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ABSTRACT

The PROSTALAC (PROSThesis Antibiotic Loaded Acrylic

Cement) functional spacer is made with antibiotic-loaded

acrylic cement.  We use it as an interim spacer in two-stage

exchange arthroplasty in cases of infected total knee or total

hip replacement. PROSTALAC allows continuous

rehabilitation between stages as it maintains good alignment

and stability of the joint with a reasonable range of

movement. It also helps to maintain the soft-tissue planes,

thereby facilitating the second-stage procedure. We report

here early outcomes of the use of PROSTALAC in 5 patients

- 3 in total knee replacements, 1 in a total hip replacement

and 1 in a bipolar hemiarthroplasty.  
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INTRODUCTION

Despite excellent long term results after joint arthroplasty

with rigorous antibiotic prophylaxis, 1.0% to 2% of the cases

are complicated by infection that increases morbidity and

cost.  One solution following the onset of infection is the use

of an antibiotic-loaded bone cement spacer after removal of

the implant. In the second stage of treatment, this spacer is

then replaced by another orthopaedic implant once the

infection is eradicated 3,6,10. Previously, pure spacers over

hand-moulded implants mimicking knee or hip prostheses

were used. The major disadvantages of this technique

include impaired mobility, limited stability, and pain. A

technique first introduced in 1987 includes the use of

prefabricated articulated spacers, allowing a wider range of

movement of the knee or hip 1,2. The PROSTALAC

(PROSThesis Antibiotic Loaded Acrylic Cement; which are

made primarily of gentamicin-loaded Palacos bone cement)

knee prosthesis has femoral and tibial components, however

the PROSTALAC hip prosthesis has only a femoral

component. Three sizes and thicknesses are available. Here,

we assessed the effect of the PROSTALAC spacer on the

function of the joint between stages, the eradication of

infection and changes C-reactive protein (CPR) levels as a

guide for re-implantation.

MATERIALS AND METHODS

We retrospectively reviewed 5 cases of infected TKR/THR

(total knee replacement/total hip replacement; 3 TKR, 1

THR and 1 hemiarthroplasty) admitted to this hospital in

2009. We utilized two-stage exchange arthroplasty using the

PROSTALAC prosthesis in all cases. Although

PROSTALAC has a long history of use in other locales, it

was only introduced in the Malaysian market recently. The

mean follow up was 4 months (range, 2-8 m) after 2nd-stage

of re-implantation except for Case 4.  

The surgical approaches for the first stage of revision were

medial parapatellar approach for knee joint and posterior

approach for hip joint. After removal of the infected

prosthesis and thorough debridement of all infected and

necrotic tissue, the articular surfaces were prepared in a

manner similar to that for revision of joint replacement

without removing excessive amounts of bone. For knee

joints, the PROSTALAC prosthesis was fastened with extra

bone cement mixed with vancomycin. This enhances implant

stability and maintains joint stability during ambulation.

However, no extra bone cement was used to hold the

PROSTALAC hip prosthesis; this was done to avoid

difficulty in removing bone cement from the medullary canal

during revision surgery. Multiple swabs were taken during

the surgery to guide the choice of antibiotics after the

second-stage surgery. The patella was not resurfaced.   

The patients were treated on an inpatient basis with a 6 to 12

week course of intravenous antibiotics based on CRP and

ESR (erythrocyte sedimentation rate) levels. Weekly ESR

and CRP levels were obtained to monitor the eradication of

infection and second stage revision was only carried out once

ESR and CRP levels normalised. Re-implantation included

the use of antibiotic-loaded (vancomycin) cement. As in the

first stage, multiple swabs were taken from multiple sites

during second stage surgery.

RESULTS

The patients’ age ranged from 44 years old to 76 years old,

with a mean age of 61.8years; the patient sample comprised 3
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men and 2 women with a mean age of 61.8 years. Two patients

were diagnosed with primary osteoarthritis of the knee, 1 post-

traumatic osteoarthritis of the right knee, 1 fracture neck of the

left femur and 1 case of avascular necrosis (AVN) of the left

hip. They presented with either knee or hip pain a few months

to years after the joint replacement. ESR and CRP were high

during presentation and radiography showed implant

loosening (Figure 1 and Figure 2). In one case, a gallium scan

was performed to confirm the diagnosis. 

Intravenous antibiotics were administered for 6 weeks, after

the organism was identified 8 (Table II). However, two cases

showed aseptic loosening (tissue culture showed no growth).

These two patients were started on intravenous Ciprofloxacin

and Rifampicin for 6 weeks to 3 months. The course of

antibiotics was monitored through weekly CRP and ESR tests.

Antibiotics were stopped when CRP and ESR normalised and

re-implantation was then performed 8,9.  Case 2 required

repeated wound debridement and an exchange of antibiotic

spacer because of high CRP and ESR levels that did not show

a decreasing trend (the organism was identified 8 (Table I).

Case 4 had delayed 2nd stage re-implantation because she

developed multiple complications (upper gastrointestinal

bleeding, urinary tract infection and hospital acquired

pneumonia) after the 1st stage operation. Second stage re-

implantation was delayed in Case 5 due to technical problems.

All patients have undergone successful re-implantation except

for Case 3. Case 3 had 1st stage operation only recently and is
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Case 1 Case 2 Case 3 Case 4 Case 5
CRP ESR CRP ESR CRP ESR CRP ESR CRP ESR

Before ROI 2.45 86 1.72 61 10.59 >120 10.7 >120 3.34 118
1st Week 2.00 74 2.23 100 6.1 >120 6.01 110 7.03 107
2nd Week 1.72 46 1.92 79 3.39 >120 4.05 85 1.27 111
3rd Week 1.03 30 2.0 53 2.1 >120 1.77 60 0.58 63
4th Week 0.34 30 2.34 60 1.89 65 0.35 61
5th Week 0.30 24 2.55 55 0.93 48 0.30 48
6th Week 0.30 24 2.67 53 0.80 50 0.30 30

Table I: Erythrocyte Sedimentary Rate (ESR)/ C-Reactive Protein(CRP) levels before and after 1st stage of surgery. 
All patients showed decreasing trend of ESR and CRP levels except Case 2. CRP showed early response after the 

1st stage procedure compared to ESR

Tissue  C & S Antibiotic Duration
Case 1 No growth Ciprofloxacin and Rifampicin 6 weeks
Case 2 No growth Ciprofloxacin and Rifampicin 12 weeks
Case 3 MSSA Cloxacillin 6 weeks
Case 4 MSSA Cloxacillin and fucidic acid 6 weeks
Case 5 MRSA Vancomycin 6 weeks

*MRSA= Methicillin resistant Staph. aureus, MSSA= Methicillin sensitive Staph. aureus

Table II: Tissue culture and sensitivity during 1st stage operation and duration of antibiotic given

ESR (mm/hr) CRP (mg/dl) 2nd stage re-implantation Tissue C +S during 2nd stage 
after ROI operation

Case  1 24 0.30 6 weeks No growth
Case  2 49 1.17 6 months No growth
Case  3 - - Not done -
Case  4 48 0.55 11months No growth
Case  5 30 0.30 3 months No growth

*ROI=removal of implant, C+S= culture and sensitivity

Table III: ESR and CRP level before 2nd stage operation, duration of 2nd stage operation after ROI and tissues C+S taken
during 2nd stage operation

Range of motion Flexion Extension Abduction
Case 1 Hip 100º 10 º 60 º
Case  2 Hip 90 º 15 º 60 º
Case  3 Knee 90 º 0 º
Case  4 Knee 90 º 0 º
Case  5 Knee 75 º 0 º

Table IV: Range of motion of affected joint after 1st-stage surgery 

11-15_4-D208:OA1  11/30/10  11:53 AM  Page 12



Use of PROSTALAC

13

still on intravenous antibiotics. The other 4 cases are still

under follow up and do not show any signs and symptoms of

infection at the time of this writing. Multiple swabs were taken

during the 2nd stage of operation and showed no organism

growth. 

During the intermediate phase (after 1st stage surgery),

patients were ambulating with partial weight bearing. All

cases were pain free with satisfactory range of motion (Table

IV). Case 4 used a wheelchair but this was due to general body

weakness. She was able to walk a few months after being

discharged from the hospital.  During this period between the

two staged surgeries, no complications were seen and the

wounds healed well without discharge. 

DISCUSSION

There are several treatment options for infected total knee or

hip replacement. In early postoperative infection (<4 weeks

postsurgery), local debridement with primary exchange of

inlay is possible. For chronic infection or after failure of

other methods, a complete implant removal with arthrodesis

is sometimes unavoidable. Where preservation of knee or hip

function seems feasible, the two-stage exchange method

with the use of acrylic bone cement spacers has gained

widespread acceptance and has resulted in a high percentage

of knee joints salvaged. 

Antibiotics are an integral part of patient management in

cases of infected TKR or THR. The choice of antibiotic

prescribed in these cases is based on the culture and

sensitivity obtained during the 1st stage of surgery 8. In the

current series, staphylococcal species were isolated in 3

cases. This is in agreement with the work of P Dixon 9 who

reported that staphylococcal species were the main

organisms causing infected TKRs (12 out of 15 cases).  Two

cases showed no microbial growth and were treated with a

minimum of 6 weeks of empirical antibiotics (Ciprofloxacin

and Rifampicin). This is because the bacteria most

frequently encountered in chronic prosthetic infections are of

the coagulase-negative Staphylococcus species.

Furthermore, M Drancourt 4 reported that the combination of

these antibiotics achieved success rates as high as 81% for

infected THRs and 69% for infected TKRs. In addition,

Ciprofloxacin and Rifampicin can be taken orally leading to

better compliance for long term use. The use of

inflammatory markers  such as ESR and CRP levelsis well

established as markers of infection 5 and offers a more

scientific approach guiding the decision on when to end

antibiotic therapy. Jason White 5 agreed that CRP is a reliable

indicator of early postoperative infection after TKR and

THR. Thus, we used CRP and ESR levels to monitor the

control of infection following the PROSTALAC insertion.

All cases showed decreasing CRP and ESR levels before the

2nd stage of re-implantation  took place (Table I). 

For an antibiotic to be acceptable for mixing with bone

cement in the operating room, it must be safe, thermo-stable,

water-soluble, hypoallergenic, bactericidal with broad

spectrum of activity, and in powder form. Vancomycin,

tobramycin and gentamicin meet these criteria 11.  The use of

antibiotic cement leads to high local tissue concentrations

and at the same time low systemic toxicity. Not more than 6

g of antibiotic were added to 40 g of bone cement in order

not to weaken the architecture of the bone cement 5.

This technique has shifted over time from the use of pure

spacers over hand moulded implants mimicking knee

prostheses to prefabricate articulated spacers allowing a wide

range of movement of the knee during the period between

tstaged surgeries. PROSTALAC, an articulated gentamicin-

loaded polymethylmethacrylate (PMMA) spacer is a pre-

formed articulated spacer with the biomechanical

characteristics of an ultra-congruent condylar knee-

prosthesis that is available in three sizes. In the present case

series, 4 g of Vancomycin were added to the cement that

holds the PROSTALAC. The rationale for this addition is

because staphylococcal species are the main infectious

organisms in these complications of arthroplasty. 

Extensive biomechanical testing has been performed with

the PROSTALAC implant; Castelli 2 reported no implant

breakage after in vitro testing with 500,000 cycles in

dynamic mechanical testing at 1300N and concluded that

usage is safe for up to 6 months under strict partial weight

bearing. In our series, no implant breakage occurred. 

Functional outcomes for the use of PROSTALAC in this

intermediate period between the first and second joint

replacements are encouraging. PROSTALAC preserved limb

length and positively impacted soft tissue preservation while

Fig. 1: PROSTALAC was removed from Case 4 during the 2nd
stage of reimplantation. The surfaces of PROSTALAC
were smooth and no cracks were noted after 11 months
of usage. 
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at the same time allowing movement of the joint and

avoiding muscular wasting. All cases were able to walk with

a single cane after the 1st stage operation with the exception

of Case 4, who was unable to walk due to general weakness

secondary to complications developed postoperatively.

Range of motion of the affected joint was satisfactory and all

were able to perform daily living activities. Second-stage re-

implantation was successfully carried out in 4 cases.

Operation times for the second stage surgery ranged from 2-

3 hrs and were uneventful. There were no difficulties in

removing the PROSTALAC. In addition, preservation of the

soft tissue tension facilitated the revision surgeries. 

CONCLUSION

The PROSTALAC functional spacer is useful in the two-

stage treatment of infected joint arthroplasty. Joint motion

was maintained during the treatment period resulting in

better quality of life and wider acceptance from patients.

Further, 2nd-stage operation was faster and uneventful. 
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