
lable at ScienceDirect

Arthroplasty Today 7 (2021) 69e75
Contents lists avai
Arthroplasty Today

journal homepage: http: / /www.arthroplastytoday.org/
Systematic Review
Prosthetic Joint Infection After Dental Work: Is the Correct Prophylaxis
Being Prescribed? A Systematic Review

Richard M. Danilkowicz, MD a, *, Anne M. Lachiewicz, MD b, Daniel J. Lorenzana, MD a,
Karen D. Barton, MSLIS, AHIP c, Paul F. Lachiewicz, MD a, d

a Department of Orthopedic Surgery, Duke University, Durham, NC, USA
b Division of Infectious Diseases, University of North Carolina-Chapel Hill School of Medicine, Chapel Hill, NC, USA
c Duke University Medical Center Library & Archives, Durham, NC, USA
d Durham Veteran’s Administration Medical Center, Durham, NC, USA
a r t i c l e i n f o

Article history:
Received 27 August 2020
Received in revised form
12 October 2020
Accepted 11 November 2020
Available online xxx

Keywords:
Hip arthroplasty
Knee arthroplasty
Prosthetic joint infection
Dental prophylaxis
Antibiotic prophylaxis
* Corresponding author. Department of Orthopedic
Trent Drive, Suite 2214, Box 104002, Durham, NC 2771

E-mail address: richard.danilkowicz@duke.edu

https://doi.org/10.1016/j.artd.2020.11.007
2352-3441/© 2020 The Authors. Published by Elsevier
NC-ND license (http://creativecommons.org/licenses/b
a b s t r a c t

Background: Prosthetic joint infection (PJI) of total hip (THA) or total knee arthroplasty (TKA) after dental
procedures is uncommon, and antibiotic prophylaxis remains controversial. For high-risk patients, the
American Academy of Orthopedic Surgeons recommends amoxicillin prophylaxis. However, no sys-
tematic review of the literature of PJIs associated with dental procedures explores if amoxicillin is
suitable for the reported organisms.
Methods: A librarian-assisted search of the major databases (PubMed, Medline, Embase, Scopus) iden-
tified 954 articles. Only case reports, case series, and reviews with patient level data were included. After
exclusions, 79 articles were fully reviewed.
Results: Forty-four PJIs after dental procedures were identified, 22 in primary THA, 20 in primary TKA,
one in revision THA, and one in a hip resurfacing procedure. Antibiotic prophylaxis was documented for 5
patients. The dental procedure was invasive in 35 (79.5%). Comorbidities were present in 17 patients
(38.7%). The organisms reported were Streptococcus spp. in 44%, other aerobic gram-positives in 27%,
anaerobic gram-positives in 18%, and gram-negative organisms in 11%. An estimated 46% of organisms
may be resistant to amoxicillin. The outcomes of treatment were reported for 35 patients (79.5%).
Twenty-seven patients (61.4%) had no clinical signs of PJI at the final follow-up visit.
Conclusions: Lower extremity PJI associated with dental procedures is often caused by organisms un-
likely to be prevented with amoxicillin. Additional studies are warranted to determine the choice and
efficacy of antibiotic prophylaxis to prevent dental-associated PJI in the highest risk patients. Insufficient
data exist to recommend the optimal treatment for patients with PJI in THA and TKA associated with
dental procedures.
© 2020 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/

licenses/by-nc-nd/4.0/).
Prosthetic joint infection (PJI) of a total hip arthroplasty (THA)
and total knee arthroplasty (TKA) is a devastating complication that
occurs in less than 2% of patients, with a small subset attributed to
hematogenous spread [1,2]. PJI after THA and TKA may be tempo-
rally related to dental work and associated with organisms usually
found in the oral cavity. Controversy exists over the association
between dental work and lower extremity PJI. Bacteremia is a
common occurrence, after both noninvasive and invasive dental
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procedures, but is transient and likely not a greater risk than daily
activities including chewing or brushing [2].

Antibiotic prophylaxis for patients with THA and TKA who un-
dergo dental procedures is also controversial, in part due to the
uncertain pathophysiology. Before 2015, both the American Acad-
emy of Orthopedic Surgeons (AAOS) and the American Dental As-
sociationwere in agreement on antibiotic prophylaxis before dental
work in all patients with THA or TKAwithin 2 years of implantation
[3]. Thereafter, a schism occurred between these 2 organizations,
with the American Dental Association advising against prophylaxis
in general and the AAOS creating specific, narrowed guidelines
[4,5]. Despite these recommendations, many health-care providers
continue to routinely provide antibiotic prophylaxis before dental
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work for these patients [6,7].When antibiotic prophylaxis is indi-
cated, the 2016 AAOS guideline recommends using amoxicillin;
ampicillin, cephalosporins, andmacrolides are listed as alternatives
for patients allergic to penicillin or ampicillin or unable to tolerate
oral medication [4,8].

Whether or not antibiotic prophylaxis is given before dental
procedures, there are reports of PJI temporally associated with
dental work [9,10]. To our knowledge, no systematic review of the
literature exists of patients who developed a lower extremity PJI
temporally associated with dental procedures. The aims of this
study were to determine the frequency of this complication, the
underlying comorbidities of the patients involved, the use of anti-
biotic prophylaxis, the type of organisms isolated and antibiotic
sensitivities, and outcomes of treatment.
Material and methods

Search strategy

An electronic search of the literaturewas conducted inMEDLINE
(PubMed), Embase (Elsevier), and Web of Science (Clarivate Ana-
lytics) from inception to February 7, 2020, according to the
Preferred Reporting Items for Systematic reviews and Meta-
analyses (PRISMA) guidelines [11]. An updated search was con-
ducted on February 12, 2020. The search was conducted by a pro-
fessional medical librarian and included a mix of keywords and
controlled vocabulary representing prosthetic joints, infection, and
dental procedures. Editorials and comments were excluded. Ref-
erences were uploaded into Covidence, a systematic review
screening tool, with which 2 independent reviewers screened titles
and abstracts. Conflicts were resolved by a third independent
reviewer. Raters were not blinded to citation identifiers (eg, author,
institution, year of publication). PRISMA chart can be found in the
Appendix section.
Inclusion and exclusion criteria

The studies included provided data regarding a PJI of a THA or
TKA around the time of a dental procedure. These studies included
contained patient-level information regarding type of arthroplasty,
time from dental procedure, organism isolated, and the de-
mographics of sex, age, and presence of comorbidities. Studies were
excluded if they did not include patient-level information, the
specific organism isolated, or timing from dental procedure or were
written in languages other than English.
Data extraction and analysis

Two reviewers independently extracted data from the identified
studies, and conflicts were identified and resolved by a third in-
dependent reviewer. Extracted data included author, date of pub-
lication, and patient-level data regarding infection episode. Dental
procedures were categorized as invasive or noninvasive based on
the AAOS Appropriate Use Criteria statement, with invasive pro-
cedures defined as those that involved manipulation of gingival
tissue or the periapical region of teeth or perforation of the oral
mucosa [4]. For the purposes of analysis, treatment was categorized
as nonsurgical, debridement, antibiotics, and implant retention
(DAIR), one-stage exchange arthroplasty, or two-stage exchange
arthroplasty. Summary statistics were generated using Stata or MP
13.0 (StataCorp LP, College Station, TX).
Estimating amoxicillin susceptibility

The organisms reported were sorted by common clinical
grouping, family, and genus. The susceptibilities of group or family
or genus were then estimated by one author, a specialist of infec-
tious diseases, using the John Hopkins Antibiotic Guide, the Sanford
Guide to Antimicrobial Therapy, and a literature review for rare
genera [12-20]. An overall estimated amoxicillin susceptibility rate
was determined from a weighted mean calculated using the fre-
quency of organisms and the estimated amoxicillin susceptibility
by genus or species.

Results

The literature search identified 954 citations, of which 79 met
the predefined screening criteria. Of the 79 studies, 31 had data that
could be extracted (Fig. 1). These 31 studies had patient-level data
for 44 patients, and the years of publication ranged from 1976 to
2019. The number of cases of PJI in THA or TKA associated with
dental procedures analyzed was 44.

This cohort included 22 female patients (50.0%) with amean age
64.1 years (SD, 9.7 years; range, 44 to 84 years) and 20 male pa-
tients (45.5%) with a mean age of 62.0 years (SD, 13.0 years; range,
39 to 92 years) (Table 1). The age and sex were not reported for 2
patients. The index procedure was a primary TKA in 20 patients
(45.5%) and a primary THA in 22 patients (50.0%), a revision THA in
one patient (2.3%), and a hip resurfacing in 1 patient (2.3%). Data on
comorbidities were reported for 17 patients (38.6%), including 6
patients with rheumatoid arthritis, 5 with hypertension, one with
chronic obstructive pulmonary disease, and one with chronic kid-
ney disease. The dental procedures performed were described as
invasive in 35 patients (79.5%), specifically listed as extractions in
18 patients, root canals in 7, gingival procedures in 5, irrigation and
debridement of an abscess in 3, and unspecified invasive in 2. The
dental procedure performed was described as noninvasive in 6
patients (13.6%), specifically listed as routine cleanings in 5 patients
and dental manipulation in one. In 3 patients (6.8%), the data were
insufficient to classify the dental procedures as invasive or nonin-
vasive. The dental procedure associated with the PJI occurred at a
mean of 4.8 years (range, 4 days to 20 years; SD, 4.6 years) after the
index joint replacement. In 8 patients (18.2%), the dental procedure
occurred within 1 year of index surgery. Twenty-two patients
(50.0%) were specifically noted to have not received antibiotic
prophylaxis, and 5 patients (11.4%) were noted to have received
antibiotic prophylaxis (amoxicillin in 2, penicillin in one, erythro-
mycin in one, and lincomycin in one). For 17 patients (38.6%), data
regarding antibiotic prophylaxis were not provided or were insuf-
ficient for analysis. The first symptoms of PJI after the dental pro-
cedure were noted at a mean of 27.4 days (range,1 day to 5months;
SD, 35.4 days).

Forty-four bacterial organisms were reported from 44 PJI. Two
of the 44 PJI were polymicrobial. One PJI was caused by Staphylo-
coccus aureus and Proteus mirabilis, and both organisms were
included the analysis. The other polymicrobial PJI was reported as
mixed gram-positive and gram-negative organisms and excluded
from sensitivity analysis.

The causative organisms were diverse (Table 2). The most
frequently isolated organisms were viridans group streptococcal
bacteria in 17 (37.8%) cases. Overall, aerobic gram-positive bacteria
were isolated in 31 patients (70.5%), anaerobic gram-positive or-
ganisms in 8 patients (18.2%), and gram-negative bacteria in 5 pa-
tients (11.4%). Among aerobic gram-positive organisms, 5 were
Staphylococcus aureus, 2 were pyogenic streptococci, 17 were vir-
idans group streptococci, 2 were Granulicatella adiacens (formally
nutritionally variant streptococci), 4 were Rothia spp., and one was



Table 1
Published reports of dental procedureeassociated lower extremity PJI (N ¼ 45).

Author Year Sex Age Procedure Time from
surgery

Treatment Outcome

Rubin [21] Case #1 1976 F 68 THA 5.5 y Three I þ Ds Died of pneumonia before 2 stage revision
Rubin Case #2 1976 F 58 THA 5 y “Replacement” NR
Rubin Case #3 1976 M 62 THA 30 m 3 arthroscopic I þ D s No infection at 1 y f/u
Schurman [22] 1976 F 61 TKA 19 m I þ D; then 2 stage exchange

arthroplasty
No infection at 52 m f/u

Jacobsen [23] 1980 – – THA 2 y NR NR
Lindqvist [24]
Case #1

1985 M 67 THA 2 y I þ D No infection at 37 m f/u

Lindqvist Case #2 1985 F 66 THA 4d I þ D and polyethylene exchange No further significant events
Lindqvist Case #3 1985 F 84 THA 4 m I þ D and polyethylene exchange No infection at 12 m f/u
Strazzeri [25] 1986 F 61 THA 10 y I þ D (declined explant) No infection at 12 m f/u
Grogan [26] 1986 NR NR TKA 5 m Exchange arthroplasty No infection at 38 m f/u
Pravda [27] 1989 F 78 TKA 14 m Exchange arthroplasty No infection at 27 m f/u
Sullivan [28] 1990 F 44 THA 5 y Exchange arthroplasty No infection at 50 m f/u
Manian [29] 1991 M 73 TKA 6 y “Revision” NR
Skiest [30] 1995 M 39 THA 5 y Resection arthroplasty NR
Waldman [31] Case #1 1997 F 76 TKA NR NR NR
Waldman Case #2 1997 F 71 TKA NR 2 stage exchange arthroplasty No infection at 4 m f/u; died of C. difficile at 6 m
Waldman Case #3 1997 M 61 TKA NR Declined surgery Scant culture negative knee drainage at 2 y
Waldman Case #4 1997 M 62 TKA NR 2 stage exchange arthroplasty No infection at 24 m f/u
Waldman Case #5 1997 F 56 TKA NR I þ D without polyethylene exchange 5 m after procedure, sustained fall,

revision, still infected - lifelong antibiotics
Waldman Case #6 1997 M 57 TKA NR Arthroscopic I þ D No infection at 2 m f/u
Waldman Case #7 1997 F 70 TKA NR DAIR after antibiotics only failed NR
Waldman Case #8 1997 F 67 TKA NR 2 stage exchange arthroplasty No infection at 4 m f/u
LaPorte [32] Case #1 1999 F 63 THA NR Implant removal and antibiotics Free of pain at 3 m
LaPorte Case #2 1999 M 72 THA NR Implant removal and antibiotics No infection at 3 m f/u
LaPorte Case #3 1999 F 78 THA NR Surgery canceled for cardiac reasons Continued hip pain
Kaar [33] 2000 M 67 Revision THA NR I þ D No infection at 12 w f/u
Nadlacan [34] 2001 M 44 TKA 11 m I þ D; polyethylene exchange NR
Jellicoe [35] 2002 F 78 THA – 2 stage exchange arthroplasty No infection at 6 m after

reimplantation
Bartz [36] 2005 F 63 THA 1 y 2 stage exchange arthroplasty No infection at 3 m f/u
Klingler [37] 2005 M 44 TKA 9 y 2 stage exchange arthroplasty No infection at 4 m f/u
Trivedi [38] 2005 F 53 TKA 8 y Exchange arthroplasty No infection at 2.1 y f/u
Michels [39] 2007 M 59 THA – I þ D then exchange arthroplasty No infection at 2.8 y f/u
Waqar [40] 2008 M 49 TKA 22 m Exchange arthroplasty No infection at 10.1 y f/u
Brown [41] 2012 M 59 THA 5 y Exchange arthroplasty No infection at 2.4 y f/u
Mahobia [42] 2013 F 75 TKA 8 m Exchange arthroplasty No infection at 3.5 y f/u
Mougari [43] 2013 M 55 TKA 20 y Arthroscopic I þ D No infection at 8.7 y f/u
Al-Himdani [44] 2015 F 55 Hip resurfacing 10 y Exchange arthroplasty No infection at 7.8 y f/u
Klein [45] 2015 F 65 TKA 11 y Exchange arthroplasty No infection at 4.8 y f/u
Aweid [46] 2016 M 81 THA 5 y Exchange arthroplasty No infection at 2.4 y f/u
Quenard [47] 2017 M 75 THA 7 y I þ D and antibiotic spacer Later cultured Aspergillus
Bartash [48] 2017 M 54 THA 3 y I þ D, then exchange Died from “other issues”
Kansara [49] 2019 F 64 TKA 295 d Antibiotics and 2 stage exchange

arthroplasty
NR

Olson [50] 2019 M 92 THA 2 w Sinus tract I þ D; later revision NR
Rieber [51] 2019 M 68 THA NR I þ D; polyethylene exchange Staged revision

d, day(s); DAIR, debridement, antibiotics, and implant retention; F, female; M, male; m, month(s); f/u, follow up; I þ D, irrigation and debridement; N, total number of cases;
NR, not reported; PJI, prosthetic joint infection; THA, total hip arthroplasty; TKA, total knee arthroplasty; w, week(s); y, year(s).
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a Micrococcus species (sp.). The anaerobic gram-positive bacteria
included 5 Peptostreptococcus spp., 3 Actinomyces spp., and one
Slackia exigua. The gram-negative organisms included 3 Haemo-
philus parainfluenzae and 2 Enterobacteriaceae. Using the previously
described methods, aggregate sensitivity to amoxicillin was esti-
mated to be 54% for these organisms (Table 2).

The PJI treatment for these patients varied greatly (Table 1).
Thirteen patients (29.5%) were treated definitively with some form
of irrigation and debridement, with or without polyethylene ex-
change. Eight patients (18.2%) had an exchange arthroplasty, and 7
patients (15.9%) had 2-stage exchange arthroplasty. Two patients
had irrigation and debridement followed by exchange arthroplasty,
with one patient having irrigation and debridement followed by
two-stage exchange. Two patients had implant removal and anti-
biotics for definitive treatment.
The outcomes of treatment were reported for 35 patients
(79.5%), with amean follow-up of 29months (range, 2months to 10
years) (Table 1). Twenty-seven patients (61.4%) had no clinical signs
of PJI at the final follow-up visit, and 3 patients had persistent PJI
treated with lifelong antibiotic suppression. One patient had
recurrent PJI at 1 year after treatment. Three deaths were reported;
one because of community-acquired pneumonia before planned
two-stage procedure, one from Clostridioides difficile infection, and
one because of “unrelated issues” after exchange arthroplasty. One
patient had no further intervention because of cardiac reasons. The
clinical outcome of treatment was not reported for 9 patients
(20.4%). Based on this systematic review alone, insufficient data
exist to recommend the optimal treatment for patients with PJI in
THA and TKA associated with dental procedures. In the 35 patients
with treatment and outcome reported and success defined (by the



Table 2
Organisms reported in dental procedureeassociated lower extremity PJI and estimated sensitivity to amoxicillin (N ¼ 45a).

Common clinical group Genus or Species No. Estimated % amoxicillin
susceptibility for group [12-20]

% Total for
group

Aerobic gram-positive organisms
Staphylococcus aureus Staphylococcus aureus 5 0 11.4
Pyogenic streptococci Group C Streptococcus 1 100 4.5

Group G Streptococcus 1
Viridans group streptococci S. salivarius 1 50 38.6

S. anginosus group (S. intermedius) 1
S. mitis group 2
S. oralis 1
S. gordonii 1
S. mutans 1
viridans group Streptococcus, NOS 10

Formally nutritionally variant streptococci Granulicatella adiacens 2 50 4.5
Micrococcaceae Rothia dentocariosa 1 60 11.4

Rothia mucilaginosa 1
Rothia aeria 1
Rothia sp. 1
Micrococcus sp. 1

Anaerobic gram-positive organisms
Peptostreptococcus spp. Peptostreptococcus micros 1 95 18.1

Peptostreptococcus (including former Peptococcus) spp. 4
Actinomyces spp. Actinomyces israelii 1

Actinomyces sp. 1
Coriobacteriaceae Slackia exigua 1

Gram-negative organisms
Fastidious, anaerobic gram-negative Haemophilus parainfluenzae 3 50 11.4
Enterobacteriaceae Serratia marcescens 1 0

Proteus mirabilis 1 0

N, total number of organisms; NOS, not otherwise specified; PJI, prosthetic joint infection.
a Forty-four organisms were reported from 44 PJI. One PJI had both Staphylococcus aureus and Proteus mirabilis. One PJI was reported as mixed gram-positive and gram-

negative organisms and is excluded from Table 2.
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authors) as patient alive and implant retained, the rate of success
was 94.3% overall and 85.7% with 2-stage revisions.

Discussion

PJI associated with dental procedures in patients with THA and
TKA is uncommon, and the use of antibiotic prophylaxis for some or
all patients remains controversial. The 2016 AAOSmultidisciplinary
panel evaluated 64 scenarios to determine the “appropriate use” of
antimicrobial prophylaxis for these patients having dental work. An
appropriate use calculator considered 5 variables, including inva-
siveness of dental procedure, immunocompromised status of pa-
tient, glycemic control, history of infection requiring operation, and
the time elapsed since arthroplasty. Of the 64 scenarios devised,
prophylaxis was “rarely appropriate” in 61%, “may be appropriate”
in 27%, and “appropriate” in only 12% [4]. Data on the organisms
causing dental-associated PJI and the efficacy of antimicrobial
prophylaxis to prevent PJI remain insufficient.

This systematic review of reported PJI in patients undergoing
THA and TKA associated with dental procedures noted that an
estimated 46% of the organisms isolated are likely to be resistant to
amoxicillin, including many viridans group streptococci, some
Granulicatella and Rothia spp., and all Staphylococcus aureus. Under
13% of the patients in this analysis had documented receipt of
antibiotic prophylaxis. Thus, it seems unlikely that antibiotic given
had a notable effect on the causative organisms.

The frequency of amoxicillin-resistant organisms questions the
recommendation of amoxicillin as the optimal prophylaxis to pre-
vent PJI in THA and TKA patients undergoing dental procedure. The
recommendation for amoxicillin as the preferred prophylaxis is
based on the low number needed to treat of 1.8 to prevent cases of
dental-related bacteremia as well as a low rate of adverse effects
with this antibiotic [52-54]. As many as 625 to 1250 courses of
antibiotics may be needed to prevent one PJI [55]. Prophylaxis has
been deemed cost-effective by some investigators only when the
risk of PJI after dental treatment is at least 1.2% or if prophylaxis was
100% effective, both of which may not be realistic numbers [2,56].
In 1990, it was estimated that prevention of one PJI case with
antibiotic prophylaxis would cost the health-care system nearly
$480,000, and the cost to spare a year of life was closer to $500,000,
both figures which are likely higher today [57]. The judicious use of
antibiotic prophylaxis for endocarditis in high-risk patients un-
dergoing high-risk procedures suggested a financial saving of be-
tween 5.5 and 8.2 million Euros, with a gain of 2687 quality-
adjusted life years annually [58]. However, given differences in
morbidity and mortality and the characteristics of patients who
receive prophylaxis, it is unclear whether such estimated savings
from endocarditis can be extrapolated to PJI. With the current
available data, many countries advise against antibiotic prophylaxis
for PJI prevention, while a few recommend use in only the highest
risk patients [59,60].

The current AAOS Appropriate Use Criteria guidelines suggest
that antibiotic prophylaxis be reserved for the highest risk patients
undergoing invasive procedures because of the estimated low ef-
ficacy of antimicrobial prophylaxis to prevent PJI from dental
procedureerelated bacteremia [4,8]. In addition, since its inception
in 1996, the idea of antibiotic stewardship and the need for judi-
cious use of antibiotics to delay or limit resistance has been at the
center of most decision trees regarding antibiotic prophylaxis [61].
No ideal oral antibiotic with a high rate of susceptibility against all
potential oral pathogens is available either. The use of an oral first-
generation cephalosporin may provide greater coverage for gram-
positive aerobes but less efficacy for gram-positive anaerobes.
This type of “trade-off” occurs with all oral antibiotics. For patients
with very high-risk comorbidities who cannot tolerate an oral
antibiotic, the use of intravenous or intramuscular prophylaxis with
a broader spectrum antibiotic, such as with ceftriaxone, could be
considered for future study. A systematic review of endocarditis
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prophylaxis reported that intravenous amoxicillin-clavulanic acid
promoted a considerable reduction in bacteremia compared with
other recommended prophylaxis [1]. However, this study recom-
mended prophylaxis only in a very selected group of patients with
high levels of dental infection undergoing invasive dental proced-
ures under general anesthesia [62]. With ceftriaxone, concern exist
for an increased risk of adverse reactions and a greater disruption of
the microbiome [63,64]. Conversely, few serious adverse reactions
and almost no deaths would be expected with single prophylactic
dose of amoxicillin [52,65]. Thus, amoxicillin remains the recom-
mended prophylaxis despite insufficient data to confirm the benefit
of such prophylaxis before dental procedures in patients with THA
and TKA. Other antibiotics that have efficacy against oral bacteria
are also not without their side effect profiles. Other antibiotics with
efficacy against oral bacteria are not without side effects: tetracy-
clines, macrolides, lincosamides (clindamycin), and carbapenems
are frequently associated with gastrointestinal adverse effects, the
most concerning of which is Clostridioides difficile colitis. Macro-
lides have the potential for acute hepatitis and allergic reactions,
and clindamycin can potentially cause neutropenia and enteroco-
litis, among other concerns [66]. Therefore, the decision to use
antibiotic prophylaxis is not simply a decision regarding efficacy
but instead a tradeoff on the potential benefits versus risks for the
patient.

This study is not without limitations. First, the number of re-
ported cases of dental procedureeassociated PJI is very low, likely
underestimating the true frequency of this complication. All the
included studies are case reports and case series, making the
overall quality of the evidence low with significant risk of bias.
Specifically, the reported cases are highly susceptible to publication
bias, which likely predisposes to publication of the most compli-
cated cases or perhaps the most unusual pathogens. Therefore, the
reported cases and organisms may not be representative of PJI
associated with dental procedures in patients undergoing THA and
TKA in the general population. Other limitations include an inad-
equate level of reporting in aggregated case studies and the lack of
antibiotic susceptibilities for individual pathogens. An infectious
disease specialist estimated antibiotic susceptibility based on two
widely accepted reference guides and a review of the literature, but
this may not accurately reflect the case-by-case susceptibility. Un-
fortunately, accurate susceptibility ranges are not possible to esti-
mate with any real degree of confidence because of the vast
differences in the literature among studies for even a single species.
Overall, while our estimate is imprecise, we feel that it does not
detract from the overall message that amoxicillin is far from 100%
active against the variety of organisms that colonize the
oropharynx. Finally, the available literature will likely underesti-
mate amoxicillin-sensitive organisms if some cases of PJI are pre-
vented by amoxicillin or another antibiotic. In spite of these
limitations, this study adds to the published literature as a
comprehensive review of the published reports on dental
procedureeassociated PJI and provides an estimated amoxicillin
susceptibility of the causative organisms.

Conclusions

This systematic review of the reported cases of PJI in patients
undergoing THA and TKA suggests that dental
procedureeassociated PJI is an uncommon occurrence with or
without prophylaxis. The organisms isolated from these cases were
quite varied, with an overall estimated resistance to amoxicillin of
46%. These findings suggest that additional studies are needed to
determine the optimal antibiotic and route of administration for
the highest risk patients with THA and TKA undergoing one or
multiple invasive dental procedures. Based on the individual risk
profile of the patient and the provider’s level of concern for risk of
infection, antibiotic prophylaxis may only be appropriate in the
highest risk patients. The decision to use an antibiotic other than
amoxicillin for prophylaxis must balance an increased adverse ef-
fect profile with the overall patient history of infection and
comorbidities and the potential morbidity and mortality from a PJI
associated with dental procedures. This study had insufficient cases
to determine the optimal treatment and outcomes of PJI related to
dental procedures, and obtaining such data would require a
multicenter prospective study with PJI from known dental pro-
cedures that ideally includes antibiotic susceptibility information.
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Appendix. PRISMA Flowchart.
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