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Abstract. Introduction: Two-stage revision with an antibiotic spacer is the gold-standard treatment of pros-
thetic joint infection (PJI) for total knee arthroplasty (TKA). Multiple spacer designs exist, including static,
articulated, and prosthetic low-friction (PALF) spacers. However, current literature is limited on variant supe-
riority for infection eradication. This study aimed to compare outcomes of two-stage exchange for TKA PJI
between patients with static cement, articulated cement, and PALF spacers. Methods: This retrospective study
included 93 patients who underwent two-stage revision for PJI following primary TKA and received a static
(n = 17), articulating (n = 54), or low-friction (n = 22) spacer. The primary outcome was failure at 2 years, de-
fined as spacer retention, reoperation, or death. Secondary outcomes included reimplantation and discontinued
antibiotics by 1 year, time to failure, duration of hospital stay, functional measures, and adverse events. Out-
comes were compared between groups using hypothesis testing for continuous or categorical measures. Results:
At 2 years, no significant difference in failure was seen for static (58.82 %), articulating (35.19 %), and PALF
(22.73 %) spacers (p = 0.064). Articulating spacers demonstrated greater range of motion than static spacers at
the final follow-up (p = 0.03). Static spacers were associated with a higher adverse-event frequency (p = 0.03).
No other significant differences in outcomes were observed (all p > 0.05). Conclusions: The three spacer vari-
ants demonstrated similar failure rates for two-stage revision of TKA PIJI at 2 years. Static spacers may lead to
adverse events more frequently compared to other designs, and a longer interstage duration for prosthetic spacers
may reflect greater functionality.
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1 Introduction

Total knee arthroplasty (TKA) is a highly effective treatment
for advanced osteoarthritis and other debilitating conditions
of the knee joint. Despite generally favorable outcomes, a
prominent challenge associated with TKA is periprosthetic
joint infection (PJI). PJI is the most common mode of fail-
ure for both primary and revision TKA (Bozic et al., 2010;
Geary et al., 2020), and it produces significant morbidity,
mortality, and healthcare costs (Mponponsuo et al., 2022).
The gold standard for PJI management typically involves a
two-stage revision, with a broad range of success reported:
between 37.1 % and 100 % (Romano et al., 2012; Tigani et
al., 2013; Stammers et al., 2015). Using this treatment strat-
egy, the infected prosthesis is removed, and an antibiotic-
loaded spacer is temporarily implanted to help achieve infec-
tion control before definitive reimplantation of new compo-
nents. Currently, there is considerable variability in the com-
position, design, and antibiotic regimen of spacers used in
clinical practice. Three main types commonly employed in-
clude static cement spacers, articulating cement spacers, and
prosthetic low-friction antibiotic (PALF) spacers (Fig. 1).
Each type offers distinct advantages and considerations in
terms of mechanical stability, antibiotic delivery kinetics, and
ability to preserve joint function during the interstage period.

Despite widespread use in treating PJI, comparative stud-
ies evaluating the respective efficacy and outcomes for dif-
ferent spacer variants remain limited. Prior study has pro-
posed that static spacers provide greater relief to infected
and congested soft tissues, permitting better bacterial erad-
ication (Faschingbauer et al., 2016). However, recent liter-
ature demonstrates that static spacers increase the risk of
spacer displacement and bone loss between resection arthro-
plasty and revision (Shen et al., 2010). This may contribute to
the instability and wound-healing problems associated with
static spacers (Hofmann et al., 2005). In contrast, articulat-
ing cement spacers enable joint motion, protecting against
scar formation and contracture (Thabe and Schill, 2007). The
PALF spacer, a new or resterilized femoral implant articu-
lating with a new polyethylene tibial insert, offers a lower
coefficient of friction compared to cement articulating spac-
ers (Lyons et al., 2019). In the cases of sterilized replanted
spacers, research has suggested a superior interval and post-
operative range of motion (ROM) compared with all-cement
spacers (Fei et al., 2022).

Despite a small number of studies, no consensus in the lit-
erature has been achieved on an optimal spacer selection to
maximize infection clearance. Moreover, it has been posited
by infectious disease specialists that prosthetic spacers with
an implant component may be inferior for pathogen eradica-
tion compared to antibiotic cement spacers. Comprehensive
analyses that systematically compare infection eradication
rates, functional outcomes, and complication rates among
static, articulated, and PALF spacers are crucial to inform
evidence-based decision-making and optimize treatment pro-
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tocols. Contrasting the relative strengths and limitations of
different antibiotic spacer types is crucial for both ortho-
pedic surgeons and infectious disease specialists involved
in PJI management. However, a gap in knowledge persists
surrounding differential effectiveness between these spacer
types. Thus, the purpose of this study was to compare out-
comes following the initiation of two-stage exchange be-
tween patients with the placement of static cement, articu-
lated cement, and PALF spacers for TKA PJI. We hypoth-
esized that infection eradication, interstage period duration,
functional outcomes, and adverse events would not signifi-
cantly vary across these three groups.

2 Methods

This Institutional Review Board (IRB)-approved retrospec-
tive cohort study was conducted at an academic tertiary care
center accredited by the Joint Commission International and
the Accreditation Council of Graduate Medical Education
— International. All study data were obtained via electronic
medical record (EMR) information from multiple hospitals
within a regional health system including academic facili-
ties and community hospitals. EMR information was used to
identify 320 patients who underwent two-stage revision for
TKA PIJI by any board-certified, fellowship-trained arthro-
plasty surgeon within the regional health system between
January 2016 and December 2021. This endpoint was se-
lected to ensure a minimum 2-year follow-up. All facilities
across the regional health system employ a shared electronic
health record, promoting consistent documentation continu-
ity. Study data were collected from records by trained clini-
cians and recorded in an electronic database. Given the ret-
rospective design, patient study consent was waived, as pro-
cedures were part of routine care.

All patients received antimicrobial therapy in conjunction
with their surgical intervention based on microbiological cul-
ture data, when available. For all patients, infectious disease
input was sought to help guide antimicrobial therapy, and an-
tibiotic regimens followed the Infectious Diseases Society of
America (IDSA) guidelines for PJI management (Osmon et
al., 2013). The attending surgeon led the patient’s diagno-
sis and course of surgical management. As the analysis of
records was retrospective, specific details regarding opera-
tive technique, spacer antibiotic composition, and postopera-
tive antibiotic treatment varied between subjects. The choice
of antibiotic spacer type and formulation of antibiotic cement
were subject to clinical discretion by the attending surgeon,
assisted by consultation with infectious disease specialists
and available culture data.

Inclusion criteria encompassed adult patients who re-
ceived a first-time static cement, articulating cement, or pros-
thetic low-friction spacer for PJI following primary TKA.
The varieties of articulating and prosthetic spacers included
in this study are described in the Supplement (Table S1 in
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Figure 1. Types of antibiotic knee spacer: (a) static cement spacer, (b) articulating cement spacer, and (c¢) low-friction prosthetic spacer.

the Supplement). Adherence to the 2013 Musculoskeletal
Infection Society (MSIS) criteria was confirmed for all pa-
tients to ensure consistency in defining PJI (Parvizi et al.,
2013). Criteria for exclusion were as follows: a prior antibi-
otic spacer; failure to meet MSIS criteria; inadequate follow-
up; debridement, antibiotics, and implant retention (DAIR)
before spacer placement; or additional ipsilateral knee proce-
dure(s) between index TKA and PJI. Data collected included
age, sex, body mass index (BMI), smoking status, history of
diabetes, rheumatoid arthritis, use of anticoagulant medica-
tion, and the American Society of Anesthesiologists (ASA)
classification. The Charlson comorbidity index (CCMI) was
calculated using each patient’s medical comorbidities at the
time of two-stage exchange. Results of synovial fluid culture
and antibiotic-sensitivity testing, erythrocyte sedimentation
rate (ESR) and C-reactive protein (CRP) levels at reimplan-
tation, and explant procedure timing were collected. The type
of antibiotic spacer was identified through review of postop-
erative radiographs and operative reports. The spacer antibi-
otic formulation was recorded from operative reports, where
available.

2.1 Outcome measures

The primary outcome measure was failure prior to the 2-
year follow-up, defined using the 2019 MSIS Outcome Re-
porting Tool (MSIS ORT) (Zielinski et al., 2024). Patients
meeting the criteria for ORT Tier 1 or Tier 2 were consid-
ered a success; tiers 3 and 4 were considered failures. As
spacer retention (Tier 3F) may not necessarily constitute fail-
ure in all cases, a separate sensitivity analysis was performed
wherein patients who retained their spacer beyond 2 years
were excluded from failures. If failure was observed, the date
upon which failure was first documented was recorded. Sec-
ondary outcomes of interest included operative times for ini-
tial spacer insertion and reimplantation, completion of two-
stage exchange at 1 year, discontinuation of suppressive an-
tibiotics by 1 year following reimplantation, mortality, time
to failure, duration of stay for initial PJI hospitalization,
ROM and ambulatory status at the final follow-up, and occur-
rence of a significant adverse event (AE). Surgical time was
defined by the duration from skin incision to closure. AEs
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included the following: delayed wound healing, bleeding or
the need for transfusion, hematoma, contracture or knee stiff-
ness, venous thromboembolism (VTE), decubital ulcer, fall,
or another notable adverse event recorded in the chart. Read-
missions at 30 and 90 d following the initial procedure were
documented.

2.2 Statistical analysis

Continuous measures were summarized with the mean and
standard deviation or median and interquartile range, de-
pending on the distribution of the measure. Comparisons
were made between the three groups using a one-way
ANOVA F test or the Kruskal-Wallis test if the distribution
departed from normality. Post hoc comparisons were made
with the independent samples ¢ test or the Wilcoxon rank sum
test and were adjusted for multiplicity with the Benjamini—
Hochberg procedure. Categorical variables were summarized
using the frequency and percentages and compared between
groups with the chi-square or Fisher exact test. There was
no preplanned sample size or power analysis conducted for
this study, as this was a retrospective observational cohort.
The significance level was set at p = 0.05. All analyses were
performed in SAS version 9.4 (SAS Institute Incorporated,
Cary, NC).

3 Results

Overall, 93 patients (50 female and 43 male) met the cri-
teria for inclusion in this study. Types of spacers included
static cement (n = 17, 18.0 %), articulating cement (n = 54,
57.4 %), and prosthetic low friction (n = 22, 24.5 %) (Fig. 2).

No significant differences were observed between spacer
groups with respect to age, sex, tobacco use, diabetes,
rheumatoid arthritis, ASA or CCMI scores, or length of
follow-up. The BMI in the static spacer group (39.8 +12.2)
was higher than that in the articulating cement group (32.6
5.4) and low-friction spacer group (32.0+7.1), p = 0.002;
however, significance was not maintained after controlling
for multiple comparisons (p = 0.08) (Table 1).

Failure, as defined by MSIS ORT, was observed in 10 pa-
tients (58.8 %) with a static cement spacer, 19 patients
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Search of the Electronic Medical
Record for patients who underwent

two-stage exchange between
01/01/2016 — 12/24/2021 Exclusion Criteria:

N=320 1. Procedure between index TKA
and PJI: 42

2. Inadequate follow up
documentation: 26

3. PJI did not meet MSIS criteria: 5
4. Multiple prior ipsilateral
revisions: 24

5. DAIR prior to two-stage

Met Criteria for Inclusion: exchange: 130

N=093 n=227

\ /

Articulating Cement Prosthetic Low Friction
Static Cement Spacer Spacer Spacer
n=17 n=>54 n=22

Figure 2. Consort diagram with patient inclusion, exclusion, and stratification.

Table 1. Demographic information by spacer type.

Demographic Type of antibiotic spacer (N = 93) P value
characteristic Static Articulated Prosthetic
cement cement low friction
(n=117) (n=54) (n=22)
Age, mean (SD) 61.4 (8.1) 63.8 (10.1) 66.0 (9.3) 0.34
Male sex, n (%) 8 (47) 27 (50) 8 (36) 0.56
BMI, mean (SD) 39.8 (12.2) 32.6 (5.4) 32.0 (7.1) 0.002*
Active tobacco use, n (%) 2(11.8) 8 (14.8) 2(9.1) 0.91
DM, n (%) 9 (53) 26 (48) 6 (27) 0.18
RA, n (%) 1(6) 4(8) 3(14) 0.60
CCMI, mean (SD) 3.9 (2.0) 3.8 (1.7) 4.09 (1.4) 0.73
ASA, n (%) - - - 0.99
II 3(18) 10 (19) 4 (18) -
III 13 (76) 38 (70) 15 (68) -
v 1(6) 6(11) 3(14) -
Follow-up (in days), mean (SD)  1552.4 (1040.4) 1721.4(811.2) 1333.9 (455.9) 0.15

* Significant difference in body mass index (BMI) did not remain after controlling for multiple comparisons (p = 0.08).
Abbreviations: SD — standard deviation; DM — diabetes mellitus; RA — rheumatoid arthritis; CCMI — Charlson comorbidity index;
ASA — American Society of Anesthesia score.
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Table 2. Primary endpoint (failure) and spacer comparison.
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Static  Articulated Prosthetic P value
cement cement low friction
n=17) (n=154) (n=22)

Failure (MSIS tiers 3 or 4), n (%) 10 (58.8%) 19 (35.2%) 5227 %) 0.06

Failure category 0.15
Tier 3A/3C 1(10.0) 3(15.8) 0(0.0)

Tier 3B/3D 5 (50.0) 15 (79.0) 3(60.0)
Tier 3E 1(10.0) 0(0.0) 0(0.0)
Tier 3F 3(30.0) 1(5.2) 2(30.0)

Spacer antibiotic, n (%) 0.16
Gentamicin only 9 (52.9) 39 (72.2) 13 (59.1)
Gentamicin and tobramycin 0(0.0) 1(1.85) 0(0.0)
Gentamicin and vancomycin 1(5.9) 0(0.0) 2(9.1)
Tobramycin only 0 (0.00) 1(1.9) 1(4.6)
Tobramycin and vancomycin 4(23.5) 4(7.41) 2(9.1)
Gentamicin, tobramycin, and vancomycin 1(5.9) 0(0.0) 0(0.0)

Unknown 2(11.8) 9 (16.67) 4(18.2)

Average duration of the interstage 113 (77) 91 (54) 128 (289) 0.05

period (in days), median (IQR)!

ROM at the final follow-up, median (IQR)2 95 (45) 110 (30) 105 (40) 0.030°

Ambulatory status, n (%) n=13 n=46 n=19 0.24
No assistance 2(154) 9 (19.6) 9(47.4) -
Cane 2(15.4) 14 (30.4) 4 (21.1)

Walker 9(69.2) 19 (41.3) 5(26.3)
Crutches 0(0) 2(4.4) 1(5.3)
Wheelchair 0(0) 2(4.4) 0(0)

1 Group sample sizes were 10 (static), 36 (articulating), and 16 (prosthetic low-friction) patients. 2 Group sample sizes included

14 (static) and 51 (articulating) patients. 3 The comparisons between the static cement spacer and the other two spacer types were
initially significant (static versus articulated, p = 0.01; static versus low friction, p = 0.03); however, static versus low friction did not
remain significant after controlling for multiple comparisons, whereas static versus articulated remained significant (static versus
articulated, p = 0.03; static versus low friction, p = 0.06). Abbreviations: ROM — range of motion; IQR — interquartile range.

(35.2 %) with an articulating cement spacer, and 5 patients
(22.7 %) with a prosthetic spacer, although this difference
was not statistically significant (p = 0.06). Sensitivity anal-
ysis revealed that treating patients with spacer retention as
successes did not significantly impact the failure rate com-
parison between groups (41.2 % versus 33.3 % 13.6 %, re-
spectively; p = 0.13). Most failures in each group were due
to septic causes (Tier 3B or 3D), although the proportion
did not differ significantly between spacer types. Antibiotics
used in spacers included variable combinations of gentam-
icin, vancomycin, and tobramycin. While the inclusion of
gentamicin was most commonly observed (66 patients), no
difference in the overall frequency of antibiotic combinations
were seen between groups (p = 0.16). Excluding patients
who did not receive reimplantation, the median interstage
durations were 113, 91, and 128 d, respectively (p = 0.05).
Comparisons for median ROM at the final follow-up between
static spacer and the other two spacer types were initially
significant (p = 0.030). After controlling for multiple com-
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parisons, static versus articulated spacer remained significant
(p = 0.03), whereas static versus low friction and articulated
versus low friction did not remain significant (p = 0.06 and
0.78, respectively). No significant differences were observed
for the percentage of patients in each ambulatory status cate-
gory at the final follow-up (p = 0.24) (Table 2).

Values for ESR and CRP at the time of reimplantation
were slightly elevated on average and did not differ sig-
nificantly between groups (p = 0.36 and p = 0.62, respec-
tively). The percentage of patients with a draining sinus tract
at presentation and length of hospitalization for stage one
were not significantly different between groups. Frequencies
of infection with bacterial species were tabulated by category
(Table 3), with no significant differences seen between spacer
cohorts (p = 0.58). Staphylococcus spp., including S. au-
reus, S. lugdunensis, and other coagulase-negative Staphy-
lococci, was the most frequently implicated pathogen. The
frequencies of multidrug-resistant pathogens and methicillin-
resistant S. aureus did not differ significantly between groups

J. Bone Joint Infect., 10, 243-253, 2025
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Table 3. Comparison of PJI characteristics.
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Static  Articulated Prosthetic P value
cement cement low friction
(n=117) (n=>54) (n=22)
ESR (mmh~!) at time of 259(15.9) 27.7(18.6) 39.8(27.8) 0.36
reimplantation, mean (SD)1
CRP (mg dL!) at time of 2.8 (3.3) 3.5(7.4) 4.00 (6.7) 0.62
reimplantation, mean (SD)!
Sinus tract, n (%)2 4(23.5) 7(13.5) 2(9.1) 0.46
LOS (in days), mean (SD)2 8(9) 54) 5@3) 0.13
Culture results, n (%) 0.58
Culture-negative 3(17.7) 10 (18.5) 4 (18.2)
Staphylococci 9(52.9) 24 (44.0) 11 (50.0)
Staphylococcus aureus 3(17.7) 13 (24.1) 5(22.7)
Staphylococcus lugdunensis 1(5.9) 3(5.6) 1 (4.6)
Coagulase-negative Staphylococcus 5(29.4) 8(14.8) 5(22.7)
Streptococcus 2(11.8) 8 (14.8) 5(22.7)
Gram-negative 3(18.0) 3(5.6) 0 (0)
Fungal4 0(0.0) 1(1.9) 0(0)
Other® 0(0.0) 8 (14.8) 2 (9.09)
MRSA 1(5.9) 1(1.9) 2(9.1) 0.26
Multidrug-resistant pathogen, n % 5(1294) 12 (22.2) 8 (36.4) 0.44
Length of intravenous antibiotics 42 (5) 43 (3) 42 (3) 0.63
(in days), median (IQR)
Length of oral antibiotics (in days), 49 (53) 183.5(348) 181 (189) 0.33

median (IQR)3

1 Group sample sizes were 9 (static), 38 (articulating), and 16 (prosthetic low-friction) patients. 2 Sample size was 52 patients for
the articulating cement spacer group. 3 In total, 6 patients received oral antibiotics in the static group, 18 patients received oral
antibiotics in the articulating group, and 17 patients received oral antibiotics in the prosthetic low-friction group. 4 The fungal
species was Aspergillus fumigatus. 5 Other bacterial species included Actinomyces spp., Anaerococcus octavius, Corynebacterium
striatum, Dermabacter hominis, Enterococcus faecalis, Finegoldia magna, and Lactobacillus rhamnosus. Abbreviations: SD —
standard deviation; LOS — length of stay; MRSA — methicillin-resistant Staphylococcus aureus; IQR — interquartile range.

(p =0.44 and p = 0.26, respectively). The median duration
of intravenous antibiotic therapy was similar between all
groups at 42d (p = 0.63). The median duration of oral an-
tibiotic therapy following reimplantation was 49 £ 53 d for
the static group, 184 348 d for the articulating group, and
181£189 d for the PALF group. However, this difference did
not prove significant (p = 0.33).

Of patients who completed two-stage exchange, 41 % of
the static spacer cohort, 35 % of the articulating cement co-
hort, and 21 % of the prosthetic low-friction cohort had re-
ceived final components at 1 year, although differences did
not prove significant (p = 0.43; Table 4). No difference in
the mean operative duration was seen between groups during
explantation (p = 0.86). However, the surgical duration for
reimplantation was significantly longer in the static spacer
group compared to the PALF spacer group (165.1 versus
124.8 min, p = 0.006). In the prosthetic spacer group, 41 %
of patients with adequate documentation had concluded all
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suppressive antibiotic therapy at 1 year; this is compared to
83 % in the static group and 67 % in the articulating group.
However, only 41 patients (44.1 % of the sample) received
oral antibiotic therapy, representing a limited fraction of
the overall group. Overall mortality was low at 4 patients
(4.3 %), with no significant differences seen between spacer
types.

The total number of patients who experienced a periop-
erative or postoperative AE amounted to 9 (53 %) in the
static cement group, 12 (22 %) in the articulating spacer
group, and 4 (18 %) in the prosthetic low-friction group (p =
0.030), with the static group experiencing more AEs than
both the articulated (p = 0.02) and the low-friction groups
(p =0.02). No difference was detected between the articu-
lated and low-friction group (p = 0.77). However, after con-
trolling for multiple post hoc comparisons, these two com-
parisons did not remain significant (p = 0.05 for both com-
parisons). Across the entire population, the most frequent

https://doi.org/10.5194/jbji-10-243-2025
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Table 4. Secondary endpoints.

Static  Articulating Prosthetic P value
cement cement  low friction
n=17) (n=54) (n=22)
Surgical time (minutes), mean (SD)
Spacer insertion 118.4 (38.4) 113.9(29.4) 113.3(30.3) 0.86
Reimplantation 165.1(52.6) 143.5(33.7) 124.8(30.0) 0.00793
If second stage completed, 7 (41) 19 (35) 5(23) 0.43
completed at 1 year, n (%)
Off oral antibiotics at 1 year following 5(83.3) 12 (66.7) 7(41.2) 0.16
reimplantation, n (%)1
Mortality, n (%) 2(11.8) 23.7) 0(0) 0.19
Time to failure (in days), mean (SD) 148 (276) 243 (845) 391 (322) 0.36
Readmissions, n (%)2 0.52
None 6 (50) 29 (54) 14 (77.8)
30d 4(33.3) 6(11) 3(16.7)
90d 2 (16.7) 4(7) 1(5.6)
Experienced an AE, n (%) 9(52.9) 12 (22.2) 4(18.2) 0.030%
Delayed wound healing, n (%) 1(5.9) 2 (3.7 1(4.6) 0.81
Bleeding/transfusion, n (%) 2(11.8) 1(1.9) 0(0) 0.13
Hematoma, n (%) 2(11.8) 0(0) 0(0) 0.030°
Contracture/stiffness, n (%) 0(0) 3(5.6) 0(0) 0.76
VTE, n (%) 0 0 0 n/a
Decubital ulcer, n (%) 0 0 0 n/a
Fall, n (%) 2(11.8) 3(5.6) 1(4.6) 0.72
Other significant AE, n (%) 5(29.4) 5(9.3) 1(4.6) 0.06

1 Sample size was 6 (static), 18 (articulating), and 17 (prosthetic low-friction) patients. 2 Sample size was 12 (static),

41 (articulating), and 18 (prosthetic low-friction) patients. 3 Reimplantation time was significantly greater for static spacer
compared to prosthetic low-friction spacer patients (p = 0.006). 4 The difference in the number of patients who experienced an
adverse event between static cement spacer and other groups was significant even after adjustment (static versus articulated,

p = 0.03; static versus low friction, p = 0.04). > While global testing was significant, post hoc pairwise tests showed no
significant difference between groups. Abbreviations: SD — standard deviation; AE — adverse event; n/a — not applicable.

AEs were falls (6 patients, 6.5 %) and delayed wound healing
(4 patients, 4.3 %). In the static group, 2 patients developed
a wound hematoma, compared to 1 in the prosthetic group
and O in the articulating group (p = 0.03); however, post hoc
pairwise testing did not demonstrate any significant differ-
ences between groups. Other notable adverse events included
aseptic loosening (1), myocardial infarction (2), postopera-
tive delirium (1), right-hand lower-extremity cellulitis (1),
persistent knee drainage (1), knee arthrodesis (3), complex
regional pain syndrome (1), and hypersensitivity dermatitis
attributed to antibiotic therapy (1). Five patients experienced
two or more AEs.

https://doi.org/10.5194/jbji-10-243-2025

4 Discussion

Coupled with surging demand for TKA (Kurtz et al., 2007),
the incidence of PJI results in significant clinical challenges
and a sizable economic burden. The magnitude of this prob-
lem underscores the need for efficacious and reliable man-
agement, such as antibiotic spacer insertion. While two-stage
revision with an antibiotic spacer is considered the gold stan-
dard for PJI treatment, its clinical course is not without ob-
stacles and complications (Cochran et al., 2016). Several op-
tions for antibiotic spacer placement are available, although
their comparative efficacy requires further investigation. This
study aimed to provide insights into the similarities, ad-
vantages, and limitations of three commonly implemented
spacer types.

J. Bone Joint Infect., 10, 243-253, 2025
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The primary goal of this study was to compare failure be-
tween static cement, articulating cement, and prosthetic spac-
ers. In discussion with infectious disease colleagues at our
institution, questions have been raised about the potential in-
feriority of prosthetic low-friction spacers. It had been spec-
ulated that the implant component of the spacer may inter-
fere with source control and offer a nidus for bacterial per-
sistence. Here, no evidence of significantly greater effective-
ness was observed for any singular spacer type. The over-
all failure rate for two-stage exchange in this population was
37 %, comparable to moderate rates reported in prior litera-
ture (Pangaud et al., 2019; Engesaeter et al., 2011). Between
cohorts, failure rates ranged from 23 % in the PALF group
to 59 % in the static spacer group. While statistical signif-
icance was not observed, this discrepancy is worth noting.
Given relatively small group sizes for both static and pros-
thetic spacers, power may have limited our ability to detect
an underlying prognostic difference. However, the equivalent
frequency of septic revision between cohorts strengthens the
argument for similar utility in infection clearance. Further
studies with larger cohorts and possibly multicenter popula-
tions are warranted to definitively evaluate how efficacy may
differ between spacers.

To our knowledge, this is the first study directly compar-
ing PJI eradication across all three spacer variants, although
comparisons have been made between individual types in
prior studies. In one review examining 30 retrospective stud-
ies and 821 knees, Yu et al. (2019) found comparable success
rates between all-cement articulating spacers and those con-
taining prosthetic bio-inert materials, concurring with our re-
sults. Warwick et al. (2023) retrospectively compared static
and articulating spacers, reporting significantly greater fail-
ure rates for static varieties. Our data regarding static spacers
contrast with these findings and may represent new evidence
of similar infection eradication using this type. Furthermore,
the comparable failure rates for PALF spacers suggest that
prosthetics with implanted components can be successfully
deployed as antibiotic spacers.

The duration of intravenous (IV) and oral antibiotic ther-
apy following two-stage exchange is a crucial management
consideration. The IDSA and the International Consensus
Meeting (ICM) on PJI currently recommend 4 to 6 weeks
of IV interstage antibiotics (Osmon et al., 2013; Nagra et
al., 2016; Gehrke et al., 2015). A key question addressed
by our study was whether the required duration of antibi-
otic therapy varied significantly between spacer types, which
could potentially suggest differences in effectiveness. Here,
the median duration of IV antibiotics approximated this 6-
week guideline for all groups. While no significant group dif-
ferences were seen in the duration of suppressive oral antibi-
otics, it is worth noting that the static cement cohort approx-
imated 7 weeks of therapy. To compare, both the articulating
cement and prosthetic spacer groups showed a duration of
approximately 6 months. However, the decision to prescribe
oral therapy relies heavily on clinical discretion. As such, not
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all patients in the study received suppressive antibiotics, fur-
ther decreasing power. Therefore, it is difficult to draw con-
clusions on observed differences in oral antibiotic duration,
as they are likely due to small sample sizes. Other authors
have evaluated extended suppressive therapy in the setting of
debridement, antibiotics, and implant retention (DAIR) for
TKA PII, finding significantly lower failure rates up to 12
months with suppressive therapy (Chao et al., 2024; Shah et
al., 2020). Future prospective studies with standardized IV
and oral antibiotic regimens are needed to accurately assess
how antimicrobial therapy may modulate failure in conjunc-
tion with spacer type.

Causal microbiology is an important consideration that
may affect PJT outcomes. Although no significant differences
between groups for culture results were observed in this
study, Staphylococcus spp. was most frequently implicated
across all groups and represented approximately half of all
included PJI cases. Culture-negative, streptococcal, polymi-
crobial, and multidrug-resistant etiologies were also simi-
larly distributed. Lee et al. (2010) and Akgun et al. (2017)
have implicated Staphylococcus and Streptococcus spp. as
risk factors for treatment failure, while others have reported
additional risk with respect to fungal and mycobacterial eti-
ologies (Lee et al., 2024). It is conceivable that the pro-
portionate burden of high-risk pathogens such as Staphylo-
coccus aureus, antibiotic-resistant species, and methicillin-
resistant Staphylococcus aureus (Cheung et al., 2021) across
groups may have contributed toward congruence in fail-
ure rates. Further study is needed to determine if separate
spacer types demonstrate differential effectiveness against
pathogens with varying virulence characteristics. Addition-
ally, future studies may investigate the interplay between an-
tibiotic selection, spacer type and composition, and causal
microbiology.

Although our findings did not provide evidence of differ-
ential failure between spacer types, other potential compli-
cations and morbidity associated with spacer placement re-
quire separate appraisal. Previously, static spacers have been
linked to prolonged immobilization, stiffness, reduced ROM,
exposure difficulties, and decreased patient satisfaction (Park
et al., 2010; Hofmann et al., 2005). Furthermore, static spac-
ers are associated with higher complication rates, including
falls, hematomas, contractures, and delayed wound healing.
The heightened risk of complication may be partially at-
tributable to frequent use in frailer patient populations, as
this technique has been thought to enable faster removal and
reimplantation (Park et al., 2010). We assessed group de-
mographics to account for potential bias, finding no differ-
ences in age, comorbidities, or baseline surgical risk. Nev-
ertheless, static spacers demonstrated a higher complication
rate. Of note, our findings for operative duration contradict
the notion that a static spacer truly facilitates expedient re-
moval. Another recent study comparing static and articulat-
ing spacers reported similar results (Warwick et al., 2023).
Collectively, these data challenge the existing paradigm and
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provide evidence of disadvantageously slower removal with
static spacers. Static spacers are often utilized in cases in-
volving greater bone loss and poor soft-tissue coverage. This
may bear on the likelihood of adverse events, as compro-
mised soft-tissue coverage can lead to wound-healing issues
and persistent drainage (Grant et al., 2024). These findings
may support the use of articulating or prosthetic spacers to
mitigate complication risk in patients with additional predis-
posing factors. However, other literature has reported similar
complication rates for both types when compared to static
spacers (Voleti et al., 2013), and the precise interconnection
of these factors remains uncertain.

We also observed a longer median interstage period for
a PALF spacer compared to an articulating cement spacer.
Although this difference did not achieve statistical signifi-
cance, this may reflect a clinically valuable disparity. Pub-
lished studies on interstage durations have reported varying
results, with most intervals ranging between 80 and 100d
(Dieckmann et al., 2019; Vasarhelyi et al., 2022; Winkler
et al., 2019; Aali Rezaie et al., 2018; Choi et al., 2011;
Puetzler et al., 2024). In a retrospective study by Choi et
al. (2012), four patients with prosthetic spacer who did not
undergo reimplantation endorsed satisfactory joint function
alongside infection control, and this spacer essentially served
as a definitive treatment. Another study reported that several
patients treated with prosthetic spacers delayed reimplanta-
tion by more than a year, accredited to sufficient comfort
(Cuckler, 2005). While no patients in our study were defini-
tively treated with low-friction spacers, the notably longer in-
terstage duration could suggest that patients achieved greater
comfort and functionality with this type. However, this re-
mains speculative. Clinical decisions on proceeding with
stage two are multifactorial, and articulating spacers may
truly confer a quicker path to final components. This is a
critical area for future prospective study, which would permit
comprehensive evaluation of all factors involved in determin-
ing reimplantation timing for each spacer type.

Our study has several limitations. This was a retrospec-
tive cohort study involving patients from one regional health
system, carrying all limitations intrinsic to this study de-
sign. Our modest sample size of 93 patients may have lim-
ited our power, precluding definitive conclusions. Given the
retrospective design, the type of antibiotic spacer used was
subject to the surgeon’s clinical discretion, and we cannot
account for the individual factors that influenced the sur-
geon’s decision between spacer types in each case. Moreover,
as patients treated by multiple surgeons were included, sur-
gical and antibiotic details varied between cases. Although
all antibiotic use followed IDSA guidelines, the IV, oral,
and spacer-eluted antibiotic used to treat infection may have
varied between infection with the same pathogen (such as
Staphylococcus aureus). More dedicated study is needed to
fully illustrate the symbiotic relationship between antibiotic
selection and spacer type. In addition, data were not avail-
able for all patients for every variable or outcome of interest.
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Future prospective studies involving larger, multicenter co-
horts should be performed to provide more robust evidence
to support these findings and address the potential for under-
powered results.

5 Conclusions

Periprosthetic joint infection imposes an increasing burden
on the healthcare system. The gold standard of two-stage re-
vision has been well studied, although investigations com-
paring available spacer variants are limited. While all spacer
types evaluated here showed comparable success in infec-
tion eradication, there is evidence to suggest that prosthetic
low-friction spacers may have a superior functional status
and lower complication rates. Static spacers have demon-
strated a higher adverse-event rate compared with articu-
lating and prosthetic comparators, although this may be at-
tributable to use in cases of diminished bone stock and poor
soft-tissue support. Further study, including prospective ran-
domized evaluation, is needed in the future.
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