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 63 

Abstract 64 

 65 

Background 66 

Dentists face the expectations of orthopaedic surgeons and prosthetic joint patients to provide 67 

antibiotic prophylaxis (AP) before invasive dental procedures (IDPs) to reduce the risk of late 68 

prosthetic joint infection (LPJIs).  This, despite the lack of evidence associating IDPs with 69 

LPJIs, lack of evidence of AP efficacy, risk of AP related adverse reactions, and potential for 70 

promoting antibiotic resistance.  71 

Our aim was to identify any association between IDPs and LPJIs, and if AP reduces LPJI 72 

incidence following IDPs 73 

Method: 74 

A case-crossover analysis comparing IDP incidence in the 3-months immediately before LPJI 75 

hospital-admission (case-period) with the preceding 12-month control-period for all LPJI 76 

hospital-admissions with commercial/Medicare-supplemental or Medicaid health cover and 77 

linked dental and prescription benefits data. 78 

Results 79 

Overall, 2,344 LPJI hospital-admissions with dental and prescription records (1,160 80 

commercial/Medicare-supplemental, 1,184 Medicaid) were identified. They underwent 4,614 81 

dental procedures in the 15 months before LPJI admission, including 1,821 IDP (of which 82 

18.3% were covered by AP). Our analysis identified no significant positive association 83 

between IDPs and subsequent development of LPJIs and no significant effect of AP in 84 

reducing LPJIs. 85 
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Conclusion 86 

This study identified no significant association between IDPs and LPJIs, and no effect of AP 87 

cover of IDPs in reducing the risk of LPJIs.  88 

Practical Implications 89 

In the absence of benefit, the continued use of AP poses an unnecessary risk to patients from 90 

adverse drug reactions, and to society, from the potential of AP to promote the development 91 

of antibiotic resistance. Dental AP use to prevent LPJI should, therefore, cease. 92 
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Introduction 

Replacing damaged and worn out joints with artificial-joints is one of the great advances of 

modern medicine and 2.9 million joints replaced worldwide each year.1, 2  Periprosthetic joint 

infection (PJI) is a leading cause of prosthetic joint failure. Early infections (within 3 months 

of surgery) are usually the result of surgical site contamination. In the 1950s early-infection 

rates were ~12% but lamina-airflow operating rooms and antibiotic prophylaxis (AP) before 

joint-replacement reduced this to 1-2%,3 Nonetheless, late peri-prosthetic joint infections 

(LPJIs), occurring >3 months after surgery remain a continued focus for reduction strategies.  

LPJIs often results in prosthesis removal; less often, it can result in amputation or loss of 

life.4 The cost of treating LPJIs is 4-6 times that of the original arthroplasty5-8 and is projected 

at $1.62 billion annually in the US.9 This excludes any impact on a patient’s quality of life or 

the societal costs of long-term disability.10 The number of patients with prosthetic-joints is 

rising quickly, with ~4 million new hip and knee replacement operations projected annually 

in the US by 2030.11 

Although LPJI incidence is relatively low, is the most common cause of joint failure 

following knee-replacements and the second most common after hip-replacements.4, 12, 13 

LPJI is mainly attributed to blood stream seeding of bacteria from another anatomical site,14, 

15 and this led orthopaedic surgeons in the US to recommend that patients with prosthetic-

joints should be given AP before invasive dental procedures (IDPs).16-18 None-the-less, there 

is scant data to support a causal-association between IDPs and LPJIs and AP efficacy in 

preventing LPJI has never been tested in a randomized controlled trial. Moreover, no 

association between IDPs and subsequent LPJIs was found in a recent UK study (where AP is 

not recommended).19 However, this has not been confirmed in the US where dentists often 

prescribe AP to patients with prosthetic joints. 
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The cost of providing AP is ~$59,640,000 annually in the US.20 However, this does not 

include the cost of adverse drug reactions caused by AP21-23 or the possibility that AP may 

help to promote the selection of antibiotic resistant bacteria.21, 24, 25 

The aims of this study were to determine if there is a positive association between IDPs and 

subsequent LPJIs in two US populations, and if AP cover of IDPs reduces the incidence of 

LPJIs.  

Materials and Methods 

Data Source 

The study was conducted in a US-healthcare population and reported following STROBE 

guidelines for cohort studies.26 Data from the Commercial, Medicare-Supplemental (for 

retirees with employer-paid Medicare-Supplemental insurance), prescription benefits and 

Dental, IBM® MarketScan® databases (integrating unidentifiable patient-level data) were 

linked (see supplementary appendix for more details on these). We also obtained data from 

the multi-State Medicaid database for patients who also had dental coverage. Since 

MarketScan databases are statistically de-identified in compliance with the Health Insurance 

Portability and Accountability Act of 1996 (HIPAA), and meet HIPAA limited-use dataset 

criteria, they are not subject to IRB-review.27 All enrollees >18 years with >16 months linked 

data (January 2000 - August 2015) were included. Data on individuals with linked medical, 

dental and prescription benefits between October 1st, 2009 and December 31st, 2019 who 

developed LPJIs were included. 

LPJI hospital admissions 

A cohort of individuals hospitalized with a LPJI between January 1st, 2010, and December 

31st, 2019, were identified using primary ICD-9 code 996.66 or ICD-10 code T84.5. By 
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reviewing each patient’s records back to 2000, we identified the date and type of joint 

replaced using CPT, ICD-9, and ICD-10 joint replacement codes (Supplementary Appendix, 

Table S1). This allowed us to sub-analyse data by the type of joint replaced. Joint 

replacements were divided into (i) all, (ii) hip, (iii) knee, (iv) other, (v) multiple joint types, 

and (v) unknown. Unknown included all joint-replacements before 2000, or where data were 

missing, when no replacement-code-data were available. To ensure only LPJI patients were 

analysed, this information was also used to exclude patients admitted for joint infection 

within 3-months of their joint being replaced. We also excluded admissions for PJIs that 

occurred in the 12 months following an earlier PJI admission as representing relapsing PJI. 

Invasive Dental Procedures (IDP) 

American Dental Association (ADA) CDT or ICD-9/10 procedure codes were used to 

classify dental procedures into: (i) Invasive-dental procedures (IDPs) – those dental 

procedures that involve manipulation of gingival tissue or the periapical region of the teeth, 

or perforation of the oral mucosa e.g. dental extractions, oral surgical procedures, scaling 

(supragingival or subgingival) and endodontic procedures, i.e. those dental procedures that 

the American Heart Association (AHA) guidelines recommend ‘should’ be covered by AP,28, 

29 (ii) Intermediate-dental procedures e.g. most restorative dental procedures, that may 

require AP cover when gingival manipulation is required to complete the procedure but do 

not require AP cover when the procedure can be completed without gingival manipulation. 

(iii) Non-IDPs, e.g., routine dental examination, dental radiographs, placement of removable 

prosthodontic or orthodontic appliances, for which AP is not recommended (Tables 1, Table 

S2).28, 29 The most invasive procedure was ascribed to each visit. When treatment involved 

multiple visits, each was evaluated separately for procedures performed and AP cover. 
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Prescription benefits data were used to identify if AP was prescribed for each dental visit 

using previously validated methodology30 (see also Supplemental Methods). 

Previous studies have shown that >90% of distant infections associated with IDPs occur 

within 3-months, and this time-period is used widely to define distant site infections caused 

by IDPs.4, 31-37 Hence, our choice of a 3-month risk-window for a causal relationship between 

IDPs and LPJIs (the case-period). 

Case-Crossover Study 

The case-crossover methodology was proposed by Maclure for studying the effect of 

transient events in triggering subsequent outcomes while simultaneously eliminating control 

selection bias and confounding because of constant within subject characteristics.38 In case-

crossover studies, individuals serve as their own control. 

This study examined patients where the outcome was LPJIs and evaluated their exposure to 

IDPs. We compared IDP incidence in a pre-defined 3-month case-period occurring 

immediately before LPJI hospital-admission, with that in the preceding 12-month control-

period (months 4-15).38-40 To establish the chronicity of events, the monthly incidence of 

dental procedures over the 15-months before LPJI admission  to hospital was plotted. Some 

case-crossover studies have compared case-periods with one or more control-periods of equal 

duration. However, Mittleman et al showed that sampling the control period frequency over 

an entire year was twice as efficient as sampling control-periods equal to the case-period in 

length, even when many control-periods were sampled.41 Using a 12-month control period 

also controls for seasonal and other time dependent effects.41 

Statistical methods 
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Case-crossover analysis38, 41 comparing exposure to dental procedures during the 3-month 

case-period immediately before LPJI admissions with the incidence of dental procedures in 

the preceding 12-month control-period (months 4-15) was performed using conditional 

logistic regression (with fixed effects to control for time-invariant patient characteristics).41 

Because multiple comparisons were made, we calculated p-values and then applied a 

Bonferroni correction. We have provided both the crude and Bonferroni corrected p-values 

(Table 2). As a sensitivity analysis, we repeated the analyses using a 1-month and 2-month 

case period (and 12-month control-period) 

Power Calculation 

To ensure we had sufficient power to detect any clinically significant association or effect, 

we performed a power calculation (see supplementary appendix for details). This confirmed 

the study had >90% power to detect an odds ratio of 1.039, i.e., a 3.9% higher likelihood of 

dental-procedures, in the 3-month ‘case-period’ compared to the matched ‘control-period’. 

Results 

Population Characteristics 

The study identified 2,344 individuals who developed LPJI between January 1st, 2010, and 

December 31st, 2019, for whom linked medical, dental and prescription benefits data were 

available for at least 15-months before their LPJI hospital admission. Of them, 1,160 had 

commercial/Medicare supplemental cover and 1,184 had Medicaid cover (Table 1). Although 

the sex distribution was similar between the two populations, a much higher proportion of 

individuals with LPJI were over the age of 65 in the commercial/Medicare supplemental 

population (42.3%) than the Medicaid population (4.7%) as would be expected from the 

different age profiles of those eligible for Medicare or Medicaid cover. The proportions of 

hip, knee and other prostheses affected by LPJI were not significantly different in the two 
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populations, although the proportion where the type of joint affected was unknown was 

highest in the Medicaid group.  

Incidence of different dental procedures over the 15 months before LPJI admission 

In the 15 months preceding LPJI admission, 4,614 dental procedures, of which 1,821 (39.5%) 

were IDPs were performed, 3,445 in those in patients with commercial/Medicare 

supplemental cover (of which 1,460 (42.4%) were IDPs) and 1,169 in those with Medicaid 

cover (of which 361 (30.9%) were IDPs), see Table 1. Of the IDPs, 18.3% were covered by 

AP (19.3% in those with commercial/Medicare cover and 14.1% in those with Medicaid 

cover). 

The monthly incidence of IDPs, intermediate, and non-invasive dental-procedures in the 15-

months before LPJI hospital-admission were plotted for the combined populations and 

separately for those with commercial/Medicare supplemental cover and those with Medicaid 

cover (Figure 1). The incidence of procedures performed with and without AP cover were 

also plotted. 

In none of the populations studied (combined, commercial/Medicare supplemental or 

Medicaid) did we detect a significant increase in the incidence of IDPs during the 3-month 

case period immediately before LPJI admission compared to the preceding 12-month control 

period (months 4-15 before LPJI admission), see Table 2. This was also the case when we 

used a 1-month or 2-month case-period (Tables S9 and S10). When we confined analysis to 

IDP that had been covered by AP, there was an increase in the incidence of these procedures 

in the 3 months before LJPI hospital admission (Table 2, Figure 1), but the increase was not 

significant. The same was true when a 1- or 2-month case-period was used (Tables S9 and 

S10). For IDP not covered by AP, rather than an increase, there was a small decrease in 

procedures in the 3 months before LPJI that was significant for the combined population (but 
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not for the commercial/Medicare supplemental or Medicaid populations separately). There 

was also a small but significant fall in IDP not covered by AP when a 2-month case-period 

was used but the fall was not significant with a 1-month case-period (Tables S9 and S10). 

The site of joint-replacement (hip, knee, other, multiple or unknown) had no effect on the 

relationship between IDPs and subsequent LPJIs, with no significant increase in IDPs in the 3 

months before LPJI admission for any joint type and no significant effect of AP on this 

relationship (Tables S4-S8). 

Discussion 

In the 1970-80s, the use of AP to prevent infective endocarditis in “at risk” individuals 

undergoing IDPs became established. This led orthopaedic surgeons in the US to call for 

dentists to give AP to patients with prosthetic joints.16-18, 42 In 1988, the American Dental 

Association (ADA) sponsored a workshop to address this issue. Although evidence to support 

its use was limited, they recommended AP until further evidence became available,43, 44 and 

dentists widely adopted AP.45 In 199746 and 200347 the ADA and American Academy of 

Orthopaedic Surgeons (AAOS) jointly published advisory statements. These recommended 

AP for 2 years after joint replacement but lifelong in patients with medical conditions that 

might put them at increased risk for LPJIs. In 2009, however, the AAOS unilaterally declared 

“the AAOS recommends that clinicians consider antibiotic prophylaxis for all total joint 

replacement patients prior to any invasive procedure that may cause bacteremia.”48 This 

caused dentists and their patients confusion.20 The AAOS and ADA subsequently made 

several attempts, either together or alone, to produce guidance.49-51 These efforts, however, 

only increased the confusion about whether to provide AP or not.52-54 As a result, the ADA’s 

Council on Scientific Affairs assembled a panel of experts to conduct a systematic review in 

2014.54 This recommended: “In general, for patients with prosthetic joint implants, 



12 

 

prophylactic antibiotics are not recommended prior to dental procedures.” Unfortunately, this 

advice lacked AAOS support. As a result, confusion persists among dentists and their patients 

about the use of AP. Orthopaedic surgeons continue to advocate for their patients to receive 

AP when undergoing IDPs, and, for fear of being considered negligent, many dentists 

continue to provide it.55 

There is little microbiologic data to support a causal association between IDPs and LPJIs and 

there has never been a randomized controlled trial of AP to determine its safety and 

effectiveness. Unlike infective endocarditis where around 45% of cases are caused by oral 

streptococci, estimates suggest that oral streptococci are involved in <10% of LPJI cases.4, 19, 

21, 56-61   

For AP to be effective, there must be a positive causal association between IDPs and LPJIs. 

Six studies have attempted to evaluate this possibility. In 1977, Waldman et al.
62 performed a 

retrospective case review of 62 patients with LPJI knee infections and found 7 (11%) had a 

temporal association with IDPs. In a related study, LaPorte et al.58 associated 3/52 (6%) LPJI 

hip infections with IDPs. However, neither study included a control group. In contrast, a 

case-control study by Kaandorp et al,32 found 0/37 (0%) of LPJI patients had undergone an 

IDP in the preceding 3 months but 10% of controls had. In a similar study of 42 Medicare 

patients with LPJIs, Skaar et al,35 found only 4 (9.5%) had undergone IDPs in the preceding 

3-months, compared to 15.9% of controls. However, differences were not statistically 

significant in either study. In another study of 303 PJI patients 48% had undergone IDPs in 

the previous 2 years compared with 34% of controls.63 A sub-analysis of patients not given 

AP found 33 (11%) of the PJIs had IDPs in the preceding 2 years compared with 49 (14%) of 

the controls. None of the differences were statistically significant and each of these studies 

suffered from small sample size and lack of statistical power. The case-control studies also 

suffered from selection bias and risk-factor confounding between cases and controls. In 
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contrast, the largest case-crossover study of 9,427 LPJI episodes had more than sufficient 

power to detect a clinically significant effect and found no significant association between 

IDPs and subsequent LPJIs.19 These data strongly suggested that AP was unlikely to be 

effective in preventing LPJIs. However, because this study was performed in the UK, where 

AP is not recommended, it was unable to directly confirm this. 

The current study had >90% power to detect any clinically significant effect and confirmed 

the lack of association between IDPs and subsequent LPJIs in two different US populations, 

those with commercial/Medicare-supplemental cover and those with Medicaid cover. 

Furthermore, our study demonstrated that AP cover of IDPs had no significant effect in 

reducing the subsequent incidence of LPJIs. 

Although the lack of association between IDPs and LPJIs, and lack of effect of AP was 

similar in the commercial/Medicare-supplemental and Medicaid populations, there were 

some differences in dental procedures performed and use of AP. Although a smaller 

proportion of all dental procedures performed on Medicaid patients were IDP compared to 

commercial/Medicare-supplemental patients (30.9% and 42.2% respectively), a much high 

proportion of IDP in Medicaid patients were extractions or oral surgery procedures (48.8% 

and 9.4% respectively), compared to commercial/Medicare-supplemental patients (11.1% and 

2.3%, respectively). Conversely, fewer IDP were scaling procedures in Medicaid patients 

than commercial/Medicare-supplemental patients (48.5% and 84.1% respectively). These 

findings suggest regular, ongoing preventative dental care is more common in the 

commercial/Medicare-supplemental population, while urgent and reactive care is more 

common in the Medicaid population. The proportion of IDP (including all IDP subtypes) that 

were covered by AP was also lower in the Medicaid than the commercial/Medicare-

supplemental population (14.1% and 19.3% respectively).  

Limitations 
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The MarketScan databases encompass a large sample of US employer-provided health 

insurance and Medicaid enrollees, however, our study only included those with medical, 

dental and prescription benefits cover. It is therefore unlikely to be representative of the 

entire US population.  

The 996.66 ICD-9 and T84.5 ICD-10 codes identify PJIs but do not identify the joint infected 

or distinguish between early and late PJIs. To determine this, we searched each patient’s 

record for earlier admissions for joint replacement to exclude early PJIs (within 3 months of 

joint replacement). CDT and ICD-9/10 joint-replacement codes enabled us to identify the 

type of joint replaced, and this was used to subdivide cases. However, because we could only 

access records after January 2000, if joint replacement occurred before that, or was not 

recorded, then we did not know the type of joint replaced and had to record it as ‘unknown’. 

Varying dental AP-prescribing strategies (particularly use of a single prescription for multiple 

courses) made it difficult to verify if a particular dental-procedure was covered. Even when 

AP was prescribed as a single dose immediately before a procedure, we could not verify that 

it had been taken or that it was taken at the correct time i.e., 30-60 minutes before the 

procedure.28, 29 Similarly, even when there was no evidence of AP-prescribing, it is possible 

that a patient was provided AP by another means. However, we have previously validated our 

methodology and demonstrated 88% (95% CI 82-92%) sensitivity and 96% (95% CI 94-

97%) specificity for identification of AP prescribing and distinction from antibiotic use to 

treat infections.30 Although the levels of AP cover of IDP that we identified were low, they 

are not much lower than in individuals at high-risk of IE,64 where there are clear guidelines 

recommending AP cover,28, 29 and dentists are more motivated to provide cover.55, 65 Several 

other studies have also found poor compliance by US dentists with AP prescribing 

guidelines.55, 66-68 
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Conclusions 

This study identified no association between IDPs and subsequent LPJIs, and no effect of AP 

cover of IDPs in reducing the subsequent risk of LPJIs. Our data, therefore, suggests that the 

continued use of AP poses an unnecessary adverse drug reaction risk to patients, and to the 

wider community due to its potential to promote the development of antibiotic resistance. 

The use of AP to prevent LPJI should therefore cease. Achieving this will likely require 

better communication between dentists and orthopaedic surgeons and a joint effort to support 

evidence-based antibiotic stewardship measures.55 
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Table 1. Characteristics of the study population 

Characteristics All Patients 

Commercial/Medicare 

Supplemental 

Patients 

Medicaid Patients 

LPJI cases N=2,344 N=1,160 N=1,184 

Age    

  18-34, n (%) 199 (8.5) 54 (4.7) 145 (12.3) 

  35-44, n (%) 247 (10.5) 58 (5.0) 189 (16.0) 

  45-54, n (%) 540 (23.0) 189 (16.3) 351 (29.7) 

  55-64, n (%) 812 (34.6) 368 (31.7) 444 (37.5) 

  65+, n (%) 546 (23.3) 491 (42.3) 55 (4.7) 

Sex    

  Male, n (%) 1194 (50.9) 601 (51.8) 593 (50.1) 

  Female, n (%) 1150 (49.1) 559 (48.2) 591 (49.9) 

Prosthetic joint type    

  Hip, n (%) 304 (13.0) 122 (10.5) 182 (15.4) 

  Knee, n (%) 759 (32.4) 412 (35.5) 347 (29.3) 

  Other, n (%) 55 (2.3) 25 (2.2) 30 (2.5) 

  Multiple, n (%) 398 (17.0) 254 (21.9) 144 (12.2) 

  Unknown, n (%) 828 (35.3) 347 (29.9) 481 (40.6) 

    

Dental Procedures N=4,614 N=3,445 N=1,169 

IDP, n (%) 1,821 (39.5) 1,460 (42.4) 361 (30.9) 

Intermediate, n (%) 797 (17.3) 551 (16.0) 246 (21.0) 

Non-IDP, n (%) 1,996 (43.3) 1,434 (41.6) 562 (48.1) 

Types of IDP  N=1,821 N=1,460 N=361 

Scaling, n (%) 1,403 (77.0) 1,228 (84.1) 175 (48.5) 
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Extractions, n (%) 338 (18.6)                        162 (11.1) 176 (48.8) 

Endodontics, n (%) 78 (4.3) 63 (4.3) 15 (4.2) 

Oral Surgery (inc 

biopsy, periodontal 

and implant surgery) 

68 (3.7) 34 (2.3) 34 (9.4) 

Procedures with AP 

cover 
   

 IDP with AP cover, n 

(%) 
333 (18.3) 282 (19.3) 51 (14.1) 

Scaling with AP cover, 

n (%) 
                       243 (17.3) 218 (17.8) 25 (14.3) 

Extractions with AP 

cover, n (%) 
69 (20.4) 44 (27.2) 25 (14.2) 

Endodontics with AP 

cover, n (%) 
19 (24.4) 16 (25.4) <11 (20) 

Oral Surgery with AP 

cover, n (%) 
13 (19.1) 11 (32.4) <11 (6) 

Notes: IDP= Invasive dental procedures. More than one type of IDP may be performed at the 

same visit – hence values may total more than 100%. Please note that where the number of 

subjects was <11 in any cell, numbers were censored in compliance with data confidentiality 

requirements.   
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Table 2. Case-crossover analysis comparing the incidence of different dental procedures (with and without antibiotic prophylaxis (AP) cover) in 

the 3-month case period (months 1-3 before LPJI admission) and the preceding 12-month control period (months 4-15 before LPJI admission). 

Dental Procedures 

All LPJI Patients Commercial/Medicare Supplemental LPJI Patients Medicaid LPJI Patients 

Case-Period 

Proc/m 

Control-Period 

Proc/m 

OR (95% CI) 

Unadjusted†, and 

adjusted* p values 

Case-Period 

Proc/m 

Control-Period 

Proc/m 

OR (95% CI) 

Unadjusted†, and 

adjusted* p values 

Case-Period 

Proc/m 

Control-Period 

Proc/m 

OR (95% CI) 

Unadjusted†, and 

adjusted* p values 

Invasive - all 110.3 124.1 0.890 (0.790-1.002) 

p=0.054†, p=0.486* 

89.3 99.3 0.896 (0.783-1.025)  

p=0.110†, p=0.99* 

21.0 24.8 0.868 (0.674-1.117)  

p=0.271†, p=1* 

Invasive - no AP 

cover 

83.7 102.9 0.814 (0.711-0.932)  

p=0.003†, p=0.027* 

67.7 81.2 0.829 (0.711-0.966)  

p=0.016†, p=0.144* 

16.7 22.5 0.766 (0.576-1.020)  

p=0.068†, p=0.612* 

Invasive - AP 

cover 

26.3 21.1 1.252 (0979-1.601)  

p=0.073†, p=0.657* 

21.7 18.1 1.197 (0.908-1.578)  

p=0.203†, p=1* 

4.0 2.2 1.665 (0.924-3.000)  

p=0.089†, p=0.801* 

Intermediate - all 41.0 56.2 0.750 (0.623-0.902)  

p=0.002†, p=0.018* 

27.7 39 0.719 (0.572-0.905)  

p=0.005†, p=0.045* 

13.3 17.2 0.812 (0.596-1.107)  

p=0.188†, p=1* 

Intermediate - no 

AP cover 

31.0 43.8 0.728 (0.589-0.901)  

p=0.003†, p=0.027* 

21.3 30.3 0.716 (0.552-0.928)  

p=0.012†, p=0.108* 

11.3 14.9 0.798 (0.570-1.116)  

p=0.188†, p=1* 

Intermediate - AP 

cover 

10.0 12.3 0.829 (0.572-1.203)  

p=0.323†, p=1* 

6.3 8.7 0.737 (0.455-1.195)  

p=0.216†, p=1* 

2.0 2.2 0.906 (0.403-2.036)  

p=0.812†, p=1* 

Non-Invasive - all 114.0 137.8 0.842 (0.754-0.941)  

p=0.002†, p=0.018* 

85.0 98.2 0.876 (0.770-0.997)  

p=0.046†, p=0.414* 

29.0 39.6 0.760 (0.612-0.943)  

p=0.013†, p=0.117* 

Non-Invasive - no 

AP cover 

92.3 113.7 0.829 (0.733-0.938)  

p=0.003†, p=0.027* 

67.7 79.2 0.867 (0.750-1.002)  

p=0.054†, p=0.486* 

25.3 36.2 0.732 (0.581-0.921)  

p=0.008†, p=0.072* 
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Notes: AP = antibiotic prophylaxis, LPJI = late prosthetic joint infection, OR = odds ratio, Proc/m = procedures per month. †Unadjusted p value, 

*adjusted p value using Bonferroni’s correction for multiple comparisons.  

 

Non-Invasive - AP 

cover 

21.7 24.2 0.908 (0.706-1.170)  

p=0.456†, p=1* 

17.3 19.1 0.918 (0.691-1.220)  

p=0.555†, p=1* 

3.7 3.4 1.063 (0.572-1.976)  

p=0.846†, p=1* 
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Figure Legends 

Figure 1. Incidence of invasive-, intermediate-, and non-invasive-dental procedures over the 

15 months before late prosthetic joint infection (LPJI) hospital admission  

Top row – plots for all dental procedures, Middle row - plots for dental procedures not 

covered by antibiotic prophylaxis (AP). Bottom row – plots for dental procedures covered by 

AP. Late prosthetic joint infection (LPJI) admission is denoted by the vertical blue arrow. 

The incidence of invasive- (red), intermediate- (yellow) and non-invasive- (green) dental 

procedures (DP) are plotted over the 15 months before LPJI admission, divided into a 3-

month case-period immediately before admission and a 12-month control period before that. 

Dotted lines show the trend of DP incidence for the control period extended into the case 

period for each dental procedure type. 
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Figure 1 



22 

 

References: 

1. Colonna PC. An arthroplastic operation for congenital dislocation of the hip. Surg 

Gynecol Obstet 1936;63:777-81. 

2. Orthoworld. Orthopaedic Industry Annual Report - Focus on Joint Replacement. 

Orthoknow. Chagrin Falls, OH, USA; 2012. 

3. Zimmerli W, Trampuz A, Ochsner PE. Prosthetic-joint infections. N Engl J Med 

2004;351(16):1645-54. 

4. Tande AJ, Patel R. Prosthetic joint infection. Clin Microbiol Rev 2014;27(2):302-45. 

5. Bengtson S. Prosthetic osteomyelitis with special reference to the knee: risks, treatment 

and costs. Ann Med 1993;25(6):523-9. 

6. Klouche S, Sariali E, Mamoudy P. Total hip arthroplasty revision due to infection: a cost 

analysis approach. Orthop Traumatol Surg Res 2010;96(2):124-32. 

7. Peel TN, Cheng AC, Lorenzo YP, et al. Factors influencing the cost of prosthetic joint 

infection treatment. J Hosp Infect 2013;85(3):213-9. 

8. Sculco TP. The economic impact of infected joint arthroplasty. Orthopedics 

1995;18(9):871-3. 

9. Kurtz S, Ong K, Lau E, Mowat F, Halpern M. Projections of primary and revision hip 

and knee arthroplasty in the United States from 2005 to 2030. J Bone Joint Surg Am 

2007;89(4):780-5. 

10. Cahill JL, Shadbolt B, Scarvell JM, Smith PN. Quality of life after infection in total joint 

replacement. J Orthop Surg (Hong Kong) 2008;16(1):58-65. 

11. Kurtz SM, Ong KL, Schmier J, et al. Future clinical and economic impact of revision 

total hip and knee arthroplasty. J Bone Joint Surg Am 2007;89 Suppl 3:144-51. 

12. Kurtz SM, Lau E, Watson H, Schmier JK, Parvizi J. Economic burden of periprosthetic 

joint infection in the United States. J Arthroplasty 2012;27(8 Suppl):61-5 e1. 



23 

 

13. Ong KL, Kurtz SM, Lau E, et al. Prosthetic joint infection risk after total hip arthroplasty 

in the Medicare population. J Arthroplasty 2009;24(6 Suppl):105-9. 

14. Lew DP, Pittet D, Waldvogel FA. Infections that complicate the insertion of prosthetic 

devices. In: Mayhall CG, editor. Hospital Epidemiology and Infection Control. Third ed. 

Philadelphia: Lippincott Williams & Wilkins; 2004. p. 1181-205. 

15. Uckay I, Pittet D, Bernard L, et al. Antibiotic prophylaxis before invasive dental 

procedures in patients with arthroplasties of the hip and knee. J Bone Joint Surg Br 

2008;90(7):833-8. 

16. Ainscow DA, Denham RA. The risk of haematogenous infection in total joint 

replacements. J Bone Joint Surg Br 1984;66(4):580-2. 

17. Lattimer GL, Keblish PA, Dickson TB, Jr., Vernick CG, Finnegan WJ. Hematogenous 

infection in total joint replacement. Recommendations for prophylactic antibiotics. 

JAMA 1979;242(20):2213-4. 

18. Norden CW. Prevention of bone and joint infections. Am J Med 1985;78(6B):229-32. 

19. Thornhill MH, Crum A, Rex S, et al. Analysis of prosthetic joint infections following 

invasive dental procedures in England. JAMA Network Open 2022;5(1):e2142987. 

20. Little JW, Jacobson JJ, Lockhart PB, American Academy of Oral M. The dental 

treatment of patients with joint replacements: a position paper from the American 

Academy of Oral Medicine. J Am Dent Assoc 2010;141(6):667-71. 

21. Wahl MJ. Myths of dental-induced prosthetic joint infections. Clin Infect Dis 

1995;20(5):1420-5. 

22. Thornhill MH, Dayer MJ, Durkin MJ, Lockhart PB, Baddour LM. Risk of Adverse 

Reactions to Oral Antibiotics Prescribed by Dentists. J Dent Res 2019;98(10):1081-87. 



24 

 

23. Thornhill MH, Dayer MJ, Prendergast B, et al. Incidence and nature of adverse reactions 

to antibiotics used as endocarditis prophylaxis. J Antimicrob Chemother 

2015;70(8):2382-8. 

24. American Dental Association Council on Scientific A. Combating antibiotic resistance. J 

Am Dent Assoc 2004;135(4):484-7. 

25. Sweeney LC, Dave J, Chambers PA, Heritage J. Antibiotic resistance in general dental 

practice--a cause for concern? J Antimicrob Chemother 2004;53(4):567-76. 

26. STROBE STrengthening the Reporting of OBservational studies in Epidemiology 

(STROBE) guidelines. "https://www.strobe-statement.org". Accessed May 6th, 2022 

2022. 

27. US Department for Health and Human Services Health Insurance Portability and 

Accountability Act 1996.  1996. "https://www.hhs.gov/hipaa/index.html". Accessed 

April 6th 2022 2022. 

28. Wilson W, Taubert KA, Gewitz M, et al. Prevention of infective endocarditis: guidelines 

from the American Heart Association: a guideline from the American Heart Association 

Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council on 

Cardiovascular Disease in the Young, and the Council on Clinical Cardiology, Council 

on Cardiovascular Surgery and Anesthesia, and the Quality of Care and Outcomes 

Research Interdisciplinary Working Group. Circulation 2007;116(15):1736-54. 

29. Wilson WR, Gewitz M, Lockhart PB, et al. Prevention of Viridans Group Streptococcal 

Infective Endocarditis: A Scientific Statement From the American Heart Association. 

Circulation 2021;143(20):e963-e78. 

30. Thornhill MH, Gibson TB, Durkin MJ, et al. Prescribing of antibiotic prophylaxis to 

prevent infective endocarditis. JADA 2020;151(11):835-45. 

https://www.strobe-statement.org/
https://www.hhs.gov/hipaa/index.html


25 

 

31. Chen PC, Tung YC, Wu PW, et al. Dental Procedures and the Risk of Infective 

Endocarditis. Medicine (Baltimore) 2015;94(43):e1826. 

32. Kaandorp CJ, Van Schaardenburg D, Krijnen P, Habbema JD, van de Laar MA. Risk 

factors for septic arthritis in patients with joint disease. A prospective study. Arthritis 

Rheum 1995;38(12):1819-25. 

33. Lacassin F, Hoen B, Leport C, et al. Procedures associated with infective endocarditis in 

adults. A case control study. Eur Heart J 1995;16(12):1968-74. 

34. Porat Ben-Amy D, Littner M, Siegman-Igra Y. Are dental procedures an important risk 

factor for infective endocarditis? A case-crossover study. Eur J Clin Microbiol Infect Dis 

2009;28(3):269-73. 

35. 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 2011;142(12):1343-51. 

36. Starkebaum M, Durack D, Beeson P. The "incubation period" of subacute bacterial 

endocarditis. Yale J Biol Med 1977;50(1):49-58. 

37. Strom BL, Abrutyn E, Berlin JA, et al. Dental and cardiac risk factors for infective 

endocarditis. A population-based, case-control study. Ann Intern Med 1998;129(10):761-

9. 

38. Maclure M. The case-crossover design: a method for studying transient effects on the 

risk of acute events. Am J Epidemiol 1991;133(2):144-53. 

39. Maclure M, Mittleman MA. Should we use a case-crossover design? Annu Rev Public 

Health 2000;21:193-221. 

40. Smeeth L, Donnan PT, Cook DG. The use of primary care databases: case-control and 

case-only designs. Fam Pract 2006;23(5):597-604. 



26 

 

41. Mittleman MA, Maclure M, Robins JM. Control sampling strategies for case-crossover 

studies: an assessment of relative efficiency. Am J Epidemiol 1995;142(1):91-8. 

42. Pollard JP, Hughes SP, Scott JE, Evans MJ, Benson MK. Antibiotic prophylaxis in total 

hip replacement. Br Med J 1979;1(6165):707-9. 

43. Management of dental patients with prosthetic joints. Council on Dental Therapeutics. J 

Am Dent Assoc 1990;121(4):537-8. 

44. Nelson JP, Fitzgerald RH, Jr., Jaspers MT, Little JW. Prophylactic antimicrobial 

coverage in arthroplasty patients. J Bone Joint Surg Am 1990;72(1):1. 

45. Shrout MK, Scarbrough F, Powell BJ. Dental care and the prosthetic joint patient: a 

survey of orthopedic surgeons and general dentists. J Am Dent Assoc 1994;125(4):429-

36. 

46. Advisory statement. Antibiotic prophylaxis for dental patients with total joint 

replacements. American Dental Association; American Academy of Orthopaedic 

Surgeons. J Am Dent Assoc 1997;128(7):1004-8. 

47. American Dental Association, American Academy of Orthopedic Surgeons. Antibiotic 

prophylaxis for dental patients with total joint replacements. J Am Dent Assoc 

2003;134(7):895-9. 

48. American Academy of Orthopaedic Surgeons Information statement: Antibiotic 

prophylaxis for bacteremia in patients with joint replacements. Rosemont, IL: American 

Academy of Orthopaedic Surgeons 2009. "http://pacosm.com/wp/wp-

content/uploads/2015/08/Antibiotic-Prophylaxis-for-TJA-pts.-AAOS-March-2009.pdf". 

Accessed April 28th, 2021. 

49. American Academy of Orthopedic Surgeons, American Dental Association. Prevention 

of orthopaedic implant infection in patients undergoing dental procedures. Journal of the 

American Academy of Orthopaedic Surgeons 2013;21(3):181-89. 

http://pacosm.com/wp/wp-content/uploads/2015/08/Antibiotic-Prophylaxis-for-TJA-pts.-AAOS-March-2009.pdf
http://pacosm.com/wp/wp-content/uploads/2015/08/Antibiotic-Prophylaxis-for-TJA-pts.-AAOS-March-2009.pdf


27 

 

50. Rethman MP, Watters W, 3rd, Abt E, et al. The American Academy of Orthopaedic 

Surgeons and the American Dental Association clinical practice guideline on the 

prevention of orthopaedic implant infection in patients undergoing dental procedures. J 

Bone Joint Surg Am 2013;95(8):745-7. 

51. Watters W, 3rd, Rethman MP, Hanson NB, et al. Prevention of Orthopaedic Implant 

Infection in Patients Undergoing Dental Procedures. J Am Acad Orthop Surg 

2013;21(3):180-9. 

52. Lockhart PB. Antibiotic prophylaxis guidelines for prosthetic joints: much ado about 

nothing? Oral Surg Oral Med Oral Pathol Oral Radiol 2013;116(1):1-3. 

53. Lockhart PB, Garvin KL, Osmon DR, et al. The antibiotic prophylaxis guideline for 

prosthetic joints: trying to do the right thing. J Am Acad Orthop Surg 2013;21(3):193-4. 

54. Sollecito TP, Abt E, Lockhart PB, 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 2015;146(1):11-16 e8. 

55. Goff DA, Mangino JE, Glassman AH, et al. Review of Guidelines for Dental Antibiotic 

Prophylaxis for Prevention of Endocarditis and Prosthetic Joint Infections and Need for 

Dental Stewardship. Clin Infect Dis 2020;71(2):455-62. 

56. Aas JA, Paster BJ, Stokes LN, Olsen I, Dewhirst FE. Defining the normal bacterial flora 

of the oral cavity. J Clin Microbiol 2005;43(11):5721-32. 

57. Bahrani-Mougeot FK, Paster BJ, Coleman S, et al. Diverse and novel oral bacterial 

species in blood following dental procedures. J Clin Microbiol 2008;46(6):2129-32. 

58. LaPorte DM, Waldman BJ, Mont MA, Hungerford DS. Infections associated with dental 

procedures in total hip arthroplasty. J Bone Joint Surg Br 1999;81(1):56-9. 



28 

 

59. Lockhart PB, Loven B, Brennan MT, Fox PC. The evidence base for the efficacy of 

antibiotic prophylaxis in dental practice. J Am Dent Assoc 2007;138(4):458-74; quiz 

534-5, 437. 

60. Napenas JJ, Kujan O, Arduino PG, et al. World Workshop on Oral Medicine VI: 

Controversies regarding dental management of medically complex patients: assessment 

of current recommendations. Oral Surg Oral Med Oral Pathol Oral Radiol 

2015;120(2):207-26. 

61. Trampuz A, Zimmerli W. Antimicrobial agents in orthopaedic surgery: Prophylaxis and 

treatment. Drugs 2006;66(8):1089-105. 

62. Waldman BJ, Mont MA, Hungerford DS. Total knee arthroplasty infections associated 

with dental procedures. Clin Orthop Relat Res 1997(343):164-72. 

63. Berbari EF, Osmon DR, Carr A, et al. Dental procedures as risk factors for prosthetic hip 

or knee infection: a hospital-based prospective case-control study. Clin Infect Dis 

2010;50(1):8-16. 

64. Thornhill MH, Gibson TB, Durkin MJ, et al. Prescribing of antibiotic prophylaxis to 

prevent infective endocarditis. J Am Dent Assoc 2020;151(11):835-45 e31. 

65. Lockhart PB, Thornhill MH, Zhao J, et al. Prophylactic antibiotic prescribing in dental 

practice: Findings from a National Dental Practice-Based Research Network 

questionnaire. J Am Dent Assoc 2020;151(10):770-81 e6. 

66. Hubbard CC, Evans CT, Calip GS, et al. Appropriateness of Antibiotic Prophylaxis 

Before Dental Procedures, 2016-2018. Am J Prev Med 2022;62(6):943-48. 

67. Suda KJ, Calip GS, Zhou J, et al. Assessment of the Appropriateness of Antibiotic 

Prescriptions for Infection Prophylaxis Before Dental Procedures, 2011 to 2015. JAMA 

Netw Open 2019;2(5):e193909. 



29 

 

68. Suda KJ, Fitzpatrick MA, Gibson G, et al. Antibiotic prophylaxis prescriptions prior to 

dental visits in the Veterans' Health Administration (VHA), 2015-2019. Infect Control 

Hosp Epidemiol 2022:1-10. 

 

 


