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Antibiotic prophylaxis and incidence of infection following 
elbow arthroplasty: a nationwide study
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Background and purpose — Periprosthetic joint infec-
tion (PJI) after elbow arthroplasty is a serious complication. 
Evidence of the best antibiotic prophylaxis for elbow arthro-
plasty is lacking. We aimed to investigate the regimens pres-
ently used in Sweden, incidence of PJI, and the bacteria most 
frequently found in elbow PJI.

Methods — A questionnaire was sent out to all Swedish 
units performing elbow arthroplasty in 2019 asking about 
antibiotic prophylaxis routines. The Swedish Elbow Arthro-
plasty Register (SEAR) and national inpatient and outpa-
tient registers (NPR) from the National Board of Health and 
Welfare were searched for procedures related to all primary 
total- or hemi-elbow arthroplasties performed during 2019–
2021. Results of microbiological analyses of the suspected 
PJI cases were collected from the respective laboratory.

Results — Most centers used only cloxacillin (44%) or 
cloxacillin together with benzylpenicillin (44%), as pro-
phylaxis. 250 primary procedures were performed between 
2019 and 2021, and the most used antibiotic prophylaxes 
were cloxacillin (61%) and cloxacillin with benzylpenicillin 
(23%). In the NPR, 20 patients (8%) with a diagnosis that 
could indicate PJI were found and 9 (3.6%) had a confirmed 
PJI. The most common bacteria were Staphylococcus epi-
dermidis, Cutibacterium acnes, and Staphylococcus aureus.

Conclusion — Most centers used cloxacillin antibiotic 
prophylaxis for elbow arthroplasty. The incidence of PJI was 
3.6%. The most frequent diagnosed pathogen was Staphylo-
coccus epidermidis.

Elbow arthroplasty is a relatively rare procedure with an 
incidence rate for total elbow arthroplasty of 1.4 in 100,000 
compared with 70–99 in 100,000 for total hip replacement 
internationally [1,2]. There is a large geographical difference 
in incidence of elbow arthroplasty and in Sweden less than 
100 arthroplasties are performed per year in a population of 
10 million [2,3]. 

Periprosthetic joint infection (PJI) in elbow arthroplasty is 
a very serious complication that has been reported to occur in 
up to 12%, which entails significant suffering for the affected 
patients and substantial strain and financial cost for healthcare 
[4-6]. The most common causative pathogens are Staphylo-
coccus aureus and Staphylococcus epidermidis [7]. A study by 
Watts et al., performed in the UK, showed an average of 3.3% 
PJI in elbow arthroplasty but geographical variation may exist 
[7]. Described risk factors for infection include young age, 
rheumatoid arthritis, obesity, previous surgery or infection, 
and postoperative wound complications [7].

There is a lack of evidence as to the best antibiotic prophy-
laxis in elbow arthroplasty and no studies that can support a 
specific prophylaxis for elbow arthroplasty [8]. In Sweden, 
there is long experience of using cloxacillin as antibiotic 
prophylaxis in orthopedic surgery, whereas cefazolin, a first-
generation cephalosporin with limited gram-negative effect, 
is generally advocated in international guidelines for joint 
replacements [8-10].

In the absence of high-quality evidence, orthopedic sur-
geons follow national recommendations or consensus reports 
[11]. It is unknown, however, whether it is of advantage to use 
combination prophylaxis and the best dosage and interval. 

We aimed to investigate the different antibiotic regimens 
recently used in Sweden, incidence of PJI and which pathogen 
was most frequently found in PJI following primary elbow 
arthroplasty.
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Methods
Study design
We performed a nationwide observational study including all 
centers that perform elbow surgery in Sweden. Register data 
from the Swedish Elbow Arthroplasty Register (SEAR) and 
the national inpatient and outpatient registers (NPR), from the 
National Board of Health and Welfare, were used.

A questionnaire was sent out to all the units where elbow 
arthroplasty was performed with questions concerning cur-
rent antibiotic prophylaxis routines. In detail, the questions 
were which antibiotic prophylaxis was used, how many doses 
were administered, and for how many days. In addition, the 
bases for these routines were asked for (giving the alterna-
tives published literature, local recommendations, or advice 
from infectious disease specialists or own preferences).

The study is reported according to STROBE guidelines.

Eligibility criteria
Data on all individuals with a primary elbow arthroplasty in 
2019–2021 was extracted from the SEAR. The SEAR has a 
total coverage rate that is calculated by comparing it with the 
National Board of Health and Welfare’s patient register and is 
over 90% for total elbow replacement [3]. The NPR register 
lists all ICD-10 diagnosis codes and the NOMESCO Clas-
sification of Surgical Procedures (NCSP) codes, making the 
extracted data complete. SEAR data was linked to the NPR 
to identify patients with a reported diagnosis that could indi-
cate infection from 2019 until data extraction in December 
2023 according to the ICD-10 and NCSP codes. Only patients 
operated on between 2019 and 2021 were considered and 
those found in the NPR register with codes indicative of an 
elbow infection during the observation time of 2–5 years up 
to December 2023 were included in the analysis. 

Outcomes
The rate of PJIs in primary elbow arthroplasties registered in 
2019–2021 was calculated by dividing all registered individ-
uals diagnosed with a code indicative of an infection (Tables 
S1 and S2, see Supplementary data) with all registered elbow 
arthroplasties during the study period. The diagnosis codes 
sent to the NPR specifically included postoperative infection 
or other infections, as well as other adverse events regard-
ing the surgical wound, ruptures of tendons, and/or abscesses. 
The NCSP codes requested from the NPR included surgi-
cal exploration, biopsies, operation on bones, incision and 
debridement of infections, suture of the soft tissue, mobili-
zation, extraction and/or implantation of implants, operation 
because of bleeding, and other reoperations on soft tissue, 
bones, and/or implants.

Codes of interest (Tables S1 and S2, see Supplementary 
data) were sent in advance in connection with the application 
to the NPR for permission to obtain data. All patients were 

pseudo-anonymized to a 9-digit number by the registry and 
all numbers with matching ICD-10 codes that could indicate 
infection in the elbow were sent back to the NPR to obtain the 
personal identification numbers for these patients. 

The results from the analyses at the respective microbio-
logical laboratory were requested when the personal identifi-
cation numbers were received. 

We defined a periprosthetic joint infection as confirmed if 2 
positive cultures with the same microorganism were found [12].

Statistics
All data with patient information to and from the NPR was 
managed blinded and locked with a password. Demographic 
data and frequencies were analyzed in SPSS version 26 (IBM 
Corp, Armonk, NY, USA). Categorical variables were pre-
sented as number (n) and percent (%). 
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Table 1. Number of elbow arthroplasties in the different hospitals in 
Sweden 2019–2021 according to the Swedish Elbow Arthroplasty 
Register 

Hospital	  n (%)

Sahlgrenska University Hospital	 59 (24)
Linköping University Hospital	 49 (20)
Södersjukhuset	  27 (11)
Skåne University Hospital	 25 (10)
Academic Hospital Uppsala	 22 (8.8)
Varberg 	 16 (6.4)
S:t Göran	 10 (4.0)
Danderyd	 9 (3.6)
Gävle 	 9 (3.6)
Sunderbyn	  8 (3.2)
Helsingborg	 5 (2.0)
Karolinska 	  4 (1.6)
Västerås	  2 (0.8)
Umeå	  2 (0.8)
Huddinge 	 1 (0.4)
Karlstad	  1 (0.4)
Östersund	  1 (0.4)
Total	  250 		
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Results
Antibiotic regimens
The questionnaire was sent to 18 hospitals asking about anti-
biotic prophylaxis for elbow replacements in 2019, and all 18 
responded. 8 hospitals used only cloxacillin, 8 hospitals used 
cloxacillin combined with benzylpenicillin, 1 hospital used 
only clindamycin, and 1 used cloxacillin in combination with 
cefuroxime (Figure 1).

The most common reasons for the antibiotic prophylaxis 
were recommendation by the local department for infectious 
diseases (n = 17), recommendation by local colleagues (n = 
10), and interpretation of the literature (n = 10) (Table 2). Sev-
eral reasons were often given by each responder, resulting in 
more than 18 alternatives.

Population
According to the SEAR, 250 patients had received a primary 
elbow prosthesis between 2019 and 2021. The most common 
reasons for surgery were fresh fracture (67%), rheumatoid 
arthritis (13%), fracture malunion (8.0%), and primary or sec-
ondary osteoarthritis (7.6%). Mean age at the time of opera-

tion was 65.5 years and 81% were women. The antibiotics 
used for prophylaxis according to the SEAR were cloxacillin 
(61%), cloxacillin and benzylpenicillin (23%), cephalospo-
rin (6.8%), clindamycin (5.2%), and benzylpenicillin (0.8%) 
(Figure 1). Antibiotics were mostly administered in 3 doses (n 
= 160; 91%) for 1 day (n = 166; 94%).

During the study period, 250 elbow arthroplasties were 
identified and 20 (8%) of these had a ICD-10 diagnosis or an 
NCSP code that could indicate an infection. In 9 (3.6 %) of 
the 20 patients tissue biopsies with microbial cultures dem-
onstrated bacterial growth and were regarded as positively 
diagnosed infections. In 2 patients, superficial pin cultures 
showing bacterial growth had been taken and were considered 
as either superficial infections or contamination and were not 
included as a PJI (Table 3). For 9 of the 20 patients no data 
was found in the microbiological laboratories (Figure 2).

The indications for patients with confirmed infection varied; 
5 had an acute fracture, 1 rheumatoid arthritis, 1 malunion, 1 
secondary arthritis, and in 1 no specific diagnosis was reported 
to the SEAR. 4 of the patients had had previous fracture sur-

Cloxacillin

Cloxacillin + bensylpenicillin

Cloxacillin + cefurotaxim

Cefalosporin

Clindamycin

100806040200

Distribution (%)

Bensylpenicillin

Data missing
SEAR
Questionnaire

Figure 1. Choice of antibiotic prophylaxis during elbow surgery accord-
ing to the SEAR and the questionnaire. The data from the Swedish 
Elbow Arthroplasty Register (SEAR) are from 250 patients and the 
data from the questionnaire are from 18 hospitals.

Table 2. Reasons for administered antibiotic prophylaxis, according 
to the survey

Reason for choice of prophylaxis protocol	 n

Recommendation of the local Infection Department	 17
Recommendation by colleagues locally	 10
Interpretation of the literature	 10
Own preferences	 9
Consensus at national shoulder and elbow meeting 
(SSAS, Örebro 2014)	 3
Recommendation National Care Programme	 1

Table 3. Bacteria identified in the positive cultures
 

Patient	 Bacteria	  
  
  1 Staphylococcus species and Staphylococcus epidermidis
  2 Cutibacterium acnes	  
  3 Bacillus cereus and Staphylococcus epidermidis	  
  4 a Growth of skin flora	  
  5 Staphylococcus aureus	 
  6 Staphylococcus epidermidis	  
  7 Staphylococcus epidermidis	  
  8 Coagulase-negative staphylococci, Corynebacterium species 
    and Cutibacterium acnes	  
  9 Staphylococcus aureus	 
10 Cutibacterium acnes	  
11 a Negative culture	  
 
Bacteria growing in cultures from patients with infection. 
a Patients 4 and 11 were considered to be contaminations or 
  superficial infection.	  

Patients with a complication diagnosis
that could indicate infection

n = 20

Excluded (n = 11):
– lack of micobiology data, 9
– cultures interpreted as superficial  
   infection or contamination, 2

Patients with confirmed infection
n = 9

Patients with a primary elbow arthroplasty 
in the Swedish Elbow Arthroplasty Register

between 2019 and 2021
n = 250

Figure 2. Flowcharts for exclusion of patients with diagnosis of infection.
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gery. A hemi-prosthesis was used in 2 patients with acute 
fracture and in 1 patient with malunion; 6 underwent a total 
arthroplasty.

11 patients with positive cultures were identified in the 
respective microbiological laboratories. Two of these (patients 
4 and 11 in Table 3) had only 1 superficial stick culture each 
and were therefore not considered as a PJI. 9 patients had at 
least 2 positive cultures from deep biopsies and were consid-
ered as PJI. We found that the most common bacteria were 
Staphylococcus epidermidis, Cutibacterium acnes, and Staph-
ylococcus aureus (Table 3).

Discussion

We aimed to investigate the different antibiotic regimens 
recently used in Sweden, incidence of PJI, and which bacteria 
were most frequently found in PJI following primary elbow 
arthroplasty. We found a large variation in the use of antibiot-
ics, that 3.6% had a PJI, and that Staphylococcus epidermidis 
was the most frequently diagnosed bacteria. 

The most frequently diagnosed bacteria are the same as in 
other arthroplasty infections. We found Cutibacterium acnes 
as a cause of PJI, today recognized as a frequent cause of 
infections in the shoulder causing approximately one-fifth of 
the PJIs [13-15]. Other studies have identified staphylococci 
species and Cutibacterium acnes as commonly isolated bac-
teria in PJI of the shoulder [16,17]. Watts et al. showed in a 
review from 2019 that the most common causative bacteria in 
elbow arthroplasty are Staphylococcus aureus and Staphylo-
coccus epidermidis but geographical variations may exist [7].

As several postoperative prosthetic shoulder infections have 
been described as being caused by Cutibacterium acnes, the 
addition of benzylpenicillin to cloxacillin has been used suc-
cessively, but without compelling evidence [8,16,17]. It is of 
interest that Cutibacterium acnes was found in cultures in our 
study, because there is no information on this agent regarding 
elbows in the Swedish national guidelines [8].

Commonly occurring bacteria that are isolated in PJI, mainly 
in the knee and hip, are Staphylococcus aureus, streptococci, 
and coagulase-negative staphylococci [18]. 

Today, antibiotic prophylaxis is recommended for all 
prosthetic surgery and there are recommendations from the 
Swedish Infectious Diseases Association regarding antibiotic 
choice, doses, and length of prophylaxis [8]. However, these 
recommendations are not specific for elbow arthroplasty but 
for arthroplasties in general and based on studies of hip and 
knee arthroplasties [8,19].

Cloxacillin is, according to these recommendations, the 
first-line prophylaxis in all prosthetic surgery and is mainly 
directed against Staphylococcus aureus and methicillin-sen-
sitive coagulase-negative staphylococci [8]. Clindamycin, 
which was administered at 1 hospital according to the ques-
tionnaire and in 13 patients according to the SEAR as periop-

erative antibiotic prophylaxis, should only be used in case of 
verified penicillin allergy according to a 2017 study by Rob-
ertsson et al. They demonstrated a significantly higher risk of 
infection related to the use of clindamycin instead of cloxacil-
lin [20]. Another factor against clindamycin prophylaxis is a 
reported risk of development of resistance to clindamycin by 
Cutibacterium acnes [17,21,22]. 

Strengths
Strengths of our study are that it is population-based and nation-
wide and, to our knowledge, the first investigation of how anti-
biotic prophylaxis of primary elbow replacement is conducted. 
We most likely included all patients treated during 2019–2021 
because of comprehensive records and the combination of the 
2 registers has previously shown excellent coverage.

Limitation
Due to the low number of elbow arthroplasties and rare PJI 
events, no firm conclusions or recommendations concerning 
the best antibiotic prophylaxis can be derived from this data. 
It does, however, identify an area that warrants further studies, 
preferably prospective. Furthermore, of the 20 patients regis-
tered with a diagnosis that might indicate an infection only 11 
had been tested with microbiological analysis and 2 of these 
were considered as superficial infections. Whether any of the 
other 9 had been treated with antibiotics that could potentially 
cure or temporarily mask a PJI is unknown but cannot be 
excluded and the true number of PJIs may be higher. A lower 
frequency of PJI in our study could be due to a shorter observa-
tion period of 2–5 years than other studies that have had slightly 
longer follow-ups [5,6]. Considering the relatively long interval 
it is, however, difficult to determine whether an infection mani-
fested several years after the index procedure is related to the 
primary surgery and prophylaxis or was acquired later. There 
was a discrepancy between the replies to the questionnaire and 
the information registered in the SEAR regarding which antibi-
otic prophylaxis had been used during the elbow arthroplasties. 
The reasons for this are unknown but it could not be excluded 
that different people had been reporting to the respective reg-
isters, or it could be due to patient factors such as antibiotic 
allergy. Primary elbow arthroplasty is a relatively uncommon 
procedure in Sweden, with only 6 centers performing more than 
4 procedures per year and centralization has occasionally been 
suggested. Whether inexperience had contributed to infectious 
complications, however, could not be investigated in the pres-
ent study due to the low number of events.

Finally, a positive effect of the prophylaxis administered 
cannot be ascertained since an outcome of elbow arthroplasty 
in Sweden without any antibiotic prophylaxis is impossible to 
determine.

Conclusion
We found most centers used the antibiotic cloxacillin as pro-
phylaxis for elbow arthroplasty but with some variation. The 
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confirmed incidence of PJI was 3.6%, which is higher than 
reported for other major arthroplasties. The most frequently 
diagnosed pathogens was Staphylococcus epidermidis. Our 
study also demonstrated that the microbiological etiology of 
infection was bacteria not always covered by the given pro-
phylaxis. 

In perspective, the lack of knowledge and consensus con-
cerning antibiotic prophylaxis among elbow surgeons discov-
ered in this study demonstrates the need for further research 
and discussion with specialists in infectious diseases to form 
agreement on a common strategy. Although the rate of infec-
tions may seem relatively low it is higher than reported for 
other major arthroplasties and any such incident constitutes a 
severe complication. It may be tempting to extend the antibi-
otic prophylaxis, but that may on the other hand increase the 
risk of antibiotic resistance and potential effects would need 
considerably larger studies to be evaluated [17,21,23].

Supplementary data
Tables S1 and S2 are available as Supplementary data on the 
article page, doi: 10.2340/17453674.2025.43288

AD, JEW: data collection and analysis, manuscript preparation. BS, HBH: 
data analysis, manuscript review. OL: manuscript review. LEA: conceptual-
ization, questionnaire design, data analysis, manuscript preparation. 

Handling co-editor: Jeppe Vejlgaard Rasmussen
Acta thanks Antti P Launonen and Anne Marie Nyholm for help with peer 
review of this manuscript.

1.	 Prkić A, Christiaan J A, van Bergen C J A, Bertram T B, Denise 
Eygendaal D. Total elbow arthroplasty is moving forward: review on 
past, present and future. World J Orthop 2016; 7(1): 44-9. doi: 10.5312/
wjo.v7.i1.44.

2.	 Macken A A, Prkic A, Kodde I, Lans J, Chen N C, Eygendaal D. 
Global trends in indications for total elbow arthroplasty: a systematic 
review of national registries. EFORT Open Rev 2020; 5: 215-20. doi: 
10.1302/2058-5241.5.190036.

3.	 Svenska Skulder- och Armbågsregistret (2021). Årsrapport. [in Swed-
ish] Available from: https://rcsyd.se/ssar/publikationer/arsrapporter

4.	 Kurtz SM, Lau E, Watson H, Schmier J K, Parvizi J. Economic 
burden of periprosthetic joint infection in the United States. J Arthro-
plasty 2012; 27(8 Suppl): 61-5 e1. doi: 10.1016/j.arth.2012.02.022.

5.	 Kasten M D, Skinner H B. Total elbow arthroplasty: an 18-year experi-
ence. Clin Orthop Relat Res 1993; (290): 177–88. PMID: 8472447.

6.	 Aldridge J M III, Lightdale N R, Mallon W J, Coonrad R W. Total 
elbow arthroplasty with the Coonrad/Coonrad-Morrey prosthesis. A 10- 
to 31-year survival analysis. J Bone Joint Surg Br 2006; 88: 509–514. 
doi: 10.1302/0301-620X.88B4.17095.

7.	 Watts A C, Duckworth A D, Trail I A, Rees J, Thomas M, Rangan 
A. Scoping review: Diagnosis and management of periprosthetic joint 

infection in elbow arthroplasty. Shoulder Elbow 2019; 11(4): 282-91. 
doi: 10.1177/1758573218789341.

8.	 Svenska Infektionsläkarföreningen, Nilsdotter-Augustinsson A, 
Rydén C, Ryding U, Söderquist B, Tevell S, Ahl M. et al. Vårdpro-
gram för Led- och skelettinfektioner, 2023 [in Swedish]. Available from: 
https://infektion.net/wp-content/uploads/2023/07/vardprogram_led_
och_skelettinfektioner_2023_07_11.pdf

9.	 Parvizi J, Shohat N, Gehrke T. Prevention of periprosthetic joint infec-
tion: new guidelines. Bone Joint J 2017; 99-B(4 Supple B): 3-10. doi: 
10.1302/0301-620X.99B4.BJJ-2016-1212.R1.

10.	 Hansen E, Belden K, Silibovsky R, Vogt M, Arnold W V, Bicanic G, 
et al. Perioperative antibiotics. J Arthroplasty 2014; 29(2 Suppl): 29-48. 
doi: 10.1016/j.arth.2013.09.030.

11.	 Lazarinis S, Lidgren L, Stefansdottir A, W-Dahl A. Consensus docu-
ment on prosthetic joint infections. Acta Orthop 2013; 84(6): 507-8. doi: 
10.3109/17453674.2013.867399.

12.	 McNally M, Sousa R, Wouthuyzen-Bakker M, Chen A F, Soriano A, 
Vogely H C, et al. The EBJIS definition of periprosthetic joint infection. 
Bone Joint J 2021; 103-B(1): 18–25. doi: 10.1302/0301-620X.103B1.
BJJ-2020-1381.R1.

13.	 Boyle K K, Duquin T R. Antibiotic prophylaxis and prevention of surgi-
cal site infection in shoulder and elbow surgery. Orthop Clin North Am 
2018; 49(2): 241-56. doi: 10.1016/j.ocl.2017.11.011.

14.	 Hsu J E, Bumgarner R E, Matsen F A 3rd. Propionibacterium in shoul-
der arthroplasty: what we think we know today. J Bone Joint Surg Am 
2016; 98(7):597-606. doi: 10.2106/JBJS.15.00568.

15.	 Liew-Littorin C, Davidsson S, Nilsdotter-Augustinsson Å, Hell-
mark B, Brüggemann Söderquist B. Genomic characterization and 
clinical evaluation of prosthetic joint infections caused by Cutibacterium 
acnes. Microbiol Spectr 2024; 12(11): e0030324. doi: 10.1128/spec-
trum.00303-24.

16.	 Tande A J, Patel R. Prosthetic joint infection. Clin Microbiol Rev 2014; 
27(2): 302-45. doi: 10.1128/CMR.00111-13.

17.	 Dettmer A, Melander M, Björnsson Hallgren H C, Adolfsson L E, 
Salomonsson B. The choice of antibiotic prophylaxis influences the 
infection reoperation rate in primary shoulder arthroplasty: analysis from 
the Swedish Shoulder Arthroplasty Register. Clin Orthop Relat Res 2023; 
481: 728-34. doi: 10.1097/CORR.0000000000002466.

18.	 Fletcher N, Sofianos D, Berkes M B, Obremskey W T. Prevention of 
perioperative infection. J Bone Joint Surg Am 2007; 89(7): 1605-18. doi: 
10.2106/JBJS.F.00901.

19.	 Ericson C, Lidgren L, Lindberg L. Cloxacillin in the prophylaxis of 
postoperative infections of the hip. J Bone Joint Surg Am.1973; 55(4): 
808-13, 43. PMID: 4283753.

20.	 Robertsson O, Thompson O, W-Dahl A, Sundberg M, Lidgren L, 
Stefansdottir A. Higher risk of revision for infection using systemic 
clindamycin prophylaxis than with cloxacillin. Acta Orthop 2017; 88(5): 
562-7. doi: 10.1080/17453674.2017.1324677.

21.	 Crane J K, Hohman D W, Nodzo S R, Duquin T R. Antimicrobial 
susceptibility of Propionibacterium acnes isolates from shoulder sur-
gery. Antimicrob Agents Chemother 2013; 57: 3424-6. doi: 10.1128/
AAC.00463-13.

22.	 Khassebaf J, Hellmark B, Davidsson S, Unemo M, Nilsdotter-Augis-
tinsson A, Söderquist B. Antibiotic susceptibility of Propionibacterium 
acnes isolated from orthopaedic implant associated infections. Anaerobe 
2015; 32: 57-62. doi: 10.1016/j.anaerobe.2014.12.006.

23.	 Longo U G, Candela V, Facchinetti G, Marchetti A, Dsoke S, Maz-
zella C, et al. Antibiotic prophylaxis in primary and revision shoulder 
replacement: a systematic review. BMC Musculoskelet Disord 2020; 21: 
292. doi: 10.1186/s12891-020-03332-z.


