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Abstract 

Background: The indication of prophylactic antibiotics prior to dental procedures for non-infected 
causes in order to reduce the risk of haematogenous periprosthetic joint infection (PJI) remains as 
controversial. We performed a systematic review of the literature assessing the relationship 
between PJI and invasive dental procedures and whether there is evidence to support the use of 
antibiotic prophylaxis. 
Methods: This review was conducted in accordance with the 2009 Preferred Reporting Items for 
Systematic Review and Meta-Analysis (PRISMA) statement. MEDLINE, EMBASE and the Cochrane 
Database of Systematic Reviews were searched for studies focusing on dental procedures after TJA, 
reporting on PJI as an outcome. The methodological quality was assessed with the 
Newcastle-Ottawa quality assessment scale for case-control and cohort studies and by the tool 
proposed by Murad et al. for observational studies.  
Results: Our systematic literature review yielded 90 individual studies, of which 9 met the inclusion 
criteria. The overall infection rate ranged from 0.26% to 2.12%. Of these, cases associated with a 
dental procedure ranged from 0% to 15.9%. Five of the studies described cases in which antibiotic 
prophylaxis was administered; however, no clear algorithm regarding type and dosage of antibiotic 
was mentioned. When assessing the methodological quality of the evidence, all studies had an 
overall low to moderate quality.  
Conclusion: The current systematic review, mostly composed of low-quality studies, suggests that 
there is no direct evidence to indicate prophylactic antibiotics prior to dental procedures in patients 
with TJA. In line with the current guidelines, no prophylaxis should be used on interventions for 
non-infected causes, except for occasional unusual situations, which can then be judged individually. 

Key words: periprosthetic joint infection, haematogenous infection, total joint arthroplasty, dental procedure, 
antibiotic prophylaxis  

Introduction 
Periprosthetic joint infection (PJI) constitutes a 

severe complication after total joint arthroplasty 
(TJA), being the leading cause of revision after 

primary total knee replacement (TKR) and the third 
following primary total hip replacement (THR). 
Currently, PJI has a prevalence of 1%-2% in TKR(1) 
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and of 0.3%-2.9% in THR cases.(2) 
Haematogenous PJIs can occur as a result of 

spread of infective organisms from a distant anatomic 
location, such as the heart, the lungs, skin, urinary 
tract and the oral cavity to a prosthetic joint.(3) 
Reports indicate that up to one-third of all PJI may be 
haematogenous in nature.(4) (5) The evidence behind 
the indication of antibiotic prophylaxis in an effort to 
minimize the spread of oral pathogens to the 
prosthetic joint is scant and administration of 
antibiotic prophylaxis to TJA patients undergoing a 
dental procedure remains a point of controversy.(6) 

Numerous organizations such as the American 
Association of Orthopaedic Surgeons (AAOS), the 
American Dental Association (ADA), and the 
International Consensus Meeting (ICM) on 
Orthopaedic Infections have engaged in developing 
guidelines or recommendations related to this 
practice. The guidelines issued by the ADA in 2014 
explicitly mention “that the current evidence shows 
no association between dental procedures and PJI nor 
a protective benefit of antibiotic prophylaxis before 
dental procedures. Therefore, for patients with 
prosthetic joints, antibiotics should not be prescribed 
prior to dental procedures to prevent prosthetic joint 
infection”.(7) The recommendations from the AAOS 
and ICM, on the other hand, are not so conclusive 
leading to incongruences in recommendations and 
variabilities in practice.(8) 

Since there is still lack of compelling evidence 
resulting in an unclear balance between benefits and 
potential harms in administration of prophylactic 
antibiotics prior to dental procedures performed to 
treat a non-infectious pathology at the oral cavity of 
patients with TJA, we decided to perform a systematic 
review of the subject. 

Materials and Methods 
This review was conducted in accordance with 

the 2009 Preferred Reporting Items for Systematic 
Review and Meta-Analysis (PRISMA) statement.(9) 
We also followed the MOOSE Guidelines for Meta- 
Analyses and Systematic Reviews of Observational 
Studies.(10) 

Data sources and searches 
MEDLINE, EMBASE, and the Cochrane 

Database of Systematic Reviews and the Cochrane 
Central Register of Controlled Trials were searched 
for studies enrolling patients older than 18 years old, 
focusing on dental procedures after TJA, reporting on 
the correlation between PJI and antibiotic prophylaxis 
as an outcome. The search strategy was as follows: 
(((((arthroplasty[MeSH Terms]) AND "antibiotic 
prophylaxis") AND "dental") AND "humans")) AND 

("1980/01/01"[Date - Publication]: "2017/12/31"[Date 
- Publication]). The search was performed in February 
2018, limited to humans and restricted to publications 
after 1980. Additionally, the reference lists of included 
studies were screened to minimise the risk of missing 
relevant articles. 

Study selection 
Three investigators independently screened title 

and abstracts of all the identified references. Then, 
full-text articles of studies that satisfied the selection 
criteria were retrieved and assessed by pairs of inde-
pendent authors to confirm eligibility. Disagreements 
were solved by consensus. Therapeutic or prognostic 
studies, published in English or Spanish language, 
investigating the incidence of PJI after dental proce-
dures with special interest in antibiotic prophylaxis 
were included. Letters to the editor or editorials, 
reviews, guidelines, commentaries, case reports and 
articles based on cadaveric or animal subjects, were 
excluded. 

Data extraction and quality assessment 
Level of evidence of the included studies was 

assigned using the classification suggested by Wright 
et al.(11) Patient demographics, time to dental 
procedure, dosage of antibiotic prophylaxis and 
outcome assessment in terms of haematogenous PJI 
diagnosis were recorded for each study into a custom 
data collection form.(12) 

To assess the methodological quality of the 
included case-series studies, we utilized a tool 
developed by Murad et al. that includes 8 questions 
summarized in 4 global domains, including selection, 
ascertainment, causality and reporting.(13) Affirma-
tive response to each question allows building up a 
score rated from 0 to 8 points; the higher the score, the 
greater the likelihood of the study to avoid chance, 
biases and confounding factors. Two independent 
authors rated the quality of each published study. 
Disagreement was solved by consensus or consulta-
tion with the senior reviewer. In turn, the Newcastle- 
Ottawa scale for nonrandomized studies was used 
when assessing the methodological quality of cohort 
studies; this tool evaluates three categories that are 
selection (with a maximum of 4 stars score), 
comparability (2 stars maximum) and exposure (3 
stars maximum).(14)  

Data synthesis 
Due to the identification of only 1 controlled 

study, and according to the methodological 
recommendation against performing a meta-analysis 
of observational studies without a control group,(15) 
information regarding outcomes reported by each 
study was presented in tables for comparison without 
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a statistical assessment. 

Results 
Our systematic literature review yielded 90 

individual studies, of which only 9 met the inclusion 
criteria.(16)(17)(18)(19)(20)(21)(22)(23)(24) Five studies 
were selected from the index search after initial 
exclusion per title and abstract; the remaining 4 were 
manually added from the references of the former 
ones (Figure 1). Two studies resulting from the index 
search initially selected were later excluded for being 
cost-analysis. 

According to the Oxford Centre for Evidence- 
Based Medicine 2011 Levels of Evidence,(25) 6 studies 
corresponded to level IV, 2 studies to level III and 1 
study to level I. The methodological quality tool 
evidenced an overall low quality of the included case 
series, scoring a mean of 5,16 points (range 4 to 7) 
(Table 1). The methodological quality of the cohort 
studies is presented on Table 2, with the study Berbari 
et al.(22) having the highest score when compared to 
the ones by Skaar et al.(23) and Kao et al.(24). In 
summary, the methodological assessment showed 
great heterogeneity in terms of study design and 
outcome assessment. Three of the studies were pros-
pective in nature and the remaining were retrospect-
tive, 6 of them being case series, two case-control and 
only one retrospective cohort study. All were 
conducted between 1980 and 2016; 7 included patients 

treated at a single institution, while 2 included data 
collected from research databases (Taiwan National 
Registry(24) and Medicare Registry(23)). 

Except for Berbari et al.,(22) none of the studies 
aimed specifically at studying if a prophylaxis before 
dental interventions would prevent from haemato-
genous PJI of oral origin, but rather investigated the 
epidemiology of haematogenous PJI per se. After 
obtaining each patient’s dental record, Berbari et al. 
compared 339 PJI cases with 339 TJA controls without 
PJI who were hospitalized either for an arthroplasty 
located at a different site from the index arthroplasty, 
for an aseptic revision of the index arthroplasty, or for 
other orthopaedic procedure.(22) Based on the 
complexity of the dental procedure, they divided the 
cohort into low- and high-risk groups and performed 
a dental propensity score depending on whether the 
patients received antibiotic prophylaxis or not, had 
dental visits or not and whether they were edentulous 
or not.(22)  

Demographics 
Table 3 summarizes the demographic character-

istics of the included studies. Two articles did not 
describe patients’ age.(16) (24) Mean time to dental 
procedure from index arthroplasty, reported by 5 
articles, ranged from 15 to 180 months.(16) (17) (18) 
(20) (22) None of the studies reported the follow-up 
period after infection diagnosis. 

 

 
Figure 1. Flow diagram showing the systematic review process used in this study. 
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Table 1. Analysis of the methodological quality of case-series 

Domain Leading explanatory question Jacobsen and 
Murray 1980 

Ainscow 
et al. 1984 

Waldman 
et al. 1997 

Cook et 
al. 2007 

La Porte 
et al. 2008 

Uçkay et 
al. 2009 

Selection 1. Do the patients represent the whole experiences of the center or is the 
selection method unclear (other patient with similar presentation may not 
have been reported)? 

Yes Yes Yes Yes Yes Yes 

Ascertain- 
ment 

2. Was the exposure adequately ascertained? No Yes Yes No Yes Yes 
3. Was the outcome adequately ascertained? Yes Yes Yes Yes Yes Yes 

Causality 4. Were other causes that may explain the observation ruled out? No No Yes No No Yes 
5. Was there a challenge/rechallenge phenomenon? Yes Yes Yes Yes Yes Yes 
6. Was there a dose-response effect? No No No No No No 
7. Was follow-up long enough for outcome to occur? N/A Yes Yes Yes N/A Yes 

Reporting 8. Are the cases described with sufficient details to allow other 
investigators to replicate the research or to allow practitioners make 
inferences related to their own practice? 

Yes No Yes No Yes No 

Overall Score   4  5 7  4 5  6 
 
 
 

Table 2. Analysis of the methodological quality of case-control 
and cohort studies 

  Newcastle-Ottawa Quality Assessment Scale 
Selection Comparability Exposure/Outcome 

Berbari et al. 2010 ✪✪✪✪ ✪✪ ✪✪ 
Skaar et al. 2011 ✪✪ ✪✪ ✪✪ 
Kao et al. 2016 ✪✪✪ ✪ ✪✪ 

 
 

Overall periprosthetic joint infection outcome 
Eight studies reported on overall incidence of 

PJI, except for the study by Berbari et al.(22) who 
centred their analysis purely on infected joint 
replacements without mentioning an initial number of 
overall arthroplasty cases (Table 4). Overall, the mean 
infection rate ranged from 0.26% to 2.12%, with the 
study by Kao et al.(24) exhibiting the lowest frequency 
and study by Skaar et al.(23) the highest rate of 
infection. 

Periprosthetic joint infection associated with a 
dental procedure 

All of the studies focused on the diagnosis of PJI 
occurring after a dental procedure. Of the total 
infections, those associated with a dental procedure 
ranged from 0% to 15.9% (Table 4), based on a timely 
association between PJI and prior dental intervention. 
However, the source of infection was not certain in 
any of the studies. In fact, only 4 articles mentioned 
the infective organism.(16) (18) (20) (24) 

Jacobsen and Murray reported that the only PJI 
they found was linked to the endodontic and 
antibiotic (unspecified) treatment of a periapical 
abscess.(16) Uçkay et al. explained that the 3 dental 
procedures associated with a PJI were performed in 
cases with an already established dental abscess.(21) 
Except for LaPorte et al.,(20) none of the remaining 
studies made it clear whether the dental procedures 
had been performed on already established dental 

infections. Finally, Berbari et al. distinguished 
amongst low-risk (restorative dentistry, dental filling, 
endodontic treatment, and fluoride treatment) and 
high-risk dental procedures (dental hygiene, mouth 
surgery, periodontal treatment, dental extraction, and 
therapy for dental abscess).(22) Nonetheless, the 
authors did not express in numbers how the 
diagnoses were distributed in each cohort. 

The most common isolated bacteria, in 
decreasing order of prevalence, were as follows: 
Streptococcus viridans, Peptostreptococcus, β-haemolytic 
Streptococcus. Mean time to the diagnosis of PJI after 
the dental procedure was not clearly reported in these 
studies either. 
Antibiotic prophylaxis 

All but one(19) study mentioned whether an 
indication of antibiotic prophylaxis prior to dental 
procedure was in place for the patients with TJA in 
their cohort. Five of the studies mentioned that 
antibiotic prophylaxis was indicated prior to dental 
procedures,(16) (18) (22) (23) (24), but only 2 studies 
described the dose and time of administration of 
antibiotics.(16) (23) None of the studies disclosed the 
algorithm for antibiotic prophylaxis prior to dental 
procedures in their cohort (Table 5). 

Risk factors for PJI following dental procedures 
The study by Jacobsen and Murray was unable 

to show a direct association between infection in hip 
prosthesis and dental treatment for an infectious 
cause located at the oral cavity.(16) Similarly, Skaar et 
al. were unable to support the hypothesis that dental 
procedures can lead to PJI.(23) After performing a 
multivariate analysis, Kao et al. found that dental 
procedures were not linked to the occurrence of 
PJI.(24) As a sensitivity test, their stratified analyses 
consistently revealed among various subgroups that 
there was no association between dental procedure 
and PJI. 
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Table 3. Demographic characteristics of the included studies. 

Author Study Design Number of cases/Joint involved Age (years) Mean time to dental procedure (months) 
Jacobsen and Murray 
1980 

Retrospective case series 1855 THAs (n=1729 received prophylaxis) - 34 (Range, 17-48) 

Ainscow et al. 1984 Prospective case series 885 THAs and 115 TKRs (n=128 had dental 
procedures) 

70 (Range, 49-85) 72 (Range, 36-180) 

Waldman et al. 1997 Retrospective case series 3564 TKRs 65 (Range, 56-76) 72 (Range, 26-95) 
Cook et al. 2007 Restrospective case series 3013 TKAs 67 (range 40 - 79) - 
La Porte et al. 2008 Retrospective case series 2973 THAs 71 (Range, 63-78) 26 (Range, 15-39) 
Uçkay et al. 2009 Prospective case series 4002 THAs and 2099 TKRs 69.9 (SD ±11.4) - 
Berbari et al. 2010 Prospective case-control 339 infected TJAs9 infected TJAs339 infected 

TJAs339 infected TJAs339 infected TJAs 
Median 69.5 
(Range, 25.7-91.2) 

Low-risk procedure (<=12 months n=82; 
12-24 months n=18); High-risk procedure 
(<12 months n=115; 12-24 months n=13) 

Skaar et al. 2011 Retrospective case-control 468 THAs, 501 TKRs and 31 replacements of 
another joint 

- 
 

- 
 

Kao et al. 2016 Cohort Study (with 
sub-cohorts) 

255568 TJAs (n=61917 underwent dental 
procedures and 193651 did not undergo 
dental procedures) 

50.17± 18.46 
 

- 
 
 

THA: Total hip arthroplasty; TKR: Total knee replacement; TJA: Total joint arthroplasty. 
 

Table 4. Description of the included studies’ infection outcome. 

Author 
 

Overall infection outcome in 
the whole cohort  

Fraction of PJI related to dental work Infecting organism associated with post-dental 
procedure infection 

Jacobsen and Murray 1980 n=33/1855 (1.77%) n=1/33 (3.03%) Staphylococcus aureus (n=1) 
Ainscow et al. 1984 n=22/1112 (1.97%) n=0/22 (0%) - 
Waldman et al. 1997 
 

n=74/3490 (2.12%) 
 

n=9/74 (12%) 
 

Streptococcus viridans (n=3), Peptostreptococcus (n=3), 
Staphylococcus aureus (n=1), Serratia marcescens (n=1), 
Mixed flora (n=1) 

Cook et al. 2007 n=15/3013 (0.49%) n=1/15 (6.6%) - 
La Porte et al. 2008 n=52/2973 (1.74%) n=3/52 (5.76%) Streptococcus viridans (n=2), Peptostreptococcus (n=1) 
Uçkay et al. 2009 n=71/6101 (1.16%) n=3/71 (4.22%) Streptococcus oralis (n=1), Streptococcus milleri (n=1), 

Staphylococcus aureus (n=1) 
Berbari et al. 2010 N/A (100% of cases had a PJI) n=35/339 (10.3%) Beta-hemolytic streptococci (n=13), Peptostreptococcus 

(n=5), Actinomyces (n=1), Streptococcus viridans (n=11), 
Streptococcus-like organisms (n=2), 
Abiotrophia/Granulicatella (n=2), Gemella (n=1). 

Skaar et al. 2011 n=18/1000 (1.8%) n=4/42 (9.52%)  - 
Kao et al. 2016 n=676/255,568 (0.26%) n=328/57,066 (0.57%) in cases with 

dental procedures (Vs. n=348/57,066 
[0.61%] in the non-dental cohort) 

- 

PJI: Periprosthetic joint infection; Vs.: Versus; PJI: Periprosthetic joint infection. 
 

Table 5. Indication of antibiotic prophylaxis and dosage characteristics. 

Author 
 

Prophylactic antibiotic before dental procedure 
(yes/no) 

Antibiotic (if used) 
 

Dosage of prophylactic antibiotic 

Jacobsen and 
Murray 1980 

Yes 
 

Cephalotin + Erythromycin - 
 

Ainscow et al. 1984 No - - 
Waldman et al. 
1997 

No (n=8), Yes (n=1) 
 

Penicillin (in 1 case) First generation cephalosporin given 1 hour 
preoperatively and 8 hours postoperatively 

Cook et al. 2007 N/R - - 
La Porte et al. 2008 No - - 
Uçkay et al. 2009 No - - 
Berbari et al. 2010 
 

Low risk procedure (n=59/41); High risk 
procedure (n=95/33) 

- 
 

- 
 

Skaar et al. 2011 Yes - - 
Kao et al. 2016 
 

Each cohort was divided in equally-distributed 
sub-cohorts with and without antibiotic 
prophylaxis 

First- or second-generation cephalosporin, 
penicillin (e.g., oxacillin, ampicillin, and 
amoxicillin), or clindamycin 

Within 1 week preceding the dental 
procedure 

 
 
Waldman et al. suggested that extensive, but not 

routine low-risk, dental procedures may be associated 
with infections.(18) Similarly, LaPorte et al. described 
that infections were more frequently associated with 
more invasive dental procedures such as multiple 

tooth extractions, root-canal operations and 
periodontal procedures.(20) Conversely, Berbari et al. 
found that neither low-risk nor high-risk dental 
procedures were associated with PJI. The authors of 
the same study stated that patients with more than 1 
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dental hygiene visit per year were 30% less likely to 
develop prosthetic hip or knee infection, although this 
ascertainment was not statistically significant.(22) 
Berbari et al.(22) and Skaar et al.(23) emphasized that 
dental procedures done within the first 2 years after 
the joint replacement were not associated with an 
increased risk of PJI. 

Cook et al. highlighted the importance of 
counselling patients, especially those with known risk 
factors, that they may develop an infection in their 
replaced joint at any time.(19) The multivariate 
logistic regression analysis done by Uçkay et al. 
revealed that body mass index, duration of surgery 
>180 minutes and revision arthroplasty were 
significantly associated with infections of any origin, 
including both primary surgical site infections and 
haematogenous infections.(21) In this study, patients 
sustaining a haematogenous infection did not 
substantially differ from those with early acute 
infections, except that they were older (77 years vs. 68 
years, respectively) and had a trend towards a higher 
prevalence for diabetes mellitus (29% vs. 11%, 
respectively). The study by Ainscow et al. did not 
report an analysis of factors related to PJI.(17) 
Discussion 

The practice of administering antibiotic 
prophylaxis before dental procedures in patients with 
a prosthetic joint is not based on any evidence, and 
there are conflicting recommendations regarding it. 
The objective of this systematic review was to 
evaluate all published data, including publications 
that have emerged since the latest guidelines by the 
American Dental Association (ADA), related to 
administration of antibiotics to patients with TJA 
undergoing dental procedures done for non-infected 
causes. Our study reveals that there is no direct 
evidence that antibiotic prophylaxis has an impact on 
the incidence of haematogenous PJI after dental 
procedures. 

 The current study has several limitations that 
need to be born in mind when interpreting the 
findings. First, and foremost, available studies on this 
subject are relatively low quality, with many being 
retrospective in nature. Therefore, our review 
assumed all of the biases inherent to each of the 
included studies’ design. Second, confirmation of a 
dental procedure as the potential source of PJI would 
require that the pathogen causing PJI would be an 
oral organism cultured from the mouth, blood, and 
the infected joint simultaneously.(26) None of the 
studies, however, provided such evidence. Thus, the 
reported percentage of infections associated with 
dental procedures should be considered as best-case 
estimates. Third, the missing critical data (i.e., lack of 
pathogen isolation from both surgical site and oral 

cavity) from these studies and the retrospective 
nature of many included studies did not allow us to 
perform appropriate multivariate analysis to examine 
the association between dental procedures and 
subsequent PJI. Fourth, it should be highlighted that 
most of the studies were not aimed at analysing the 
effectiveness of antibiotic prophylaxis. Except for 
Berbari et al.,(22) all studies focused their analysis on 
the epidemiology of haematogenous PJI, and were 
therefore designed without a precise methodology in 
order to address the aim of our systematic review. 

 The studies included reported a relatively low 
rate of PJI in their cohorts and the source of infection 
could not be confirmed in any case. In other words, 
none of the studies could certify that dental 
procedures were an independent risk factor for 
haematogenous PJI. This issue might be related to 
most of the included studies being underpowered, 
increasing the probability of making a type II 
error.(27) The proportion of PJI cases being 
haematogenous in nature varies between 
20%-35%.(28) However, Rakow et al. suggested that 
these figures might be underestimated since most 
reports fail to identify the route or source of 
infection.(3) Maderazo et al. noticed that skin and 
soft-tissue infections were the leading primary focus 
of haematogenous PJI, with dental origin being 
responsible for only 15% of haematogenous PJI in 
their cohort.(29) These figures do not seem to be 
changing over time, since a more recent article 
described a similar prevalence (11%) of dental 
haematogenous PJI.(3) 

 The distinction between haematogenous PJI 
derived from an infection in the mouth and from a 
dental procedure in a not yet infected area needs to be 
addressed. We found only 2 studies reporting on PJI 
derived from actual dental infections;(16) (21) 
whereas the rest of the studies focused their analysis 
purely on dental procedures, one of them 
characterising the treatment of dental abscess, among 
other treatments, as a high-risk procedure.(22) The 
latest report of the ADA made it clear that there is no 
evidence to support an association between dental 
procedures and the risk of experiencing PJI, and 
therefore no clear indication for antibiotic prophylaxis 
in these cases.(30) On the other hand, the treatment of 
a dental abscess usually consists of draining, removal 
of the infectious tooth source and antibiotic 
support.(31) Therefore, we believe that the 
recommendations of dental prophylaxis in TJA 
patients should not be based on literature that 
includes cases with established dental infections, 
which are a well-documented stronger source of 
haematogenous seeding,(32) since this could be a 
potential confounding factor. On this basis, a panel 
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composed of ADA and AAOS members developed an 
appropriate-use criteria (AUC) as a tool to define 
narrow clinical scenarios that would potentially 
benefit from antibiotic indication (i.e. immune- 
compromised patients with a dental abscess involving 
manipulation of the periapical or gingival tissue).(30) 
(33) Nonetheless, despite this panel being composed 
of experts, this tool is not completely evidence-based. 

Additionally, we consider that time from the 
dental procedure done for non-infected causes to the 
development of a PJI are a variable that may lead to 
misinterpretation of the results. None of the included 
studies focused on the mean time to PJI after the 
dental procedure was performed, as haematogenous 
infection is believed to occur more frequently in the 
early years after index arthroplasty. Prior animal and 
clinical studies demonstrated a higher likelihood of 
haematogenous infections during the first 2 years 
following an arthroplasty, that decreased 
substantially in the following years.(34) (35) The 
speculative explanation for the possible higher 
likelihood of haematogenous spread of bacteria from 
dental procedures to a prosthetic joint in the early 
period after arthroplasty is based on the fact that 
active local inflammation and the osseointegration 
activity around uncemented components may lead to 
a higher blood flow to the prosthetic joint and the 
potential for seeding of organisms onto the implant 
surface.(6) (36) Nevertheless, the current literature 
still does not show any clear relationship between 
time of implantation and haematogenous PJI. (36) (37) 
In fact, two studies included in this systematic review 
did examine the latter issue and stated that dental 
procedures within the first 2 years after index 
arthroplasty were not associated with an increased 
risk of PJI.(22) (23) We believe that time is a potential 
confounding factor that was not clearly addressed in 
the included articles. Since no culture samples from 
the oral cavity and bloodstream were available to 
confirm the origin of the PJI, the association between 
dental procedures and PJI was based only on time 
interval, which lacks scientific background. 

The issue of administering antibiotics to TJA 
patients before procedures in the oral cavity without 
an active infection is important on many accounts. 
The first issue relates to antibiotic stewardship. 
Liberal use of antibiotics can lead to emergence of 
resistant organisms with grave consequences for the 
society.(38) Based on the United States Census Bureau 
and the Nationwide Inpatient Sample, by 2030, the 
demand for primary THR and for TKR is estimated to 
grow by 174% to 572,000, and by 673% to 572,00, 
respectively.(2) Thus, not an insignificant amount of 
antibiotic needs to be administered to TJA patients 
assuming each patient visits the dentist once or twice 

a year.(39) There is a significant cost associated with 
administration of antibiotic to every patient with TJA 
undergoing dental procedure.(40) Even if one were to 
assume that antibiotic prophylaxis during dental 
procedures is likely to reduce PJI, the cost- 
effectiveness of this practice has not been clearly 
demonstrated. Although individual costs of pre- 
dental procedure prophylaxis are low, overall costs 
for the American healthcare system are speculated to 
be high.(41) (42) In fact, Lockhart et al. estimated an 
annual cost of between $19,880,279 and $143,685,823 
in a population of 20 million people.(41) Several 
studies compared the cost-effectiveness of prophyl-
axis with penicillin versus no prophylaxis, concluding 
that the low prevalence of haematogenous PJI makes 
it unnecessary to implement antibiotic coverage for 
every patient with TJA in place.(35) (43) Following a 
Markov cost-effectiveness decision model, Skaar et al. 
recently found that the no-prophylaxis strategy is 
cost-effective for TKR patients without medical 
conditions, having the lowest average lifetime costs 
($17,119) and quality-adjusted life years (11.2151).(44) 
Finally, administration of antibiotics to individuals is 
not without its problem and can result in adverse 
events such as Clostridium difficile infection and other 
serious issues, such as the risk for anaphylaxis and the 
development of drug-resistant bacteria.(7) 

In the absence of evidence supporting the role of 
antibiotic prophylaxis for every TJA patient under-
going dental procedure for a non-infectious cause, the 
recommendation of the International Consensus 
Meeting (ICM) is that prophylaxis should be reserved 
to patients with extensive comorbidities in whom the 
probability of developing PJI is higher or those with 
complex reconstructive procedure in whom develop-
ment of PJI may have more dire consequences.(45)  

Conclusion 
 Haematogenous PJIs may develop following 

dental procedures, independently of the time of 
implantation of the prosthetic components. The 
current evidence, mostly composed of low-quality 
studies in terms of design, suggests that there is no 
proof to indicate antibiotic prophylaxis in patients 
with TJA undergoing dental procedures. In line with 
the current guidelines, no prophylaxis should be used 
on interventions for non-infected causes, except for 
occasional unusual situations, which can then be 
judged individually. High-quality evidence is 
necessary to further analyse the true efficacy of this 
medical practice and until then, this will likely remain 
a controversial aspect of our practice. Furthermore, 
since the estimated proportion of PJI cases attributed 
to dental procedures is trivial, the development of a 
randomized controlled trial will remain unfeasible 
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considering the number of cases that should be 
included in order to reach a power analysis of 
80%.(46) 

Acknowledgements 
(I) Conception and design: All authors. (II) 

Administrative support: All authors. (III) Provision of 
study materials or patients: All authors. (IV) 
Collection and assembly of data: PS, JIO, NSP, MAB. 
(V) Data analysis and interpretation: All authors. (VI) 
Manuscript writing: All authors. (VII) Final approval 
of manuscript: All authors. 

Competing Interests 
The authors have declared that no competing 

interest exists. 

References 
1.  Levy DM, Wetters NG, Levine BR. Prevention of Periprosthetic Joint Infections 

of the Hip and Knee. Am J Orthop (Belle Mead NJ) [Internet]. 2016 
Jul;45(5):E299-307. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
27552468 

2.  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 [Internet]. 2007 Apr;89(4):780–5. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17403800 

3.  Rakow A, Perka C, Trampuz A, Renz N. Origin and characteristics of 
haematogenous periprosthetic joint infection. Clin Microbiol Infect [Internet]. 
2018; Available from: https://doi.org/10.1016/j.cmi.2018.10.010 

4.  Hamilton H, Jamieson J. Deep infection in total hip arthroplasty. Can J Surg 
[Internet]. 2008 Apr;51(2):111–7. Available from: http://www.pubmedcentral. 
nih.gov/articlerender.fcgi?artid=2386332&tool=pmcentrez&rendertype=abstr
act 

5.  González Navarro B, Jané Salas E, Estrugo Devesa A, López López J, Viñas M. 
Bacteremia Associated With Oral Surgery: A Review. J Evid Based Dent Pract 
[Internet]. 2017 Sep;17(3):190–204. Available from: http://www.ncbi.nlm.nih. 
gov/pubmed/28865816 

6.  Young H, Hirsh J, Hammerberg EM, Price CS. Dental Disease and 
Periprosthetic Joint Infection. J Bone Jt Surgery-American Vol [Internet]. 
2014;96(2):162–8. Available from: http://content.wkhealth.com/linkback/ 
openurl?sid=WKPTLP:landingpage&an=00004623-201401150-00016 

7.  Sollecito TP, Abt E, Lockhart PB, Truelove E, Paumier TM, Tracy SL, et al. The 
use of prophylactic antibiotics prior to Dental procedures in patients with 
prosthetic joints: Evidence-based clinical practice guideline for dental 
practitioners-a report of the American Dental Association Council on Scientific 
Affairs. J Am Dent Assoc [Internet]. 2015;146(1):11-16.e8. Available from: 
http://dx.doi.org/10.1016/j.adaj.2014.11.012 

8.  Jevsevar DS, Abt E. The new AAOS-ADA clinical practice guideline on 
prevention of orthopaedic implant infection in patients undergoing dental 
procedures. J Am Acad Orthop Surg. 2013;21(3):195–7.  

9.  Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. BMJ [Internet]. 
2009 Jul 21;339(jul21 1):b2535–b2535. Available from: http://www.prisma- 
statement.org/statement.htm 

10.  Stroup DF, Berlin JA, Morton SC, Olkin I, Williamson GD, Rennie D, et al. 
Meta-analysis of observational studies in epidemiology: a proposal for 
reporting. Meta-analysis Of Observational Studies in Epidemiology (MOOSE) 
group. JAMA [Internet]. 2000 Apr 19;283(15):2008–12. Available from: 
http://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.283.15.2008 

11.  Wright JG, Swiontkowski MF, Heckman JD. Introducing levels of evidence to 
the journal. J Bone Jt Surg - Ser A. 2003;85(1):1–3.  

12.  Harris JD, Quatman CE, Manring MM, Siston RA, Flanigan DC. How to write 
a systematic review. Am J Sports Med [Internet]. 2014 Nov;42(11):2761–8. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23925575 

13.  Murad MH, Sultan S, Haffar S, Bazerbachi F. Methodological quality and 
synthesis of case series and case reports. BMJ Evidence-Based Med [Internet]. 
2018;0(0):ebmed-2017-110853. Available from: http://ebm.bmj.com.rsm.idm. 
oclc.org/content/early/2018/02/02/bmjebm-2017-110853 

14.  Wells G, Shea B OD. The Newcastle-Ottawa Scale (NOS) for assessing the 
quality of nonrandomised studies in meta-analysis. 2009;  

15.  Ahn E, Kang H. Introduction to systematic review and meta-analysis. Korean J 
Anesthesiol [Internet]. 2018 Apr;71(2):103–12. Available from: http://www. 
ncbi.nlm.nih.gov/pubmed/29619782 

16.  Jacobsen PL, Murray W. Prophylactic coverage of dental patients with 
artificial joints: A retrospective analysis of thirty-three infections in hip 
prostheses. Oral Surg Oral Med Oral Pathol. 1980;50(2):130–3.  

17.  Ainscow DA, Denham RA. The risk of haematogenous infection in total joint 
replacements. J Bone Joint Surg Br [Internet]. 1984 Aug;66(4):580–2. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/6430907 

18.  Waldman BJ, Mont MA, Hungerford DS. Total Knee Arthroplasty Infections 
Associated with Dental Procedures. Clinical Orthopaedics and Related 
Research. 1997. p. 164–72.  

19.  Cook JL, Scott RD, Long WJ. Late hematogenous infections after total knee 
arthroplasty: experience with 3013 consecutive total knees. J Knee Surg 
[Internet]. 2007;20(1):27–33. Available from: http://www.ncbi.nlm.nih.gov/ 
pubmed/17288085 

20.  LaPorte DM, Waldman BJ, Mont MA, Hungerford DS. Infections associated 
with dental procedures in total hip arthroplasty. J Bone Jt Surgery, Br Vol 
[Internet]. 1999;81-B(1):56–9. Available from: http://www.bjj.boneandjoint. 
org.uk/content/81-B/1/56.abstract 

21.  Uçkay I, Lübbeke A, Emonet S, Tovmirzaeva L, Stern R, Ferry T, et al. Low 
incidence of haematogenous seeding to total hip and knee prostheses in 
patients with remote infections. J Infect. 2009;59(5):337–45.  

22.  Berbari EF, Osmon DR, Carr A, Hanssen AD, Baddour LM, Greene D, et al. 
Dental Procedures as Risk Factors for Prosthetic Hip or Knee Infection: A 
Hospital‐Based Prospective Case‐Control Study. Clin Infect Dis [Internet]. 
2010;50(1):8–16. Available from: https://academic.oup.com/cid/article-look 
up/doi/10.1086/648676 

23.  Skaar DD, O’Connor H, Hodges JS, Michalowicz BS. Dental procedures and 
subsequent prosthetic joint infections: findings from the Medicare Current 
Beneficiary Survey. J Am Dent Assoc [Internet]. 2011;142(12):1343–51. 
Available from: http://ovidsp.ovid.com/ovidweb.cgi?T=JS&CSC=Y&NEWS 
=N&PAGE=fulltext&D=medl&AN=22130434%0Ahttp://primo-direct-apac.h
osted.exlibrisgroup.com/openurl/61ADELAIDEU/SUA_SERVICES_PAGE?s
id=OVID:medline&id=pmid:22130434&id=doi:&issn=0002-8177&isbn=&volu
me=142&issue 

24.  Kao F-C, Hsu Y-C, Chen W-H, Lin J-N, Lo Y-Y, Tu Y-K. Prosthetic Joint 
Infection Following Invasive Dental Procedures and Antibiotic Prophylaxis in 
Patients With Hip or Knee Arthroplasty. Infect Control Hosp Epidemiol 
[Internet]. 2017;38(02):154–61. Available from: https://www.cambridge.org/ 
core/product/identifier/S0899823X16002488/type/journal_article 

25.  OCEBM Levels of Evidence Working Group, Durieux N, Pasleau F, Howick J, 
Chalmers I, Glasziou P, et al. The 2011 Oxford CEBM levels of evidence: 
Introductory document. Oxford Cent Evidence-Based Med [Internet]. 
2011;1(12):1–3. Available from: http://scholar.google.com/scholar?hl=en& 
btnG=Search&q=intitle:The+2011+Oxford+CEBM+Levels+of+Evidence:+Intr
oductory+Document#0%5Cnhttp://www.cebm.net/index.aspx?o=1025 

26.  Ahlberg A, Carlsson AS, Lindberg L. Hematogenous infection in total joint 
replacement. Clin Orthop Relat Res [Internet]. 1978;(137):69–75. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/743846 

27.  Ranstam J, Kärrholm J, Pulkkinen P, Mäkelä K, Espehaug B, Pedersen AB, et 
al. Statistical analysis of arthroplasty data. II. Guidelines. Acta Orthop. 
2011;82(3):258–67.  

28.  Zeller V, Kerroumi Y, Meyssonnier V, Heym B, Metten M-A, Desplaces N, et 
al. Analysis of postoperative and hematogenous prosthetic joint-infection 
microbiological patterns in a large cohort. J Infect [Internet]. 2018 
Apr;76(4):328–34. Available from: http://www.ncbi.nlm.nih.gov/pubmed/ 
29395369 

29.  Maderazo EG, Judson S, Pasternak H. Late infections of total joint prostheses. 
A review and recommendations for prevention. Clin Orthop Relat Res 
[Internet]. 1988 Apr;(229):131–42. Available from: http://www.ncbi.nlm.nih. 
gov/pubmed/3280197 

30.  Abt E, Hellstein JW, Lockhart PB, Mariotti AJ, Sollecito TP, Truelove EL, et al. 
American Dental Association guidance for utilizing appropriate use criteria in 
the management of the care of patients with orthopedic implants undergoing 
dental procedures. J Am Dent Assoc. 2017;148(2):57–9.  

31.  Sanders JL, Houck RC. Dental Abscess [Internet]. StatPearls. 2019. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/29630201 

32.  Shay K. Infectious Complications of Dental and Periodontal Diseases in the 
Elderly Population. Clin Infect Dis [Internet]. 2002 May;34(9):1215–23. 
Available from: https://academic.oup.com/cid/article-lookup/doi/10.1086/ 
339865 

33.  No authors listed. American Academy of Orthopaedic Surgeons (AAOS). 
Appropriate Use Criteria for the Management of Patients with Orthopaedic 
Implants Undergoing Dental Procedures. Rosemont, IL: AAOS; October 27, 
2016. 2016; Available from: www.aaos.%0Dorg/poiudpauc 

34.  Southwood R, Rice J, McDonald P, Hakendorf P, Rozenbilds M. Infection in 
experimental hip arthroplasties. J Bone Joint Surg Br [Internet]. 1985 
Mar;67-B(2):229–31. Available from: http://online.boneandjoint.org.uk/doi/ 
10.1302/0301-620X.67B2.3980532 

35.  Deacon JM, Pagliaro AJ, Zelicof SB, Horowitz HW. Prophylactic use of 
antibiotics for procedures after total joint replacement. J Bone Joint Surg Am 
[Internet]. 1996 Nov;78(11):1755–70. Available from: http://www.ncbi.nlm. 
nih.gov/pubmed/8934495 

36.  Sendi P, Uçkay I, Suvà D, Vogt M, Borens O, Clauss M. Antibiotic Prophylaxis 
During Dental Procedures in Patients with Prosthetic Joints. J Bone Jt Infect. 
2016;1:42–9.  



 J. Bone Joint Infect. 2020, Vol. 5 

 
http://www.jbji.net 

15 

37.  Rademacher WMH, Walenkamp GHIM, Moojen DJF, Hendriks JGE, 
Goedendorp TA, Rozema FR. Antibiotic prophylaxis is not indicated prior to 
dental procedures for prevention of periprosthetic joint infections: A 
systematic review and new guidelines from the Dutch Orthopaedic and 
Dental Societies. Acta Orthop. 2017;88(5):568–74.  

38.  Campbell KA, Stein S, Looze C, Bosco JA. Antibiotic Stewardship in 
Orthopaedic Surgery. J Am Acad Orthop Surg. 2014;22(12):772–81.  

39.  Little JW, Jacobson JJ, Lockhart PB. The Dental Treatment of Patients with 
Joint Replacements. J Am Dent Assoc [Internet]. 2010 Jun;141(6):667–71. 
Available from: http://dx.doi.org/10.14219/jada.archive.2010.0255 

40.  Skaar DD, Park T, Swiontkowski MF, Kuntz KM. Cost-effectiveness of 
antibiotic prophylaxis for dental patients with prosthetic joints: Comparisons 
of antibiotic regimens for patients with total hip arthroplasty. J Am Dent Assoc 
[Internet]. 2015 Nov;146(11):830–9. Available from: https://www-nds.iaea. 
org/relnsd/vcharthtml/VChartHTML.html 

41.  Lockhart PB, Blizzard J, Maslow AL, Brennan MT, Sasser H, Carew J. Drug 
cost implications for antibiotic prophylaxis for dental procedures. Oral Surg 
Oral Med Oral Pathol Oral Radiol [Internet]. 2013 Mar;115(3):345–53. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/23265984 

42.  Jacobson JJ, Schweitzer S, DePorter DJ, Lee JJ. Antibiotic prophylaxis for dental 
patients with joint prostheses? A decision analysis. Int J Technol Assess Health 
Care [Internet]. 1990;6(4):569–87. Available from: http://www.ncbi.nlm.nih. 
gov/pubmed/2150670 

43.  Jacobson JJ, Schweitzer SO, Kowalski CJ. Chemoprophylaxis of prosthetic joint 
patients during dental treatment: a decision-utility analysis. Oral Surg Oral 
Med Oral Pathol [Internet]. 1991 Aug;72(2):167–77. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/1833710 

44.  Skaar DD, Park T, Swiontkowski MF, Kuntz KM. Is Antibiotic Prophylaxis 
Cost-effective for Dental Patients Following Total Knee Arthroplasty? JDR 
Clin Transl Res [Internet]. 2019 Jan;4(1):9–18. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/30931765 

45.  Arnold W V., Bari AK, Buttaro M, Huang R, Mirez JP, Neira I, et al. General 
Assembly, Prevention, Postoperative Factors: Proceedings of International 
Consensus on Orthopedic Infections. J Arthroplasty. 2019;34(2):S169–74.  

46.  Zimmerli W, Sendi P. Antibiotics for Prevention of Periprosthetic Joint 
Infection Following Dentistry: Time to Focus on Data. Clin Infect Dis 
[Internet]. 2010 Jan;50(1):17–9. Available from: https://academic.oup.com/ 
cid/article-lookup/doi/10.1086/648677 

 


