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Background: Periprosthetic joint infection after total knee arthroplasty is commonly treated via 2-stage
revision utilizing either articulating or static antibiotic cement spacers. While recent literature exhibits a
slight functional advantage in favor of articulating spacers, those patients with a history of recurrent
infection/multiple revision procedures are frequently excluded from these studies. The purpose of this
study was to report infection eradication rates and efficacy of utilizing antibiotic-loaded locked intra-
medullary nail for infection for the multiply revised, infected total knee arthroplasty.
Methods: A retrospective review was performed of all consecutive patients receiving static spacers be-
tween 2017 and 2020 at an academic medical center. Surgical techniques for all patients included irrigation
and debridement using a reamer-irrigator-aspirator, injection of antibiotic-loaded calcium sulfate into the
intramedullary canal, and nail placement. Antibiotic-loaded cement is then used to create a spacer block in
the joint space. A Cox proportional hazard regression was run to identify risk factors for reinfection.
Results: Forty-two knees in 39 patients were identified meeting inclusion criteria. Overall, there was an
68.8% infection eradication rate at an average of 46.9 months following spacer placement. The only risk
factors identified on cox regression were increasing number of previous spacers, a surrogate for previous
infections (hazards ratio = 14.818, P value = .021), and increasing operative time during spacer place-
ment (hazards ratio = 1.014, P value = .039).
Conclusions: Use of static spacers, in conjunction with reamer-irrigator-aspirator and antibiotic-loaded cal-
cium sulfate, can be effective in treating chronic, complex periprosthetic joint infections in the setting of bone
loss and or soft-tissue compromise and produced similar results to more simple infection scenarios.
© 2024 The Authors. Published by Elsevier Inc. on behalf of The American Association of Hip and Knee
Surgeons. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).

Introduction

[1-3]. Furthermore, infection is documented as being the diagnosis
for revision or reoperation in 25%-47% of all modern TKA revision

Prosthetic knee infections have been reported to have incidence
of 0.25%-2% and are currently the leading cause for failed total knee
arthroplasty (TKA) within the first 2 years following the procedure
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procedures [4-6]. Current treatment options for periprosthetic knee
infections are 1- or 2-stage revision procedures for late or chronic
infection, and debridement and implant retention for acute in-
fections (less than 4 weeks from index surgery) [7]. In the United
States, the current gold standard for treating periprosthetic knee
infections is a 2-stage revision with an articulating or static
antibiotic-loaded cement spacer during the interim period before
replantation [3,8]. Studies have shown that 2-stage exchanges are
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highly effective in treating periprosthetic joint infection (PJI) with
infection eradication rates between 59%-100% [9,10]. In addition to
treating and eradicating the infection, temporary antibiotic cement
spacers also help to maintain limb length and prevent muscle and
soft-tissue contracture [3,11].

First described by Insall et al. [12] in 1983, 2-stage revision re-
mains the gold standard for treating chronically infected PJIs. Once
a diagnosis of infection is made, the first stage consists of explan-
tation of all implants retained from the index procedure, the joint is
irrigated and debrided and typically an antibiotic-loaded cement
spacer is inserted to temporarily replace the prosthesis which de-
livers high concentrations of local antibiotics directly to the infec-
ted area while maintaining joint space and preventing soft-tissue
contractures [13]. After infection eradication is confirmed using
serial inflammatory markers and monitoring clinical symptoms,
the cement antibiotic spacer is removed during the second stage,
and a new prosthesis is reimplanted.

Antibiotic spacers used in the interim period between the 2-
stage revision acts as a temporary prosthesis and serves multiple
functions. They primarily provide local delivery of antibiotics to the
infected area, preserve the joint space, and provide mechanical
support by minimizing the potential for bone collapse, muscle
contracture, and joint stiffness [13,14]. Antibiotic spacers are cate-
gorized into static (restricts range of motion about the knee joint)
and articulating spacers (allows dynamic range of motion about the
knee joint).

Static spacers are commonly indicated for patients with severe
uncontrolled infections, ligamentous laxity, compromise of the
extensor mechanism, severe bone loss that may have occurred
during explantation of the previous implant, or deficiencies in the
soft tissue layer overlaying the joint [15]. Literature have proposed
that the inherent function of restricting motion around the knee
joint by the static spacer provides greater relief from the inflam-
mation and congestion, thereby facilitating the infection eradica-
tion process [14,16]. Moreover, the use of static spacers is a more
cost-effective option when compared to the use of articulating
type [3,17,18].

Studies evaluating the role of static vs articulating spacers used
in 2-stage revisions often exclude patients who have undergone
multiple revisions or have a history of recurrent infections, as the
choice of spacer is influenced by patient factors and clinical situa-
tion. Although, these rare cases of complex PJIs may only be
encountered in a minority of patients, they pose significant chal-
lenges; the treatment options available to the surgeon’s arsenal are
limited and may necessitate amputation or arthrodesis of the knee
joint if the patient’s condition is not amenable to further surgery.
Our study aims to address these gaps in literature by assessing
infection eradication rates (elevation of inflammation laboratory
values requiring reoperation) in patients that underwent 2-stage
revision using static spacer made from a locked intramedullary
nail and antibiotic-loaded cement spacer, with minimum 2-year
follow-up. We hypothesize that infection eradication rates in
these high-risk patients will be comparable to previous reported
rates, despite the exclusion of such patients in prior literature.

Material and methods
Data collection

Institutional review board approval was obtained prior to the
initiation of the current study. Written informed consent was ob-
tained from all patients prior to their inclusion into our adult
reconstruction outcomes registry. A comprehensive retrospective
review was conducted by querying our institutional adult recon-
struction registry at a single academic medical center. We identified

a series of multiply revised patients who underwent 2-stage revi-
sion and placement of locked intramedullary nail static spacer
between October 2017 and November 2020. Patients were deemed
eligible for inclusion if they were 18 years of age or older, had
undergone at least 1 previous revision procedure prior to treatment
with 2-stage revision for infection, and received a static locked
intramedullary spacer. Patients were excluded from the study if
they had not been previously revised or infected. All surgeries in
this study were performed by the 2 senior authors. The primary
outcome of interest was infection eradication rate, defined as total
proportion of patients who did not experience reinfection. For
determining reinfection, both preoperative serological markers and
intraoperative soft-tissue biopsy results were utilized, in cases
where reoperation was deemed necessary. Secondary outcomes
aimed to determine patient factors associated with an increased
risk of reinfection.

A thorough manual review of our electronic medical record,
Cerner (North Kansas City, MO), was performed identifying perti-
nent study information. Study variables that were analyzed
included eradication rate, previous number of arthroplasty pro-
cedures, previous number of spacers, number of cement bags used,
pathogen isolated on culture, preoperative hemoglobin (Hgb) level,
immediate postoperative Hgb levels, change in Hgb, transfusion
rate (and total units of blood transfused), and follow-up time (in
months). Additionally, other variables included demographic data
(ie, age, gender, body mass index, American Society of Anesthesi-
ology scores, smoking status), comorbidity data (ie, Elixhauser
Comorbidity Index, Charlson Comorbidity Index), history of dia-
betes, alcohol use, depression, operative data (ie, surgical laterality
and operative time in minutes), and postoperative data (ie, reim-
plantation with either revision TKA or distal femur replacement,
spacer revision, and mortality). The Elixhauser Comorbidity Index
establishes a reliable measure of categorizing comorbidity mea-
sures using International Classification of Diseases diagnosis codes
based on administrative data.

Surgical technique

All cases were performed with the patient positioned supine on
a flat radiolucent table with fluoroscopic imaging. The medial para-
patellar approach was utilized, incorporating patients’ previous
incisions. Following the arthrotomy, a thorough synovectomy and
debridement were performed in all cases, with excision of any
devitalized soft tissue until normal appearing tissue was evident.
Synovectomy was performed in a systematic fashion, with clear-
ance of all devitalized tissue within the medial and lateral gutter,
anterior femur, Hoffa’s fat pad, femoral notch, and posterior knee.
All excised tissue including necrotic, nonviable, grossly contami-
nated skin, subcutaneous tissue, muscle, and fascia was collected as
specimen for microbiology and pathology analysis. The goal of
component explantation was to preserve bone. Subsequently,
saucerization of the tibial and femoral canals was performed with
the Reamer-Irrigator-Aspirator (DePuy Synthes, Paoli, PA). All bony
specimens collected were sent for microbiology analysis to aide in
antibiotic selection. A dilute betadine wash (17cc betadine mixed
with 500cc normal saline) with subsequent irrigation with pulsatile
lavage using normal saline, along with chlorhexidine scrub was
then performed. Calcium sulfate 20cc (Stimulan, Biocomposites
Ltd., Keele, United Kingdom) impregnated with 2g vancomycin and
2.4g tobramycin was prepared as per the manufacturer’s in-
structions and injected up the femoral canal and an additional 20cc
down the tibial canal prior to insertion of the intramedullary nail.
Once inserted, the nail is statically locked before the antibiotic
spacer is created. The cement was manually loaded with vanco-
mycin and tobramycin (3.0gm and 3.6gm, respectively, per bag of
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cement) using dosages reported in previous literature to ensure
drug elution that provides adequate minimum inhibitory concen-
tration for the common pathogens encountered in PJIs and subse-
quently applied in around the joints to coat the exposed portions of
the intramedullary nail (Fig. 1) [19].

Postoperative protocol

Following the surgical procedure, patients were placed in a
posterior long leg splint (knee immobilizer) and instructed to
maintain non—weight-bearing status until explant of the antibiotic
spacer and revision TKA. After the placement of the spacer, patients
continued to receive culture-specific antibiotics for a duration of 6
weeks. Once the antibiotic course was completed, patients under-
went an antibiotic holiday before being re-evaluated by our infec-
tious disease colleagues for signs of persistent infection such as
elevated erythrocyte sedimentation rate, C-reactive protein, and
white blood cell count. For patients with laboratory markers or
clinical signs of persistent infection, antibiotics were restarted, and
the spacer was recharged. If the infection was cleared based on
inflammatory markers, a definitive revision procedure was sched-
uled. Patients were considered to have eradicated the infection if
they remained infection-free at the 2-year follow-up.

Statistical analysis

Descriptive statistics were reported as means + standard de-
viations for continuous data and as counts (percentages) for cate-
gorical data. A Cox Proportional Hazard Regression (HR) model was
used to identify risk factors associated with reinfection, and the
results were reported using HR. A P value <.05 was deemed to be

statistically significant a priori. All statistical analyses were con-
ducted using SPSS, version 25 (IBM Corporation, Armonk, New
York), software.

Ethics in publishing

This study was conducted in accordance with the Declaration of
Helsinki and approved by WCG Institutional Review Board (proto-
col number: WIRB1177009). Written informed consent was ob-
tained from all subjects involved in this study.

Results

Overall, there was an 68.8% infection eradication rate at an
average follow-up of 46.9 months (range: 25 to 70 months)
following static spacer placement (Table 1). Out of the 42 knees in
39 patients, 2 patients required 2 static spacers on the ipsilateral
limb and were only considered once for reinfection rate. Among the
remaining patients, 35 (83.3%) underwent a successful revision TKA
or distal femur replacement at an average of 5.6 months following
the spacer placement and 63% remained infection free. Three pa-
tients (8%) died prior to reimplantation and 7 (18%) patients died at
mean 13.8 + 9.4 months following reimplantation with TKA or
distal femur replacement , all due to medical comorbidities unre-
lated to the static spacer placement. Seven (18%) patients necessi-
tated a spacer revision before the reimplantation of their revision
TKA: 1 (3%) patient experienced a periprosthetic fracture around
the spacer, 1 (3%) patient developed a sinus tract tracking to the
spacer, and 5 (13%) patients had unresolved infections at the time of
revision required a revision static spacer placement. Knee stiffness
was reported in 8 (21%) patients of which 2 returned to the

Figure 1. Immediate postoperative anteroposterior (a) and lateral (b) radiographs of a patient who has undergone multiple revision procedures treated with a statically locked

intramedullary nail as an antibiotic cement spacer.
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Table 1
Patient demographics.

Variables Means (+SD) or
counts (%)?
Total knees 42
Infection eradication rate at 2-year follow-up time 33(78.6 %)
point

Infection eradication rate at final follow-up for
subjects still alive (n = 32)

22 (68.8%)

Age 69.1 + 10.8
Gender
Female 24 (57.1%)
Male 18 (42.9%)
BMI 306 + 6.9
Laterality
Left 22 (52.4%)
Right 20 (47.6%)
Previous # arthroplasty procedures 22+1.1
Previous # spacers implanted
0 30 (71.4%)
1 10 (23.8%)
2 1(2.4%)
3 1(2.4%)
Cement used
0-1 0 (0%)
2 5(12.2%)
3 14 (34.1%)
4 18 (43.9%)
5 3(7.3%)
6 1(2.4%)
ECI 4.1+6.5
CCl 48 +2.5
ASA score
1 0 (0%)
2 12 (29.3%)
3 24 (58.5%)
4 5(12.2%)
Operative time (in min) 254.1 + 110.2
Diabetes 13 (31.0%)
Alcohol use 2 (4.8%)
Smoking 9 (21.4%)
Depression 13 (31.0%)
Transfusion 25 (61.0%)
Units transfused
0 16 (39.0%)
1 2 (4.9%)
2 14 (34.1%)
3 2 (4.9%)
4 2 (4.9%)
5 2 (4.9%)
6+ 3(7.3%)
Subgrouped analysis:
Preoperative hemoglobin levels (P = .15)
Transfused 10.1 £ 1.2
Nontransfused 106 + 1.8
Immediate postoperative hemoglobin levels (P =
.076)
Transfused 78 +1.7
Nontransfused 85+13
Change in hemoglobin levels (P = .583)
Transfused 23+10
Nontransfused 21+16

Follow-Up Time (in months)
Follow-Up Time (in months) for subjects still alive

39.2 (range: 1.8-70)
46.9 (range: 25-70)

ASA score, American Society of Anesthesiology score; BMI, body mass index; CCI,
Charlson Comorbidity Index; ECI, Elixhauser Comorbidity Index; SD, standard
deviation.

2 Not all counts sum to sample total due to missing data for some variable.

operative room to address the knee contraction. One patient un-
derwent manipulation under anesthesia and the second patient
required lysis of adhesion and polyethylene component exchange.
The remaining 6 patients were deemed poor surgical candidates
and were managed conservatively with continuous passive motion
machines and continued physical rehabilitation.

Due to the high rate of patients requiring transfusion, sub-
analysis comparing patients that required transfusion vs those
that did not found that patients requiring transfusion trended
toward having lower preoperative Hgb levels (10.1 + 1.2 vs 10.6 +
1.8, P = .15). Immediate postoperative Hgb levels also trended
lower in the transfused patients (7.8 + 1.7 vs 8.5 + 1.3, P = .076),
however, the change in Hgb levels from preoperative to imme-
diate postoperative was similar between the 2 subgroups (trans-
fused group = 2.3 + 1.0 vs nontransfused group = 2.1 + 1.6,
P =.583).

The Cox Proportional HR regression analysis identified 2 sig-
nificant risk factors for failed eradication of infection: an increasing
number of previous spacers as a surrogate for previous infections
(HR = 14.818, P=.021), and increasing operative time during spacer
placement (HR = 1.014, P =.039) as detailed in Table 2. No addi-
tional patient factors that increased the risk of reinfection were
identified.

Discussion

Prosthetic knee infections are devastating complications of TKA
that can have significant medical and financial consequences for
patients and hospitals. Current treatment options for PJI include
single-stage revision, two-stage revision with antibiotic-loaded
cement spacers, or a debridement and implant retention proced-
ure for acute infections. The gold standard is the 2-stage revision
using articulating or static spacers for infection eradication prior to
reimplantation of the new prosthesis. Although previous studies
have shown comparable success rates in infection eradication be-
tween spacer types, improved postoperative functional scores have
been reported when using articulating cement spacers [17,20-23].
However, there are gaps in literature comparing infection eradi-
cation rates between spacer types in multiply infected vs initially
infected prosthetic knees; especially in cases where some in-
fections are not amenable to articulating spacers due to severe bone
loss and/or soft-tissue compromise [24]. It is crucial to continue
expanding the knowledge base in this area to further improve
treatment options. Thus, this study aimed to examine and compare
a more complicated (ie, mega-defect, soft-tissue loss, multiply-
revised) infection scenario treated with a statically locked retro-
grade intramedullary nail spacer with antibiotic-loaded cement to
the less-complicated patients found in the literature as current
historical controls.

Although further research is needed, literature has shown the
efficacy of using synthetic calcium sulfate loaded with antibiotics as
an adjuvant in PJI revision cases to prevent biofilm formation and is
standard of care in use by the senior surgeons at this institution
[25-30]. The rationale for utilizing is the advantage of being
completely biodegradable and provides enhanced duration of drug
elution of the incorporated antibiotics compared to acrylic cement
spacers [26]. In our approach, the primary goal is to perform a
definitive revision TKA after static spacer placement and infection
eradication. However, for select rare cases where optimization for
subsequent surgery cannot be achieved from an infection or pa-
tient’s co-morbidity standpoint, particularly in our cohort of pa-
tients with extensive revision histories, the biodegradable nature of
calcium sulfate loaded antibiotics offers a contingency plan as the
antibiotic spacer has the capacity to be completely reabsorbed
[26,28,31,32].

Nahhas et al [17] conducted a randomized control trial
comparing static and articulating spacers for treatment of infected
total knee arthroplasties. This was one of the first randomized
controlled studies performed and their results were consistent with
prior meta-analyses and comparative studies, reporting signifi-
cantly greater range of motion (mean difference of 13 degrees) and
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Table 2

Cox regression for reinfection.
Variables Hazard ratio (HR) P value
Age 1.15 23
Gender 0.127 289
BMI 0.883 178
Previous # arthroplasty procedures 0.615 433
Previous # spacers implanted 14.818 021
Cement used 0.487 287
ECI 1.004 .987
CCI 0.556 445
ASA score 4.817 315
Operative time 1.014 .039
Diabetes 6.965 224
Alcohol use 18.982 21
Smoking 1.171 924
Depression 0.664 835
Transfusion 0.124 211

ASA score, American Society of Anesthesiology score; BMI, body mass index; CCI,
Charlson Comorbidity Index; ECI, Elixhauser Comorbidity Index.
Statistically significant associations are bolded.

trended toward lower rates of reinfection (4.0% compared to 8.3% in
the static spacer group). However, it should be noted that their
study excluded patients that had been previously revised for any
reason. In contrast, our study focused on multiply infected and
previously revised patients, which may pose greater treatment
challenges. Despite these challenges, our use of static antibiotic
cement spacers with adjunct reamer-irrigator-aspirator saucer-
ization combined with placement of intramedullary antibiotic-
loaded calcium sulfate was effective in eradication of infection in
69% of our patients.

There is a paucity of literature regarding antibiotic spacers uti-
lizing intramedullary nailing. However, Kotwal et al [33] in 2012
published their series on 58 patients with a mean follow-up of 29.4
months, who received a static spacer using a similar construct to
what the senior surgeons used in this study. All patients in their
series had compromised soft tissues, however, only included pa-
tients with a previous index TKA (average time for confirmation of
infection was 15.5 months) necessitating a static spacer construct.
Reinfection rates were higher in our study cohort compared to
Kotwal et al's cohort (31.2% vs 16.2%, respectively); however, the
reimplantation rate was higher in our cohort (83.3% vs 63.8%,
respectively) and our study have greater follow-up times. Haleem
et al [34] in 2004 published a long-term follow-up (median 7.2
years) case series on 94 patients managed with static spacer to
evaluate risks of long-term reinfection rates and implant survi-
vorship. However, the authors included patients with a history of
one index TKA with a mean time from index procedure to resection
arthroplasty reported to be 26.2 months. At a minimum follow-up
of 2 years, the authors reported 9% reinfection rate requiring
component removal and 6% requiring reoperation for mechanical
loosening. Furthermore, the authors’ estimated 10-year survivals,
free of reoperation for infection in their cohort were 91.1% in pa-
tients without immunocompromise and 75.3% in those with
immunocompromise. However, of the 5 patients that were revised
with an additional 2-stage revision, they were infection free at the
final follow-up. Although our study report higher reinfection rates
at the 2-year time point (21.4%) in comparison to previous case
series on the use of static spacers, it is important to underscore that
our study had included patients that had a history of multiple re-
visions, indicative of a more complicated clinical prognosis and
showed comparative infection eradication rates. This demonstrates
that static spacers with intramedullary nail construct are a
reasonably effective option for infection eradication in patients
with soft-tissue and bony compromise.

Due to the unique patient selection criteria in our study, a risk
analysis for reinfection was conducted using Cox Proportional HR
regression analysis as shown in Table 2. Patients who had a greater
number of previous static spacer implanted had a substantially
higher hazard ratio of reinfection. This association indicates that
the complexity of the surgical history and the number of previous
infections may impact the risk of reinfection. This is consistent with
previous literature that found the number of previous surgeries and
number of previous infections in the same joint as a significant
predictor of failure following 2-stage revision TKA [16,35]. More-
over, another significant risk factor that was identified was the
operative time during the first stage of the revision where the static
antibiotic spacer was placed. However, it is important to note that
the 2 significant associations that were found may be confounded
due to the complexity of the revision surgery. As the number of
previous antibiotic spacer procedures increases, the anatomic
complexity due to scarring and tissue damage may complicate the
exposure and may prolong the overall operative time.

Several systematic reviews [3,21,22] and meta-analyses
[8,36,37] have evaluated studies comparing clinical outcomes af-
ter static or articulating spacers in two-stage revision TKA. Of the
review articles published within the past decade, the total number
of static spacer patients ranged between 256 and 1511 compared to
236-2739 articulating spacer patients. With regard to reinfection
rate the static spacer patients ranged 9.7%-13.6% compared to 7.9%-
9% for articulating spacers [3,21,22,36]. Fiore et al [36] found a
significantly lower pooled reinfection rates when articulating
spacers were used (articulating = 9% vs static = 12.4, P = .001);
however, further meta-analysis of comparative studies found no
statistically differences (P = .530). Static spacers are commonly
indicated for patients with severe uncontrolled infections, de-
ficiencies in the soft tissue layer overlaying the joint, severe bone
loss that may have occurred during explantation of the previous
implant, ligamentous laxity, or compromise of the extensor
mechanism.

Guild et al [3] conducted a sub-analysis evaluating reinfection
rates on studies that subgrouped based on complex cases (positive
culture involving virulent organisms, significant bone loss or
presence of a draining sinus tract) and reported reinfections rates of
28.2% for static spacers compared to 8.4% for articulating spacers.
This greater difference in reinfection rates between the 2 treatment
options was attributed to the more challenging and complex nature
of cases that were managed with static spacers, such as the in-
fections with more resistant organisms, significant bone loss, or the
presence of draining sinus tract. When comparing reinfection rates
to previous literature which did not have stringent inclusion and
exclusion, it is evident that in complex PJI scenarios whereby static
spacers are used, there is a much higher inherent risk for failure
compared to patients amenable to articulating spacers. Although,
Guild et al.’s study definition of complex cases did not include a
history of multiple revisions due to infection, the incidence of
reinfection of 28.2% for patients treated with static spacers were
similar to the rates found in this current study at 31.2%. Regarding
postoperative functional outcomes, every review article previously
mentioned [3,8,21,22,36-38] unanimously reported significantly
higher postoperative range of motion when patients were treated
with articulating spacers, and 1 meta-analysis [8] reported a mean
difference of 12.19 degrees of knee flexion at final clinical follow-
up. However, patient-reported outcome scores including hospital
for special surgery knee rating scale and knee society score
revealed, comparable final follow-up scores.

PJI continues to be a significant issue in the orthopedic com-
munity, evidence suggests infection control has not improved over
time [39]. Several risk factors increase the likelihood repeat in-
fections or failed reimplantation, including female gender, heart
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disease, and psychological disorders [40,41]. Additionally, culture-
negative infections, which have been shown to increase reinfec-
tion risk by 4-fold, are common in the multiply revised or previ-
ously treated patient population [42]. This highlights the
complexity and challenges of treating multiply revised patients.
Many comparison studies of static vs articulating spacers
commonly exclude multiply revised patients or cite their limita-
tions of selecting more complex cases to be revised with a static
spacer. Attempts at subgrouping patients based on preexisting
bone loss (using Anderson Orthopedic Research Institute classifi-
cation) at the time of explant and insertion of spacer revealed that
static spacers were preferentially placed in patients with greater
femoral bone loss [3]. However, there is a lack of comparative
studies that account for other factors such as soft-tissue viability
and quality, the confirmed microorganism, medical comorbidities,
number of previous PJI diagnoses and revisions [36]. Despite the
significant amount of risk factors present in our patient cohort, we
demonstrated infection eradication rates comparable to what is
reported in the literature for less complicated patient population.

This study is limited by its retrospective nature as patients were
not randomized, rather our inclusion criteria for static spacers were
based on patients with a history of being multiply infected or
multiply revised, which may not be representative of all patients
with PJIs. As a result, there was no head-to-head patient compari-
son, but rather comparison to a historical literature control with a
less complicated patient cohort. Furthermore, the sample size was
limited by the strict criteria of only including patients with previ-
ous multiply revised TKAs due to infection and thus may have
influenced the reliability of the results and achieving adequate
power to detect significant associations. Future studies should
focus on conducting a multicenter prospective studies with
adequate number of patients and can further evaluate cost com-
parison analysis, taking into account price of implant, hospital
length of stay, and post discharge care (ie, physical therapy,
discharge disposition, and so on) which would provide value in
elucidating the economic impact of utilizing static spacers with
intramedullary nailing.

Conclusions

Prosthetic knee infections are serious complications of TKA that
can lead to devastating physical and financial effects both to the
patient and to the hospital system. Thus, it is important to assess
the efficacy of antibiotic-loaded cement spacers in eradicating in-
fections. This study demonstrates that the use of static spacers, in
conjunction with reamer-irrigator-aspirator and antibiotic-loaded
calcium sulfate, can be effective in treating chronic, complex PJIs
in the setting of bone loss and or soft-tissue compromise, and
produced similar results to more simple infection scenarios. Due to
these results, reamer-irrigator-aspirator and the addition of
antibiotic-loaded calcium sulfate are now a standard protocol at our
institution for 2-stage treatments of infection, regardless of spacer
type. This approach has the potential to improve patient outcomes
while also reducing the healthcare burden associated with man-
aging prosthetic knee infections.

Funding

This research received funding support from Biocomposites Ltd.
(Keele, United Kingdom). However, the authors declare Bio-
composites Ltd. had no role in the study design, interpretation of
data, or the decision to submit the manuscript for publication
purposes.

Conlflicts of interest

Ian S. Hong is a paid biostatistical consultant for LifeNet Health.
Richard S. Yoon is a board member/committee appointments for
American Association of Hip and Knee Surgeons, Foundation for
Physician Advancement, Foundation of Orthopaedic Trauma, and
Orthopaedic Trauma Association; received research support from
Organogenesis, Center of Orthopaedic Trauma Advancement,
OMeGA, NIH, Biocomposites, WrightTornier, Biomet, LifeNet
Health, and Synthes; is a paid consultant for Arthrex, Depuy, LifeNet
Health, OrthoGrid, ORTHOXEL, SI-BONE, Stryker, Synthes, and Use-
Lab; is a part of speakers bureau for Horizon Therapeutics. Frank A.
Liporace is an unpaid consultant for AO; is a paid consultant for
Biomet and Synthes; received royalties from Biomet and Wright
Medical Technology, Inc; and is a part of speakers bureau for Biomet
and Synthes. All other authors declare no potential conflicts of
interest.

For full disclosure statements refer to https://doi.org/10.1016/].
artd.2024.101370.

CRediT authorship contribution statement

Jaclyn M. Jankowski: Writing — review & editing, Writing —
original draft, Visualization, Validation, Supervision, Project
administration, Methodology, Investigation, Funding acquisition,
Data curation, Conceptualization. Luke G. Menken: Writing —
original draft, Software, Project administration, Methodology,
Investigation, Formal analysis, Data curation. Filippo Romanelli:
Writing — original draft, Validation, Methodology, Investigation.
Ian S. Hong: Writing — review & editing, Writing — original draft,
Visualization, Validation, Software, Project administration, Meth-
odology, Investigation, Formal analysis, Data curation. Alex Tang:
Writing — original draft, Project administration, Data curation.
Richard S. Yoon: Writing — review & editing, Writing — original
draft, Validation, Supervision, Software, Resources, Project admin-
istration, Methodology, Investigation, Funding acquisition,
Conceptualization. Frank A. Liporace: Writing — review & editing,
Writing — original draft, Visualization, Validation, Supervision,
Resources, Methodology, Investigation, Funding acquisition,
Conceptualization.

References

[1] Namba RS, Inacio MCS, Paxton EW. Risk factors associated with deep surgical
site infections after primary total knee arthroplasty: an analysis of 56,216
knees. ] Bone Joint Surg Am 2013;95:775—82. https://doi.org/10.2106/
JBJS.L.00211.

Edwards JR, Peterson KD, Mu Y, Banerjee S, Allen-Bridson K, Morrell G, et al.
National healthcare safety network (NHSN) report: data summary for 2006
through 2008, issued December 2009. Am ] Infect Control 2009;37:783—805.
https://doi.org/10.1016/].ajic.2009.10.001.

Guild GN, Wu B, Scuderi GR. Articulating vs. static antibiotic impregnated
spacers in revision total knee arthroplasty for sepsis. A systematic review.
] Arthroplasty 2014;29:558—63. https://doi.org/10.1016/j.arth.2013.08.013.
Bunney PE, Zink AN, Holm AA, Billington CJ, Kotz CM. Orexin activation
counteracts decreases in nonexercise activity thermogenesis (NEAT) caused
by high-fat diet. Physiol Behav 2017;176:139—48. https://doi.org/10.1016/
j-physbeh.2017.03.040.

Fehring TK, Odum S, Griffin WL, Mason ]B, Nadaud M. Early failures in total
knee arthroplasty. Clin Orthop Relat Res 2001;392:315—8. https://doi.org/
10.1097/00003086-200111000-00041.

Koh CK, Zeng I, Ravi S, Zhu M, Vince KG, Young SW. Periprosthetic joint
infection is the main cause of failure for modern knee arthroplasty: an anal-
ysis of 11,134 knees. Clin Orthop Relat Res 2017;475:2194—201. https://
doi.org/10.1007/s11999-017-5396-4.

Romano CL, Gala L, Logoluso N, Romano D, Drago L. Two-stage revision of
septic knee prosthesis with articulating knee spacers yields better infection
eradication rate than one-stage or two-stage revision with static spacers. Knee
Surg Sports Traumatol Arthrosc 2012;20:2445—53. https://doi.org/10.1007/
s00167-012-1885-x.

[2

[3

[4

(5

[6

17


https://doi.org/10.1016/j.artd.2024.101370
https://doi.org/10.1016/j.artd.2024.101370
https://doi.org/10.2106/JBJS.L.00211
https://doi.org/10.2106/JBJS.L.00211
https://doi.org/10.1016/j.ajic.2009.10.001
https://doi.org/10.1016/j.arth.2013.08.013
https://doi.org/10.1016/j.physbeh.2017.03.040
https://doi.org/10.1016/j.physbeh.2017.03.040
https://doi.org/10.1097/00003086-200111000-00041
https://doi.org/10.1097/00003086-200111000-00041
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.1007/s11999-017-5396-4
https://doi.org/10.1007/s00167-012-1885-x
https://doi.org/10.1007/s00167-012-1885-x

(81

[9

(10]

(11]

[12]

(13]

(14]

[15]

(16]

(17]

(18]

(19]

[20]

(21]

(22]

(23]

(24]

(25]

(26]

J.M. Jankowski et al. / Arthroplasty Today 27 (2024) 101370 7

Ding H, Yao ], Chang W, Liu F. Comparison of the efficacy of static versus
articular spacers in two-stage revision surgery for the treatment of infection
following total knee arthroplasty: a meta-analysis. ] Orthop Surg Res 2017;12:
1-9. https://doi.org/10.1186/513018-017-0644-6.

Masters JPM, Smith NA, Foguet P, Reed M, Parsons H, Sprowson AP.
A systematic review of the evidence for single stage and two stage revision of
infected knee replacement. BMC Muscoskelet Disord 2013;14:1. https://
doi.org/10.1186/1471-2474-14-222.

Kunutsor SK, Whitehouse MR, Lenguerrand E, Blom AW, Beswick AD,
Strange S, et al. Re-infection outcomes following one- and two-stage surgical
revision of infected knee prosthesis: a systematic review and meta-analysis.
PLoS One 2016;11:1—15. https://doi.org/10.1371/journal.pone.0151537.
Anagnostakos K, Fink B. Antibiotic-loaded cement spacers—lessons learned
from the past 20 years. Expert Rev Med Devices 2018;15:231—45. https://
doi.org/10.1080/17434440.2018.1435270.

Insall JN, Thompson FM, Brause BD. Two-stage reimplantation for the salvage
of infected total knee arthroplasty. ] Bone Joint Surg Am 1983;65:1087—98.
Charette RS, Melnic CM. Two-stage revision arthroplasty for the treatment of
prosthetic joint infection. Curr Rev Musculoskelet Med 2018;11:332—40.
https://doi.org/10.1007/s12178-018-9495-y.

Mazzucchelli L, Rosso F, Marmotti A, Bonasia DE, Bruzzone M, Rossi R. The use
of spacers (static and mobile) in infection knee arthroplasty. Curr Rev Mus-
culoskelet Med 2015;8:373—82. https://doi.org/10.1007/s12178-015-9293-8.
LuJ, Han ], Zhang C, Yang Y, Yao Z. Infection after total knee arthroplasty and
its gold standard surgical treatment: spacers used in two-stage revision
arthroplasty. Intractable Rare Dis Res 2017;6:256—61. https://doi.org/
10.5582/irdr.2017.01049.

Faschingbauer M, Bieger R, Reichel H, Weiner C, Kappe T. Complications
associated with 133 static, antibiotic-laden spacers after TKA. Knee Surg
Sports Traumatol Arthrosc 2016;24:3096—9. https://doi.org/10.1007/s00167-
015-3646-0.

Nahhas CR, Chalmers PN, Parvizi ], Sporer SM, Berend KR, Moric M, et al.
A randomized trial of static and articulating spacers for the treatment of
infection following total knee arthroplasty. ] Bone Joint Surg Am 2020;102:
778—87. https://doi.org/10.2106/JBJS.19.00915.

Vasarhelyi E, Sidhu SP, Somerville L, Lanting B, Naudie D, Howard J. Static vs
articulating spacers for two-stage revision total knee arthroplasty: minimum
five-year review. Arthroplast Today 2022;13:171-5. https://doi.org/10.1016/
j.artd.2021.10.010.

Bistolfi A, Massazza G, Verné E, Masse A, Deledda D, Ferraris S, et al. Anti-
biotic-loaded cement in orthopedic surgery: a review. ISRN Orthop
2011;2011:1-8. https://doi.org/10.5402/2011/290851.

Lachiewicz PF, Wellman SS, Peterson JR. Antibiotic cement spacers for infected
total knee arthroplasties. ] Am Acad Orthop Surg 2020;28:180—8. https://
doi.org/10.5435/JAAOS-D-19-00332.

Voleti PB, Baldwin KD, Lee GC. Use of static or articulating spacers for infection
following total knee arthroplasty. J Bone Joint Surg Am 2013;95:1594—9.
https://doi.org/10.2106/]JBJS.L.01461.

Pivec R, Naziri Q, Issa K, Banerjee S, Mont MA. Systematic review comparing
static and articulating spacers used for revision of infected total knee
arthroplasty. ] Arthroplasty 2014;29:553—7. https://doi.org/10.1016/
j.arth.2013.07.041.

Jacobs C, Christensen CP, Berend ME. Static and mobile antibioticimpregnated
cement spacers for the management of prosthetic joint infection. ] Am Acad
Orthop Surg 2009;17:356—68. https://doi.org/10.5435/00124635-
200906000-00004.

Fehring KA, Abdel MP, Ollivier M, Mabry TM, Hanssen AD. Repeat two-stage
exchange arthroplasty for periprosthetic knee infection is dependent on
host grade. ] Bone Joint Surg Am 2017;99:19—24. https://doi.org/10.2106/
JBJS.16.00075.

Abosala A, Ali M. The use of calcium sulphate beads in periprosthetic joint
infection, a systematic review. ] Bone ]t Infect 2020;5:43—9. https://doi.org/
10.7150/jbji.41743.

Howlin RP, Brayford MJ, Webb ]S, Cooper JJ, Aiken SS, Stoodley P. Antibiotic-
loaded synthetic calcium sulfate beads for prevention of bacterial colonization

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

[42]

and biofilm formation in periprosthetic infections. Antimicrob Agents Che-
mother 2015;59:111—20. https://doi.org/10.1128/AAC.03676-14.

Tian M, Yang X, Tian X, Sun Y, Duan Y, Sun L. Short-term follow-up of anti-
biotic-loaded articulating cement spacers in two-stage revision of infected
total knee arthroplasty: a case series. Orthop Surg 2018;10:128—33. https://
doi.org/10.1111/0s.12381.

Risitano S, Sabatini L, Atzori F, Masse A, Indelli PF. Static antibiotic spacers
augmented by calcium sulphate impregnated beads in revision TKA: surgical
technique and review of literature. ] Orthop 2018;15:313—8. https://doi.org/
10.1016/j.jor.2018.02.008.

Kallala R, Harris WE, Ibrahim M, Dipane M, McPherson E. Use of stimulan
absorbable calcium sulphate beads in revision lower limb arthroplasty: safety
profile and complication rates. Bone Joint Res 2018;7:570—9. https://doi.org/
10.1302/2046-3758.710.BJR-2017-0319.R1.

McPherson E, Dipane M, Sherif S. Dissolvable antibiotic beads in treatment of
periprosthetic joint infection and revision arthroplasty - the use of synthetic
pure calcium sulfate (Stimulan®) impregnated with vancomycin & tobra-
mycin. Recon Rev 2013;3:32—43. https://doi.org/10.15438/rr.v3i1.27.

Jiang N, Dusane DH, Brooks JR, Delury CP, Aiken SS, Laycock PA, et al. Anti-
biotic loaded B-tricalcium phosphate/calcium sulfate for antimicrobial po-
tency, prevention and killing efficacy of pseudomonas aeruginosa and
staphylococcus aureus biofilms. Sci Rep 2021;11:1446. https://doi.org/
10.1038/s41598-020-80764-6.

Shi X, Wu Y, Ni H, Li M, Zhang C, Qi B, et al. Antibiotic-loaded calcium sulfate
in clinical treatment of chronic osteomyelitis: a systematic review and meta-
analysis. ] Orthop Surg Res 2022;17:104. https://doi.org/10.1186/s13018-022-
02980-2.

Kotwal SY, Farid YR, Patil SS, Alden K], Finn HA. Intramedullary rod and
cement static spacer construct in chronically infected total knee arthroplasty.
] Arthroplasty 2012;27:253—259.e4. https://doi.org/10.1016/j.arth.2011.04.
021.

Haleem AA, Berry DJ, Hanssen AD. Mid-term to long-term followup of two-
stage reimplantation for infected total knee arthroplasty. Clin Orthop Relat
Res 2004;428:35—9. https://doi.org/10.1097/01.blo.0000147713.64235.73.
Sabry FY, Buller L, Ahmed S, Klika AK, Barsoum WK. Preoperative prediction of
failure following two-stage revision for knee prosthetic joint infections.
] Arthroplasty 2014;29:115—21. https://doi.org/10.1016/j.arth.2013.04.016.
Fiore M, Sambri A, Filippini M, Morante L, Giannini C, Paolucci A, et al. Are
static spacers superior to articulated spacers in the staged treatment of
infected primary knee arthroplasty? A systematic review and meta-analysis.
J Clin Med 2022;11:4854. https://doi.org/10.3390/jcm11164854.

Tao J, Yan Z, Pu B, Chen M, Hu X, Dong H. Comparison of dynamic and static
spacers for the treatment of infections following total knee replacement: a
systematic review and meta-analysis. ] Orthop Surg Res 2022;17:348. https://
doi.org/10.1186/s13018-022-03238-7.

Limtong ], Pannu TS, Villa JM, Riesgo AM, Higuera CA. Comparison of out-
comes between static spacers versus articulating spacers in the setting of
revision periprosthetic knee infections: a systematic review. Ann Joint
2021;6:3. https://doi.org/10.21037/a0j-20-80.

Kurtz SM, Lau EC, Son MS, Chang ET, Zimmerli W, Parvizi J. Are we winning or
losing the battle with periprosthetic joint infection: trends in periprosthetic
joint infection and mortality risk for the medicare population. ] Arthroplasty
2018;33:3238—45. https://doi.org/10.1016/j.arth.2018.05.042.

Cancienne M, Granadillo VA, Patel K], Werner BC, Browne JA. Risk factors for
repeat debridement, spacer retention, amputation, arthrodesis, and mortality
after removal of an infected total knee arthroplasty with spacer placement.
] Arthroplasty 2018;33:515—20. https://doi.org/10.1016/j.arth.2017.08.037.
Triantafyllopoulos GK, Memtsoudis SG, Zhang W, Ma Y, Sculco TP,
Poultsides LA. Periprosthetic infection recurrence after 2-stage exchange
arthroplasty: failure or fate? ] Arthroplasty 2017;32:526—31. https://doi.org/
10.1016/j.arth.2016.08.002.

Mortazavi SMJ, Vegari D, Ho A, Zmistowski B, Parvizi J. Two-stage exchange
arthroplasty for infected total knee arthroplasty: predictors of failure. Clin
Orthop Relat Res 2011;469:3049—54. https://doi.org/10.1007/s11999-011-
2030-8.


https://doi.org/10.1186/s13018-017-0644-6
https://doi.org/10.1186/1471-2474-14-222
https://doi.org/10.1186/1471-2474-14-222
https://doi.org/10.1371/journal.pone.0151537
https://doi.org/10.1080/17434440.2018.1435270
https://doi.org/10.1080/17434440.2018.1435270
http://refhub.elsevier.com/S2352-3441(24)00055-4/sref12
http://refhub.elsevier.com/S2352-3441(24)00055-4/sref12
http://refhub.elsevier.com/S2352-3441(24)00055-4/sref12
https://doi.org/10.1007/s12178-018-9495-y
https://doi.org/10.1007/s12178-015-9293-8
https://doi.org/10.5582/irdr.2017.01049
https://doi.org/10.5582/irdr.2017.01049
https://doi.org/10.1007/s00167-015-3646-0
https://doi.org/10.1007/s00167-015-3646-0
https://doi.org/10.2106/JBJS.19.00915
https://doi.org/10.1016/j.artd.2021.10.010
https://doi.org/10.1016/j.artd.2021.10.010
https://doi.org/10.5402/2011/290851
https://doi.org/10.5435/JAAOS-D-19-00332
https://doi.org/10.5435/JAAOS-D-19-00332
https://doi.org/10.2106/JBJS.L.01461
https://doi.org/10.1016/j.arth.2013.07.041
https://doi.org/10.1016/j.arth.2013.07.041
https://doi.org/10.5435/00124635-200906000-00004
https://doi.org/10.5435/00124635-200906000-00004
https://doi.org/10.2106/JBJS.16.00075
https://doi.org/10.2106/JBJS.16.00075
https://doi.org/10.7150/jbji.41743
https://doi.org/10.7150/jbji.41743
https://doi.org/10.1128/AAC.03676-14
https://doi.org/10.1111/os.12381
https://doi.org/10.1111/os.12381
https://doi.org/10.1016/j.jor.2018.02.008
https://doi.org/10.1016/j.jor.2018.02.008
https://doi.org/10.1302/2046-3758.710.BJR-2017-0319.R1
https://doi.org/10.1302/2046-3758.710.BJR-2017-0319.R1
https://doi.org/10.15438/rr.v3i1.27
https://doi.org/10.1038/s41598-020-80764-6
https://doi.org/10.1038/s41598-020-80764-6
https://doi.org/10.1186/s13018-022-02980-2
https://doi.org/10.1186/s13018-022-02980-2
https://doi.org/10.1016/j.arth.2011.04.021
https://doi.org/10.1016/j.arth.2011.04.021
https://doi.org/10.1097/01.blo.0000147713.64235.73
https://doi.org/10.1016/j.arth.2013.04.016
https://doi.org/10.3390/jcm11164854
https://doi.org/10.1186/s13018-022-03238-7
https://doi.org/10.1186/s13018-022-03238-7
https://doi.org/10.21037/aoj-20-80
https://doi.org/10.1016/j.arth.2018.05.042
https://doi.org/10.1016/j.arth.2017.08.037
https://doi.org/10.1016/j.arth.2016.08.002
https://doi.org/10.1016/j.arth.2016.08.002
https://doi.org/10.1007/s11999-011-2030-8
https://doi.org/10.1007/s11999-011-2030-8

	Outcomes of Antibiotic-Impregnated Calcium Sulfate, Reamer-Irrigator-Aspirator, and Locked Intramedullary Static Spacer in  ...
	Introduction
	Material and methods
	Data collection
	Surgical technique
	Postoperative protocol
	Statistical analysis
	Ethics in publishing

	Results
	Discussion
	Conclusions
	Funding
	Conflicts of interest
	CRediT authorship contribution statement
	References


