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Abstract

Background Periprosthetic infection in TKA is a devas-

tating and challenging problem for both patients and

surgeons. Two-stage exchange arthroplasty with an interval

antibiotic spacer reportedly has the highest infection con-

trol rate. Studies comparing static spacers with articulating

spacers have reported varying ROM after reimplant, which

could be due to differences in articulating spacer technique.

Questions/purposes We therefore determined whether

one of three articulating spacer techniques was superior in

terms of (1) infection control, (2) final ROM, and (3) cost.

Patients and Methods We retrospectively reviewed

53 patients with infected TKAs who had two-stage

exchange arthroplasty with one of three techniques with

articulating spacers: autoclaving an original component

(n = 15), a new femoral component (n = 16), and a

silicone mold component (n = 22). We compared infec-

tion control, ROM, and cost. Minimum followup was

12 months (mean, 39 months; range, 12–105 months).

Results We found no difference in infection control

among the three techniques. Infection control was achieved

in 13 of 15 (86.7%) autoclaved original component spacers

at mean 73 months (range, 37–105 months), 15 of 16

(93.8%) new femoral component spacers at mean

19 months (range, 12–32 months), and 20 of 22 (90.9%)

silicone mold component spacers at mean 32 months

(range, 14–56 months). Mean final flexion was 95.7�,

98.3�, and 93.8�, respectively. Direct costs for all implants,

molds, cement, and antibiotics were $932, $3589, and

$3945, respectively.

Conclusions We found comparable infection control and

ROM for the three techniques. Direct cost was least for the

autoclaved original component technique.

Level of Evidence Level III, therapeutic study. See

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Periprosthetic infection (PPI) occurs in 1% to 2% of pri-

mary TKAs and 3% to 5% of revision TKAs [3] and

remains a devastating and challenging problem for both

patient and surgeon [2, 14, 21, 30]. Two-stage exchange

arthroplasty with use of an interim antibiotic cement spacer

is the accepted treatment in most circumstances with

infection control rates ranging from 74.5% to 100% [23].

Both static and articulating antibiotic spacers have been
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used to maintain the joint space in distraction while pro-

viding high-dose local antibiotic delivery [4, 7, 18].

Articulating spacers preserve some knee motion between

stages, reducing scarring and bone loss, with potential

improvements in ROM, function, and second-stage

exposure [10, 19, 22].

There are several approaches to creating articulating

spacers. Hofmann et al. [16] described using the recycled

autoclaved original femoral component (AOC) with a new

tibial polyethylene insert for the articulation. These com-

ponents were cemented into place but with the cement in a

late doughy stage so they would not adhere well to the bone

and be easy to remove at the time of a second-stage

reimplantation. The same approach can be used with a

new femoral component (NFC) and polyethylene insert.

Cement-on-cement articulating spacers can also be used.

These were initially hand-made [24], but subsequently

silicone molds for intraoperatively fabricating cement

components (silicon mold components [SMCs]) have been

developed [9, 23]. Prefabricated cement spacers are also

commercially available [27].

AOC spacers are inexpensive; however, there may be

concerns due to the presence of a large surface that does not

elute antibiotic or reuse of an implant designed for single

use [28]. NFC spacers share the former concern, not the

latter, but are more expensive. SMC spacers have a large

surface area for antibiotic elution but have limited sizes and

risk cement component fracture and cement debris [20].

We determined whether there would be a difference in

(1) infection control, (2) ROM, and (3) cost among these

three articulating spacer techniques.

Patients and Methods

We identified 74 patients undergoing treatment for infected

TKA between January 2001 and June 2009 from our two

institutional databases based on Current Procedural Ter-

minology codes (27303, 27486, 27487, and 27488).

Patients who underwent two-stage exchange arthroplasty

with articulating spacers were considered for inclusion. We

excluded a total of 21 patients who had previously failed a

two-stage exchange arthroplasty (n = 2), who had under-

gone two-stage exchange with static spacers (n = 3), or

who did not undergo the second-stage operation (n = 16).

These exclusions left 53 patients with 53 knees: 38 men

and 15 women with a mean age of 64 years. We used one

of three techniques in all patients: (1) AOC and new

polyethylene spacer (n = 15), (2) NFC and new polyeth-

ylene spacer (n = 16), and (3) SMCs (n = 22). The

minimum followup was 12 months (mean, 39 months;

range, 12–105 months). No patients in the study group

were lost to followup. No patients were recalled

specifically for this study; all data were obtained from

medical records.

The three cohorts (AOC, NFC, and SMC) were com-

parable in terms of age, antibiotic-resistant microorganisms

(Table 1), prior irrigation and débridement, comorbidities

based on Charlson Comorbidity Index (CCI), duration

between primary TKA and explants, and various intra-

operative parameters (Table 2). There was a higher per-

centage of male patients in the AOC and NFC groups as

expected in the Veterans Affairs hospital setting where

these procedures took place.

All patients underwent a two-stage exchange operation.

The first-stage operation included complete removal of all

components, periprosthetic membrane and cement, thor-

ough débridement, copious irrigation, and placement of the

articulating spacer by one of the three techniques. The

choice of articulating spacer technique was made by

the primary surgeon based on his/her customary practice.

In the AOC technique, the explanted femoral component

was cleaned of all debris, scrubbed with a Betadine1

(Purdue Pharma LP, Stamford, CT) scrub brush, and then

autoclaved for reimplantation with a new polyethylene

spacer. The AOC technique was replaced with the NFC

technique after 2006 due to institutional directives pro-

hibiting reuse of an explanted component (Fig. 1). In the

SMC technique, antibiotic cement was injected into sili-

cone molds (StageOneTM Knee Cement Spacer Molds;

Biomet, Inc, Warsaw, IN) intraoperatively to manufacture

the femoral and tibial components (Fig. 2).

All techniques utilized three to four packs of bone

cement with four 1.0-g doses of tobramycin powder and

four 1.5-g doses of vancomycin powder. Cement baseplates

and stems were formed around the polyethylene inserts in

Table 1. Microorganisms identified

Microorganism Number of patients

Methicillin-resistant Staphylococcus aureus 9

Methicillin-resistant Staphylococcus

epidermidis

5

Vancomycin-resistant Enterococcus 1

Methicillin-sensitive Staphylococcus aureus 20

Methicillin-sensitive Staphylococcus

epidermidis

2

Diphtheroids 2

Escherichia coli 1

Propionibacterium acnes 6

Streptococcus bovis 2

Streptococcus viridans 2

a-Hemolytic Streptococcus 1

Group B Streptococcus 1

No growth 1
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the AOC and NFC techniques and the cement was used in a

doughy stage to limit cement intrusion and fixation to the

bony surfaces. Intramedullary cement dowels or beads

were used in all patients.

Postoperatively, patients were placed on at least

6 weeks of appropriate intravenous antibiotic therapy in

consultation with infectious disease specialists. Gentle

ROM and ambulation with a walker in a knee immobilizer

were encouraged after the first-stage operation. Decision

for the second-stage reimplantation was made after a

minimum 2-week antibiotic-free interval when the clinical

signs of infection had subsided and erythrocyte sedimen-

tation rate (ESR) and C-reactive protein (CRP) level had

steadily trended toward normal for our laboratory.

The second-stage operation included explantation of the

cement spacer, removal of all cement fragments, thorough

débridement of the joint and the intramedullary canals,

copious irrigation, and placement of the appropriate new

total knee components with antibiotic-impregnated cement.

Postoperatively, patients received either a third-generation

cephalosporin or vancomycin intravenously until the

intraoperative cultures returned. Positive cultures were

treated with further antibiotic treatment in consultation

with an infectious disease consultant. Patients were mobi-

lized after recovering from anesthesia and had daily

inpatient supervised physical therapy. After discharge,

patients had outpatient physical therapy for a variable

length of time. Weightbearing restrictions were individu-

alized based on the revision procedure and bone loss.

Patients were followed clinically at 2 weeks, 6 weeks,

3 months, and annually thereafter. Clinical examinations

focused on wound healing, signs of infection, and active

ROM. AP, patellar, and lateral knee radiographs were

obtained at the 6-week, 3-month, and annual visits.

ESR and CRP level were obtained at each visit starting at

Table 2. Preoperative patient characteristics of the three groups

Variable AOC NFC SMC p Value

Study population (number of patients) 15 16 22

Mean age (years) 67.3 63.6 61.1

Female (number) 1 0 14

Male (number) 14 11 8

Mean CCI score 4.3 3.9 3.5 0.43

Antibiotic-resistant microorganisms 5 (33.3%) 4 (25.0%) 7 (31.8%) 0.85

Prior I&D (number of patients) 7 8 4 0.07

Mean primary TKA to explant duration (months) 38.5 31.9 41.9 0.19

Mean explant to reimplant duration (months) 4.9 2.7 5.8 0.01

Mean tourniquet time-reimplantation (minutes) 135.1 134.3 132.5 0.99

Mean operative time-explantation (minutes) 152.4 132.2 141.6 0.18

AOC = autoclaved original component; NFC = new femoral component; SMC = silicon mold component; CCI = Charlson Comorbidity

Index; I&D = irrigation and débridement.

Fig. 1A–B (A) AP and (B) lateral knee radiographs demonstrate the

NFC spacer technique.

Fig. 2A–B (A) AP and (B) lateral knee radiographs demonstrate the

SMC spacer technique.
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6 weeks. Infection control was judged to be a joint with no

clinical signs of infection, no progressive radiolucency on

radiographs, and normal ESR and CRP level at latest

followup without further surgical intervention. The con-

ventional definition classifies patients with long-term

antibiotic suppression after reimplantation as having

infection control [1]. In this study, we assessed infection

control with and without long-term antibiotic suppression

after reimplantation.

We recorded demographic data, underlying diagnosis,

prior surgeries on the knee including irrigation and débride-

ment with or without polyethylene insert exchange, and

comorbidities as defined by the CCI [13]. We also docu-

mented causative microorganism, antibiotic usage before and

after surgeries, intraoperative details of the spacer techniques,

and followup data regarding further surgical intervention.

We calculated descriptive statistics, including frequency,

means, SDs, and ranges for all continuous data. Normally

distributed continuous variables were compared by one-way

ANOVA test and continuous variables not normally dis-

tributed were compared by Kruskal-Wallis nonparametric

one-way ANOVA of ranks. Categorical variables were

compared by chi square test. In our study, because there were

multiple comparison procedures such as pairwise rank-sum

and pairwise t tests where the overall error was not con-

trolled, the significance level was ‘‘Bonferroni-corrected’’

by dividing 0.05 by the number of comparisons (n = 3), ie,

0.0167. We performed a univariable Cox regression analysis

to determine the relationship between treatment failure and

patient age, sex, comorbidities including CCI score, antibi-

otic resistance of the microorganism, spacer type, index

TKA-explantation interval, explantation-reimplantation

interval, and intraoperative parameters. Kaplan-Meier sur-

vival analysis was performed for the three spacer groups

using further surgical intervention to control infection or

long-term antibiotic suppression after the reimplantation as

the end point. In cases with long-term antibiotic suppression

after reimplantation, the date of reimplantation was con-

sidered as the date of failure. We used the log-rank and

Wilcoxon test to compare survival of the three spacer

groups. Analysis was performed using SAS1 Software for

Windows1 Version 9.1.3 (SAS Institute, Inc, Cary, NC).

Results

Using the conventional definition of infection control, the

overall survival was 88.6% at 24 months. Survival rates

with either further surgery to control infection or the need

for long-term antibiotic suppression as the end point were

similar (p = 0.83) with the three techniques (Fig. 3). The

overall reinfection rate was 9.4% (five of 53) at mean

39 months’ followup.

If long-term antibiotic suppression after reimplantation

is not classified as infection control, the overall infection-

free survival dropped to 73.8% (95% confidence interval

[CI] = 59.3%–88.2%) at 24 months. However, even with

this stricter definition, there was no overall difference

(p = 0.17) in the infection-free survival of the three spacer

techniques (Fig. 3). There was also no difference in the

pairwise comparison of infection-free survival in the three

spacer techniques (p values for AOC-SMC, AOC-NFC,

and NFC-SMC = 0.14, 0.39, and 0.39, respectively).

In the AOC spacer group, 13 of 15 (86.7%) had the

infection controlled at a mean followup of 73 months

(range, 37–105 months) (Fig. 4). One patient had a spacer

dislocation causing wound problems and persistent infec-

tion and is awaiting an above-knee amputation. One patient

had a spacer exchange and subsequently an arthrodesis

which failed, necessitating an above-knee amputation. In

the NFC spacer group, 15 of 16 (93.8%) had the infection

controlled at a mean followup of 19 months (range, 12–

32 months). One patient had a spacer exchange and

eventually an arthrodesis. In the SMC spacer group, 20 of

Fig. 3A–B Kaplan-Meyer survival analysis of the three spacer

techniques (A) without long-term antibiotic suppression and (B) with

long-term antibiotic suppression showed no difference (p = 0.17 and

p = 0.83, respectively) in infection-free survival.
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22 (90.9%) had the infection controlled at a mean followup

of 32 months (range, 14–56 months). One patient had a

positive culture on knee aspiration at last followup and was

awaiting further treatment.

Mean flexion achieved immediately before reimplanta-

tion was similar (p = 0.93) in the three groups: 76.7�,

78.3�, and 79.0� for the SMC, NFC, and AOC spacers,

respectively. Mean flexion achieved at the final followup in

patients in whom the infection was controlled was also

similar (p = 0.92): 95.7�, 98.3�, and 93.8� for SMC, NFC,

and AOC spacers, respectively.

Direct costs for all implants, molds, cement, and anti-

biotics were $3945 for the SMC technique, $3589 for the

NFC technique, and $932 for the AOC technique.

The only factors associated with treatment failure were

antibiotic-resistant organisms (p = 0.036, hazard ratio

[HR] = 3.42) and chronic obstructive pulmonary disease

(p = 0.005, HR = 9.09).

Discussion

Articulating antibiotic spacers in two-stage exchange

arthroplasty for infected TKAs allow physiologic motion

between stages, reduce bone loss [5, 11], and may make

reimplantation easier compared to a static spacer. Fehring

et al. [11] reported no improvement in ROM with molded

cement articulating spacers compared to static spacers

while Emerson et al. [10] found improved ROM and

function with AOC articulating spacers compared to static

spacers. Clearly, different articulating spacer techniques

may have different outcomes and no consensus exists on

the optimum articulating spacer technique. An ideal artic-

ulating spacer technique should eradicate infection, allow

enough motion to enhance patient comfort and minimize

exposure issues at secondary reimplantation, and minimize

dislocation, fracture, wound issues, and bone loss. Our

study compared three different articulating spacer tech-

niques in terms of infection control, ROM, and cost.

Our study has a number of limitations. First, our lim-

ited numbers in this preliminary study increase the

potential for a Type II error. Our selection of spacer type

according to the surgeon’s customary preference instead

of randomization may have introduced selection bias,

although each surgeon used his preferred method for all

first-time infected TKAs during this time frame. Third, we

did not have uniform criteria for long-term antibiotic

suppression after reimplantation, though this option was

Fig. 4 The outcome of the three

cohorts in terms of infection control

is shown. Ten of 15 (66.7%) AOC

spacers were infection-free at a mean

followup of 73 months (range, 37–

105 months); 14 of 16 (87.5%)

NFC spacers were infection-free at

a mean followup of 19 months

(range, 12–32 months); and 14

of 22 (65%) SMC spacers were

infection-free at a mean followup

of 32 months (range, 14–56

months).
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generally entertained in patients where cultures remained

positive at the time of reimplantation, there were multiple

patient comorbidities, there was a resistant organism, or

some combination of these difficult circumstances. The

three groups were not matched for sex, but there is no

evidence in the literature of a sex-related difference in

infection control. Finally, we made no comparison of

relative bone loss for the techniques, one of the espoused

advantages of articulating spacer techniques over static

spacers [5, 11].

We found comparable infection control with AOC,

NFC, and SMC spacer techniques. Hofmann et al. [16] first

described the use of an articulating spacer with a recycled

AOC and new tibial polyethylene insert. No reinfections

were noted in 26 patients at a mean followup of 30 months.

More recently, other authors have been able to demonstrate

comparable results with this method [8, 15, 17, 20, 26]. We

were forced to modify this technique by using a NFC

technique instead of the recycled AOC by a 2006 national

Veterans Administration directive prohibiting reuse of

implantable components. Given the failure to find a dif-

ference in infection control between AOC and NFC

techniques and the lower cost of the former, we would still

recommend use of the AOC technique where permitted.

Cement-on-cement articulating spacers can be prepared

intraoperatively using silicone molds or can be hand-made

or prefabricated [6, 9, 11, 12, 20, 27]. They have the

advantage of greater surface area for antibiotic elution but

are available in limited sizes and have the risk of a cement

component fracture and cement debris. Intraoperative

manufacture of cement spacers also has the potential to

increase operating room time and indirect expense as a

result [20]. Although we could not demonstrate a differ-

ence in tourniquet time among the techniques, the

tourniquet was often deflated for a period of the procedure

with the SMC technique. The added cost of the silicone

molds and the potential indirect cost of longer operating

room time for the SMC technique as noted by others [20]

do not seem justifiable without a demonstrated improve-

ment in reinfection rates.

The overall reinfection rate in our study (9.4% at mean

39 months) is comparable to those in the literature

(Table 3). It is unclear whether studies that examine the

success of infection control after surgical procedures

should simply look at reinfection rates or apply survival

methodology; we have chosen to perform both analyses.

Similarly, whether chronic suppression can be accurately

classified as infection control remains debatable, so we

have supplied data points both with and without suppres-

sion as an end point. Suppression may be more commonly

chosen as an option as antibiotic resistance increases.

According to the latest National Nosocomial Infection

Surveillance System report [25], there has been a sub-

stantial rise in incidence of antibiotic resistance among

organisms isolated from intensive care units and antibiotic-

resistant bacteria are becoming increasingly common in

PPIs. Volin et al. [31] reported an 11.1% reinfection rate in

the methicillin-resistant Staphylococcus aureus group

compared to 5.4% in the methicillin-sensitive S. aureus

group for two-stage exchange arthroplasty in TKA infec-

tions, and Salgado et al. [29] found presence of methicillin-

resistant S aureus was an independent risk factor for

treatment failure (HR = 9.2). Our study supports these

findings involving resistant organisms.

Table 3. Selected prior studies of articulating spacers

Study Year Spacer type Number

of knees

Mean followup

(months)

Reinfection/persistent

infection rate (%)

Average

flexion (�)

Hofmann et al. [16] 1995 AOC 26 30 0 106

Emerson et al. [10] 2002 AOC 22 44 9 108

Hofmann et al. [15] 2005 AOC 50* 74 12 104

Cuckler [8] 2005 AOC 44 64 2.3

Pietsch et al. [26] 2006 AOC 33 28 9 NA

Jämsen et al. [20] 2006 AOC 24 25 9 104

Huang et al. [17] 2006 AOC 21 52 4.7 97.6

Fehring et al. [11] 2000 Custom-molded cement

spacer

15 24 6.6 NA

Durbhakula et al. [9] 2004 SMC 24 33 8.3 104

Pitto et al. [27] 2005 Preformed cement

spacer

21 24 0 94

Jämsen et al. [20] 2006 SMC 10 48 20 92

Freeman et al. [12] 2007 SMC 48 62 5.3 NA

* This study includes the 26 knees from the authors’ prior study [16]; AOC = autoclaved original component; NFC = new femoral component;

SMC = silicon mold component; NA = not available.
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Our observations with the limited numbers available do

not support any of the articulating spacer techniques as

superior for ROM. This is consistent with a study by

Jämsen et al. [20] comparing AOC spacer technique with a

hand-molded cement spacer technique. The authors found

no difference in the ROM at last followup examination.

Not surprisingly, the AOC spacer technique was least

expensive in terms of direct costs for all implants, molds,

cement, and intraoperative antibiotic usage. Directives

that have limited the use of this technique ignore the fact

that the implant is reused for a short period of time in a

protected weightbearing environment and its structural

integrity is not integral for the intended purpose of

antibiotic delivery. We did not assess indirect costs

related to operative time or the need for repeat hospi-

talizations or surgery but expect, if the different

techniques achieve similar infection control rates, indirect

costs would likewise show little difference with larger

patient volumes.

Articulating spacers have the ability to control infection

in two-stage reimplantations and maintain ROM and can be

performed in a low-cost fashion with an AOC technique.

Larger multiinstitutional studies performed in a prospective

fashion with different techniques utilized at different

institutions could better corroborate these preliminary

findings. Analysis of such populations, in combination

perhaps with accounting of indirect costs, will best estab-

lish a single articulating spacer technique that is most

efficacious and cost-effective.
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