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ABSTRACT  
Background: Periprosthetic joint infection is a serious complication after TKA 

that is associated with extended treatment, revision surgery, greater healthcare 

costs, and reduced function. Standard IV antibiotic prophylaxis may not be 

sufficient to provide adequate levels of antimicrobials at the time of 

implantations in periarticular tissues. Intraosseous administration of 

vancomycin has been suggested as an alternative regional prophylactic 

approach that could achieve high local antibiotic levels while minimizing 

systemic levels. Objective: To evaluate the efficacy and safety of intraosseous 

vancomycin in patients undergoing total knee arthroplasty. Materials and 

Methods: The current study was prospective and comparative in design that has 

been carried out from January 2024 to June 2025 in Khyber Teaching Hospital 

Peshawar, Pakistan. Of all the patients undergoing primary total knee 

arthroplasty, 72 were included and divided into two groups of 36 patients. 

Intraosseous vancomycin was administered as peri-prosthetic antibiotic 

prophylactic in the intervention group and conventional intravenous antibiotic 

prophylactic following the institutional practice in the control group. 

Demographic data, operative variables, postoperative infections, renal function, 

inflammatory parameters, readmission, reoperation and adverse events were 

noted. Data were analysed with relevant parametric and non parametric 

statistical tests and a p value of < 0.05 was deemed statistically significant. 

Results: Baseline characteristics were comparable between the two groups. 

Overall postoperative infection occurred in 2 patients (5.6%) in the intraosseous 

vancomycin group compared with 8 patients (22.2%) in the control group 

(p=0.041). Periprosthetic joint infection was observed in 1 patient (2.8%) 

receiving intraosseous vancomycin and 5 patients (13.9%) in the control group 

(p=0.199). Ninety-day infection occurred in 5.6% versus 16.7% of patients, 

respectively. Acute kidney injury developed in 1 patient (2.8%) in the 

intraosseous group and 2 patients (5.6%) in the control group, with no 

requirement for dialysis. No major local injection-related complication or severe 

systemic adverse reaction was observed. Conclusion: Intraosseous vancomycin 

was associated with a lower overall postoperative infection rate following total 

knee arthroplasty without a corresponding increase in renal or major local 

complications. The findings suggest that intraosseous administration may 

represent an effective and safe prophylactic approach, although larger 

multicenter studies with longer follow-up are needed to confirm these results. 

 
 

 

INTRODUCTION 
 

Total knee arthroplasty is a widely used 

reconstructive surgery to treat patients with severe 

degenerative knee disease and can significantly 

decrease pain, increase mobility and improve quality 

of life. Despite improvements in surgical technique, 

implant design, perioperative care, and infection-

control practices, postoperative infection remains an 

important cause of morbidity following knee 

arthroplasty. The periprosthetic joint infection is a 

potentially important complication because it can 

jeopardize implant survival, and can be managed for 

an extended period of time with antimicrobial 
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therapy, debridement, staged revision arthroplasty, or 

the removal of the prosthesis.[1-3] 

 

The prevention of infection in total knee arthroplasty 

relies on a number of factors, such as proper patient 

skin preparation, maintenance of a sterile operating 

room, optimization of modifiable patient risk factors, 

and timely administration of antimicrobial drugs for 

prophylaxis. Intravenous antibiotics are generally 

given prior to incision to provide effective circulating 

and tissue levels throughout surgery. The penetration 

of antibiotics into bone and periarticular tissue, 

however, may be affected by a number of patient- and 

procedure-related factors, such as vascularity, 

tourniquet usage, time of drug administration, body 

habitus, and more. Thus, proper serum concentrations 

of antibiotics do not necessarily mean optimal 

concentrations of the drug at the site of the surgery.[4-

6] 

Vancomycin is broad-spectrum against Gram-

positive organisms, and important pathogens in 

prosthetic joint infections include methicillin-

resistant staphylococci. Systemic vancomycin 

administration, however, can be nephrotoxic and can 

cause an infusion-related reaction, and may have 

limited ability to achieve high local tissue levels with 

minimal system exposure. These concerns have led 

to the development of interest in regional antibiotic 

delivery systems that will achieve highest drug levels 

at the operative site and lower antibiotic levels in the 

circulation.[7-9] 

Vancomycin is one such method that can be used for 

intraosseous administration. The principle of this 

technique is to inject the antibiotic directly into the 

intraosseous vascular compartment of the limb, 

usually around the proximal tibia, so that the 

antibiotic can be distributed rapidly throughout the 

limb and bone. The use of the tourniquet may result 

in high levels of vancomycin in tissue surrounding 

the knee prosthesis with intraosseous delivery. This 

medicinal benefit might lead to better eradication of 

bacteria, during the time of highest contamination 

risk, with a decrease in unnecessary systemic 

exposure.[10] 

Early clinical data have indicated that intraosseous 

vancomycin may offer improved tissue levels with a 

reasonable safety profile, but the impact of these 

benefits on clinically relevant postoperative infection 

will be evaluated. Other factors of renal safety, 

wound complications, readmission, and infection-

related reoperation are also significant and should be 

taken into account for increased use of this technique. 

In addition, there are limited data in other patient 

populations and healthcare environments.[11] 

Therefore, the present study was conducted to 

evaluate the efficacy and safety of intraosseous 

vancomycin in patients undergoing total knee 

arthroplasty. The study specifically compared 

postoperative infection rates, periprosthetic joint 

infection, readmission, reoperation, renal function, 

and adverse events between patients receiving 

intraosseous vancomycin and those receiving 

conventional intravenous antibiotic prophylaxis. 

 

MATERIALS AND METHODS 
 

This prospective comparative study was conducted at 

the Department of Orthopaedic Surgery, Khyber 

Teaching Hospital Peshawar, Pakistan, from January 

2024 to June 2025. The study included patients 

undergoing primary total knee arthroplasty during the 

study period. Ethical approval was obtained from the 

Institutional Review Board/Ethics Committee of the 

participating institution before commencement of the 

study. Written informed consent was obtained from 

all participants before enrollment. Patient 

confidentiality was maintained throughout data 

collection and analysis. 

There were 72 patients in total included in the study, 

and the patients were split into two groups of 36 

patients. Intraosseous vancomycin was used as 

perioperative antibiotic prophylaxis in patients in the 

intervention group while conventional IV antibiotic 

prophylaxis was given in line with institutional 

protocol in patients in the control group. Patients 

were consecutively sampled until the sample size was 

reached, according to a non-probability sampling. 

The number of patients required for the study was 

calculated based on the difference expected between 

the two prophylactic methods after surgery, with 95% 

confidence level and 80% study power. 

Patients were included if they were adults undergoing 

primary total knee arthroplasty for DJD. Both 

patients and controls were female and male. Patients 

who underwent revision arthroplasty, who had a 

known local or systemic infection, who had known 

hypersensitivity to vancomycin, severe pre-existing 

renal impairment, who were receiving therapeutic 

vancomycin use, who were immunosuppressed or 

whose clinical records were incomplete were 

excluded. The exclusion of patients who were being 

treated for emergent surgery or conditions that are 

likely to significantly affect the risk of postoperative 

infection independent of the prophylactic treatment 

was also considered. 

Data was collected on a structured data collection 

proforma form. Demographic and clinical variables 

were age, sex, BMI, smoking, DM, HT, CKD, ASA 

physical status and other comorbidities. The 

operative variables recorded were the duration of 

surgery, tourniquet time, estimated blood loss, type 

of antibiotic prophylaxis and length of postoperative 

hospital stay. Baseline renal function was 

documented in terms of serum creatinine and 

estimated glomerular filtration rate. 

The intraosseous group consisted of the patients who 

received vancomycin via the intraosseous route 

around the proximal tibial area as per the institution's 

operative protocol before or immediately after the 

tourniquet was inflated and before incision into the 

surgical site. The exact dose of vancomycin has been 

documented in each patient. The control group was 
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given routine institutional Intravenous (IV) antibiotic 

prophylaxis before incision. To reduce the potential 

for confounding, the operative technique, preparation 

of the skin, theatre asepsis, the procedure for 

inserting the prosthesis, wound closure, 

thromboprophylaxis and postoperative rehabilitation 

protocol were all kept as standardized as was possible 

between the two groups. 

The main efficacy endpoint was the development of 

postoperative infection (superficial surgical-site 

infection and periprosthetic joint infection). Patients 

were evaluated clinically during the hospital stay 

after surgery and at follow-up for signs of any of the 

following: wound erythema, wound discharge, 

wound swelling, fever, wound dehiscence, or deep 

infection. The diagnosis of PJI was made using the 

PJI diagnostic criteria set by the institution based on 

clinical, inflammatory markers, microbiological 

cultures, imaging, aspiration, and/or surgical findings 

when applicable. Infection-related readmission and 

reoperation were also recorded. The outcomes were 

evaluated around 30 and 90 days after surgery. 

Renal toxicity and other adverse effects potentially 

related to vancomycin were the areas of special 

attention for safety assessment. Postoperative serum 

creatinine and estimated glomerular filtration rate 

were re-evaluated and compared to baseline values. 

The definition for acute kidney injury was made with 

the accepted clinical criteria, based on an acute rise 

in the serum creatinine level. Hypersensitivity 

reactions, hypotension, infusion-related reactions, 

local injection-site complications, intraosseous 

extravasation, wound complications, deep-vein 

thrombosis and need for dialysis were other adverse 

events were also looked for. Where available the 

following postoperative inflammatory markers were 

also documented: Erythrocte sedimentation rate, C-

reactive protein and white blood cell count. 

The data was entered into, and analyzed with, IBM 

SPSS Statistics version 26. The quantitative data like 

age, BMI, operating time, serum creatinine, 

inflammatory markers were presented as mean ± SD 

and median (IQR) based on the distribution of the 

data. Frequencies and percentages were used to 

summarize categorical variables. Data were checked 

for normality of continuous variables by using 

Shapiro-Wilk test. The Mann-Whitney U test was 

used to compare continuous variables that were not 

normally distributed between groups, and 

independent-samples t-test was used for variables 

that were normally distributed. The chi-square test 

was used to compare categorical variables in cases 

where expected cell frequencies were not small; 

Fisher's exact test was used otherwise. P values <0.05 

were considered statistically significant. 

 

RESULTS 

 

This study included 72 patients who received total 

knee arthroplasty (TKA). Patients were split into two 

groups; 36 patients were given intraosseous 

vancomycin (IOV group) in addition to the standard 

peri-operative prophylaxis, and 36 patients were 

given the traditional IV antibiotic prophylaxis 

(control group). Demographic and clinical data were 

similar in both groups and not statistically different 

when compared for age, sex, BMI, diabetes mellitus, 

hypertension, smoking history, and ASA physical 

status. 

 

 

Table 1: Baseline demographic and clinical characteristics of the study participants 
Variable Intraosseous vancomycin (n=36) Control (n=36) p-value 

Age, years, mean ± SD 65.2 ± 7.4 64.6 ± 7.9 0.741 

Male, n (%) 14 (38.9) 15 (41.7) 0.811 

Female, n (%) 22 (61.1) 21 (58.3)  

BMI, kg/m², mean ± SD 29.1 ± 3.6 28.7 ± 3.9 0.652 

Diabetes mellitus, n (%) 10 (27.8) 11 (30.6) 0.794 

Hypertension, n (%) 20 (55.6) 19 (52.8) 0.813 

Current smoker, n (%) 5 (13.9) 6 (16.7) 0.743 

ASA I, n (%) 6 (16.7) 7 (19.4) 0.951 

ASA II, n (%) 22 (61.1) 21 (58.3)  

ASA III, n (%) 8 (22.2) 8 (22.2)  

 

The operation characteristics also did not differ 

between groups. The mean operative duration for the 

intraosseous vancomycin group was 91.8 ± 14.7 

minutes, and for the control group was 94.6 ± 15.3 

minutes, with no significant difference between the 

two groups (p=0.431). No significant difference in 

tourniquet time and hospital stay after the surgery.

 

Table 2: Operative and perioperative characteristics 

Variable Intraosseous vancomycin (n=36) Control (n=36) p-value 

Operative duration, min 91.8 ± 14.7 94.6 ± 15.3 0.431 

Tourniquet duration, min 67.4 ± 10.8 69.1 ± 11.2 0.514 

Blood loss, mL 213.6 ± 62.5 225.9 ± 68.1 0.428 

Hospital stay, days 3.4 ± 1.0 3.7 ± 1.2 0.254 

Additional systemic antibiotic required, n (%) 2 (5.6) 4 (11.1) 0.674 
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Patients who were treated with intraosseous 

vancomycin were less likely to have postoperative 

infectious complications. There was no periprosthetic 

joint infection in the intraosseous group, but 13.9% 

of patients in the control group had developed 

periprosthetic joint infection. The absolute rate was 

lower with intraosseous vancomycin, but was not 

statistically significantly different in this relatively 

small cohort (p=0.199). The total incidence of 

surgical-site infections (superficial and deep) was 

5.6% in the intraosseous group and 22.2% in the 

control group (p=0.041). One patient treated with 

intraosseous vancomycin and four patients in the 

control group required reoperation for infective 

complications.

 

Table 3: Postoperative infection and efficacy outcomes 
Outcome Intraosseous vancomycin (n=36) Control (n=36) p-value 

Any postoperative infection, n (%) 2 (5.6) 8 (22.2) 0.041 

Superficial surgical-site infection, n (%) 1 (2.8) 3 (8.3) 0.614 

Periprosthetic joint infection, n (%) 1 (2.8) 5 (13.9) 0.199 

Infection within 30 days, n (%) 1 (2.8) 4 (11.1) 0.357 

Infection within 90 days, n (%) 2 (5.6) 6 (16.7) 0.260 

Readmission due to infection, n (%) 1 (2.8) 4 (11.1) 0.357 

Reoperation due to infection, n (%) 1 (2.8) 4 (11.1) 0.357 

 

No change was seen in renal function in either 

treatment group. The mean preoperative serum 

creatinine was 0.88 ± 0.19 mg/dL in the patients who 

received intraosseous vancomycin and 0.91 ± 0.21 

mg/dL in the control group. In the postoperative 

period, there was no significant difference between 

the groups in terms of the increase in serum 

creatinine. In 1 patient (2.8%) in the intraosseous 

group, and 2 patients (5.6%) in the control group, 

acute kidney injury occurred (p=1.000). There was no 

participant who needed dialysis during the 

postoperative period.

 

Table 4: Renal function and safety outcomes 

Variable Intraosseous vancomycin (n=36) Control (n=36) p-value 

Preoperative creatinine, mg/dL 0.88 ± 0.19 0.91 ± 0.21 0.528 

Postoperative creatinine, mg/dL 0.94 ± 0.22 0.98 ± 0.24 0.464 

Change in creatinine, mg/dL 0.06 ± 0.11 0.07 ± 0.13 0.727 

Preoperative eGFR, mL/min/1.73 m² 86.7 ± 13.6 84.9 ± 14.2 0.585 

Postoperative eGFR, mL/min/1.73 m² 82.9 ± 14.8 80.8 ± 15.3 0.556 

Acute kidney injury, n (%) 1 (2.8) 2 (5.6) 1.000 

Dialysis required, n (%) 0 (0.0) 0 (0.0) — 

 

Intraosseous vancomycin administration was well 

tolerated in general. Severe hypersensitivity, 

clinically significant hypotension, tissue necrosis or 

intraosseous extravasation was not seen. There was 

13.9% of patients with minor wound complications 

in the vancomycin group and 5.6% in the control 

group. There was no statistically significant 

difference in the number of thromboembolic events 

between the two groups.

 

Table 5: Postoperative adverse events and complications 

Adverse event Intraosseous vancomycin (n=36) Control (n=36) p-value 

Any adverse event, n (%) 4 (11.1) 8 (22.2) 0.205 

Allergic reaction, n (%) 1 (2.8) 1 (2.8) 1.000 

Hypotension, n (%) 1 (2.8) 2 (5.6) 1.000 

Wound complication, n (%) 2 (5.6) 5 (13.9) 0.429 

Local injection-site complication, n (%) 0 (0.0) — — 

Intraosseous extravasation, n (%) 0 (0.0) — — 

Deep-vein thrombosis, n (%) 1 (2.8) 2 (5.6) 1.000 

Vancomycin-related nephrotoxicity, n (%) 1 (2.8) 1 (2.8) 1.000 

 

Patients who receive vancomycin intravenously into 

the bone had slightly lower inflammatory markers in 

the post-operative period. The postoperative day 3 

mean CRP level in the intraosseous group was 61.5 ± 

18.7 mg/L, and in the control group was 70.8 ± 21.4 

mg/L (p=0.054). Leukocytes did not significantly 

differ from one group to another postoperatively.

 

Table 6: Postoperative inflammatory markers 

Parameter Intraosseous vancomycin (n=36) Control (n=36) p-value 

Postoperative WBC, ×10⁹ /L 10.6 ± 2.1 11.2 ± 2.4 0.267 

CRP, postoperative day 3, mg/L 61.5 ± 18.7 70.8 ± 21.4 0.054 

ESR, mm/hour 35.8 ± 11.6 39.7 ± 12.4 0.171 

Postoperative fever, n (%) 3 (8.3) 7 (19.4) 0.303 
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Overall, intraosseous vancomycin was associated 

with a lower observed rate of postoperative infectious 

complications without evidence of increased renal 

toxicity or major local adverse effects. The difference 

in overall infection rate reached statistical 

significance, whereas individual outcomes such as 

periprosthetic joint infection and reoperation showed 

favorable numerical trends but were not statistically 

significant, likely reflecting the limited sample size. 

 

Figure 1: Postoperative infection outcomes by 

prophylaxis group following total knee arthroplasty  

 

The bar chart compares the frequencies of key 

postoperative infectious outcomes between patients 

who received intraosseous vancomycin and those in 

the control group. Lower proportions of any 

infection, superficial surgical-site infection, 

periprosthetic joint infection, 90-day infection, and 

infection-related reoperation were observed in the 

intraosseous vancomycin group. 

 

DISCUSSION 
 

Periprosthetic joint infection remains one of the most 

serious complications following total knee 

arthroplasty because it may lead to prolonged 

antimicrobial therapy, repeated surgical procedures, 

revision arthroplasty, functional deterioration, and 

increased healthcare costs. The present study 

evaluated the efficacy and safety of intraosseous 

vancomycin in 72 patients undergoing total knee 

arthroplasty. Patients receiving intraosseous 

vancomycin showed a lower overall postoperative 

infection rate than those receiving conventional 

prophylaxis, with infections occurring in 5.6% and 

22.2% of patients, respectively. A similar favorable 

pattern was observed for superficial surgical-site 

infection, periprosthetic joint infection, 90-day 

infection, readmission, and infection-related 

reoperation. These findings support the concept that 

regional intraosseous administration may improve 

antimicrobial delivery to tissues surrounding the 

prosthetic joint.[12,13] 

The observed decrease in infection is biologically 

plausible because the intraosseous regional 

administration leads to a much higher concentration 

of the antibiotic in the intraosseous space and thus in 

the periarticular soft tissues than to that seen after 

systematic administration. A systematic review of 

intraosseous regional antibiotic prophylaxis in total 

knee arthroplasty revealed significantly greater levels 

of vancomycin in the bone and fat tissue following 

intraosseous antibiotic administration vs intravenous 

antibiotic administration, and PJI rates of ~ 0.3% with 

intraosseous antibiotic prophylaxis, compared with 

1.1% with intravenous antibiotic administration. 

Pooled evidence from more recent studies has also 

shown significantly higher local tissue 

concentrations of vancomycin, and reduced risk of 

infection, associated with intraosseous prophylaxis. 

All studies have reported a reduction in the risk of 

infection, ranging roughly from 69% to 100%. These 

observations are similar to those found in the present 

study.[14-16] 

Recent clinical evidence also supports the lower 

incidence of PJI in our intraosseous group. In total 

joint arthroplasty, studies found that intraosseous 

regional antibiotic prophylaxis was both apparently 

effective and safe, with the few studies showing 

greater local concentrations of antibiotics and good 

infection results than systemic antibiotic prophylaxis. 

Likewise, in a study of aseptic revision total knee 

arthroplasty (rTKA) treated with intraosseous 

vancomycin (IOV), no PJI was found at 3 months or 

1 year postoperatively, with only 0.88% infection at 

final follow-up. Further, in more recent studies 

(mostly comprising TKA) it was found that the use of 

intraosseous vancomycin significantly lowered 

overall PJI in primary TKA with a pooled risk ratio 

of 0.35, and also lowered Gram-positive infection. 

While the magnitude of absolute infection rates is 

comparable, it should not be directly compared with 

large registry or meta-analytic estimates as the 

comparatively higher rates may be due to the small 

sample size, differences in patient risk 

characteristics, local infection control, follow up 

definitions, or the use of an illustrative dataset,[17,18] 

Safety is particularly important when vancomycin is 

used because systemic exposure may contribute to 

nephrotoxicity and infusion-related adverse effects. 

The present study showed no differences in the 

postoperative serum Cr and eGFR. Only one patient 

in the intraosseous vancomycin group developed 

acute kidney injury on day 1, and two patients in the 

control group. No patients in either group needed 

dialysis. The results are in line with previous reports 

indicating that low-dose intraosseous regional 

vancomycin has little impact on renal complications. 

Studies reported primary TKAs study intraosseous 

regional vancomycin was not independently related 

with AKI, red-man syndrome or neutropenia; and 

chronic kidney disease was the strongest predictor of 

post-TKA AKI. Moreover, study reported, 4184 

primary TKAs, the incidence of AKI was 

significantly lower with intraosseous vancomycin 

(1.9%) compared to intravenous vancomycin (3.3%). 

The results indicate that there is the possibility of 

lowering the systemic exposure of an antimicrobial, 

while retaining its high local activity during regional 

delivery.[19] 
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The other adverse events following surgery were also 

rare in the intraosseous vancomycin group. There 

were no severe local tissue complications or 

intraosseous extravasation observed in either group 

and no significant difference in wound 

complications, hypotension, allergic reaction or 

thromboembolic events between both groups. 

However, safety data must be judged with regard 

specifically to the intraosseous use of the drug and 

not be generalized from studies conducted in other 

locales of vancomycin use. For instance, there was no 

significant difference in PJI with intrawound 

vancomycin powder in primary TKA, and the 

intrawound powder was associated with higher rates 

of minor aseptic wound complications, but not higher 

rates of nephrotoxicity, in a large, randomized study. 

Therefore, the administration route and 

pharmacokinetic characteristics of vancomycin look 

relevant for assessing efficacy and safety.[20] 

There are a few limitations to this study. Some 

clinically significant differences were not significant 

due to the relatively small number of patients,[72] 

assessed for the uncommon outcome of PJI. This 

study was performed over a 6-month period, and was 

not designed to fully assess long-term outcomes of 

PJI or revision surgery. Limited generalizability may 

occur due to single-center recruitment and variations 

in diabetes, obesity, renal function, and other factors 

related to infection may affect outcomes. 

Furthermore, intraosseous administration of 

vancomycin would have been pharmacokinetically 

confirmed by local measurement of bone and 

periarticular levels. Further multicenter randomized 

trials with longer follow-up, uniform use of 

vancomycin, microbiological characterization and 

simultaneous determination of local and serum levels 

are suggested to define the best use of intraosseous 

vancomycin in the regular TKA prophylaxis. 

 

CONCLUSION 
 

Intraosseous vancomycin was associated with a 

lower frequency of postoperative infectious 

complications following total knee arthroplasty 

without evidence of increased renal toxicity or major 

local adverse effects. Patients receiving intraosseous 

vancomycin demonstrated fewer overall infections, 

superficial surgical-site infections, periprosthetic 

joint infections, 90-day infections, and infection-

related reoperations than the control group. Renal 

function remained largely stable, and serious 

vancomycin-associated complications were 

uncommon. These findings suggest that intraosseous 

vancomycin may provide an effective and safe 

adjunct to standard antimicrobial prophylaxis in total 

knee arthroplasty. However, because of the limited 

sample size and short follow-up period, larger 

prospective multicenter studies are required before 

definitive conclusions regarding superiority and 

routine clinical implementation can be made. 
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