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Abstract
Purpose Two-stage revision represents the gold standard in
the treatment of infected total knee arthroplasty. Different
techniques have been proposed, mostly not preserving range
of motion. An articulated antibiotic-loaded cement spacer
made in association with two unicompartmental implants
has been used as an alternative to a static spacer in an effort
to retain as much movement as possible between the stages
in young, high-demand patients with preserved ROM.
Methods We evaluated nine consecutive patients with a
mean age of 66.5 years. The second stage was performed
after lab tests returned to normal and culture proved nega-
tive. Mean follow-up was 4.6 years.
Results Mean ROM from a preoperative value of 105.6°
was 103.5° after the first stage, and improved to 110.0° after
the definitive implant. Mean Knee Society score was
27.6 preoperatively improving to 86.4 points postopera-
tively. WOMAC score showed that six patients were
very satisfied with the overall result of their reimplanted
knee, three subjects were somewhat satisfied. No recur-
rence of infection, no significant radiolucent lines or
osteolysis were recorded at clinical and radiological
follow-up and the patients were satisfied with the
outcome.
Conclusions Results indicated that this technique may en-
sure the advantages of a static spacer, but allow a greater
ROM and better functional recovery. It may be considered as
a viable option in selected cases even though the higher costs
of two unicompartmental implants should be considered in the
light of other aspects, such as prolonged hospital stay and
rehabilitation in revision of infected total knee arthroplasty.

Introduction

Infection is one of the most common causes of failure in total
knee arthroplasty (TKA), with an incidence ranging from 1 %
to 23% [1–4]: appropriate antibiotic strategies, operating room
improvements, and medical care protocols have over the last
decades decreased the rate of this complication [5, 6]. Treat-
ment of infected TKA still represents one of the most chal-
lenging and expensive procedures in modern orthopaedics [7,
8]. Different variables affect clinical results including timing of
onset of infection after primary implant, patients’ age and
health status, and virulence of the infecting agent [1–3].

Medical or surgical treatments often in combination have
been proposed, such as antibiotics administration, irrigation
and debridement, resection arthroplasty, one-stage or two-
stage revision, sterilisation of removed components, knee
fusion, and amputation [9–19].

A two-stage procedure is considered the gold standard,
associated with satisfactory functional results in more than
90 % of cases [20–22]. However, two procedures and
related costs, disability during the interval between stages,
and postoperative loss of range of motion (ROM) even after
prolonged rehabilitation protocols represent significative
shortcomings of this technique.

Several spacers have been proposed to manage the interval
between the two steps, including static, monoblock spacers, or
antibiotic-loaded beads [20, 23, 24]: both fail to preserve range
of motion, may induce bone loss, stiffness, and instability, thus
articulating spacers have been proposed to avoid these com-
plications [16, 19, 21, 23]. Considering the poor results with a
first generation techniques, a new concept of articulating
spacers was introduced. Initially cemented, its final evolution
was represented by metal prosthesis with antibiotics, popular-
ised as “prosthesis antibiotics loaded acrylic cement” (PROS-
TALAC®, DePuy Orthopaedics, Warsaw, IN) [18]. ROM
preservation and limitation of intra-articular adhesions were
achieved, despite higher costs in relation to static spacers.
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The purpose of this study was a modification of the
original technique consisting of an articulated antibiotic-
loaded cement spacer assembled with two unicompartmen-
tal implants to be used in selected cases of infected TKA in
order to preserve ROM and soft tissue integrity in young,
high-demand patients: our hypothesis was to ensure efficacy
in the treatment of infection, preserve bone at the final stage,
maintaining an adequate ROM before final reimplantation,
and not significantly increase costs.

Materials and methods

At the authors’ institution, between January 2004 and
September 2007, nine patients (six women, three men)
were treated with “double uni” articulated antibiotic-
impregnated cement spacer for a two-stage procedure in
infected TKA. The mean age was 66.5 years (range: 59–
71) at the time of initial TKA. The reason for primary
replacement was osteoarthritis in all cases; one patient
had undergone TKA after a previous high tibial osteot-
omy. The mean interval from primary TKA to first stage
revision was 15.5 months (range: 5–32).

Inclusion criteria were: identification of the infecting or-
ganism, adequate ROM (over 90° without flexion contractures
above 5°) at the time of first stage procedure, substantial soft
tissues preservation, and preserved bone stock without large
defects. Patients were excluded in case of flexion contractures
over five degrees, limited ROM (under 90°), severe soft
tissues compromise or skin necrosis, and a low level of
activity. The diagnosis of infection was made on the basis of
clinical examination, increased leucocyte count, erythrocyte
sedimentation rate (ESR), C-reactive protein (CPR), radio-
graphs, bone scan, knee aspiration, and microbiology cultures
of tissue and fluid specimens at the time of surgery. Bone
stock was assessed preoperatively on X-rays based on the
criteria of Anderson Orthopaedic Research Institute (AORI)
bone defect classification [25], and confirmed intraoperatively
after infected components removal.

All knees were exposed through previous scars, and after
removal of the infected implant, thorough irrigation and
debridement were performed. Femur and tibia spacers were
prepared in such a fashion as to preserve bone stock as much
as possible. Double uni articulated spacer was created with
StageOne® medical grade silicone knee moulds (Biomet,
Warsaw, IN), available in four different sizes, resembling the
geometry of femoral and tibial surfaces. Two 40-g packages
of Palacos cement (Zimmer, Warsaw, IN), each loaded with
2 g of vancomycin and 1 g of imipenem–cilastatin were
used for each mould.

Two little windows were produced before cement filling in
each femoral mould to allow positioning of the unicompart-
mental femoral components during hardening of cement.

Tibial inserts were assembled in the cement at the
proper distance for femoral congruence (Fig. 1). Oxford
III® unicompartmental implants (Biomet, Warsaw, IN)
were used in all cases.

In one patient, with bone loss in both the femoral and tibial
(both AORI 2a) metaphyses after components removal, a rod
made of cement, over a long screw, was added to the femoral
and tibial spacers to ensure sufficient stability. The cementing
technique of the double uni spacer was performed much as for
a standard knee implant: however, light pressurisation was
applied to reduce cement penetration into the host bone. This
was done to prevent bone loss and to simplify removal at the
second surgical step (Fig. 2).

Continuous passive motion (CPM), the use of two
crutches, and partial weight-bearing were immediately insti-
tuted. If tolerated, complete weight-bearing with the devices
was subsequently permitted. All patients were maintained on
an antibiotic regimen as recommended by the infectious dis-
ease consultants for three to seven weeks depending on each
case, with a mean period of 4.2 weeks. The eradication of
infection was suggested by the return of inflammatory
markers to normal (checked every three weeks) and a negative
knee aspiration. This was done to avoid relying upon serolog-
ical testing alone [26, 27]. During the second stage, two or
three specimens of synovial fluid and intra-articular tissue
were taken for microbiological analysis. The Double uni
articulating cement spacers were then removed, followed by
debridement, and reimplantation with a posterior stabilised
primary prosthesis with extension uncemented stems and
tibial wedges in three cases (Genesis II®, Smith & Nephew,
Memphis, TN); another revision implant with same character-
istics in five cases (Legion®, Smith & Nephew, Memphis,
TN); or with a highly constrained implant in one case (RHK®,
Zimmer, Warsaw, IN).

Patients were discharged from the hospital seven to
eleven days after surgery and instructed to maintain and grad-
ually increase as much as possible knee flexion during activities

Fig. 1 Double uni articulating cement spacer is assembled with pre-
formed moulds in association with unicompartmental knee components
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of daily living (Fig. 3): a protocol with daily muscular strength-
ening exercises was prescribed (stationary bike, stepper).

All patients were evaluated clinically at follow-up with the
ROM, measured pre and postoperatively using a goniometer.
The results were based uponKnee Society clinical rating score
(KSS) [28]: an excellent outcome scored between 85 and 100
points, good was between 70 and 84 points, fair between 60
and 69 points, and poor below 60. Subjective patient satisfac-
tion was assessed using Western Ontario questionnaire
(WOMAC) [29]. Radiological evaluation was conducted with
standing bilateral anteroposterior, lateral, and patellar views,
including implant alignment (determining a perpendicular line
to the anatomical long axis of the femur and tibia), noting the
presence of radiolucent lines and osteolysis, according to the
criteria of Knee Society [30].

Follow-up evaluation was performed at one, two, three,
and six months after final implantation and then subsequent-
ly at yearly intervals.

A cost evaluation for each patient was performed includ-
ing the calculation of mean factors (antibiotic loaded spacer,
two unicompartmental implants, revision implant with

wedges/stems, physical therapy, and rehabilitation proto-
col), and was then compared to a standard two-stage proce-
dure without unicompartmental components, as generally
conducted at the Authors’ Institution.

A statistical study was performed with Wilcoxon signed
rank test to compare preoperative versus postoperative val-
ues in non-parametric values as KSS score and ROM. A p
value of less than or equal to 0.05 was taken to indicate a
statistically significant difference.

Results

The infecting agent was identified in all cases (Staphylo-
coccus Epidermidis in three cases, Staphylococcus Aureus
in the remainder, five of these Methicillin resistant). A sinus
tract infection was present in two patients. Antibiotics used
for the treatment varied depending upon conditions: teico-
planin 800 mgs/day, vancomycin 2 gs/day, linezolid
1200 mgs/day, amikacin 1 g/day, and sulfamethoxazole/tri-
methoprim 1600 mgs + 320 mgs/day, with periodic evalua-
tion of hepatic and renal function. Amikacin was also used
as part of an institutional antibiotic protocol since local
specific risk for Gram-negative organisms.

No complications occurred during the first stage, or dur-
ing preparation of double uni spacers. The soft tissues were
compliant in all cases, presenting minimal adhesions, and
allowing excellent exposure. Bone defects at the time of
removal of infected components are indicated in Table 1.
The evaluation of infection serological markers after the first
stage confirmed the eradication of infection at the time of
the second step in all cases: all aspirations were negative.
The second stage was performed after a mean interval of
8.3 weeks (range: seven to ten) from first procedure. All
spacers were stable, and easily removed by gentle tapping
with a mallet during second stage. No complications or
significant bone defects with respect to those found after
first stages were noted after the second procedure. Bone loss
management is also noted on Table 1.

No patient had an infection recurrence after completing
treatment. All wounds healed completely without complica-
tions. The mean follow-up was 4.6 years (range: four to
seven).

Mean ROM at the time of first procedure was of 105.6°
(range: 95°–115°), and no contractures over five degrees were
present. Mean ROM after the first stage was substantially
maintained with a mean value of 103.5° (range: 98°–108°).
After the final procedure, ROM significatively improved to
110.0° without residual flexion contractures (range: 105°–
125°; p<0.001).

The mean preoperative Knee Society score was 27.6
(range: 19–48); at follow-up, the score improved to 86.4
points (range: 74–97; p<0.001).

Fig. 2 Double uni spacer positioning and postoperative radiographic
aspect

Fig. 3 X-rays and ROM assessment after two-stage procedure with
Double uni spacer
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The WOMAC score showed that six patients were very
satisfied with the overall result of their reimplanted knee,
three subjects were somewhat satisfied.

Radiographs showed all implants to be in valgus align-
ment after the second stage with a mean femorotibial angle
of 4.1°±1.8°.

No significant radiolucent lines or osteolysis were
revealed at radiographic follow-up; three patients presented
a 1-mm-wide radiolucent line on the medial tibial side in the
AP view, both under a medial wedge, however with no
progression at subsequent radiographic follow-up.

To date, all patients are free from infection, generally
satisfied, and have maintained adequate ability in daily or
professional activities.

The resulting costs are reported in Table 2.

Discussion

Two-stage revision with an antibiotic-impregnated cement
spacer remains the gold standard for patients with infected
knee arthroplasty: the goal is to allow the continuous intra-
articular delivery of antibiotics, and to avoid ligament retrac-
tion. A spacer is also intended to be a stable insert able to
maintain adequate ligament length and ROM, and to allow full
weight-bearing, usually restricted with static blocks [16, 21,
31, 32]. Complications such as spacer migration, ligament
retraction, stiffness, patellar or quadriceps tendon rupture,
tibial tubercle avulsion, and bone loss may significantly be
minimised [16, 17, 20, 22, 31]. Our new concept for the spacer
allows objective improvements: In static blocks, ROM after
the two-stage procedure is reduced, and consequently poorer
clinical outcome is expected. Emerson et al. obtained a mean
ROM of 94° with monoblock insert compared with 108° for
an articulating spacer [24]. Fehring et al. reported in a limited
number of cases, 98° for the block compared with 105° for the
articulating spacer with low significance, but finding no
functional advantage of the articulated over the static:
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Table 2 Data concerning mean costs of standard vs Double Uni
procedure

Standard
procedure

Double uni
procedure

MEAN
COSTS (€)

Stage 1 (Implant removal) 1.300 1.300

Spacer 700 2.500

Stage 2 (Revision) 13.800 13.800

Revision implant 4.330 3.910

Wedges 610 390

Stems 1.650 1.250

Rehabilitative protocol 950 800

Total 23.340 23.950
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moreover, after first stage, patients were immobilised for
ten days, and subsequently discouraged from moving
their knees postoperatively until the definitive implant
[23].

There are concerns about the use of a spacer made of foreign
material in a joint space, even if a temporary cemented block
might have a theoretical advantage over another made of metal
and plastic parts, viable substrate for bacterial glycocalyx
adhesion. However, Kendall et al. reported that Staphylococ-
cus (S. aureus and S. epidermidis) may be found in vitro on
antibiotic-impregnated polymethylmethacrylate disks after
96-hours incubation, concluding that the surface of
antibiotic-impregnated bone cement is still a suitable substrate
for bacterial adherence and growth even in the presence of
antibiotics [33]. The same author reported other findings in
vivo on 23 patients treated with an antibiotic spacer: no bacte-
rial adherence was identified on the retrieved spacer at the time
of reimplantation [34]. Hofmann et al. and Meek et al. used
metal and plastic implants in their series with a low infection
rate [16, 18], probably related to high doses of antibiotics
in the cement. In a recent study, Johnson et al. reported
comparable reinfection rates, KSS score, and postopera-
tive ROM in a retrospective analysis of two groups
patients treated with dynamic or static spacer [35].

Revision of an infected TKA represents an expensive
procedure, related to hospitalisation, surgery, prolonged
use of antibiotics, bone loss after the first stage, long reha-
bilitation period between and after the stages. In addition,
there are significant social costs. Modern articulated spacers
with or without metal implants are an additional expense,
but they may limit the costs of therapy protocols and im-
prove activities of daily living and work ability.

The proposed spacer is a dynamic implant, made with
antibiotic-loaded cement as has been previously reported,
but with a novel feature, represented by the two unicom-
partmental prostheses. The rationale is to allow a better
sliding compared to cement on cement surfaces, preserving
the ROM of the knee, which can be limited when using
standard dynamic spacers. Costs related to the use of these
unicompartmental implants are surely higher than conven-
tional spacers, however, may be compensated by several
positive aspects. With an improved functional ability be-
tween stages, the tendency to be bone sparing (as no signif-
icant widening of previous defects was recorded after spacer
removal in this series) related to a better “tribology”, the
need for a less constrained and complex revision implant,
and the reduction of the rehabilitation protocol after the
definitive implant with respect to our experience with the
classic two-stage procedure are the benefits of this proce-
dure. Efficacy in terms of infection control and ease of
spacer removal are in line with the results reported in the
literature. The slight, but not significant, reduction of the
mean ROM after first stage was probably related to patients’

perception of a not definitively fixed implant. After reim-
plantation, ROM improved to mean values higher than
before infected TKA removal. Finally, the undoubted draw-
back related to the initial high costs may be substantially
tolerated in selected, young, and strongly motivated
patients, with highly functional (even if infected) TKAs.

Several shortcomings are to be considered. A small num-
ber of patients with heterogeneous characteristics, and ab-
sence of a control group may have biased our outcomes,
limiting the possibility of an adequate power analysis.

Initial results have been encouraging, confirming that
selection of patients is crucial. This novel technique is a
viable option in specific cases, and especially in patients
with high activity level.
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