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Abstract
Background  Intraosseous regional administration (IORA) as a widely applicable and clinically valuable route of administra-
tion has gained significant attention in the context of total knee arthroplasty (TKA) for the prophylactic administration of 
antibiotics. However, there is still controversy regarding its effectiveness and safety. The latest meta-analysis reports that the 
use of IORA for antibiotics in TKA is as safe and effective as IV administration in preventing prosthetic joint infection (PJI), 
but they did not separate the statistics for primary TKA and revision TKA, which may be inappropriate. There is currently 
a lack of evidence specifically comparing the outcomes of prophylactic antibiotic administration via IORA or IV route in 
primary/revision TKA, respectively, and new research evidence has emerged.
Purposes  In this study, we conducted a systematic review and meta-analysis with the primary objective of comparing the 
local drug tissue concentration and the incidence of PJI between preoperative IORA and intravenous (IV) administration of 
prophylactic antibiotics in TKA. Additionally, the occurrence of complications between the two administration routes was 
also compared.
Patients and Methods  This meta-analysis was conducted following the Preferred Reporting Items for Systematic Reviews 
and Meta-analyses statement (PRISMA) guidelines. Retrospective cohort studies and prospective randomized controlled 
trials that utilized intraosseous local drug delivery for prophylactic antibiotics in knee arthroplasty were included. English 
literature from PubMed, Embase, and Cochrane Library databases was searched from the inception of each database until 
December 2023. Two researchers independently screened the literature, assessed the quality, and extracted data according 
to the inclusion criteria. The primary outcomes were local antibiotic tissue concentration and postoperative PJI incidence, 
while the secondary outcome was the occurrence of postoperative complications. Statistical analysis was performed using 
Review Manager 5.3 software.
Results  This study included 7 prospective randomized controlled trials and 5 retrospective cohort studies. A total of 4091 
patients participated in the 12 included studies, with 1,801 cases receiving IORA and 2,290 cases in the control group. In 
terms of local drug tissue concentration, intraosseous infusion (IO) 500 mg vancomycin significantly increased the drug 
concentration in the periarticular adipose tissue (SMD: 1.36; 95% CI: 0.87–1.84; P < 0.001; I2 = 0%) and bone tissue (SMD: 
0.94; 95% CI: 0.49–1.40; P < 0.001; I2 = 0%) compared to IV 1 g vancomycin. Regarding the incidence of postoperative 
PJI after primary TKA, IO 500 mg vancomycin was more effective in reducing the occurrence of PJI compared to IV 1 g 
vancomycin (OR: 0.19; 95% CI: 0.06–0.59; P < 0.001; I2 = 36%). Finally, no significant differences were found between 
the two groups in terms of postoperative pulmonary embolism (PE) (OR: 1.72; 95% CI: 0.22–13.69; P = 0.59; I2 = 0%) and 
vancomycin-related complications (OR: 0.54; 95% CI: 0.25–1.19; P = 0.44; I2 = 0%).
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Conclusions  Preoperative prophylactic antibiotic administration via IORA in TKA significantly increases local drug tissue 
concentration without significantly increasing systemic drug-related complications compared to traditional IV administration. 
In primary TKA, low-dose vancomycin via IORA is more effective in reducing the incidence of PJI compared to traditional 
IV regimens. However, its effectiveness remains controversial in high-risk populations for PJI, such as obese, diabetic, and 
renal insufficiency patients, as well as in revision TKA.
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Introduction

Total knee arthroplasty (TKA) is one of the most successful 
surgical procedures of the twentieth century and is consid-
ered the gold standard treatment for end-stage knee osteo-
arthritis [1]. The number of TKAs performed in the United 
States has been steadily increasing [2]. However, complica-
tions such as infection, pain, anemia, and thromboembo-
lism still occur in the early postoperative period of TKA 
[3]. Prosthetic joint infection (PJI) is considered a “cata-
strophic” complication following TKA. Some researchers 
have attempted prophylactic antibiotic using foot vein cath-
eterization with a tourniquet to reduce venous reflux and 
limit drug distribution in the target limb, in order to achieve 
higher tissue concentration and reduce the incidence of PJI 
in TKA. [4]. Although foot vein catheterization can be chal-
lenging and may increase the risk of infection [5], the use 
of a tourniquet provides a new direction for perioperative 
drug administration in TKA by confining the drugs to the 
target limb.

Intraosseous infusion (IO) is a method of drug admin-
istration that utilizes the rich vascular network in the bone 
marrow cavity of long bones to deliver drugs and fluids into 
the bloodstream. In 1916, Drinker et al. [6] demonstrated 
through animal experiments that IO could be an effective 
alternative to intravenous (IV) infusion when peripheral vas-
cular conditions are poor. Several studies have shown that 
IO can achieve pharmacokinetics and pharmacodynamics 
similar to those of peripheral vascular administration [7, 8]. 
In recent years, the IO route has also gained attention from 
orthopedic surgeons, and by combining the IO route with 
tourniquet techniques, it may be possible to achieve higher 
tissue concentrations than systemic administration.

Compared to traditional IO techniques, the currently used 
intraosseous regional administration (IORA) for local drug 
delivery has two main differences. Firstly, limb ischemia is 
generally considered a contraindication for IO, but IORA is 
performed after exsanguination and tourniquet inflation [9]. 
Secondly, IORA is typically administered by bolus injec-
tion rather than infusion [10]. This is done to ensure that 
the drug primarily acts locally before entering the systemic 
circulation through the intraosseous vascular network. In 

theory, long bones with prominent bony landmarks such as 
the humeral head, proximal and distal tibia, sternum, clavi-
cle, and calcaneus can be used to establish an intraosseous 
route [11].

Young et al. [5] first achieved satisfactory results by 
administering antibiotics via IORA in TKA in 2013. As a 
promising and clinically important route of administration, 
the prophylactic use of IORA for antibiotics in TKA has 
gained attention. However, it should be noted that IORA 
may lead to complications such as drug extravasation, bone 
injury, osteomyelitis, or compartment syndrome. A system-
atic review has indicated that the local antibiotic concen-
tration after preoperative IORA in TKA is approximately 
ten times higher than that achieved with IV administration 
alone. However, they did not analyze the impact of IORA 
antibiotics on the incidence of PJI, nor did they conduct sta-
tistical analysis.[12]. The latest meta-analysis also suggests 
that the use of IORA for antibiotics in TKA is as safe and 
effective as IV administration in preventing PJI. It is reported 
that the incidence of PJI in revision TKA is significantly 
higher than that in primary TKA, but they did not separate 
the statistics for primary TKA and revision TKA, which 
may be inappropriate.[13]. There is currently a lack of evi-
dence specifically comparing the outcomes of prophylactic 
antibiotic administration via IORA or IV route in primary/
revision TKA, respectively, and new research evidence has 
emerged. Therefore, we conducted this systematic review 
and meta-analysis to comprehensively compare the existing 
evidence on IORA and IV antibiotics in TKA.

Methods

Literature sources and search strategy

A primary search for relevant studies was conducted in 
the following electronic databases, including PubMed, 
EMBASE, and the Cochrane Library, from inception to 
December 2023. The search strategy used MeSH headings 
such as ‘Arthroplasty, Replacement, Knee’, ‘Anti-Bacterial 
Agents’, and ‘Administration, Topical’. As well as key-
words such as ‘knee replacement’, ‘knee arthroplasty’, 
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‘intraosseous’, ‘intraosseous infusion’, ‘intraosseous inject’ 
and ‘intraosseous regional administration’. The specific 
retrieval strategy can be found in Supplementary 1. No 
limitation was applied to language or publication status. 
Besides, all relevant publications and review, reference lists 
were manually searched to identify potential studies.

Inclusion and exclusion criteria

This review included relevant clinical studies that utilized 
intraosseous local drug delivery techniques for prophylac-
tic antibiotics in knee arthroplasty. The inclusion criteria 
were as follows: (1) clinical studies related to the use of 
intraosseous local antibiotics in knee arthroplasty, and (2) 
study designs including randomized controlled trials, cohort 
studies, case–control studies, and case series. The exclusion 
criteria were as follows: (1) literature not related to intra-
osseous drug administration in total knee arthroplasty, (2) 
animal experiments, (3) duplicate publications, (4) literature 
inaccessible in full-text, and (5) non-English literature. This 
systematic review was not registered in the randomized con-
trolled trial (RCT) database, but the search process followed 
the guidelines of the Preferred Reporting Items for System-
atic Reviews and Meta-analyses statement (PRISMA).

Outcome assessments

The primary outcomes of the study were the local tissue 
drug concentrations and the postoperative PJI rate, compar-
ing the use of preoperative prophylactic antibiotics via IORA 
or IV administration in TKA. The secondary outcomes 
included the occurrence rates of complications such as punc-
ture-related complications and drug-related complications.

Screening and selection process

Two authors independently reviewed the full texts by screen-
ing the titles and abstracts to determine the inclusion of the 
literature. Any discrepancies were resolved by consulting a 
third author, and a consensus was reached through discus-
sion among the three authors.

Data collection

The following specific information was extracted from the 
included literature: first author, country, study date; study 
design and objectives; characteristics of the study popula-
tion; sample size; study outcomes and the standards/scores 
used for quantification; and complications.

Literature quality assessment

Two authors independently assessed the quality of the 
included RCTs using the Cochrane Risk of Bias assess-
ment tool. For non-RCT studies, we used the Risk of Bias 
in Non-Randomized Studies of Intervention (ROBINS-I) 
tool to assess the quality of evidence for each study. In case 
of disagreement between the two authors, consensus was 
reached through discussion.

Statistical analysis

Statistical analysis was performed using Review Manager 
5.3 (The Nordic Cochrane Centre, the Cochrane Collabo-
ration, 2014, Copenhagen, the Netherlands). Heterogeneity 
was evaluated using the Q test and I2 statistic. If no sig-
nificant heterogeneity was found (P > 0.1 and I2 < 50%), the 
data were pooled using a fixed-effects model. If significant 
heterogeneity was present (P < 0.1 or I2 > 50%), a random-
effects model was used. For continuous variables, standard-
ized mean differences (SMD) with their corresponding 95% 
confidence intervals (CI) were calculated. For categorical 
variables, odds ratios (OR) with their corresponding 95% 
CI were calculated. A p-value of < 0 0.05 was considered 
statistically significant for determining differences.

Results

Included studies and quality assessment

Initially, a total of 151 articles were identified through the 
search, and after removing duplicate records, 110 articles 
remained. After screening the titles and abstracts, a total 
of 13 articles were included. Further full-text evaluation 
resulted in the exclusion of one article that did not meet 
the criteria of this study, leaving a final total of 12 articles 
for analysis. The study selection process is illustrated in 
Fig. 1. Among them, 10 studies administered vancomycin 
via the IORA route, while 2 studies administered cefazo-
lin via the IORA route. Ten studies included only primary 
TKA, 2 studies included only revision TKA, and 1 study 
included both primary and revision TKA. A total of 4091 
patients participated in the 12 included studies, with 2178 
cases (53.23%) being female. Of the patients, 1801 received 
drug administration via IORA, while 2290 were in the con-
trol group. Tables 1 and 2 summarize the characteristics of 
these studies.

This study included 7 RCTs, 4 retrospective cohort stud-
ies with two arms, and 1 retrospective cohort study with a 
single arm. The quality assessment results are detailed in 
Table 3. In the majority of RCT studies, the generation of 
random sequences and the reporting of complete data were 
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adequately performed, while 4 studies had a high risk of bias 
due to the lack of blinding of investigators and participants. 
According to ROBINS-I, the overall bias risk of the 5 non-
RCT studies was low. The quality assessment results are 
detailed in Table 3.

Drug concentrations in tissues

A total of 6 studies compared and reported drug tissue con-
centrations [5, 14–18], all of which were RCT studies. Four 
studies used IORA of vancomycin [14, 15, 17, 18], and 2 
studies used IORA of cefazolin for preoperative prophy-
laxis in TKA [5, 16]. Young et al. [5] and Zhang et al. [16] 
compared the differences in tissue concentrations between 
IO and IV cefazolin. Both studies reported significant dif-
ferences, but the drug doses and reported tissue concentra-
tion sites differed, preventing us from conducting a pooled 

analysis. The 4 studies on IORA of vancomycin compared 
the drug concentrations in periarticular fat and bone tis-
sues between IO 500 mg vancomycin and IV 1 g vanco-
mycin. The meta-analysis results showed that IO 500 mg 
vancomycin significantly increased the drug concentration 
in periarticular fat tissue (SMD: 1.36; 95% CI: 0.87–1.84; 
P < 0.001; I2 = 0%, Fig. 2) and bone tissue (SMD: 0.94; 95% 
CI: 0.49–1.40; P < 0.001; I2 = 0%, Fig. 3) compared to IV 1 g 
vancomycin. We intended to perform subgroup analysis for 
primary/revision TKA, but due to the lack of studies specifi-
cally targeting revision TKA, only one study was included 
[17].

Incidence of PJI

A total of 6 trials reported the incidence of PJI [14, 19–23]. 
The experimental group in all studies received IO 500 mg 

Fig. 1   The study selection 
process
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Table 2   Clinical Outcomes of Included Studies

N/A not available; PJI prosthetic joint infection; DVT deep venous thrombosis; PE pulmonary embolism; AKI acute kidney injury; VAS vis-
ual analogue scale; KOOS JR Knee Injury and Osteoarthritis Outcome Score for Joint Replacement

Study Outcome IORA IV

Dosage Outcome Complication Dosage Outcome Complication

Young et al. 
2013 [5]

Tissue concen-
tration

1g Cefazolin Fat Concentra-
tion: 186μg/g

Bone Concentra-
tion: 130μg/g

No 1g Cefazolin Fat Concentra-
tion: 11μg/g

Bone Concentra-
tion: 11μg/g

No

Young et al. 
2014 [18]

Tissue concen-
tration

250mg Vanco-
mycin

Fat Concentra-
tion: 14μg/g

Bone Concentra-
tion: 16μg/g

No 1g Vancomycin Fat Concentra-
tion: 3.2μg/g

Bone Concentra-
tion: 4.0μg/g

No

500mg Vanco-
mycin

Fat Concentra-
tion: 44μg/g

Bone Concentra-
tion: 38μg/g

1 DVT

Chin et al. 2018 
[14]

Tissue concen-
tration and PJI 
rate

500mg Vanco-
mycin

Fat Concentra-
tion: 39.3μg/g

Bone Concentra-
tion: 34.4μg/g

1 PE 15mg/kg Vanco-
mycin

Fat Concentra-
tion: 4.4μg/g

Bone Concentra-
tion: 6.1μg/g

2 superficial 
infections

Young et al. 
2018 [17]

Tissue concen-
tration

500mg Vanco-
mycin

Fat Concentra-
tion: 49.3μg/g

Bone Concentra-
tion: 77.1μg/g

1 Foot drop 1g Vancomycin Fat Concentra-
tion: 3.7μg/g

Bone Concentra-
tion: 6.4μg/g

No

Spangehl et al. 
2018

Tissue concen-
tration

500mg Vanco-
mycin

Fat Concentra-
tion: 33.1μg/g

Bone Concentra-
tion: 21.8μg/g

No 15mg/kg Vanco-
mycin

Fat Concentra-
tion: 5.2μg/g

Bone Concentra-
tion: 7.9μg/g

No

Zhang et al. 2023 
[16]

Tissue concen-
tration

2g Cefazolin Synovial fluid: 
391.3μg/ml

Fat Concentra-
tion: 247.9μg/g

No 2g Cefazolin Synovial fluid: 
17.6μg/ml

Fat Concentra-
tion: 11.4μg/g

No

Klasan et al. 
2021 [23]

PJI rate 500mg Vanco-
mycin

PJI: 0.3% AKI 3.0% 3 × 1g Cefazolin PJI: 0 AKI 5.0%

Park et al. 2021 
[22]

PJI rate 500mg Vanco-
mycin

PJI: 0.22% No 15mg/kg Vanco-
mycin

PJI: 1.4% No

Parkinson et al. 
2021 [19]

PJI rate 1g Cefazolin or 
500mg Vanco-
mycin

PJI: 0.1% No 2g Cefazolin PJI: 1.4% No

Harper et al. 
2020 [20]

PJI rate 500mg Vanco-
mycin

PJI of Primary 
TKA: 0

PJI of Revision 
TKA: 5.3%

No 15mg/kg Vanco-
mycin

PJI of Primary 
TKA: 0

PJI of Revision 
TKA: 3.4%

No

Lachiewicz et al. 
2023 [21]

PJI rate 500mg Vanco-
mycin

PJI of Revision 
TKA: 15%

No No N/A N/A

Brozovich et al. 
2022 [28]

Pain score and 
PROM

10mg Morphine Pain VAS sig-
nificantly lower 
than control 
group; KOOS 
JR score: 43.9

2 PE No N/A N/A

0 Morphine KOOS JR score: 
44.5

Aged-based 
doses of 
Morphine and 
Ketorolac

Pain VAS: 2.0
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Table 3   Risk of Bias in Included Studies

RCT Studies Cochrane risk of bias tool

Sequence 
generation

Allocation 
concealment

Blinding of partici-
pants and personnel

Blinding of out-
come assessment

Incomplete 
outcome data

Selective 
reporting

Other bias

Young et al. 2013 [5] Low Low High Unclear Low Low Unclear
Young et al. 2014 [18] Low Low Low Low Low Low Unclear
Chin et al. 2018 [14] Low Low High Unclear Low Low Unclear
Young et al. 2018 [17] Low Low Low Low Low Low Low
Spangehl et al. 2018 Unclear Unclear High Unclear Low Low Unclear
Zhang et al. 2023 [16] Low Low High Unclear Low Low Unclear
Brozovich et al. 2022 [28] Low Low Low Low Low Low Unclear

Non-RCT studies Risk of Bias in Non-Randomised Studies of Intervention

Confounding Selection of 
Participants

Classification 
of Interven-
tions

Deviations from 
Intended Inter-
ventions

Missing Data Measure-
ments of 
Outcomes

Selection 
of Reported 
Results

Overall bias

Klasan et al. 
2021 [23]

Low Moderate Low Low Low Low Low Low

Park et al. 2021 
[22]

Low Moderate Low Low Low Low Low Low

Parkinson et al. 
2021 [19]

Low Moderate Moderate Low Low Low Low Low

Harper et al. 
2020 [20]

Low Low Low Low Low Low Low Low

Lachiewicz et al. 
2023 [21]

N/A Low Low Low Low Low Low Low

Fig. 2   Vancomycin concentration in periarticular fat tissue. IO intraosseous infusion; IV intravenous

Fig. 3   Vancomycin concentration in bone tissue. IO intraosseous infusion; IV intravenous
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vancomycin. Among them, 5 studies reported the incidence 
of PJI in primary TKA [14, 19, 20, 22, 23], and 2 studies 
reported the incidence of PJI in revision TKA [20, 21]. Since 
both groups had a PJI incidence of 0 in the study by Chin 
et al. [14], it was not included in the meta-analysis. Previous 
studies have shown that the incidence of PJI after revision 
TKA is approximately 9% [24], which is much higher than 
in primary TKA. Therefore, it is not appropriate to com-
bine primary and revision TKA for analysis. Harper et al. 
[20] reported the incidence of PJI separately for primary 
and revision TKA. However, when considering only primary 
TKA, both groups had a PJI incidence of 0, so this study was 
also not included in the calculation of OR. The final meta-
analysis results showed that compared to IV injection of 1 g 
vancomycin, IO 500 mg vancomycin was more effective in 
reducing the incidence of postoperative PJI in primary TKA 
(OR: 0.19; 95% CI: 0.06–0.59; P < 0.001; I2 = 36%, Fig. 4).

Complications

When discussing the complications of IORA, it can be 
divided into two aspects: (1) complications related to the 
IORA technique itself, and (2) complications associated with 
the drugs administered via IORA. Potential complications of 
IORA generally include extravasation and compartment syn-
drome due to improper needle placement, needle bleeding, 
infection, fat embolism, and neurovascular injury [25–27]. In 
the studies on IORA in TKA currently available, no cases of 
injection site bleeding, extravasation, or compartment syn-
drome were observed. Young et al. [17] reported one case of 
peroneal nerve injury in the IORA group of their study on 
revision TKA, with the patient experiencing postoperative 
foot drop. However, the authors postulated that the foot drop 
might be related to patient obesity and surgical difficulty, 
rather than being directly associated with IORA. All 12 stud-
ies reported postoperative complications [5, 14–23, 28], and 
9 studies found no postoperative complications related to the 
administration of antibiotics via IORA [5, 15–22]. Regard-
ing IORA-related complications, two studies reported a total 
of three cases of postoperative pulmonary embolism (PE) 
[14, 28]. However, as both groups in the study by Brozovich 

et al. [28]. received drug administration via IORA, a pooled 
analysis could not be performed.

In studies on preoperative prophylactic IORA of cefazolin 
in TKA, no drug-related complications were reported [5, 
16]. Red man syndrome, acute kidney injury, and neutrope-
nia are commonly recognized complications of vancomycin 
[29, 30]. In the study by Lachiewicz et al. [21], one patient 
experienced facial flushing in the postoperative recovery 
room, which resolved spontaneously without treatment. 
The authors did not consider it a typical systemic “red man 
syndrome,” and thus, it was not included in the statistical 
analysis of vancomycin complications. Two studies reported 
postoperative vancomycin-related complications [18, 23]. 
Although the incidence of complications in the IO group 
was lower than in the IV group in both studies, the current 
meta-analysis results do not support a significant reduction 
in vancomycin complications with IO administration com-
pared to traditional IV administration (OR: 0.54; 95% CI: 
0.25–1.19; P = 0.44; I2 = 0%, Fig. 5).

Discussion

Since its first use in TKA in 2013, several studies have 
reported that antibiotic administration via IORA signifi-
cantly increases local drug concentration without a signifi-
cant increase in systemic complications. However, there is 
a lack of relevant meta-analyses regarding this topic. Addi-
tionally, there is ongoing controversy regarding the prophy-
lactic use of IORA antibiotics to prevent PJI following TKA. 
In this meta-analysis, we aimed to address these issues. Our 
findings demonstrate that compared to traditional IV admin-
istration, IO vancomycin significantly increases drug con-
centration in periarticular fat and bone tissue, reduces the 
incidence of PJI after primary TKA, and does not signifi-
cantly increase systemic complications.

With advancements in implant design and biomechani-
cal research, infection has emerged as a major cause of pri-
mary TKA failure, surpassing aseptic loosening in interna-
tional studies [31, 32]. The majority of early postoperative 
infections originate from contamination at the surgical 

Fig. 4   Prosthetic joint infection rate of primary total knee arthroplasty. IO intraosseous infusion; IV intravenous
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site [33]. Preoperative prophylactic antibiotic use in total 
knee arthroplasty has been shown to effectively reduce the 
incidence of PJI [34]. The most common pathogens in PJI 
are coagulase-negative staphylococci (CoNS) and Staphy-
lococcus aureus (S.A) [35]. Cephalosporins are the most 
commonly used prophylactic antibiotics in TKA and have 
demonstrated good effectiveness in clinical practice. How-
ever, with increasing antibiotic resistance, the incidence of 
PJI caused by methicillin-resistant Staphylococcus aureus 
(MRSA) or drug-resistant CoNS is rising [36]. The tissue 
concentration of antibiotics must be equal to or greater than 
the minimum inhibitory concentration (MIC) to achieve 
effective antibiotic prophylaxis. It has been reported that the 
resistance of CoNS to cephalothin can increase its MIC90 by 
approximately 100-fold [37], making it difficult to achieve 
preventive effects with IV systemic administration. Young 
et al. [5] first applied IORA antibiotics in TKA and com-
pared the differences in drug concentration in bone and fat 
tissues between the IORA and IV administration groups 
in TKA using a RCT. They reported that IORA achieved 
approximately 10 times higher antibiotic tissue concentra-
tion, surpassing the previously reported MIC90 for CoNS 
and cephalothin [37]. Zhang et al. [16] also supported this 
conclusion. However, there is currently no research further 
addressing whether IORA administration of cephalothin can 
reduce the incidence of PJI after TKA.

Currently, 60–90% of CoNS isolates in joint arthroplasty 
are resistant to cephalosporins [33, 35], and 33% to 56% 
of Staphylococcus aureus isolates are resistant to methicil-
lin [4, 38]. However, CoNS and MRSA remain sensitive to 
vancomycin [35], leading some researchers to propose its 
use as a prophylactic antibiotic in TKA [18, 39]. However, 
rapid infusion of vancomycin can lead to complications such 
as red man syndrome, requiring a maximum infusion rate of 
1 g/h [39]. Furthermore, due to the potential nephrotoxicity 
of vancomycin [40] and the potential for increased bacterial 
resistance, the routine use of IV vancomycin as prophylaxis 
in TKA is not common [39]. Young et al. [18] first used 
IORA to administer vancomycin as preoperative prophy-
laxis in TKA. They compared the differences in drug con-
centrations in bone and fat tissues between IORA 250 mg 

vancomycin, IORA 500 mg vancomycin, and the conven-
tional regimen (IV administration of 1 g vancomycin) and 
found that at 80 min after the start of surgery, the tissue 
concentrations of vancomycin in both IORA groups were 
significantly higher than in the IV group. Additionally, the 
tissue concentration of vancomycin in the IORA 500 mg 
group had the highest ratio of MIC for CoNS (99%), dem-
onstrating that the tissue concentration of low-dose IORA 
vancomycin was superior to that achieved with traditional 
systemic administration. Although vancomycin is a time-
dependent antibiotic, its long postantibiotic effect (PAE) 
is similar to concentration-dependent antibiotics in terms 
of pharmacokinetic/ pharmacodynamic (PK/PD) param-
eters and effectiveness prediction. An area under the curve 
(AUC)/MIC ratio of ≥ 400 for vancomycin can rapidly clear 
bacteria [41]. By using the IORA route, not only the time 
constraints of traditional administration can be overcome, 
but higher tissue concentrations can be quickly achieved 
after the start of surgery, which can improve effectiveness 
and duration of action by increasing the AUC [14]. Sub-
sequent studies have mostly used a prophylactic antibiotic 
regimen of IORA 500 mg vancomycin in TKA [14, 15, 17, 
19–23]. However, as vancomycin is a narrow-spectrum anti-
biotic with strong bactericidal activity against gram-positive 
bacteria, which only accounts for approximately 82% of the 
pathogens causing PJI after total joint arthroplasty [42]. 
Some studies have reported an increased incidence of PJI 
when vancomycin is used alone for preoperative prophylaxis 
in TKA [43]. Furthermore, the use of antibiotics adminis-
tered via IORA is still in the research stage, and in most of 
the current studies, the experimental groups also received 
cephalosporin antibiotics intravenously [5, 14, 15, 17–23].

It have been shown that although no statistical or clini-
cal differences were found, IORA increases tourniquet time 
by approximately 2 min [20, 22], which may have nega-
tive implications, including increased postoperative pain, 
increased inflammatory response, and decreased quadriceps 
strength [44]. Therefore, many surgeons tend to minimize 
the use of tourniquets during the surgical procedure [45]. To 
investigate whether short-duration tourniquet inflation would 
affect tissue concentrations of IORA antibiotics in TKA, 

Fig. 5   Complication of vancomycin. IO intraosseous infusion; IV intravenous
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Spangehl et al. [15] released the tourniquet after only 10 min 
of inflation following prophylactic IORA 500 mg vancomy-
cin, demonstrating that brief tourniquet use achieved tissue 
drug concentrations similar to those achieved with conven-
tional tourniquet use.

Previous follow-up studies and the present study have 
confirmed that the use of IORA antibiotics prior to primary 
TKA is non-inferior to conventional systemic IV antibiotic 
regimens in preventing postoperative PJI [19, 20, 22, 23]. 
However, the effectiveness of IORA antibiotics in high-risk 
patients for infection remains controversial. Although Chin 
et al. [14] demonstrated that local tissue concentrations were 
5–9 times higher in obese patients (BMI > 35 kg/m2) receiv-
ing IORA vancomycin compared to the IV group, Parkinson 
et al. [19] found in subgroup analysis that IORA vancomycin 
did not reduce the incidence of PJI in high-risk populations 
such as obese (BMI > 35 kg/m2), renal failure, and diabetes. 
However, due to the small size of the study cohorts in high-
risk populations, clinical evidence is currently insufficient.

The incidence of PJI is higher in revision TKA, and the 
treatment of PJI after revision TKA is more challenging due 
to the concurrent use of extended stems, metal inserts, and 
metal bone struts [46]. This highlights the greater signifi-
cance of prophylactic antibiotic use in revision TKA. Harper 
et al. [20] reported a retrospective cohort study of 48 cases 
of revision TKA, comparing prophylactic IORA vancomy-
cin with conventional regimens, and found no statistically 
significant difference in the incidence of postoperative PJI. 
Lachiewicz et al. [21] prospectively followed 20 patients 
undergoing revision TKA for non-infectious reasons for 
90 days, and three cases of PJI occurred within 90 days 
postoperatively, showing no significant improvement in the 
incidence of PJI compared to the previously reported rates 
in the same treatment group. Although Young et al. [17] also 
achieved significantly increased local drug concentrations 
using IORA antibiotics in revision TKA, their effective-
ness in reducing postoperative PJI incidence appears to be 
limited. To our knowledge, there are currently no prospec-
tive, RCTs on the use of IORA antibiotics in aseptic revi-
sion TKA. It should be emphasized that the formation of a 
biofilm by pathogens on the surface of the prosthesis is a 
significant factor in PJI [47], and bacteria within the biofilm 
may have MICs that are 1000 times higher than before bio-
film formation [48]. Systemic antibiotic administration alone 
cannot achieve effective local concentrations, and traditional 
local administration methods are difficult to maintain effec-
tive concentrations for a long time. The colonization of path-
ogens on the surface of the prosthesis may be an important 
factor affecting the effectiveness of IORA antibiotics. Future 
research may be needed to evaluate the application value of 
IORA administration techniques in TKA through studies tar-
geting pathogenic bacteria on the surface of the prosthesis.

No complications at the injection site, fluid extravasation, 
or compartment syndrome were observed in studies using 
IORA in TKA. Although animal studies have shown his-
tological evidence of pulmonary microembolism following 
IO [49], no cases of fat embolism after IORA administra-
tion have been reported in humans. Although three cases of 
postoperative PE were reported in the IORA group in the 
current studies, the limited number of cases necessitates fur-
ther large-scale trials to determine whether IORA increases 
the incidence of PE. This meta-analysis didn’t find a statisti-
cally significant difference in complications between IORA 
and IV vancomycin. However, in the two studies reporting 
vancomycin complications, the incidence of complications 
in the IORA group was lower than in the IV group. IORA 
may have advantages in reducing systemic drug-related 
complications.

This meta-analysis has several limitations. Firstly, 
although we included a total of 12 studies in our analy-
sis, there were limited studies reporting the incidence of 
PJI and complications, and they were not RCTs. We hope 
that future research can provide further support for our 
conclusions through more large-scale retrospective stud-
ies or RCTs. Secondly, due to the potential for promoting 
microbial resistance with routine use of vancomycin, some 
scholars have suggested that it is preferable to limit the use 
of IORA vancomycin for infection prophylaxis to high-risk 
patients for PJI. Cephalosporins are the main prophylactic 
drugs used prior to TKA, but currently, only two studies 
have used IORA cefazolin, and there have been no reports 
on whether it can reduce the incidence of PJI after TKA. 
Thirdly, some studies included in this meta-analysis did not 
report the minimum follow-up and among the other stud-
ies, the minimum follow-up were less than 12 months [50]. 
Therefore, this study cannot answer the effect of IORA pro-
phylactic antibiotics on late infections. Fourthly, our study 
was unable to answer whether prophylactic IORA antibiotics 
have an advantage in reducing the incidence of PJI in high-
risk populations such as obese, renal failure, diabetic, or 
revision TKA patients. We intended to perform subgroup 
analysis based on primary/revision TKA, but one study 
reporting the incidence of PJI in revision TKA was a single-
arm retrospective cohort study [21], making it impossible to 
conduct subgroup analysis for the incidence of PJI in revi-
sion TKA. Therefore, in this study, we only analyzed the 
incidence of PJI in primary TKA.·Our findings may only be 
applicable to patients undergoing routine primary TKA, and 
more research is needed in high-risk PJI populations. Fifthly, 
due to the limited number of studies reporting complica-
tions, we included both RCTs and non-RCTs in our statisti-
cal analysis, which may introduce heterogeneity among the 
studies and affect the conclusions. However, the statistical 
results did not show significant heterogeneity. Lastly, due to 
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the small number of studies included in this study, we have 
not conducted a publication bias analysis.

Conclusions

This study demonstrates that preoperative prophylactic anti-
biotics administered via IORA in TKA significantly increase 
local drug concentration without significantly increasing 
systemic complications. IO vancomycin is effective in reduc-
ing the incidence of PJI in routine primary TKA. However, 
its effectiveness in high-risk populations for PJI, such as 
obese individuals, those with diabetes, renal insufficiency, 
as well as in revision TKA, remains controversial. Future 
research should include larger RCTs and longer follow-up 
periods to further clarify the value and safety of antibiotic 
administration via IORA.

Supplementary Information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s00402-​024-​05513-0.

Funding  One of the authors (Bin Feng) has received funding from the 
Beijing Natural Science Foundation (L232006) and Chinese Academy 
of Medical Sciences (CAMS) Innovation Fund for Medical Sciences 
(CIFMS; No. 2022-I2M-C&T-B-031). One of the authors (Xisheng 
Weng) has received funding from the National High Level Hospital 
Clinical Research Funding (No. 2022-PUMCH-C-036). No other 
source of funds.

Declarations 

Conflict of interest  All authors complete the ICMJE Uniform Disclo-
sure Form for Potential Conflicts of Interest.

Ethical approval  All studies included in this review declared ethical 
approval.

References

	 1.	 Carr AJ, Robertsson O, Graves S, Price AJ, Arden NK, Judge 
A, Beard DJ (2012) Knee replacement. Lancet 379:1331–1340. 
https://​doi.​org/​10.​1016/​s0140-​6736(11)​60752-6

	 2.	 Levine BR, Springer BD, Golladay GJ (2020) Highlights of the 
2019 American joint replacement registry annual report. Arthro-
plast Today 6:998–1000. https://​doi.​org/​10.​1016/j.​artd.​2020.​09.​
010

	 3.	 Zhang AR, Cheng QH, Yang YZ, Yang X, Zhang ZZ, Guo HZ 
(2024) Meta-analysis of outcomes after total knee arthroplasty in 
patients with rheumatoid arthritis and osteoarthritis. Asian J Surg 
47:43–54. https://​doi.​org/​10.​1016/j.​asjsur.​2023.​09.​015

	 4.	 Lazzarini L, Novelli A, Marzano N, Timillero L, Fallani S, Viola 
R, de Lalla F (2003) Regional and systemic prophylaxis with 
teicoplanin in total knee arthroplasty: a tissue penetration study. J 
Arthroplast 18:342–346. https://​doi.​org/​10.​1054/​arth.​2003.​50053

	 5.	 Young SW, Zhang M, Freeman JT, Vince KG, Coleman B (2013) 
Higher cefazolin concentrations with intraosseous regional proph-
ylaxis in TKA. Clin Orthop Relat Res 471:244–249. https://​doi.​
org/​10.​1007/​s11999-​012-​2469-2

	 6.	 Drinker CK, Drinker KR (1916) A method for maintaining an 
artificial circulation through the tibia of the dog, with a dem-
onstration of the vasomotor control of the marrow vessels. Am 
J Physiol-Legacy Content. https://​doi.​org/​10.​1152/​ajple​gacy.​
1916.​40.4.​514

	 7.	 DeSoucy ES, Davidson AJ, Hoareau GL, Simon MA, Tibbits 
EM, Ferencz SE, Grayson JK, Galante JM (2019) Pharmacoki-
netics of tranexamic acid via intravenous, intraosseous, and 
intramuscular routes in a porcine (Sus scrofa) hemorrhagic 
shock model. J Spec Oper Med 19:80–84. https://​doi.​org/​10.​
55460/​cogq-​2cy1

	 8.	 Kentner R, Haas T, Gervais H, Hiller B, Dick W (1999) Phar-
macokinetics and pharmacodynamics of hydroxyethyl starch in 
hypovolemic pigs; a comparison of peripheral and intraosseous 
infusion. Resuscitation 40:37–44. https://​doi.​org/​10.​1016/​s0300-​
9572(98)​00121-x

	 9.	 Waisman M, Roffman M, Bursztein S, Heifetz M (1995) Intraos-
seous regional anesthesia as an alternative to intravenous regional 
anesthesia. J Trauma 39:1153–1156. https://​doi.​org/​10.​1097/​
00005​373-​19951​2000-​00025

	10.	 Spangehl MJ (2022) Pearls: how to administer an intraosseous 
injection of antibiotics before primary and revision knee replace-
ment. Clin Orthop Relat Res 480:2302–2305. https://​doi.​org/​10.​
1097/​corr.​00000​00000​002459

	11.	 Wang D, Deng L, Zhang R, Zhou Y, Zeng J, Jiang H (2023) Effi-
cacy of intraosseous access for trauma resuscitation: a systematic 
review and meta-analysis. World J Emerg Surg 18:17. https://​doi.​
org/​10.​1186/​s13017-​023-​00487-7

	12.	 Miltenberg B, Ludwick L, Masood R, Menendez ME, Mover-
man MA, Pagani NR, Puzzitiello RN, Smith EL (2023) Intraos-
seous regional administration of antibiotic prophylaxis for total 
knee arthroplasty: a systematic review. J Arthroplast 38:769–774. 
https://​doi.​org/​10.​1016/j.​arth.​2022.​10.​023

	13.	 Lei X, Xiang J, Yang H, Bao H, Zhu Z, Luo H (2023) Intraosseous 
regional prophylactic antibiotics decrease the risk of infection in 
total knee arthroplasty compared with intravenous antibiotics: a 
systematic review and meta-analysis. EFORT Open Rev 8:127–
134. https://​doi.​org/​10.​1530/​eor-​22-​0130

	14.	 Chin SJ, Moore GA, Zhang M, Clarke HD, Spangehl MJ, Young 
SW (2018) The AAHKS clinical research award: intraosseous 
regional prophylaxis provides higher tissue concentrations in 
high BMI patients in total knee arthroplasty: a randomized trial. 
J Arthroplast 33:S13-s18. https://​doi.​org/​10.​1016/j.​arth.​2018.​03.​
013

	15.	 Spangehl MJ, Clarke HD, Moore GA, Zhang M, Probst NE, 
Young SW (2022) Higher tissue concentrations of vancomycin 
achieved with low-dose intraosseous injection versus intravenous 
despite limited tourniquet duration in primary total knee arthro-
plasty: a randomized trial. J Arthroplast 37:857–863. https://​doi.​
org/​10.​1016/j.​arth.​2022.​01.​057

	16.	 Zhang J, Chen G, Yu X, Liu Y, Li Z, Zhang X, Zhong Q, Xu 
R (2023) Higher cefazolin concentrations in synovial fluid with 
intraosseous regional prophylaxis in knee arthroplasty: a rand-
omized controlled trial. Arch Orthop Trauma Surg. https://​doi.​
org/​10.​1007/​s00402-​023-​05108-1

	17.	 Young SW, Zhang M, Moore GA, Pitto RP, Clarke HD, Spangehl 
MJ (2018) The John N. Insall award: higher tissue concentrations 
of vancomycin achieved with intraosseous regional prophylaxis 
in revision TKA: a randomized controlled trial. Clin Orthop Relat 
Res 476:66–74. https://​doi.​org/​10.​1007/​s11999.​00000​00000​
000013

	18.	 Young SW, Zhang M, Freeman JT, Mutu-Grigg J, Pavlou P, Moore 
GA (2014) The Mark Coventry award: higher tissue concentra-
tions of vancomycin with low-dose intraosseous regional versus 
systemic prophylaxis in TKA: a randomized trial. Clin Orthop 
Relat Res 472:57–65. https://​doi.​org/​10.​1007/​s11999-​013-​3038-z

https://doi.org/10.1007/s00402-024-05513-0
https://doi.org/10.1016/s0140-6736(11)60752-6
https://doi.org/10.1016/j.artd.2020.09.010
https://doi.org/10.1016/j.artd.2020.09.010
https://doi.org/10.1016/j.asjsur.2023.09.015
https://doi.org/10.1054/arth.2003.50053
https://doi.org/10.1007/s11999-012-2469-2
https://doi.org/10.1007/s11999-012-2469-2
https://doi.org/10.1152/ajplegacy.1916.40.4.514
https://doi.org/10.1152/ajplegacy.1916.40.4.514
https://doi.org/10.55460/cogq-2cy1
https://doi.org/10.55460/cogq-2cy1
https://doi.org/10.1016/s0300-9572(98)00121-x
https://doi.org/10.1016/s0300-9572(98)00121-x
https://doi.org/10.1097/00005373-199512000-00025
https://doi.org/10.1097/00005373-199512000-00025
https://doi.org/10.1097/corr.0000000000002459
https://doi.org/10.1097/corr.0000000000002459
https://doi.org/10.1186/s13017-023-00487-7
https://doi.org/10.1186/s13017-023-00487-7
https://doi.org/10.1016/j.arth.2022.10.023
https://doi.org/10.1530/eor-22-0130
https://doi.org/10.1016/j.arth.2018.03.013
https://doi.org/10.1016/j.arth.2018.03.013
https://doi.org/10.1016/j.arth.2022.01.057
https://doi.org/10.1016/j.arth.2022.01.057
https://doi.org/10.1007/s00402-023-05108-1
https://doi.org/10.1007/s00402-023-05108-1
https://doi.org/10.1007/s11999.0000000000000013
https://doi.org/10.1007/s11999.0000000000000013
https://doi.org/10.1007/s11999-013-3038-z


	 Archives of Orthopaedic and Trauma Surgery

	19.	 Parkinson B, McEwen P, Wilkinson M, Hazratwala K, Hellman J, 
Kan H, McLean A, Panwar Y, Doma K, Grant A (2021) Intraos-
seous regional prophylactic antibiotics decrease the risk of pros-
thetic joint infection in primary TKA: a multicenter study. Clin 
Orthop Relat Res 479:2504–2512. https://​doi.​org/​10.​1097/​corr.​
00000​00000​001919

	20.	 Harper KD, Lambert BS, O’Dowd J, Sullivan T, Incavo SJ (2020) 
Clinical outcome evaluation of intraosseous vancomycin in total 
knee arthroplasty. Arthroplast Today 6:220–223. https://​doi.​org/​
10.​1016/j.​artd.​2020.​02.​001

	21.	 Lachiewicz PF (2023) Intraosseous vancomycin may not be help-
ful in aseptic revision knee arthroplasty: a single-surgeon con-
secutive case series. J Arthroplast 38:S281-s283. https://​doi.​org/​
10.​1016/j.​arth.​2023.​01.​043

	22.	 Park KJ, Chapleau J, Sullivan TC, Clyburn TA, Incavo SJ (2021) 
2021 Chitranjan S. Ranawat award: intraosseous vancomycin 
reduces periprosthetic joint infection in primary total knee arthro-
plasty at 90-day follow-up. Bone Joint J 103-b:13–17. https://​doi.​
org/​10.​1302/​0301-​620x.​103b6.​Bjj-​2020-​2401.​R1

	23.	 Klasan A, Patel CK, Young SW (2021) Intraosseous regional 
administration of vancomycin in primary total knee arthroplasty 
does not increase the risk of vancomycin-associated complica-
tions. J Arthroplast 36:1633–1637. https://​doi.​org/​10.​1016/j.​arth.​
2020.​12.​034

	24.	 Cochrane NH, Wellman SS, Lachiewicz PF (2022) Early infection 
after aseptic revision knee arthroplasty: prevalence and predispos-
ing risk factors. J Arthroplast 37:S281-s285. https://​doi.​org/​10.​
1016/j.​arth.​2021.​10.​022

	25.	 Tobias JD, Ross AK (2010) Intraosseous infusions: a review for 
the anesthesiologist with a focus on pediatric use. Anesth Analg 
110:391–401. https://​doi.​org/​10.​1213/​ANE.​0b013​e3181​c03c7f

	26.	 Byrick RJ (2001) Pulmonary fat embolism and intraosseous infu-
sion. Pediatr Crit Care Med 2:184–185. https://​doi.​org/​10.​1097/​
00130​478-​20010​4000-​00016

	27.	 Olivecrona C, Blomfeldt R, Ponzer S, Stanford BR, Nilsson BY 
(2013) Tourniquet cuff pressure and nerve injury in knee arthro-
plasty in a bloodless field: a neurophysiological study. Acta 
Orthop 84:159–164. https://​doi.​org/​10.​3109/​17453​674.​2013.​
782525

	28.	 Brozovich AA, Incavo SJ, Lambert BS, Sullivan TC, Wininger 
AE, Clyburn TA, Taraballi F, Park KJ (2022) Intraosseous mor-
phine decreases postoperative pain and pain medication use in 
total knee arthroplasty: a double-blind, randomized controlled 
trial. J Arthroplast 37:S139-s146. https://​doi.​org/​10.​1016/j.​arth.​
2021.​10.​009

	29.	 Elyasi S, Khalili H, Dashti-Khavidaki S, Mohammadpour A 
(2012) Vancomycin-induced nephrotoxicity: mechanism, inci-
dence, risk factors and special populations. A literature review. 
Eur J Clin Pharmacol 68:1243–1255. https://​doi.​org/​10.​1007/​
s00228-​012-​1259-9

	30.	 Alvarez-Arango S, Yerneni S, Tang O, Zhou L, Mancini CM, 
Blackley SV, Keet CA, Blumenthal KG (2021) Vancomycin 
hypersensitivity reactions documented in electronic health 
records. J Allergy Clin Immunol Pract 9:906–912. https://​doi.​
org/​10.​1016/j.​jaip.​2020.​09.​027

	31.	 Pitta M, Esposito CI, Li Z, Lee YY, Wright TM, Padgett DE 
(2018) Failure after modern total knee arthroplasty: a prospec-
tive study of 18,065 knees. J Arthroplast 33:407–414. https://​doi.​
org/​10.​1016/j.​arth.​2017.​09.​041

	32.	 Long H, Xie D, Zeng C, Wang H, Lei G, Yang T (2023) Burden 
and characteristics of revision total knee arthroplasty in china: a 
national study based on hospitalized cases. J Arthroplast 38:1320-
1325.e1322. https://​doi.​org/​10.​1016/j.​arth.​2023.​02.​052

	33.	 Fletcher N, Sofianos D, Berkes MB, Obremskey WT (2007) Pre-
vention of perioperative infection. J Bone Joint Surg Am 89:1605–
1618. https://​doi.​org/​10.​2106/​jbjs.F.​00901

	34.	 Indelli PF, Iannotti F, Ferretti A, Valtanen R, Prati P, Pérez Prieto 
D, Kort NP, Violante B, Tandogan NR, Schiavone Panni A, Pipino 
G, Hirschmann MT (2022) Recommendations for periprosthetic 
joint infections (PJI) prevention: the European knee associates 
(EKA)-international committee American association of hip and 
knee surgeons (AAHKS)-arthroplasty society in Asia (ASIA) sur-
vey of members. Knee Surg Sports Traumatol Arthrosc 30:3932–
3943. https://​doi.​org/​10.​1007/​s00167-​021-​06742-1

	35.	 Nickinson RS, Board TN, Gambhir AK, Porter ML, Kay PR 
(2010) The microbiology of the infected knee arthroplasty. Int 
Orthop 34:505–510. https://​doi.​org/​10.​1007/​s00264-​009-​0797-y

	36.	 Tyllianakis ME, Karageorgos A, Marangos MN, Saridis AG, Lam-
biris EE (2010) Antibiotic prophylaxis in primary hip and knee 
arthroplasty: comparison between cefuroxime and two specific 
antistaphylococcal agents. J Arthroplast 25:1078–1082. https://​
doi.​org/​10.​1016/j.​arth.​2010.​01.​105

	37.	 Yamada K, Matsumoto K, Tokimura F, Okazaki H, Tanaka S 
(2011) Are bone and serum cefazolin concentrations adequate 
for antimicrobial prophylaxis? Clin Orthop Relat Res 469:3486–
3494. https://​doi.​org/​10.​1007/​s11999-​011-​2111-8

	38.	 Murphy E, Spencer SJ, Young D, Jones B, Blyth MJ (2011) 
MRSA colonisation and subsequent risk of infection despite effec-
tive eradication in orthopaedic elective surgery. J Bone Joint Surg 
Br 93:548–551. https://​doi.​org/​10.​1302/​0301-​620x.​93b4.​24969

	39.	 Bull AL, Worth LJ, Richards MJ (2012) Impact of vancomycin 
surgical antibiotic prophylaxis on the development of methi-
cillin-sensitive staphylococcus aureus surgical site infections: 
report from Australian surveillance data (VICNISS). Ann Surg 
256:1089–1092. https://​doi.​org/​10.​1097/​SLA.​0b013​e3182​5fa398

	40.	 Hidayat LK, Hsu DI, Quist R, Shriner KA, Wong-Beringer A 
(2006) High-dose vancomycin therapy for methicillin-resistant 
Staphylococcus aureus infections: efficacy and toxicity. Arch 
Intern Med 166:2138–2144. https://​doi.​org/​10.​1001/​archi​nte.​166.​
19.​2138

	41.	 Rybak MJ (2006) The pharmacokinetic and pharmacodynamic 
properties of vancomycin. Clin Infect Dis 42(Suppl 1):S35-39. 
https://​doi.​org/​10.​1086/​491712

	42.	 Patel R (2023) Periprosthetic joint infection. N Engl J Med 
388:251–262. https://​doi.​org/​10.​1056/​NEJMr​a2203​477

	43.	 Hawn MT, Richman JS, Vick CC, Deierhoi RJ, Graham LA, 
Henderson WG, Itani KM (2013) Timing of surgical antibiotic 
prophylaxis and the risk of surgical site infection. JAMA Surg 
148:649–657. https://​doi.​org/​10.​1001/​jamas​urg.​2013.​134

	44.	 Lin Z, Chen T, Chen G, Pan W, Xu W (2023) Effects of tourniquet 
on surgical site wound infection and pain after total knee arthro-
plasty: a meta-analysis. Int Wound J. https://​doi.​org/​10.​1111/​iwj.​
14414

	45.	 Zhang P, Liang Y, He J, Fang Y, Chen P, Wang J (2017) Timing 
of tourniquet release in total knee arthroplasty: a meta-analysis. 
Medicine (Baltimore) 96:e6786. https://​doi.​org/​10.​1097/​md.​
00000​00000​006786

	46.	 Mancuso F, Beltrame A, Colombo E, Miani E, Bassini F (2017) 
Management of metaphyseal bone loss in revision knee arthro-
plasty. Acta Biomed 88:98–111. https://​doi.​org/​10.​23750/​abm.​
v88i2-S.​6520

	47.	 Josse J, Valour F, Maali Y, Diot A, Batailler C, Ferry T, Laurent F 
(2019) Interaction between staphylococcal biofilm and bone: how 
does the presence of biofilm promote prosthesis loosening? Front 
Microbiol 10:1602. https://​doi.​org/​10.​3389/​fmicb.​2019.​01602

	48.	 Molina-Manso D, del Prado G, Ortiz-Pérez A, Manrubia-Cobo M, 
Gómez-Barrena E, Cordero-Ampuero J, Esteban J (2013) In vitro 
susceptibility to antibiotics of staphylococci in biofilms isolated 
from orthopaedic infections. Int J Antimicrob Agents 41:521–523. 
https://​doi.​org/​10.​1016/j.​ijant​imicag.​2013.​02.​018

	49.	 Kristiansen S, Storm B, Dahle D, Domaas Josefsen T, Dyb-
wik K, Nilsen BA, Waage-Nielsen E (2021) Intraosseous fluid 

https://doi.org/10.1097/corr.0000000000001919
https://doi.org/10.1097/corr.0000000000001919
https://doi.org/10.1016/j.artd.2020.02.001
https://doi.org/10.1016/j.artd.2020.02.001
https://doi.org/10.1016/j.arth.2023.01.043
https://doi.org/10.1016/j.arth.2023.01.043
https://doi.org/10.1302/0301-620x.103b6.Bjj-2020-2401.R1
https://doi.org/10.1302/0301-620x.103b6.Bjj-2020-2401.R1
https://doi.org/10.1016/j.arth.2020.12.034
https://doi.org/10.1016/j.arth.2020.12.034
https://doi.org/10.1016/j.arth.2021.10.022
https://doi.org/10.1016/j.arth.2021.10.022
https://doi.org/10.1213/ANE.0b013e3181c03c7f
https://doi.org/10.1097/00130478-200104000-00016
https://doi.org/10.1097/00130478-200104000-00016
https://doi.org/10.3109/17453674.2013.782525
https://doi.org/10.3109/17453674.2013.782525
https://doi.org/10.1016/j.arth.2021.10.009
https://doi.org/10.1016/j.arth.2021.10.009
https://doi.org/10.1007/s00228-012-1259-9
https://doi.org/10.1007/s00228-012-1259-9
https://doi.org/10.1016/j.jaip.2020.09.027
https://doi.org/10.1016/j.jaip.2020.09.027
https://doi.org/10.1016/j.arth.2017.09.041
https://doi.org/10.1016/j.arth.2017.09.041
https://doi.org/10.1016/j.arth.2023.02.052
https://doi.org/10.2106/jbjs.F.00901
https://doi.org/10.1007/s00167-021-06742-1
https://doi.org/10.1007/s00264-009-0797-y
https://doi.org/10.1016/j.arth.2010.01.105
https://doi.org/10.1016/j.arth.2010.01.105
https://doi.org/10.1007/s11999-011-2111-8
https://doi.org/10.1302/0301-620x.93b4.24969
https://doi.org/10.1097/SLA.0b013e31825fa398
https://doi.org/10.1001/archinte.166.19.2138
https://doi.org/10.1001/archinte.166.19.2138
https://doi.org/10.1086/491712
https://doi.org/10.1056/NEJMra2203477
https://doi.org/10.1001/jamasurg.2013.134
https://doi.org/10.1111/iwj.14414
https://doi.org/10.1111/iwj.14414
https://doi.org/10.1097/md.0000000000006786
https://doi.org/10.1097/md.0000000000006786
https://doi.org/10.23750/abm.v88i2-S.6520
https://doi.org/10.23750/abm.v88i2-S.6520
https://doi.org/10.3389/fmicb.2019.01602
https://doi.org/10.1016/j.ijantimicag.2013.02.018


Archives of Orthopaedic and Trauma Surgery	

resuscitation causes systemic fat emboli in a porcine hemorrhagic 
shock model. Scand J Trauma Resusc Emerg Med 29:172. https://​
doi.​org/​10.​1186/​s13049-​021-​00986-z

	50.	 Weinstein EJ, Stephens-Shields AJ, Newcomb CW, Silibovsky R, 
Nelson CL, O’Donnell JA, Glaser LJ, Hsieh E, Hanberg JS, Tate 
JP, Akgün KM, King JT Jr, Lo Re V (2023) Incidence, microbio-
logical studies, and factors associated with prosthetic joint infec-
tion after total knee arthroplasty. JAMA Netw Open 6:e2340457. 
https://​doi.​org/​10.​1001/​jaman​etwor​kopen.​2023.​40457

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.

Authors and Affiliations

Muyang Yu1 · Zhanqi Wei1,3 · Xingdong Yang1 · Yiming Xu1 · Wei Zhu1 · Xisheng Weng1,2 · Bin Feng1 

 *	 Xisheng Weng 
	 drwengxsh@163.com

 *	 Bin Feng 
	 fengbin@pumch.cn

	 Muyang Yu 
	 yumuyang37@163.com

	 Zhanqi Wei 
	 dr_weizhanqi@163.com

	 Xingdong Yang 
	 drxingdongyang@163.com

	 Yiming Xu 
	 mikexu29@163.com

	 Wei Zhu 
	 zhuwei9508@163.com

1	 Department of Orthopedics Surgery, Peking Union Medical 
College Hospital, Chinese Academy of Medical Sciences 
and Peking Union Medical College, Beijing 100730, China

2	 State Key Laboratory of Complex Severe and Rare Diseases, 
Peking Union Medical College Hospital, Chinese Academy 
of Medical Science and Peking Union Medical College, 
Beijing 100730, China

3	 Department of Joint Surgery, The First Affiliated Hospital 
of Sun Yat-sen University, Guangzhou, China

https://doi.org/10.1186/s13049-021-00986-z
https://doi.org/10.1186/s13049-021-00986-z
https://doi.org/10.1001/jamanetworkopen.2023.40457
http://orcid.org/0000-0003-0898-8028

	Safety and effectiveness of intraosseous regional prophylactic antibiotics in total knee arthroplasty: a systematic review and meta-analysis
	Abstract
	Background 
	Purposes 
	Patients and Methods 
	Results 
	Conclusions 

	Introduction
	Methods
	Literature sources and search strategy
	Inclusion and exclusion criteria
	Outcome assessments
	Screening and selection process
	Data collection
	Literature quality assessment
	Statistical analysis

	Results
	Included studies and quality assessment
	Drug concentrations in tissues
	Incidence of PJI
	Complications

	Discussion
	Conclusions
	References


