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INTRODUCTION 

Surgical site infection (SSI) has been the most discussed 

complication in the field of surgery mostly so in 

orthopedics and vascular surgeries especially the ones 

which involved the use of prosthetic materials and 

implants. This causes a serious impairment in the recovery 

of patients' health and may even progress to chronic 

osteomyelitis of the bone or joint involved as well as non-

union of the fracture sites. Not only the patient's health is 

compromised, SSI also has a heavy toll on patients overall 

well-being through reduced quality of life, increased 

length of hospital stay and costs.1,2 In orthopedic surgery, 

the cumulative median incidence of surgical site infections 

(SSI) is 2.7%.3 Risk factors for developing SSI include old 

age, poor general health condition, concomitant 

comorbidities, poor hygiene, smoking and chronic 

alcoholism. With the increase in the number of orthopedic 

implant surgeries in the past years, there is also an increase 

in relative infection rates.4  

The numbers are increasing with an increasing aging 

population and higher demand due to higher activity levels 

of these patients. Treatment of orthopedic surgical 

infections is difficult, invasive, expensive, prolonged and 

causes a significant increase of morbidity and mortality.5 

Treatment is individualized and multimodal that usually 

involves identification of the causative organism through 
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culture and sensitivity to antibiotics, prolonged systemic 

and local antibiotics, surgical debridement, irrigation 

depending upon the causative pathogen, duration of 

infection, status of surrounding soft tissues and general 

health condition of the patient. Complications involve 

recurrence or lack of infection control, systemic toxicity to 

antibiotics, persistent discharge and wound gaping, 

multiple surgical interventions, lengthy and frequent 

hospitalization with prolonged limb dysfunction.6 

Infection might be controlled eventually at the cost of 

permanent scar, stiffness and weakness as well as 

nonunion or malunion of fracture.  

Bone cement was first introduced by Gluck in 1870 for 

fixation of total knee prosthesis and after the introduction 

of PMMA by Sir John Charnley in 1960 Buchholz and 

Engelbrecht came with the concept of combining PMMA 

and antibiotics in order to achieve a high local antibiotic 

concentration in treatment of infection as PMMA is 

capable of delivering different antibiotics and copper ions 

from its surface.7-10 Antibiotics are admixed with the bone 

cement in the form of powder or liquid and are 

incorporated into the chains during the polymerization 

process.11 Release of antibiotics from beads occurs in two 

phases - initial release or burst release where after 

implantation there is an early increase in local antibiotic 

concentration that occurs in minutes to hours. Second 

phase also called sustained release that follows several 

days to weeks and results in comparatively lower but 

sustained antibiotic concentration. Since antibiotics are 

released by dissolution with water present in body fluids 

an increased surface area with increase in surface 

roughness and increase in porosity of beads that can be 

achieved by hand mixing cement instead of vacuum 

mixing and higher level of antibiotics release rate can be 

achieved. Highly water soluble antibiotics are preferably 

used for this process.12  

It is crucial to increase the local antibiotic concentration 

above the minimal inhibitory concentration (MIC) of the 

causative organism. Depending on antibiotics, duration of 

exposure above MIC (macrolides, β-lactam antibiotics) or 

highest local concentration above MIC (aminoglycosides, 

quinolones, and vancomycin) is very important for better 

effectivity.  

CASE REPORT 

A 65 years old male with general condition moderate 

reported in casualty with chief complaints of pain, 

swelling and deformity over left knee and not able to bear 

weight with 2×1×1 cm CLW over lateral aspect of knee 

since 3 days. X Rays showed left sided distal femur 

comminuted intra articular fracture (AO C3) (Figure 1).  

Patient was primarily treated with wound wash, above 

knee slab, limb elevation, empirical IV antibiotics and a 

high protein diet till the wound heal. Patients reported no 

comorbidities like diabetes mellitus, hypertension, 

bronchial asthma, epilepsy or tuberculosis. Cardiology 

fitness was taken on 2D Echo and overall fitness for 

surgery was obtained from pulmonary medicine.  

Patient was operated with open reduction internal fixation 

of distal femur fracture using distal femur plate of 8 holes. 

Intra-op and post-op was uneventful and no distal 

neurovascular deficit was noted. Drain was placed in situ 

which was removed on day 3 at the time of operative site 

dressing.  

 

Figure 1: Pre-operative X-ray showing distal femur 

fracture. 

 

Figure 2: SSI in operated case of distal femur fracture 

with plating managed with multiple antibiotic beads 

in situ. 

 

Figure 3: Intra-operative showing antibiotic beads 

kept in situ at the previous operative site. 
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Check dress was repeated on day 7 and the surgical site 

showed no soakage, no discharge, no maceration of skin 

edges and no gaping. On day 13, dressing was soaked and 

there were pus discharges from the surgical site and local 

temperature was raised with skin maceration and gaping 

present. Culture sensitivity of the pus discharge showed 

Acinetobacter baumannii sensitive to ciprofloxacin and 

partially sensitive to piperacillin-tazobactam. Patient at 

first was conservatively managed with appropriate IV 

Antibiotics, compression bandage, daily dressings, limb 

elevation, high protein diet and Hb% level maintained 

above 12 g%.  

 

Figure 4: Antibiotic bead removal. 

 

Figure 5: Healthy surgical site post antibiotic beads 

removal. 

 

Figure 6: Wound closure post antibiotic bead 

removal. 

After the persistent Pus discharge and continuous rise in 

ESR and CRP values to higher levels compelled to take 

definitive and early procedure for the patients well-being. 

The patient was planned for debridement and wound 

irrigation. Simplex antibiotic (erythromycin and colistin) 

impregnated cement beads with Gentamicin admixed was 

made in the traditional fashion by surgeon’s hand in the 

operating room intraoperatively and 5 such bead chains 

were incorporated in the deep muscular layer as well as in 

the subcutaneous layers (Figure 3) and wound closed with 

prolene 3-0 and ethilon 2-0. 

Intra-op samples were sent for Culture sensitivity and 

genexpert both of which came negative for organisms. 

Patient was continued on appropriate previous sensitive 

antibiotics as per previous c/s reports with close LFT/RFT 

monitoring.  

 

Figure 7: Post op X-ray after antibiotic bead removal 

and showing union at the fracture site. 

 

Figure 8: Healthy surgical site after suture removal on 

day 14 of antiobiotic bead removal. 

Compression bandage, early mobilization, high protein 

diet, vitamin C supplementation, regular monitoring of 

ESR CRP, parenteral nutritional therapy and daily 

physiotherapy was done. Check dress was done on day 3 

and the wound was healthy with no discharge or gaping. 

During the period patient came positive for COVID-19 and 

was shifted to covid care centre for a period of 7 days after 

which patient came negative and transferred back to 
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orthopaedic ward. Antibiotic beads were kept in situ for a 

month with delayed suture removal done at 21 days. 

Surgical site was healthy and dry with no discharge, 

gaping or erythema. Patient was re-posted for antibiotic 

beads removal surgery after 6 weeks and wound sutured in 

layers (Figure 6) after properly managing the dead space 

left after beads removal. (Figure 4 and 5) post-op remained 

uneventful and post op X-rays showed signs of fracture 

union. (Figure 7) The patient was continued on the same 

IV antibiotics post op till suture removal. (Figure 8) On 

subsequent check dresses done on day 3 and day 13 were 

healthy and no further discharges, gaping, erythema, 

swelling or local rise in temperature were noted. The 

patient was allowed on partial weight bearing during this 

phase while maintaining the Hb% >12 g%. 

DISCUSSION 

In the current orthopedics practices, application of 

Antibiotic loaded cement beads for infection control is 

based on proper dead space management, soft tissue 

management and local antimicrobial therapy. In our case 

the patient was selected for the antibiotic loaded cement 

beads application due to the debilitating general health 

condition of the patient who was already a high risk, old 

and surgical site in close proximity to a healed wound over 

the knee which was already susceptible to infection. 

Continuous rise in ESR and CRP values to higher levels 

compelled to take definitive and early procedure for the 

patients well-being. Patient had huge pus pockets in the 

wound that were meticulously drained and the wound 

irrigated with 10 l of normal saline and betadine wash 

followed by Chains of antibiotic beads kept in situ filling 

the whole infected cavity intramuscularly and below it 

reaching the bone. 6 weeks later posted for antibiotics 

beads removal and intraoperatively no sign of pus or pus 

pocket was seen.  

Due to early intervention, infection had been controlled. 

Further delay with conservative approach could have had 

a ravaging effect not only on soft tissues but also in deeper 

and bony tissues ultimately leading to malunion or non-

union of fracture site. Use of higher concentration of local 

antibiotic concentration level and with lower systemic 

levels virtually eliminated the systemic complications. 

Overall general health condition of the patient improved 

with better antibiotic tolerance, increasing appetite and 

improving limb functionality. Restricted knee range of 

motion due to prolonged limb disuse was treated with knee 

ROM exercises and CPM while the high protein diet in the 

form of protein powder supplement continued.  

The importance of local antibiotic beads therapy does not 

end with SSI management but also extends to the 

management of Prosthesis joint infection, Total joint 

arthroplasty and chronic osteomyelitis. For chronic 

osteomyelitis 2 stage surgeries are required in which first 

surgery involves implant removal, debridement, filling of 

bone defect with allograft, autograft Or bone void filling 

biomaterial and during the second stage, the cement beads 

are removed once the wound heals and infection is 

controlled and also the patients health status improves to a 

level where patient is physically and mentally fit to 

undergo the procedure.13 Gentamicin, erythromycin, 

Vancomycin, Tobramycin, clindamycin and ciprofloxacin 

are good and most commonly used antibiotics for their 

increased heat stability and solubility nature. Multiple 

antibiotics can be used for broadening the spectrum or for 

synergistic effects.14 Beads fill the entire infected cavity 

thus reducing and effectively managing the dead space 

which decreases the amount of hematoma to dissolve the 

antibiotic concentration.15 In order to achieve even higher 

antibiotic concentration mini beads can be used whose 

concentration can go upto 7 fold increase as compared to 

normal beads.16 Beads are required to be removed after a 

few weeks when their sustained antibiotic release 

concentration drops below the MIC otherwise it might 

form an Anchorage for local bacterial inoculation.17,18  

One of the challenges faced while using the ALBC is the 

biofilm formation in which bacteria encapsulates itself for 

protection from the immune system and detaches into 

surrounding tissues and blood.19 The biofilm prevents 

culturing of microorganisms and may lead to false 

negative cultures and missed diagnosis of infections. Due 

to these protection mechanisms antibiotic concentration 

must exceed the MIC level by far to act on biofilms but the 

literature at present today regarding the effect of high local 

concentration of higher antibiotics on biofilms is not 

convincing nor conclusive.20  

Another major concern with high concentration of 

antibiotics is the cytotoxicity and systemic toxicity. 

Though multiple studies on pharmacokinetics suggest 

lower serum and urine concentrations below toxic 

thresholds and also some studies described nephrotoxicity 

and acute renal failure.21,22 Another major concern of using 

ALBC is after the release of the majority of antibiotics the 

remaining antibiotics lead to suboptimal concentration 

level below MIC causing mutational antibiotic resistance 

and the implanted beads become a local foreign body as 

anchor for bacterial growth.23,24 

McGuinness et al reviewed 275 papers out of 6951 total 

publication results from 1978 to present of which most 

(94.2%) had positive conclusions. Most common 

indications for antibiotic beads included osteomyelitis, 

orthopedic prosthetic infections and trauma. Also in 

vascular surgeries beads were used for treatment of graft 

infections with no recurrence rate in 41% to 87.5% 

reportedly.  

Wahl et al analysed from his study of 94 beads 

implantations in 87 patients for various infective 

indications concluded that overall systemic exposure 

remained within a safe range while local concentration of 

antibiotic was 10 times more but still below cell toxicity 

level. Concentration decreased over several weeks but 

remained more than minimal inhibitory concentration for 

upto 3 months post operatively.  
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Trujillo et al in his analysis of patient records from 2004 

to 2015 of each patient who received antibiotic beads 

whose outcomes were defined solely by readmission 

within 30 days for repeat intervention only 15 out of 142 

patients were readmitted. The study shows promising use 

of antibiotic beads in treatment and prevention of soft 

tissue surgical site infection.  

In our case, patient had full recovery from SSI with early 

joint mobility and preservation of limb functionality. The 

procedure was more compliant as well as cost effective for 

the patient as it required fewer medications and decreased 

hospital stays.  

CONCLUSION 

SSI is the most common yet most debilitating complication 

of orthopaedic surgeries which is quite a cumbersome and 

time consuming affair which takes a heavy toll on patients' 

health and pocket. Longer duration of hospitalization, 

multiple surgeries, prolonged higher antibiotics not only 

exhaust the patient physically but also dwindles the mental 

health. Early and most productive approach to counter the 

infection is using high local concentration of higher 

antibiotics such as antibiotics impregnated cement beads 

in situ and tapering down the high systemic toxicity of 

antibiotics which yields good outcome in managing SSI in 

high risk patients. The local antibiotic release confers 

decreased arthrofibrosis and allows patients to continue 

partial joint mobility exercises as well which prevent any 

residual stiffness over the joint and affected limb 

deformity. As compared to systemic IV antibiotics, 

antibiotic beads are far superior in delivering the right 

amount of antibiotics to the specified part locally which is 

economically feasible, more acceptable, more antibiotic 

tolerance and less resistance. Here we conclude after 

analysing from our study case that the use of antibiotic 

cement beads as overall significantly lowers the morbidity 

and duration of treatment and renders a good satisfaction 

to patient. 
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