability across each wound complication rate.
Approximately doubling the cost of treatment ($500.00)
resulted in a loss of cost-effectiveness, regardless of base-
line wound complication rate.

The cost of [&D surgery is highly variable across institu-
tions. A range of I&D surgery costs ($900-$5000) were
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Table 3. Cost-Effectiveness of Smoking Cessation Programs While Varying Cost of Irrigation and Debridement.?

Initial Wound Break-Even Wound Absolute Risk Number Needed

Cost of I&D, USD Complication Rate, % Complication Rate, % Reduction, % to Treat

900.00 8.8° -15.92 24.72 5
1300.00 8.8° -8.31 17.11 6
1757.13¢ 8.8° -3.86 12.66 8
3500.00 8.8° 2.44 6.36 16
5000.00 8.8° 4.35 4.45 23

900.00 13.3¢ —11.42 24.72 5
1300.00 13.3¢ -3.81 17.11 6
1757.13¢ 13.3¢ 0.64 12.66 8
3500.00 13.3¢ 6.94 6.36 16
5000.00 13.3¢ 8.85 4.45 23

900.00 27.34 2.58 24.72 5
1300.00 27.34 10.19 17.11 6
1757.13¢ 27.34 14.64 12.66 8
3500.00 27.34 20.94 6.36 16
5000.00 27.34 22.85 4.45 23

Abbreviations: I&D, Irrigation and Debridement; USD, US dollar.
?Presumes smoking cessation program cost of $222.45.
PLiterature low complication rate.

“Weighted literature complication rate.

dLiterature high complication rate.

¢Institutional value for irrigation and debridement.

economically assessed while keeping the cost for smoking
cessation program ($222.45) constant (Table 3). For each
complication rate, with I&D surgery costs of $3500.00 and
$5000.00, cost-effectiveness improved with ARRs of 6.36%
(NNT=16) and 4.45% (NNT=23), respectively. With costs
of 1&D surgery lower than our institutional value ($1757.13),
economic viability was only observed with baseline wound
complication rates of 13.3% and 27.3%.

Discussion

This study demonstrates that routine smoking cessation
programs are economically justified for wound complica-
tion prevention following total ankle arthroplasties in the
early postoperative period (<30days) if 1 I&D is prevented
out of 8 TAAs. Improved economic viability was observed
with lower smoking cessation program costs ($110.00) and
higher I&D surgery costs ($3500.00 and $5000.00).
Although our study found that smoking cessation programs
are not cost-effective at the literature low wound complica-
tion rate of 8.8%,' the institutional costs for CPT code
27610 only takes into account perioperative care, with addi-
tional inpatient and outpatient care likely to drive total costs
to break-even range.

Literature examining smoking cessation programs and
TAA has primarily investigated its utility with regard to
wound healing. Numerous studies have found that wound
complication rates are significantly greater among TAA
patients who were former smokers compared to patients

without a history of smoking.”!>3! Although the impact of
smoking on wound healing is well documented in various
medical specialties,®?*252¢ these studies specifically high-
light that former smokers had lower wound complication
rates than active smokers.>!'> Additionally, Tischler et al?®
observed that in total joint arthroplasty patients, active
smokers are more likely to undergo reoperation than non-
smokers (odds ratio=1.82), with former smokers having no
significantly increased risk of reoperation than nonsmokers
(odds ratio=1.1), further emphasizing the potential utility
of smoking cessation programs.

Despite the limited number of studies examining the
value of preoperative optimization prior to TAA,'® such
interventions have been found to be efficacious for total
joint arthroplasty. Boylan et al’ found that the average
90-day cost for patients enrolled in a mandatory smoking
cessation program was $32.00 less than for patients not
enrolled. Additionally, preoperative smoking interventions
were found to reduce overall complication rates by 3 times
that for those who did not receive an intervention.'
Although there is no standardized timeline with regard to
preoperative smoking cessation initiation, Lindstrém et al'®
found that such programs remained beneficial even if intro-
duced as late as 4 weeks preoperatively. Although the mech-
anism underlying smoking cessation’s effect on infection
rate and wound healing remains undefined, it has been theo-
rized to be a result of nicotine’s effect on vasoconstriction,
reduced oxygenation of peripheral tissues, and clevated
white blood cell count.'®"” Given the compound annual
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growth in TAA utilization,' preoperative optimization with
smoking cessation programs has significant cost-saving
potential and implications in the future.

Our break-even analysis has several limitations. First,
the study variables used in our analysis were taken from the
literature and our own institution, which impacts the gener-
alizability of our results. To account for this lack of external
validity, a sensitivity analysis was performed for various
costs of smoking cessation programs and I&D surgery.
Second, our break-even model does not account for patient-
specific factors such as race, ethnicity, sex, comorbidities,
or differences in smoking cessation regimens, covariates
that may impact the true break-even point. This study also
identifies the threshold at which smoking cessation pro-
grams become cost-effective, rather than if the intervention
itself is economically viable. Additionally, this study exam-
ines cost-effectiveness for preventing 1&D in the early post-
operative period (<30days). Although CPT codes 27703
and 27704 (repair, revision, and/or reconstruction proce-
dures on the leg [tibia and fibula] and ankle joint) could be
analyzed to determine cost-effectiveness in the late postop-
erative period (>90days), considerable variability in com-
plexity and procedures performed precludes a single cost
estimate from accounting for all long-term complications.
This study also investigates how smoking cessation pro-
grams can address one of the many risk factors associated
with wound complications, without considering how the
interplay among various factors is likely contributory to the
need for I&D. Finally, the findings of this study are limited
in its ability to be feasibly implemented in a health system.
Although such a proposition is resource intensive, ortho-
paedic surgeons can use telephone hotlines, online
resources, coordinate care with a patient’s primary care
practitioner or cessation specialist, or code nicotine depen-
dence as an International Classification of Diseases, Tenth
Revision (ICD-10), code for insurance coverage of smoking
cessation counseling to minimize burden of care and opti-
mize smoking-cessation efforts.>?

Despite these limitations, this is the first study to deter-
mine the cost-effectiveness and break-even wound compli-
cation rate of smoking cessation programs in preventing the
need for I&D in total ankle arthroplasty patients. Our study
shows that smoking cessation programs are economically
justified with the given literature and institutional values if
it prevented 1 I&D out of 8 TAAs in the early postoperative
period (<30days) with baseline infection rates of 13.3%
and 27.3% (ARR=12.66%). Break-even economics affords
surgeons the opportunity to determine if smoking cessation
programs are cost-effective within the scope of their prac-
tice using their own institutional values.

Conclusion

Our model’s input data suggest that the routine utilization of
smoking cessation programs among tobacco users prior to

TAA is economically justifiable if it prevents 1 1&D surgery
due to wound complication out of 8 TAAs in the early post-
operative period. Cost-effectiveness was validated at lower
smoking cessation program costs, higher baseline wound
complication rates, and higher costs of I&D surgery.
Surgeons at high-volume ankle arthroplasty centers should
consider routinely optimizing patients with current tobacco
use undergoing TAA with smoking cessation programs as a
means of minimizing the costs associated with wound
complications.

Ethical Approval

Ethical approval was not sought for the present study because the
study used publicly available cost data.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this arti-
cle. Disclosure forms for all authors are available online.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iD

Andrew H. Kim, BS,
8590

https://orcid.org/0000-0001-8888-

References

1. Al-Mulhim FA, Baragbah MA, Sadat-Ali M, Alomran AS,
Azam MQ. Prevalence of surgical site infection in orthope-
dic surgery: a S-year analysis. Int Surg. 2014;99(3):264-268.
doi:10.9738/intsurg-d-13-00251.1

2. Aynardi MC, Ploger MM, Walley KC, Arena CB. What is
the definition of acute and chronic periprosthetic joint infec-
tion (PJI) of total ankle arthroplasty (TAA)? Foot Ankle Int.
2019;40(suppl 1):19S-218S. doi:10.1177/1071100719859527

3. Beahrs TR, Reagan J, Bettin CC, Grear BJ, Murphy GA,
Richardson DR. Smoking effects in foot and ankle surgery:
an evidence-based review. Foot Ankle Int. 2019;40(10):1226-
1232. doi:10.1177/1071100719867942

4. Blom HC, Duesund R, Rotegard K, Sandness Y. Postoperative
wound infections—systematic recording for seven years at
a local hospital. Postoperative sarinfeksjoner—sju ars reg-
istrering ved et lokalsykehus. Tidsskr Nor Laegeforen.
2007;127(12):1640-1643.

5. Boylan MR, Bosco JA 3rd, Slover JD. Cost-effectiveness
of preoperative smoking cessation interventions in total
joint arthroplasty. J Arthroplasty. 2019;34(2):215-220.
doi:10.1016/j.arth.2018.09.084

6. Bragg JT, Sudah SY, Moverman MA, Puzzitiello RN, Pagani
NR, Menendez ME. Preoperative allergy testing for patients
reporting penicillin and cephalosporin allergies is economi-
cally justified in preventing infection after total shoulder
arthroplasty. J Shoulder Elbow Surg. 2023;32(1):186-191.
doi:10.1016/j.jse.2022.07.022


https://orcid.org/0000-0001-8888-8590
https://orcid.org/0000-0001-8888-8590

Foot & Ankle Orthopaedics

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Carroll K, Dowsey M, Choong P,

Peel T. Risk fac-
tors for superficial wound complications in hip and knee
arthroplasty. Clin Microbiol Infect. 2014;20(2):130-135.
doi:10.1111/1469-0691.12209

. Coon D, Tuffaha S, Christensen J, Bonawitz SC. Plastic

surgery and smoking: a prospective analysis of incidence,
compliance, and complications. Plast Reconstr Surg.
2013;131(2):385-391. doi:10.1097/PRS.0b013e318277886a

. Cottom JM, Douthett SM, McConnell KK, Plemmons BS.

The effect of tobacco use on incision healing in total ankle
arthroplasty: a review of 114 patients. Foot Ankle Spec.
2020;13(1):27-31. doi:10.1177/1938640019826675

Emara K, Hirose CB, Rogero R. What preoperative optimiza-
tion should be implemented to reduce the risk of surgical site
infection/periprosthetic joint infection (SSI/PJI) in patients
undergoing total ankle arthroplasty (TAA)? Foot Ankle Int.
2019;40(suppl 1):6S-8S. doi:10.1177/1071100719857092
Gougoulias N, Khanna A, Maffulli N. How successful are
current ankle replacements? A systematic review of the
literature. Clin Orthop Relat Res. 2010;468(1):199-208.
doi:10.1007/s11999-009-0987-3

Hatch MD, Daniels SD, Glerum KM, Higgins LD. The cost
effectiveness of vancomycin for preventing infections after
shoulder arthroplasty: a break-even analysis. J Shoulder Elbow
Surg. 2017;26(3):472-477. doi:10.1016/j.jse.2016.07.071
Karzon AL, Kadakia RJ, Coleman MM, Bariteau JT, Labib
SA. The rise of total ankle arthroplasty use: a database
analysis describing case volumes and incidence trends in
the United States between 2009 and 2019. Foot Ankle Int.
2022;43(11):1501-1510. doi:10.1177/10711007221119148
Kolin DA, Moverman MA, Menendez ME, Pagani NR,
Puzzitiello RN, Kavolus JJ. A break-even analysis of
tranexamic acid for prevention of periprosthetic joint infec-
tion following total hip and knee arthroplasty. J Orthop.
2021;26:54-57. doi:10.1016/j.jor.2021.07.007

Lampley A, Gross CE, Green CL, et al. Association of ciga-
rette use and complication rates and outcomes following total
ankle arthroplasty. Foot Ankle Int. 2016;37(10):1052-1059.
doi:10.1177/1071100716655435

Law TY, Sabeh KG, Rosas S, Hubbard Z, Altajar S, Roche
MW. Trends in total ankle arthroplasty and revisions in
the Medicare database. Ann Transl Med. 2018;6(7):112.
doi:10.21037/atm.2018.02.06

Le J, Dong Z, Liang J, et al. Surgical site infection following
traumatic orthopaedic surgeries in geriatric patients: incidence
and prognostic risk factors. Int Wound J. 2020;17(1):206-213.
doi:10.1111/iwj.13258

Lindstrom D, Sadr Azodi O, Wladis A, et al. Effects of
a perioperative smoking cessation intervention on post-
operative complications: a randomized trial. Ann Surg.
2008;248(5):739-745. doi:10.1097/SLA.0b013e3181889d0d
Moller AM, Villebro N, Pedersen T, Tennesen H. Effect of
preoperative smoking intervention on postoperative complica-
tions: arandomised clinical trial. Lancet. 2002;359(9301):114-
117. doi:10.1016/s0140-6736(02)07369-5

Myles Paul S, Iacono George A, Hunt Jennifer O, et al. Risk
of respiratory complications and wound infection in patients
undergoing ambulatory surgery: smokers versus nonsmokers.
Anesthesiology. 2002;97(4):842-847. doi:10.1097/00000542-
200210000-00015

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Nam HH, Martinazzi BJ, Kirchner GJ, et al. Vancomycin
powder is highly cost-effective in total ankle arthro-
plasty. Foot Ankle Spec. 2023;16(3):283-287. doi:10.1177/
19386400221136374

Pagani NR, Moverman MA, Puzzitiello RN, Menendez
ME, Barnes CL, Kavolus JJ. Preoperative allergy testing
for patients reporting penicillin and cephalosporin aller-
gies is cost-effective in preventing infection after total knee
and hip arthroplasty. J Arthroplasty. 2021;36(2):700-704.
doi:10.1016/j.arth.2020.08.045

Pearson ZC, Agarwal AR, Elnemer W, et al. The cost effec-
tiveness of tranexamic acid for preventing periprosthetic joint
infection following total shoulder arthroplasty: a break-even
analysis. J Shoulder Elbow Surg. 2023;32(6):1159-1164.
doi:10.1016/j.jse.2023.01.044

Seidelman JL, Mantyh CR, Anderson DJ. Surgical site infec-
tion prevention: a review. JAMA. 2023;329(3):244-252.
doi:10.1001/jama.2022.24075

Sharif-Kashani B, Shahabi P, Mandegar MH, et al. Smoking
and wound complications after coronary artery bypass
grafting. J Surg Res. 2016;200(2):743-748. doi:10.1016/j.
j88.2015.09.017

Stock L, Basham E, Gossett DR, Lewicky-Gaupp C. Factors
associated with wound complications in women with obstet-
ric anal sphincter injuries (OASIS). A4m J Obstet Gynecol.
2013;208(4):327.e1-327.¢6. doi:10.1016/j.aj0og.2012.12.025
Thakore RV, Greenberg SE, Shi H, et al. Surgical site infec-
tion in orthopedic trauma: a case-control study evaluating risk
factors and cost. J Clin Orthop Trauma. 2015;6(4):220-226.
doi:10.1016/j.jcot.2015.04.004

Tischler EH, Matsen Ko L, Chen AF, Maltenfort MG,
Schroeder J, Austin MS. Smoking increases the rate of reop-
eration for infection within 90 days after primary total joint
arthroplasty. J Bone Joint Surg Am. 2017;99(4):295-304.
doi:10.2106/jbjs.16.00311

Truntzer J, Comer G, Kendra M, Johnson J, Behal R, Kamal
RN. Perioperative smoking cessation and clinical care path-
way for orthopaedic surgery. JBJS Rev. 2017;5(8):ell.
doi:10.2106/jbjs.Rvw.16.00122

Urban JA. Cost analysis of surgical site infections. Surg
Infect (Larchmt). 2006;7(suppl 1):S19-S22. doi:10.1089/
sur.2006.7.s1-19

Whalen JL, Spelsberg SC, Murray P. Wound breakdown
after total ankle arthroplasty. Foot Ankle Int. 2010;31(4):301-
305. doi:10.3113/fai.2010.0301

Whitehouse JD, Friedman ND, Kirkland KB, Richardson WJ,
Sexton DJ. The impact of surgical-site infections following
orthopedic surgery at a community hospital and a university
hospital: adverse quality of life, excess length of stay, and
extra cost. Infect Control Hosp Epidemiol. 2002;23(4):183-
189. doi:10.1086/502033

Wiewiorski M, Barg A, Hoerterer H, Voellmy T,
Henninger HB, Valderrabano V. Risk factors for wound
complications in patients after elective orthopedic foot
and ankle surgery. Foot Ankle Int. 2015;36(5):479-487.
doi:10.1177/1071100714565792

Zimlichman E, Henderson D, Tamir O, et al. Health care-associ-
ated infections: a meta-analysis of costs and financial impact on
the US health care system. JAMA Intern Med.2013;173(22):2039-
2046. doi:10.1001/jamainternmed.2013.9763



