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Abstract

Background The treatment of knee arthritis with coexis-
tent bone or joint sepsis is challenging. Despite the
condition causing considerable morbidity, there is no
generally agreed-upon approach to its treatment.
Description of Technique We used aggressive débride-
ment of the knee and implantation of intraoperatively
molded articulating antibiotic cement spacers with 4 g
vancomycin and 2 g streptomycin per bag of cement for
patients with unknown organisms as a first stage. When the
infecting organism was known, organism-specific antibi-
otics were used. For fungal infections, 400 mg
amphotericin B was added per bag of cement. This was
followed by TKA as a second stage once soft tissues had
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healed 2 to 29 months later, (mean, 6 months) and return
of laboratory parameters to within a normal range. One
patient underwent two débridement and spacer procedures
for suspected persistent infection.

Methods To determine whether this approach resulted in
adequate control of infection and satisfactory scores for
pain and function, we retrospectively reviewed 15 patients
who presented with infected arthritic knees between 2001
and 2009; all patients with infected arthritic knees were
treated with this same technique during this period. We
assessed knee ROM, Knee Society scores, WOMAC
scores, and VAS scores preoperatively and during
followup. Followup was at a mean of 4 years (range,
2-7 years); No patient was lost to followup before 2 years.
Results Two of the 15 patients were comfortable with the
spacers and declined a more definitive reconstruction, and
no patient had a recurrent infection after TKA. Before
spacer placement, the mean ROM was 103.° (range,
60°-150°), with the spacers in place it decreased to a mean
87° (range, 60°-135°), and after TKA it improved to a
mean of 115° (range, 75°-150°). The mean Knee Society
Knee and Function scores progressed from 41 and 43
preoperatively to 85 and 83 at latest followup, respectively.
The WOMAC scores improved from 51 initially to 18 after
TKA. The mean VAS scores improved from 66 preopera-
tively to 18 after the TKA.

Conclusions In this small proof-of-concept series, we
found that joint débridement and use of intraoperatively
molded articulating antibiotic cement spacers as part of a
staged approach to treat the infected arthritic knee before
TKA resulted in infection control in all patients at a min-
imum of 2 years’ followup, reduction of knee pain, and
restoration of knee function. We suggest that larger, com-
parative series be performed to further validate these
results.
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Introduction

When patients present with advanced knee arthritis and
coexistent bone or joint sepsis, the treatment is complex,
and these patients are at greater risk of infection after TKA
than are patients who undergo otherwise uncomplicated
primary TKA [10]. The treatment strategy for arthritis with
intractable current knee sepsis is not well established. One
approach for patients with a history of septic arthritis of the
knee is thorough débridement and administration of a high
concentration of systemic and local antibiotics as a first
stage before TKA is considered as the definitive second-
stage procedure [8, 14]. Although a two-stage approach
using antibiotic-loaded cement spacers followed by
delayed revision TKA has been studied extensively [1, 7,
11, 12, 15, 16], there have been only a couple reports on
attempts of two-stage TKA for patients with advanced knee
arthritis with coexistent bone or joint sepsis [8, 14]. In
addition, all of those reports used nonarticulating spacers.

By contrast, we have used a two-stage TKA technique
using intraoperatively molded articulating cement spacers
to treat patients with a history of joint infection and severe
knee arthritis, using the same basic principles of manage-
ment as those accepted for the treatment of an infected
TKA. We call it the native intraoperatively molded artic-
ulating cement spacer technique to differentiate it from the
technique using intraoperatively molded articulating
cement spacers for two-stage revision of an infected TKA.

We present our technique to treat advanced knee
arthritis with coexistent bone or joint sepsis. We sought to
determine whether this approach would effectively control
infection and improve pain relief and function in patients
with this difficult-to-manage problem.

Surgical Technique

The first stage of surgery consisted of complete débridement
of all necrotic soft tissue and/or bone (Fig. 1). Bone cuts
were made on the distal femur and proximal tibia just like in
preparation for a TKA (Fig. 2). Then antibiotic-impregnated
cement spacers were constructed using Palacos®™ R (Biomet
Inc, Warsaw, IN, USA) polymethylmethacrylate cement
powder. For the patients whose infectious organism was
unknown, 4 g vancomycin and 2 g streptomycin were added
to each 40 g bag of cement. For patients in whom the
infecting organism(s) was/were known, the antibiotics used
were modified to achieve organism-specific coverage. For
fungal infections, 400 mg amphotericin B was added to each
40 g bag of cement. Usually, two bags of cement were
required to make each spacer for the femur or tibia. The trial
components of the TKA instrumentation sets were used to
manufacture the intraoperative cement molds, which then
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Fig. 1 An intraoperative view of a knee before débridement shows
grossly infected synovium and necrotic bone.

Fig. 2 An intraoperative view shows the knee after débridement and
femoral and tibial resection.

were used to create the spacers according to a previously
described technique [5]. The only difference was that we
used trial components to make the molds rather than using
the prostheses removed in the previously described tech-
nique. A bolus of bone cement in a late doughy stage was
placed on the upper surface of the tibia for a brief time. The
intraoperatively manufactured mold was coated with lubri-
cant (sterile mineral oil) and pressed firmly on the cement
bolus. Excess cement was removed. The appropriate thick-
ness of the cement spacer was achieved by controlling the
pressure on the bolus. Complete bonding of the cement
spacer and the underlying bone was prevented by applying
the cement bolus on a nondried underlying bone surface and
taking the cement construct out of the tibia a few times before
complete setting of the bone cement (Fig. 3). A similar
procedure was performed on the femoral side.
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Fig. 3 An intraoperative view shows the antibiotic-impregnated
articulating cement spacers in situ with the knee in flexion. The
flexion gap has been kept loose to facilitate postoperative flexion.

During the postoperative period, continuous passive
motion is used for physiotherapy, for approximately
3 hours a day (1 hour at a time, three times per day) until
the patient can bend the knee approximately 90°. The
patients were allowed to bear weight and bend their knees.
They were instructed to continue their daily activities and
use a hinged PCL brace to prevent posterior subluxation of
the tibia. Parenteral antibiotics were continued according to
the results of the preoperative or intraoperative culture and
sensitivity results. The choice of antibiotics was based on
the results of preoperative cultures if the infecting organ-
ism was identified. If not, broad-spectrum antibiotics
were started and then modified based on the intraoperative
culture results. The patients were discharged 2 weeks
postoperatively with appropriate oral antibiotics or trans-
ferred to a local hospital for appropriate intravenous
antibiotics if susceptible oral antibiotics were not available
(Fig. 4).

The primary TKA was performed when the laboratory
markers of infection were normalized or near normalized
and no clinical evidence of infection was observed. Pre-
operative aspiration before conversion to TKA was not
performed provided the blood test results had normalized
and clinical examination was not suggestive of ongoing
infection. The spacer was removed and samples were
collected from the joint fluid and deep tissues for bacteri-
ologic culture and sensitivity. Pathologic examination of
frozen section tissue specimens was performed. Our pro-
tocol was to perform repeat débridement and implantation
of new spacers if there was suspicion of residual infection
by blood laboratory results (erythrocyte sedimentation rate,
C-reactive protein, and white blood cell count) or clinical
findings. One patient underwent repeat débridement and
implantation of new spacers.

Fig. 4A-B (A) A postoperative AP view shows the complete
coverage of the femoral and tibial condyles by the articulating
spacers. (B) A postoperative lateral view shows the stability and
congruence of the spacers.

When patients were believed to be free of infection,
based on preoperative and intraoperative testing, the cement
spacers were removed, thorough débridement was per-
formed again, and then the TKA prostheses were implanted.
Adequate ligament balancing and equalization of the flex-
ion and extension gaps were performed. The NexGen®™
Legacy®™ Constrained Condylar Knee (LCCK) system
(Zimmer Inc, Warsaw, IN, USA) was used with antibiotic-
impregnated bone cement. One gram vancomycin was
added per each 40-g batch of cement. Patellae were not
resurfaced according to our routine in primary TKAs.

Patients and Methods

Between 2001 and 2009, 15 patients presented with
advanced knee arthritis and coexistent bone or joint sepsis.
All were treated with débridement and articulating cement
spacer placement according to the procedure described
above. All 15 patients (100%) had at least 2 years of
followup and were included in this series. The mean
duration of followup was 4 years (range, 2-7 years)
(Table 1). Among the 15 patients, two were satisfied with
their knee function and pain relief with the articulating
antibiotic-loaded cement spacer in situ and declined to
undergo a second surgery (TKA). These two patients con-
sequently were excluded from the subsequent assessment in
this study. Thus, 13 patients subsequently underwent a pri-
mary TKA. There were five male and eight female patients
with a mean age of 65 years (range, 39-81 years). There
were nine patients with chronic infections whose mean
duration of infection was 7 months (range, 3—18 months)
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Table 1. Demographics and history of patients in the study

Patient number Age (years)/sex Comorbidities

Previous surgeries/any history of sepsis

Preoperative organism isolated
from bacterial culture

58/F None Arthroscopic débridement for septic knee None
2 80/F None Arthrotomy for knee sepsis; arthroscopic Methicillin-sensitive
débridement for knee sepsis Staphylococcus aureus
3 70/F None Arthroscopic débridement for septic knee Methicillin-resistant
Staphylococcus aureus
66/M Diabetes mellitus None Candida spp
81/F Bronchial asthma None Candida spp
73/F Polytrauma, spine infection, L2 corpectomy and posterior instrumentation Methicillin-resistant
and Addison crisis Staphylococcus aureus
72/F Diabetes mellitus Contralateral (left) TKA None
63/M Diabetes mellitus None None
39/M None ACL reconstruction; knee synovectomy Pseudomonas aeruginosa
and ACL graft removal
10 71/M None Arthrotomy for knee sepsis None
11 48/F None ACL reconstruction; knee synovectomy None
12 64/F None None None
13 66/M Diabetes mellitus Arthrotomy for knee sepsis None

* Patients 14 and 15 were not included because they declined definitive reconstruction with TKA.

before the first-stage procedure and four patients in the acute
stage whose mean duration of infection was 11 days (range,
7-14 days).

Nine patients had advanced arthritis with isolated septic
arthritis and the remaining four patients had periarticular
osteomyelitis as well. Of the nine patients with isolated
septic arthritis, two had a positive fungal culture and one of
these two patients also had a tuberculous infection.
Potential immunity-compromising factors were identified
in six patients: four patients had diabetes mellitus, one had
bronchial asthma with long-term steroid use, and one had
recent polytrauma, spinal surgery, and hypopituitarism on a
chronic basis and was using steroids.

Before transferring to our institution, seven patients had
previous knee surgery which failed to control the infection.
Two of them had ACL reconstruction, which was com-
plicated by infection; one patient was treated with open
débridement and graft removal, whereas the other was
treated with arthroscopic débridement. The remaining five
patients had septic arthritis of the arthritic knee; they had at
least one previous surgery for treatment of sepsis (three
knee arthrotomies and four arthroscopic débridements).
One patient also underwent spinal surgery resulting from
infection. All these seven patients had received antibiotics
for a mean of 13 weeks (range, 4-20 weeks) before
transferring to our institution. Among them, one patient
with combined tuberculosis infection had been receiving
long-term antituberculosis medication as well.

Preoperative analysis included joint ROM, Knee Society
scores, 100-mm VAS on pain, WOMAC scores, radiologic
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examination (weightbearing posteroanterior view, lateral
view, and Merchant’s view) (Fig. SA-B), and laboratory
analysis including total and differential white cell count,
erythrocyte sedimentation rate, and C-reactive protein.
Results of synovial fluid culture were positive in six (46%)
of the 13 patients (Table 1). The four patients who had a
septic knee combined with osteomyelitis had a draining
sinus. In these patients, MRI was done to determine the
extent of the spread of infection around the joint. All
showed evidence of infection in the knee and adjacent
bones on MR images (Fig. 5C).

Our criteria for the diagnosis of current infection of the
knee in this study was one or more of the following: aspi-
ration of infective joint fluid (determined by white blood
cell count and percent of polymorphonuclear leukocytes in
the differential count), isolation of organism(s) from aspi-
rated joint fluid, presence of a draining sinus, or MRI
evidence of a septic knee combined with osteomyelitis. Ten
of the 13 patients in this study had their diagnosis made
preoperatively according to these criteria and were treated
with our native intraoperatively molded articulating cement
spacer technique. Based on the results of joint fluid cultures
alone, six patients had active infection while for the
remaining three patients, the initial plan was to perform
TKA. When suspicious findings of infection were observed
during surgery or for any patient with a previous history of
an infection of the joint that had resolved, five tissue sam-
ples were taken from each patient and sent for frozen
section examination. Two or more of the five samples were
positive for our criteria suggesting infection (more than
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Fig. SA-C (A) A preoperative
AP radiograph shows advanced
arthritis, subchondral bone destruc-
tion, and soft tissue swelling. The
preoperative (B) lateral radiograph
shows irregular destruction of
bone, and the (C) MR image shows
irregular destruction of subchon-
dral bone with increased signal
intensity of the surrounding tissues.

10 polymorphonuclear leukocytes per high-power field) in
all these patients. Therefore, after resecting the bone ends as
is done in a TKA, thorough débridement was performed and
intraoperatively molded articulating cement spacers were
inserted instead of prostheses. The mean interval between
spacer insertion and the TKA was 5.6 months (median,
4 months; range, 2-29 months). Ten patients underwent
TKA within 4 months after insertion of the spacers. Two
patients chose to undergo the TKA, one after 10 months and
the other after 29 months, because of personal reasons.
Infection control was not achieved in one patient after the
initial spacer implantation. Four months after spacer
insertion, the patient still had some knee effusion and pain,
with elevated laboratory results. The patient’s intraopera-
tive frozen section examination during the second-stage
surgery suggested residual infection. According to our
protocol, repeat débridement and insertion of a new spacer
were performed. TKA was performed 1 month later when
the patient had normal laboratory and frozen section results.
The patients with fungal infection had 12 week and
16 weeks of antifungal treatment each after the first-stage
procedure to undergo TKA. The patient with combined
tuberculosis infection received antituberculosis medication
for 12 months after the TKA.

Parenteral antibiotics were used after the TKA for
approximately 2 weeks, and then changed to oral antibi-
otics if available. Antibiotics were maintained based on the
clinical course and laboratory results, which varied from
4 weeks to 12 weeks.

The patients were evaluated at 6 weeks, then every
3 months until 1 year postoperatively, and then yearly
thereafter. Knee ROM, VAS scores, Knee Society scores,
and WOMAC scores were recorded at every visit. The
ROM and Knee Society scores were measured in a blinded

manner by a research assistant (T-HS) responsible for
collecting clinical data before and after joint arthroplasty.
All patients were followed up with blood laboratory tests
until normalized and careful clinical observation for any
symptoms or signs of infection thereafter for a minimum of
2 years (range, 2—7 years) after the TKA.

Results

As noted earlier, two of the 15 patients were comfortable
with the spacers and declined a more definitive recon-
struction, and one patient had the débridement and spacer
procedure performed a second time based on suspected
persistence of infection, but after implantation of the
definitive revision TKA prosthesis, no patients had recur-
rent infection.

The mean knee ROM at initial presentation was 103°
(range, 60°-155°), which decreased after the spacer
implantation (before the TKA) to a mean of 87 ° (range,
60°-135°), and then improved to a mean of 115° (range,
75°-150°) after TKA. Twelve of the 13 patients had knee
flexion of 90° or greater and six of these patients had knee
flexion of 120° or greater at the last followup. The patient
who had a second débridement and spacer placement
according to our protocol had ROM from 10° to 90° at last
followup.

The mean Knee Society Knee scores improved from
41(range, 26-73) at the initial visit to 85 (range, 46-93)
after TKA. The Knee Society Function scores increased
from 43 (range, 27— 73) at the initial visit to 83 (range,
47-92) after TKA. The mean WOMAC scores improved
from 51 (range, 40—65) at the first visit to 18 (range, 11-31)
after the TKA. Similarly, the mean VAS for pain improved
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from 66 (range, 50-75) at the initial presentation to 18
(range, 0-40) after the TKA. The patient who had a second
débridement and spacer placement according to our pro-
tocol had WOMAC, Knee Society, and VAS scores of 31,
63, and 30, respectively, at last followup.

Discussion

The treatment of advanced knee arthritis with coexistent
bone or joint sepsis is different and more complex than the
treatment of either knee arthritis or knee sepsis. There are
no fixed guidelines for this challenging situation because of
the paucity of treatment strategies that have been reported
[6, 10, 12]. A good technique is needed that deals with all
aspects of this problem. We therefore share our results
using aggressive débridement of the knee and implantation
of intraoperatively molded articulating antibiotic cement
spacers; using this approach in a small series we found
consistent infection eradication at 2-year minimum
followup, with knee scores that compare favorably with
those of staged revision surgery for other indications [3, 4]
and with those of other series of treatment for infected,
arthritic knees [0, 12].

Our study has some limitations. First, this is a retro-
spective study with a limited number of patients. However,
a septic knee combined with a knee with already disabling
arthritis is not common but is difficult to treat. Our study
included only patients meeting these criteria, so although
we have a limited number of patients, we believe it pro-
vides valuable information. Second, we had no control
group. However, as all patients in this series were free of
clinical infection at a minimum of 2 years followup, there
seems little reason to consider the use of static spacers,
which is an alternative reported by others [14], given
that articulating spacers have shown improved function
when used in revision TKAs [3, 4, 16]. Vancomycin and
aminoglycosides carry the risk of systemic toxicity; we do
not routinely follow serum levels of antibiotics in these
patients, but it may be reasonable to do so in patients with
other comorbidities such as renal insufficiency.

There are a few reports regarding the treatment of arthritis
combined with intractable infection. Nazarian et al. [14]
reported a 100% success rate with a two-stage approach to
primary TKA in 14 patients with chronic knee sepsis with the
use of a nonarticulating cement spacer. Kirpalani et al. [8]
suggested that a staged two-stage procedure is a valuable
procedure with good results in patients with diabetes mellitus
with arthritic knees and septic arthritis. Matsumoto et al. [12]
reported the case of a patient with methicillin-resistant
Staphylococcus aureus and knee osteoarthritis treated with a
two-stage procedure that included placement of vancomy-
cin-coated hydroxyapatite blocks and immobilization using
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an external fixator for 3 months followed by TKA. Mirza
etal. [13] reported a cohort of three patients with knee sepsis
treated with débridement and insertion of gentamicin beads
and a methylmethacrylate “hamburger”. In all these previ-
ous studies, the knees were immobilized in some form during
the period of infection control. Several studies have proven
the benefits of using an articulating spacer over a static spacer
during the treatment of an infected TKA [2—4, 16]. Because
ROM is encouraged with an articulating spacer, the final
ROM after the eventual TKA may be better with an articu-
lating spacer than with a static spacer. In addition, knee
function during treatment is superior with an articulating
spacer than with a static spacer. Two of our patients declined
definitive reconstruction with TKA because they were so
satisfied with their knee function and pain relief after
implantation of the articulating spacer. We do not advocate
this because of the high likelihood that the articulating spacer
eventually will fracture and can cause bone loss, but ulti-
mately it is the patient’s decision.

The results of our study show that the use of this two-stage
approach (native intraoperative molded articulating cement
spacer technique) is an effective method to eliminate infection
and maintain knee function and mobility during and after
infection control in an infected arthritic joint. Infection control
is critically important in these patients, because primary TKA
in patients with a history of deep infection is associated with a
high risk of recurrent infection. In a retrospective study of 65
TKAs in knees with prior infection, Jerry et al. [6] reported a
deep infection rate of 4% with prior joint sepsis and 15% with
prior osteomyelitis. Lee et al. [9] reported a 5% reinfection
risk in 16 primary TKAs with a 5-year followup in patients
with a history of prior sepsis of the knee. Moreover, the
patients in our study had good functional results after treat-
ment, and they were mobile throughout the treatment. Thus,
our results are encouraging because they derive from chal-
lenging cases: advanced knee arthritis with intractable
coexisting infection and/or periarticular osteomyelitis (nine of
the 13 patients had mean duration of 7 months [range, 3—
18 months] of infection with failed eradication of the infec-
tion, and seven of the nine patients had undergone previous
knee surgery for the infection). We believe there are multiple
reasons for our encouraging results. First, a large amount of
antibiotics can be inserted in the joint with the intraoperatively
molded articulating cement spacers, which can provide a high
local concentration of antibiotics. Second, the spacer is
applied to the bone in a moderately doughy phase and takes the
exact shape of the irregular surface of the underlying bone
after débridement. This eliminates any dead space between
the cement-bone interfaces and may help by reducing any nidi
of recurrent infection. Moreover, the interdigitation of cement
in these spaces enhances the stability of this construct, which
seems to result in less pain and better function and mobility
during the period of infection control.
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There could be concern regarding the hole made for
intramedullary alignment guides. We performed thorough
débridement of the intramedullary canal and massive irri-
gation during the first-stage procedure. However, we have
not placed antibiotic cement sticks or beads in the
medullary canal, even for treatment of an infected pros-
thetic joint. Instead, we make the part of the spacer that
protrudes into the medullary canal opening area sufficient
to fill some portion of the canal adjacent to the spacer.
Eradication of infection in the medullary canal is impor-
tant. However, Freeman et al. [4] reported good results
without placing antibiotic cement sticks or beads in the
medullary canal, which mirrors our experience, and to our
knowledge, we do not have evidence that placing antibiotic
cement sticks or beads in the medullary canal is required or
that it improves the likelihood of eradication of infection.
Regarding the kind of antibiotics impregnated in the cement
spacer, gentamicin or tobramycin may be used instead of
vancomycin or streptomycin, depending on the clinical
situation. The incidence of methicillin-resistant organisms
is relatively high in our patient population, thus our choice
of antibiotics was vancomycin for patients with unknown
organisms. In addition, although infection with tuberculosis
is uncommon, it often is missed, and the diagnosis can be
difficult to make. Therefore, considering the potential risk
of needing an additional stage if appropriate antibiotic
coverage is not achieved, we use vancomycin and strep-
tomycin when the infecting organism is unknown, which is
similar to our approach for prosthetic joint infection.

This two-stage technique using aggressive joint débri-
dement and placement of an intraoperatively molded
antibiotic cement spacer, using the basic principles used in
the revision of infected TKAs, appears to be an option for
the treatment of patients with advanced knee arthritis
coexistent with sepsis. In this small series, this approach
achieved infection control at 2-year minimum followup
while maintaining knee function throughout treatment.
This technique is not a substitute for open or arthroscopic
débridement in an acute septic knee. We advocate this
technique only in patients with a current septic knee with
already disabling arthritis.
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