
Review

Risk of Infection in Knee Arthroscopy
Patients Undergoing Corticosteroid
Injections in the Perioperative Period

John W. Belk,*† BA, Laura E. Keeling,‡ MD, Matthew J. Kraeutler,§ MD, Michaela G. Snow,† BA,
Omer Mei-Dan,† MD, Anthony J. Scillia,§ MD, and Eric C. McCarty,† MD

Investigation performed at the University of Colorado School of Medicine, Aurora, Colorado, USA

Background: Recent evidence suggests that there may be an increased risk of infection for patients undergoing a corticosteroid
injection before, during, or after knee arthroscopy.

Purpose: To systematically review the literature to evaluate the risk of postoperative infection in patients undergoing intra-articular
corticosteroid injections (CSI) before, during, or after knee arthroscopy.

Study Design: Systematic review; Level of evidence, 3.

Methods: A systematic review was performed by searching the PubMed, Cochrane Library, and Embase databases to identify
studies that evaluated the rate of postoperative infection in patients undergoing knee arthroscopy who received an intra-articular
CSI during the perioperative period. The search phrase used was “knee AND arthroscopy AND injection AND (infection OR
revision).” A subanalysis was also performed to analyze infection rates based on the timing of the corticosteroid injection in relation
to arthroscopy.

Results: Four studies met the inclusion criteria, representing 11,925 patients undergoing knee arthroscopy with an intra-articular
CSI administered during the perioperative period (mean follow-up, 5.3 months) and 247,329 patients without a corticosteroid
injection during the perioperative period (mean follow-up, 5.9 months). Patients who received an injection experienced a statis-
tically significantly higher rate of postoperative infection (2.2%) when compared with patients who did not receive an injection
(1.1%; P < .001). When analyzed by the timing of the injection, patients receiving an injection preoperatively or intraoperatively
experienced a statistically significantly higher rate of postoperative infection (3% and 2.6%, respectively) when compared with
patients receiving an injection postoperatively (1.4%; P ¼ .001 for both).

Conclusion: Patients undergoing knee arthroscopy who receive an intra-articular CSI during the perioperative period can be
expected to experience significantly higher postoperative infection rates when compared with patients not receiving an injection.
Furthermore, patients receiving a corticosteroid injection pre- or intraoperatively may experience significantly higher rates of
postoperative infection when compared with patients receiving an injection postoperatively.
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Intra-articular corticosteroid injections (CSIs) are a commonly
employed adjunct in both the diagnosis and treatment
of knee pathology. Given the ubiquity of knee arthro-
scopy,12,22 it is important to investigate the risk of infection
in patients undergoing arthroscopy who received an intra-
articular CSI in the perioperative period.2,5 The potent
anti-inflammatory properties of corticosteroids are effec-
tive in relieving pain secondary to intra-articular pathol-
ogy,26 reducing postoperative analgesic consumption and
pain scores,13,20 and elucidating the origin of knee
pain for clinical decision-making purposes.15 However,
there is some concern that corticosteroids suppress the

intra-articular immune response, making the joint vulner-
able to postoperative infection.29,30

The increased risk of infection after preoperative CSI has
been validated in the arthroplasty literature.7,21,28 The
question has similarly been investigated in patients under-
going shoulder,29 ankle,30 hip,27 and knee arthroscopy.2,5

Early series demonstrating corticosteroid-associated infec-
tion risk in patients who underwent knee arthroscopy were
small and underpowered because of the low overall inci-
dence of infection after knee arthroscopy,2,19 estimated to
be between 0.07% and 0.42%.5 Recent studies, although
more highly powered, demonstrate heterogeneity in both
the timing and clinical outcomes of perioperative intra-
articular injection.4,6,27 The risk and optimal timing of CSI
in the arthroscopy population therefore remains unclear.
The purpose of this study was to systematically review the
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literature to evaluate the risk of postoperative infection in
patients undergoing intra-articular CSI before, during, or
after knee arthroscopy. The authors hypothesized that
patients receiving a corticosteroid injection in the peri-
operative period would be at a higher risk of infection after
knee arthroscopy.

METHODS

This systematic review was conducted according to the
PRISMA (Preferred Reporting Items for Systematic
Reviews and Meta-Analyses) guidelines using a PRISMA
checklist. Two independent reviewers (J.W.B., L.E.K.)
searched the PubMed, Embase, and Cochrane Library
databases up to December 10, 2020. The electronic search
strategy used was as follows: “knee AND arthroscopy AND
injection AND (infection OR revision).” A total of 72 studies
were reviewed by title and/or abstract to determine study
eligibility based on inclusion criteria. In cases of disagree-
ment, a third reviewer (M.J.K.) made the final decision.
Inclusion and exclusion criteria followed the participants,
interventions, comparators, outcomes, study (PICOS)
design strategy. Studies selected for inclusion met the
following criteria: (1) participants: patients diagnosed
with intra-articular knee pathology; (2) intervention:
intra-articular injections of corticosteroid and subsequent
or preceding arthroscopic procedure; (3) comparator: no
intra-articular injection in the pre- or perioperative
period; and (4) outcomes: incidence of postoperative infec-
tion; and (5) study design: studies with evidence levels 1 to
4 that were published in English. The exclusion criteria
included studies that did not meet the aforementioned
inclusion criteria. Four studies were determined to meet
the inclusion criteria (Figure 1). To ensure that studies
from the same group did not include overlapping patients,
each study’s lead author was contacted and asked to verify
that the patient populations from each study were com-
pletely independent of one another. This was performed
as described for the 2 papers of Cancienne et al.5,6 Data
extraction from each study was performed independently
(J.W.B.) and then reviewed by a second author (L.E.K.).
There was no need for funding or a third party to obtain
any of the collected data. Risk of bias was assessed accord-
ing to the risk of bias in nonrandomized studies of inter-
ventions (ROBINS-I) risk of bias tool,24 which
incorporates an assessment of bias because of confound-
ing, selection of participants, deviations from intended

interventions, completeness of outcome data, selection of
outcomes reported, and other sources of bias.

Study Methodology Assessment

The modified Coleman Methodology Score (MCMS)8 was
used to evaluate study methodology quality. The MCMS
score is a reliable way to evaluate the quality of the
included studies based on a number of factors, including
study design, sample size, methodology, included descrip-
tions, and so forth. The MCMS has a scaled potential score
ranging from 0 to 100. Scores ranging from 85 to 100 are
excellent, 70 to 84 good, 55 to 69 fair, and <55 poor.

Statistical Analysis

A weighted average was calculated for numerical demo-
graphics (percentage male, follow-up). Chi-square tests
were used to calculate statistical significance for infection
data.

RESULTS

Four studies (1 with level 1 and 3 with level 3 evidence) met
the inclusion and exclusion criteria (Figure 1), including a
total of 259,254 patients who underwent knee arthroscopy
(CSI, 11,925; non-CSI, 247,329). The mean follow-up time
was 5.3 months for the CSI group and 5.9 months for the
non-CSI group, and the percentage of men was 36.3% and
35% in the CSI and non-CSI groups, respectively (Table 1).
Only 1 study14 reported on patient age, in which the mean
age of patients who received CSI was 49 ± 11 years (range,
19-68 years).

Corticosteroid Formulation

In 2 studies,5,6 patients received intra-articular injections
of 1 mg triamcinolone acetonide, 10 mg triamcinolone acet-
onide, 20 mg methylprednisolone acetate, 40 mg methyl-
prednisolone acetate, or 80 mg methylprednisolone
acetate. One study14 reported administering 40 mg meth-
ylprednisolone to patients who received CSI, and 1 study16

did not specify corticosteroid formulation.

Injection Technique

No studies described the injection administration
technique.
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Modified Coleman Methodology Score

Table 2 shows the MCMS scores from the 4 included stud-
ies. Three studies5,6,16 received fair scores and 1 study14

received a good score.

Characteristics

All 4 studies5,6,14,16 reported no significant differences
in age between CSI and non-CSI groups, 3 studies5,14,16

reported no differences in sex, 2 studies5,6 reported no
differences in obesity, and 2 studies5,6 reported no dif-
ferences in smoking status or diabetes. All 4 stud-
ies5,6,14,16 reported no differences in type of the
arthroscopy procedure performed. One study16 reported
a significant difference in both diabetes and smoking
status, in which the injection group included a signifi-
cantly higher proportion of diabetic patients and smok-
ers (P < .05).
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Figure 1. PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) flow diagram.

TABLE 1
Studies Included in the Reviewa

Study
(Year)

Level of
Evidence

CSI/Non-CSI,
N

Mean
Follow-up, mo,
CSI/Non-CSI

% Men,
CSI/

Non-CSI

Cancienne
et al5

(2016)

3 2,866/170,530 6.0/6.0 34.9/35.4

Cancienne
et al6

(2019)

3 2,785/4,680 3.0/3.0 37.3/41.5

Koyonos
et al14

(2009)

1 29/30 12.0/12.0 73.3/65.5

Lee et al16

(2020)
3 6,245/72,089 6.0/6.0 NR

Total — 11,925/247,329 5.3/5.9b 36.3/35

aCSI, corticosteroid injection; NR, not reported.
bWeighted mean.
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Procedures Performed

One study14 included only patients undergoing arthro-
scopic meniscectomy, while another study6 included
patients undergoing either arthroscopic meniscectomy or
plica debridement. Two studies5,16 included any patient
undergoing arthroscopic meniscectomy, debridement, loose
body removal, and/or microfracture.

Methodologic Quality Assessment

The results of the methodologic quality assessment of the 4
included studies using the ROBINS-I risk of bias tool are
presented in Figure 2. All 4 studies5,6,14,16 showed a mod-
erate risk of bias because of confounding, as there were no
prognostic variables that predicted baseline intervention
and no patients who switched between interventions dur-
ing the study period. No studies excluded eligible patients
or used variable follow-up times based on intervention (low
risk of bias), no studies deviated from the intended inter-
vention (low risk of bias), and all studies clearly classified
treatment type (low risk of bias). Only 1 of the 4 studies14

described the use of a blinded outcome assessor (low risk of
bias), although identical postoperative protocols were used
in each cohort in the remaining 3 studies5,6,16 (moderate
risk of bias). No studies showed bias because of missing
data (low risk of bias). Because of the nature of the primary
outcome (infection), all 4 studies5,6,14,16 demonstrated seri-
ous risk of bias because of the use of the treating physician
as the nonblinded outcome assessor. Finally, no studies
showed bias because of selective reporting (low risk of bias).

A Cohen kappa score of 0.82 reflected a very good agree-
ment between reviewers.

Infection Rates

All 4 studies5,6,14,16 reported on infection rates. Only 1
study16 described how infection was diagnosed, which was
defined as infected postoperative seroma, pyogenic arthri-
tis, or cellulitis. The remaining 3 studies5,6,14 did not specify
how infection was defined. In 3 studies,5,6,16 the Current
Procedural Terminology and Clinical Modification codes
were used to identify patients who experienced an infection
postoperatively. Overall, 3 of the 4 studies5,6,16 found a sig-
nificantly higher rate of infection at the latest follow-up
among patients who received an intra-articular CSI before,
during, or after arthroscopy (P < .05) (Table 3).

Infection Rates by Timing of Injection

The timing intervals between injection and arthroscopy are
listed in Table 4. Patients were allocated to 1 of the 3 dis-
tinct groups depending on if they received their injection
pre-, intra-, or postoperatively.

The overall postoperative infection rate for patients
receiving an intra-articular CSI preoperatively was 3%
compared with 2.6% if administered intraoperatively (P ¼
.85) and 1.4% if administered postoperatively (preopera-
tively vs postoperatively P ¼ .001; intraoperatively vs post-
operatively; P ¼ .001) (Table 5).

DISCUSSION

Intra-articular CSI is commonly employed in the treatment
of knee pathology and often precedes operative interven-
tion. Given the potential implications, it is important to
clarify the relationship between CSI and postoperative
infection in patients undergoing arthroscopic procedures.
The results of this systematic review suggest that patients
undergoing knee arthroscopy who receive an intra-articular
CSI perioperatively experience significantly higher postop-
erative infection rates when compared with patients not
receiving an injection. Additionally, preoperative and

Figure 2. Risk of bias graph. Risk of bias is presented as a percentage across all included studies.

TABLE 2
Modified Coleman Methodology Scorea

Study (Year) MCMS

Cancienne et al5 (2016) 57
Cancienne et al6 (2019) 58
Koyonos et al14 (2009) 82
Lee et al16 (2020) 61
Total 64.5 ± 11.8

aMCMS, modified Coleman Methodology Score.
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intraoperative injections are associated with significantly
higher postoperative infection rates as compared with injec-
tions administered postoperatively.

Corticosteroids are frequently used in the nonoperative
treatment of chondral and meniscal pathology and have
proven efficacious in pain relief.11,25,26 When nonoperative
treatment fails, some surgeons advocate for intra-articular
CSI at the time of arthroscopy, as the anti-inflammatory
properties of corticosteroids are thought to mitigate the
pain of inflamed synovial tissue and contribute to hemosta-
sis.10 This practice has been shown to reduce postoperative
analgesic consumption and pain scores and hasten
recovery.13,14,20 Although intra-articular CSI does provide
demonstrable clinical benefit, there remains concern that
perioperative injection increases the risk of postoperative
infection.

Early studies of infection rates in patients undergo-
ing knee arthroscopy demonstrated a significant associ-
ation between intra-operative CSI and postoperative
infection.1,2,19 Armstrong et al1 reviewed 4,256 knee

arthroscopies and reported an infection rate of 0.42%,
noting that the most significant risk factor for postopera-
tive infection was intraoperative injection of methylpred-
nisolone. Other risk factors for postoperative infection
included prolonged surgical time, increased number of pro-
cedures during surgery, and history of prior procedures
on the ipsilateral knee.1 The authors proposed that
corticosteroid-induced suppression of the local immune
response predisposes the joint to infection, a hypothesis
that has since been endorsed by others.2,3,13,20,27 Chronic
systemic steroid use has also been associated with signifi-
cantly increased complication rates after arthroscopy.9,31

Westermann et al31 noted a 3-fold increased rate of read-
mission because of surgical-site infection and wound com-
plications in patients with chronic steroid use who had
knee and shoulder arthroscopy.

Despite these early findings, subsequent studies demon-
strated no increased risk of infection in patients undergoing
arthroscopy who received CSI in the perioperative
period.4,14,20,23 In a randomized study of 59 knees, Koyonos
et al14 demonstrated no increased infection risk in patients
undergoing intra-articular CSI at the time of meniscectomy
compared with patients receiving no steroid. Similarly, in
their respective cohorts of 60 and 77 patients undergoing
CSI at the time of knee arthroscopy, Rasmussen et al20 and
Smith et al23 reported no postoperative infections. While
these studies highlight the clinical benefit of intraoperative
CSI, each was likely insufficiently powered to detect a dif-
ference in infection rates because of the low overall inci-
dence of infection after arthroscopy. Rates of infection
after knee arthroscopy are estimated to be between 0.07%
and 0.42%5 and are thus unlikely to be adequately evalu-
ated in small cohorts. The present systematic review
includes a substantially larger sample size, enabling an
analysis sufficiently powered for the detection of significant
differences in infection rates after arthroscopy.

In the present systematic review, 3 of the 4 included
studies found a significantly higher rate of infection in
patients who received an injection in the perioperative
period.5,6,16 Similar findings have been demonstrated in the
arthroplasty literature7,21,28 as well as in patients under-
going shoulder arthroscopy,29 with significantly decreased
rates of infection noted when CSI is performed >3 months
before surgery. This 3-month duration may relate to the
biologic half-life of injected corticosteroids within large
joints.18 However, this relationship has not been clearly
validated,17,27 and the optimal timing of perioperative CSI

TABLE 3
Infection Ratesa

Study (Year) CSI No CSI Total P Value

Cancienne et al5 (2016) 74/2,866 (2.6) 1,354/170,530 (0.8) 1,428/173,396 (0.8) <.001
Cancienne et al6 (2019) 38/2,785 (1.4) 25/4,680 (0.5) 63/7,465 (0.8) <.001
Koyonos et al14 (2009) 0/29 0/30 0/59 .99
Lee et al16 (2020) 154/6,245 (2.5) 1,449/72,089 (2) 1,603/78,334 (2) .015
Total 266/11,925 (2.2) 2,828/247,299 (1.1) 3,094/259,254 (1.2) <.001

aInfections are reported as number of infections/total number of patients (%) at the latest follow-up. CSI, corticosteroid injection.

TABLE 4
Time between Corticosteroid Injection and Arthroscopy

Abstract Abstract

Cancienne et al5 (2016) 0 days (injection given intraoperatively)
Cancienne et al6 (2019) 0-2 weeks, 2-4 weeks, 4-6 weeks, and

6-8 weeks (injection given postoperatively)
Koyonos et al14 (2009) 0 days (injection given intraoperatively)
Lee et al16 (2020) 0-2 months, 2-4 months, and 4-6 months

(injection given preoperatively)

TABLE 5
Infection Rates by Timing of Injectiona

Study Infection Rate

Preoperative
Lee et al16 (2020) 154/6,245 (3)

Intraoperative
Cancienne et al5 (2016) 74/2,866 (2.6)
Koyonos et al14 (2009) 0/59 (0)

Postoperative
Cancienne et al6 (2019) 38/2,785 (1.4)

aInfections are reported as number of infections/total number of
patients (%) at the latest follow-up.

The Orthopaedic Journal of Sports Medicine Steroid Injections and Infection Rates After Arthroscopy 5



in the setting of arthroscopy remains unclear. Lee et al16

demonstrated an increased risk of postoperative infection
in patients undergoing CSI within 2 weeks of knee arthro-
scopy but found no increased risk of infection outside of this
window. Similarly, Cancienne et al6 noted an increased risk
of infection in patients injected within 4 weeks after knee
arthroscopy yet demonstrated no increased infection risk
after this time period. The pooled analysis of the studies
included in the present systematic review demonstrated a
significantly decreased infection risk in patients under-
going CSI postoperatively compared with pre- or
intraoperatively.

Overall, the results of this systematic review demon-
strate a 2.2% risk of infection in patients undergoing peri-
operative CSI compared with a 1.1% risk in patients not
undergoing injection. While the absolute risk of postopera-
tive infection remains low in both groups, perioperative CSI
appears to approximately double the risk of infection in
patients undergoing knee arthroscopy. When considering
CSI in the perioperative period, surgeons should evaluate
comorbidities and other risk factors for infection, the
patient’s pain level, and the diagnostic or therapeutic ben-
efit potentially afforded by CSI. Surgeons should avoid
administering injections shortly before or during arthro-
scopy procedures to reduce the risk of infection. Ultimately,
the decision to pursue CSI is a risk-benefit analysis that
should entail discussion with the patient, and CSI should
not be portrayed to patients as a risk-free procedure.

The strengths of this systematic review include the use of
comparative studies with low levels of bias. The limitations
of this study should also be noted. Most notably, there were
only 4 primary studies included in this review. There was
heterogeneity among studies in the timing and formulation
of corticosteroid injection, and only 1 study provided an
explicit definition of postoperative infection.16 Only 1 of the
4 included studies, which was likely underpowered because
of its small sample size, was of level 1 evidence, and none of
the included studies used blinding in their methodology.
Additionally, the differences in study methodology, sample
size, and inherent bias among the included studies may
contribute to the differences in infection rates observed in
the present review. Finally, surgical time and perioperative
antibiotic coverage were assessed in the included studies.
Further high-quality, randomized studies are needed to
better elucidate the optimal timing of CSI in the periopera-
tive period.

CONCLUSION

Patients undergoing knee arthroscopy who receive an
intra-articular CSI during the perioperative period can
be expected to experience significantly higher postopera-
tive infection rates when compared with patients not
receiving an injection. Furthermore, patients receiving a
corticosteroid injection pre- or intraoperatively may expe-
rience significantly higher rates of postoperative infection
when compared with patients receiving an injection
postoperatively.

REFERENCES

1. Armstrong RW, Bolding F, Joseph R. Septic arthritis following arthros-

copy: clinical syndromes and analysis of risk factors. Arthroscopy.

1992;8(2):213-223.

2. Armstrong RW, Bolding F. Septic arthritis after arthroscopy: the con-

tributing roles of intraarticular steroids and environmental factors. Am

J Infect Control. 1994;22(1):16-18.

3. Bohensky MA, deSteiger R, Kondogiannis C, et al. Adverse outcomes

associated with elective knee arthroscopy: a population-based cohort

study. Arthroscopy. 2013;29(4):716-725.

4. Byrd JWT, Bardowski EA, Civils AN, Parker SE. The safety of hip

arthroscopy within 3 months of an intra-articular injection. J Bone

Joint Surg Am. 2019;101(16):1467-1469.

5. Cancienne JM, Gwathmey FW, Werner BC. Intraoperative corticoste-

roid injection at the time of knee arthroscopy is associated with

increased postoperative infection rates in a large Medicare popula-

tion. Arthroscopy. 2016;32(1):90-95.

6. Cancienne JM, Kew ME, Smith MK, Carson EW, Miller MD, Werner

BC. The timing of corticosteroid injections following simple knee

arthroscopy is associated with infection risk. Arthroscopy. 2019;

35(6):1688-1694.

7. Cancienne JM, Werner BC, Luetkemeyer LM, Browne JA. Does timing

of previous intra-articular steroid injection affect the postoperative

rate of infection in total knee arthroplasty? J Arthroplasty. 2015;

30(11):1879-1882.

8. Coleman BD, Khan HM, Maffulli N, Cook JL, Wark JD. Studies of

surgical outcome after patellar tendinopathy: clinical significance of

methodological deficiencies and guidelines for future studies. Victo-

rian Institute of Sport Tendon Study Group. Scand J Med Sci Sports.

2000;10(1):2-11.

9. Hartwell MJ, Morgan AM, Johnson DJ, et al. Risk factors for 30-day

readmission following hip arthroscopy. Knee Surg Sports Traumatol

Arthrosc. 2020;28(4):1290-1295.

10. Heard BJ, Barton KI, Chung M, et al. Single intra-articular dexa-

methasone injection immediately postsurgery in a rabbit model

mitigates early inflammatory responses and posttraumatic

osteoarthritis-l ike alterations. J Orthop Res. 2015;33(12):

1826-1834.

11. Hunt D, Prather H, Harris Hayes M, Clohisy JC. Clinical outcomes

analysis of conservative and surgical treatment of patients with clin-

ical indications of prearthritic, intra-articular hip disorders. PM R.

2012;4(7):479-487.

12. Kim S, Bosque J, Meehan JP, Jamali A, Marder R. Increase in outpa-

tient knee arthroscopy in the United States: a comparison of National

Surveys of Ambulatory Surgery, 1996 and 2006. J Bone Joint Surg

Am. 2011;93(11):994-1000.

13. Kizilkaya M, Yildirim OS, Dogan N, Kursad H, Okur A. Analgesic

effects of intraarticular sufentanil and sufentanil plus methylprednis-

olone after arthroscopic knee surgery. Anesth Analg. 2004;98(4):

1062-1065.

14. Koyonos L, Yanke AB, McNickle AG, et al. A randomized, prospec-

tive, double-blind study to investigate the effectiveness of adding

DepoMedrol to a local anesthetic injection in postmeniscectomy

patients with osteoarthritis of the knee. Am J Sports Med. 2009;

37(6):1077-1082.

15. Kraeutler MJ, Garabekyan T, Fioravanti M, Young DA, Mei-Dan O.

Efficacy of a nonimage-guided diagnostic hip injection in patients with

clinical and radiographic evidence of intra-articular hip pathology.

J Hip Preserv Surg. 2018;5(3):220-225.

16. Lee W, Bhattacharjee S, Lee MJ, Ho SW, Athiviraham A, Shi LL.

A safe interval between preoperative intra-articular corticosteroid

injections and subsequent knee arthroscopy. Published online

June 8, 2020. J Knee Surg. doi: 10.1055/s-0040-1712949]

17. MacMahon PJ, Eustace SJ, Kavanagh EC. Injectable corticosteroid

and local anesthetic preparations: a review for radiologists. Radiol-

ogy. 2009;252(3):647-661.

18. MacMahon PJ, Shelly MJ, Scholz D, Eustace SJ, Kavanagh EC.

Injectable corticosteroid preparations: an embolic risk assessment

6 Belk et al The Orthopaedic Journal of Sports Medicine



by static and dynamic microscopic analysis. Am J Neuroradiol. 2011;

32(10):1830-1835.

19. Montgomery SC, Campbell J. Septic arthritis following arthros-

copy and intra-articular steroids. J Bone Joint Surg Br. 1989;

71(3):540.

20. Rasmussen S, Lorentzen JS, Larsen AS, Thomsen ST, Kehlet H.

Combined intra-articular glucocorticoid, bupivacaine, and morphine

reduces pain and convalescence after diagnostic knee arthroscopy.

Acta Orthop Scand. 2002;73(2):175-178.

21. Schairer WW, Nwachukwu BU, Mayman DJ, Lyman S, Jerabek SA.

Preoperative hip injections increase the rate of periprosthetic infec-

tion after total hip arthroplasty. J Arthroplasty. 2016;31(9)(suppl):

166-169.

22. Sing DC, Feeley BT, Tay B, Vail TP, Zhang AL. Age-related trends in

hip arthroscopy: a large cross-sectional analysis. Arthroscopy. 2015;

31(12):2307-2313.

23. Smith MD, Wetherall M, Darby T, et al. A randomized placebo-

controlled trial of arthroscopic lavage versus lavage plus intra-

articular corticosteroids in the management of symptomatic

osteoarthritis of the knee. Rheumatology (Oxford). 2003;42(12):

1477-1485.

24. Sterne JA, Hernan MA, Reeves BC, et al. ROBINS-I: a tool for asses-

sing risk of bias in non-randomised studies of interventions. BMJ.

2016;355:i4919.

25. Tangtiphaiboontana J, Zhang AL, Pandya NK. Outcomes of intra-

articular corticosteroid injections for adolescents with hip pain. J Hip

Preserv Surg. 2017;5(1):54-59.

26. Vermesan D, Prejbeanu R, Laitin S, et al. Arthroscopic debride-

ment compared to intra-articular steroids in treating degenerative

medial meniscal tears. Eur Rev Med Pharmacol Sci. 2013;17(23):

3192-3196.

27. Wang D, Camp CL, Ranawat AS, Coleman SH, Kelly BT, Werner BC.

The timing of hip arthroscopy after intra-articular hip injection affects

postoperative infection risk. Arthroscopy. 2017;33(11):1988-1994.

28. Werner BC, Cancienne JM, Browne JA. The timing of total hip arthro-

plasty after intraarticular hip injection affects postoperative infection

risk. J Arthroplasty. 2016;31(4):820-823.

29. Werner BC, Cancienne JM, Burrus MT, Griffin JW, Gwathmey FW,

Brockmeier SF. The timing of elective shoulder surgery after shoulder

injection affects postoperative infection risk in Medicare patients. J

Shoulder Elbow Surg. 2016;25(3):390-397.

30. Werner BC, Cancienne JM, Burrus MT, Park JS, Perumal V, Cooper

MT. Risk of infection after intra-articular steroid injection at the time of

ankle arthroscopy in a Medicare population. Arthroscopy. 2016;32(2):

350-354.

31. Westermann RW, Pugely AJ, Ries Z, et al. Causes and predictors of

30-day readmission after shoulder and knee arthroscopy: an analysis

of 15,167 cases. Arthroscopy. 2015;31(6):1035-1040.

The Orthopaedic Journal of Sports Medicine Steroid Injections and Infection Rates After Arthroscopy 7


	Risk of Infection in Knee Arthroscopy Patients Undergoing Corticosteroid Injections in the Perioperative Period
	METHODS
	Study Methodology Assessment
	Statistical Analysis

	RESULTS
	Corticosteroid Formulation
	Injection Technique
	Modified Coleman Methodology Score
	Characteristics
	Procedures Performed
	Methodologic Quality Assessment
	Infection Rates
	Infection Rates by Timing of Injection

	DISCUSSION
	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 266
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 175
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50286
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 266
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 175
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50286
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 900
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 175
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50286
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (U.S. Web Coated \050SWOP\051 v2)
  /PDFXOutputConditionIdentifier (CGATS TR 001)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /CreateJDFFile false
  /Description <<
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements true
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9
      /MarksWeight 0.125000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
  /SyntheticBoldness 1.000000
>> setdistillerparams
<<
  /HWResolution [288 288]
  /PageSize [612.000 792.000]
>> setpagedevice


