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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
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Abstract

Purpose The best method for treating chronic peripros-
thetic knee infection remains controversial. Randomized,
comparative studies on treatment modalities are lacking.
This systematic review of the literature compares the
infection eradication rate after two-stage versus one-stage
revision and static versus articulating spacers in two-stage
procedures.

Methods We reviewed full-text papers and those with an
abstract in English published from 1966 through 2011 that
reported the success rate of infection eradication after one-
stage or two-stage revision with two different types of
spacers.

Results In all, 6 original articles reporting the results after
one-stage knee exchange arthoplasty (n = 204) and 38
papers reporting on two-stage revision (n = 1,421) were
reviewed. The average success rate in the eradication of
infection was 89.8% after a two-stage revision and 81.9%
after a one-stage procedure at a mean follow-up of 44.7 and
40.7 months, respectively. The average infection eradica-
tion rate after a two-stage procedure was slightly, although
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significantly, higher when an articulating spacer rather than
a static spacer was used (91.2 versus 87%).

Conclusions The methodological limitations of this study
and the heterogeneous material in the studies reviewed
notwithstanding, this systematic review shows that, on
average, a two-stage procedure is associated with a higher
rate of eradication of infection than one-stage revision for
septic knee prosthesis and that articulating spacers are
associated with a lower recurrence of infection than static
spacers at a comparable mean duration of follow-up.
Level of evidence 1V.

Keywords Knee - Infection - Spacer - Total knee
replacement - Revision - One-stage - Two-stage

Introduction

According to a recent epidemiological study of revision
total knee arthroplasty in the United States, periprosthetic
knee infection is the first reason for revision and is asso-
ciated with a huge economic burden [5]. However, the best
method for treating this challenging complication remains
controversial. To date, no prospective study on the treat-
ment of delayed and late or chronic infections has directly
compared two-stage versus one-stage revision or the use of
static versus articulating knee spacers in two-stage
procedures.

In the 1990s, impregnated antibiotic cement spacer
blocks came into use to maintain joint space and stability,
prevent collateral ligament retraction, and provide local
antibiotic release [4, 7, 64]. Complete rest between stages
was also considered helpful for soft tissue healing. Later,
articulating spacers were introduced to overcome the dis-
advantages of block spacers. This new option was developed
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to facilitate exposure at reimplantation, preserve knee
function and prevent interim bone loss [7] between stages,
and ultimately enhance functional outcome. Various
different types of articulating spacers are employed:
re-sterilized prosthetic components or new components
(spacer prostheses) [28, 29, 52]; cement spacers molded
during the operation with a thin metal-on-polyethylene
runner [14, 15, 41-43, 45]; all-cement spacers molded [36,
53] or custom-made [48, 61, 62] during the operation; and,
more recently, preformed antibiotic-loaded cement spacers
[46, 50, 60].

In the ensuing two decades, numerous studies showed
that the interim use of an articulating antibiotic-impreg-
nated spacer provides high infection eradication rates,
coupled with acceptable function between stages, thus
minimizing bone loss and improving patient function and
satisfaction. But other centers reported favorable results
also after a one-stage approach [6, 17]. A recent systematic
review of the literature published as of January 2009 failed
to show a difference in the infection eradication rate of
one- versus two-stage procedures [34]; importantly, how-
ever, the review did not examine whether different types of
interim spacers could be associated with different out-
comes in infection control.

Prospective, randomized controlled comparative trials
between one- and two-stage procedures or between the use
of different types of spacer are lacking, and the results from
case series are controversial. Currently, the apparently only
way to compare outcomes after treatment is by systematic
review of the available data.

With this study, we attempted to verify the hypothesis
that different surgical treatment modalities afford a better
chance of infection control. To do this, we conducted a
systematic review of the literature updates and compared
the eradication rates of infection after one- and two-stage
procedures with static and articulating interim spacers in
the treatment of delayed, late, and chronic periprosthetic
knee infection.

Materials and methods

We reviewed papers with a full text or an abstract in
English, published from 1966 through July 2011, which
reported the success rate of eradication of periprosthetic
knee infection after one-stage or two-stage revision in
which two different types of spacers were used. The
international databases were searched as described by
Jimsen and co-workers [34] and included: EMBASE;
PubMed/Medline; Medline Daily Update; Medline
In-Process and other non-indexed citations; Google Scho-
lar; SCOPUS; CINAHL; Cochrane Central Register of
Controlled Trials and Cochrane Database of Systematic
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Reviews; NHS Health Technology Assessment; http://
www.google.com; and http://www.yahoo.com.

The following keywords were entered either alone or in
different combinations: knee, infection; arthroplasty;
prosthesis; total knee replacement; TKR; prosthetic knee
infection; one-stage revision; and two-stage revision.

The inclusion criteria were the following:

(a) Papers written fully or with an abstract in English;

(b) Papers reporting the results of management of
infected knee arthroplasty with one-stage or two-
stage exchange arthroplasty;

(c) Study design classifiable as: randomized controlled
trial; comparative prospective study; prospective
study with historical controls; prospective case series
with no comparison group; comparative retrospective
study; retrospective study with historical control
group; retrospective study with no control group;

(d) If more than one paper by the same author(s) was
retrieved, only the most recent reference with the
longest follow-up and largest patient series was
included;

(¢) The study population had to be 5 or more cases
treated with a minimum follow-up of 1 year;

(f) At least all of the following variables had to be
reported: number of patients treated; type of treat-
ment; number of recurrent infections after treatment.

Figure 1 illustrates the flow chart for inclusion of papers
in the review.

Study quality was assessed against a checklist informed
by previously published criteria [34, 40, 59] of studies in

Potentially relevant studies
identified and screened for
retrieval (n=72)

Studies excluded because of other treatments
performed (e.g., debridement, antibiotic treatment
only, etc.) (n=16)

A 4

Studies retrieved for more
detailed evaluation (n=56)

Studies excluded because of insufficient follow-up or
number of patients (n=8)

A 4

Potentially appropriate studies
to be included in the meta-
analysis (n=48)

_| Studies excluded because not published in a peer-
| reviewed journal (n=3)

v
Studies with usable
information (n=45)

Fig. 1 Flow chart for the selection of studies
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systematic reviews and adapted for the purposes of this
review:

(a) Description of the patient population (patient age and
sex, indications for primary knee replacement, host
type, and isolated pathogens);

(b) Description of the treatment (indication for type of
treatment, length of antibiotic therapy, spacer type,
duration of interim period between stages, and type of
implants used at revision);

(c) Outcomes reported (number of all posttreatment
infections, number of reinfections, and number of
patients lost to follow-up).

The quality score was calculated as a percentage of the
above-mentioned items the reviewed study included;
however, the quality score was not used as an exclusion
criterion.

Two investigators, LD and DR, independently searched
and reviewed the literature and classified the references in
terms of whether they should be included on the basis of
the paper’s title and abstract. Original study reports as well
as review articles were retrieved, and the reference lists
from all reviewed articles were assessed to complete the
literature search. If the same material was presented in
more than one study, only the most recent one was taken.
At the end of the review process, the two reviewers’ lists of
papers were compared and discrepancies were solved by
reclassification as mutually agreed.

Within the limitations posed by the heterogeneity of the
studies and the low-quality scores, the raw number of
infection eradication rates were reported, together with the
calculated percentage and the average of the different
treatment modalities with respective follow-up periods.

Statistical analysis

Statistical analysis was performed using the two-tailed
Chi-square test with the Yates correction for categorical
data (http://faculty.vassar.edu/lowry/odds2x2.html).

Results

In all, 6 original articles on one-stage knee exchange artho-
plasties (n = 204) and 38 papers on two-stage revisions
(n = 1,421) were reviewed (Tables 1, 2). The range in the
number of cases was between 5 and 124, and the range in
the duration of follow-up was from 12 to 108 months.
The database search retrieved no randomized, controlled
trials. The majority of the papers described retrospective
case series without a control group (Level of evidence: 1V)
and most gave an incomplete description of the study
material. The percentage of reported items was 59.3% on

average (Table 3). In addition, no detailed description was
given of the criteria for selecting one- or two-stage revision
or for implanting static or articulating spacers. Similarly,
other relevant variables such as the relative proportion of
compromised hosts or multiresistant pathogens were only
occasionally reported.

The infection eradication rate after a one-stage proce-
dure ranged from 73.1% in the largest patient series to
100% in a retrospective case series of only 8 knees
(Table 1). The eradication rate after a two-stage revision
ranged from 69.2% in a series of 13 cases to 100% in 9
studies, for a total of 150 patients. At a mean follow-up of
44.7 £+ 25.5 months, the calculated average success rate in
the eradication of infection was 89.8% after two-stage
revision (including all types of spacers) as compared to
81.9% (95% confidence interval [CI] 0.51, 0.34-0.77;
P = 0.0001) after one-stage revision, at a mean follow-up
of 40.7 £ 24.4 months. The average infection eradication
rate after a two-stage procedure was higher with the use
of an articulating spacer (91.2% at 43.3 &+ 27.7 months
follow-up) than with a static spacer (87% at 43.5 £
20.1 months) (95% CI 0.64, 0.44 to 0.93; P = 0.02)
(Tables 4, 5).

Discussion

The most important finding of this study is that the rate of
infection eradication is higher after a two stage than after a
one-stage procedure for chronic knee periprosthetic infec-
tion and that the rate of infection recurrence is lower in
patients treated with articulating spacers than in those who
received a static spacer. Furthermore, we found that two-
stage procedures are routinely performed in the vast
majority of orthopedic centers around the world and that
far more cases are reported of patients undergoing a two-
stage procedure.

Moreover, this review provides evidence supporting the
use of two-stage delayed reimplantation as the gold stan-
dard in periprosthetic knee infections. The statistical
analysis shows, for the first time to our knowledge, a sig-
nificantly higher eradication rate after two stage over one-
stage procedures.

This is also the first review to evidence a small but
statistically significant eradication rate associated with the
use of articulating versus static spacers. As such, it updates
the results from a study by Lombardi and co-workers [36],
which failed to show a clear difference between the two
methods.

Block spacers were devised to relieve knee pain from
instability, maintain joint space, and safely elute high
concentrations of antibiotics. Advocates of static spacers
also claimed placing the wound at rest as a basic tenet of
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Table 1 Infection eradication

rates after one-stage direct Author Follow-up No. of TKA No. o'f eradicated Eradication
exchange for knee (months) infections rate (%)
periprosthetic sepsis Buechel et al. [6] 2 2 20 90.9
Goksan and Freeman [17] 60 18 16 88.9
Lu et al. [38] 20 8 8 100
Silva et al. [55] 48 37 33 89.2
Sofer et al. [56] 18 15 14 93.3
von Foerster et al. [63] 76 104 76 73.1
Total 204 167
Mean 40.7 89.2
SD 24.4 8.9
TKA total knee arthroplasty, Mean eradication rate 81.9

SD standard deviation

infection treatment. Accordingly, static spacers were
developed and implemented with excellent published
results for many years and remain in wide use today.
Despite these purported advantages, their use was soon
found to be coincident with impaired function between
stages due to knee movement restriction and the frequent
need of a cast or brace immobilization, quadriceps and
collateral ligament shortening and arthrofibrosis, and diffi-
cult surgical exposure in the second-stage procedure. Tibial
bone loss was also reported to occur after placement of
static spacers in nearly half of the cases, with bone defect
directly related to the length of the interim period [7].

Articulating spacers were introduced to overcome the
drawbacks to block spacers and to facilitate reimplantation
surgery. Like static spacers, mobile spacers preserve joint
space and elute high antibiotic concentrations [35, 46],
coupled with the added advantages of: greater postopera-
tive range of motion; improved patient comfort during the
interim period and easier reimplantation owing to minimal
tibial and femoral bone loss; reduced incidence of quadri-
ceps shortening and arthrofibrosis; and improved soft tissue
health.

These claimed advantages aside, the current debate
revolves around whether static or articulating spacers are the
better treatment method. Typically, because studies involve
a small patient sample, with a short follow-up period and
limited outcome measures, there is scant evidence that the
use of interim articulating spacers could be associated with
better long-term function [12, 14, 15]. In addition, the reports
are often unclear about differences in the rate of infection
eradication between static and articulating spacers.

Given the quality and the heterogeneous material of the
reviewed studies, the data presented here should be inter-
preted with caution. The possible bias and limitations of
this study are the following:

e Patient selection and treatment indications. Eligibility
for one-stage or two-stage procedures may differ across
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different centers, as does patient selection for the
implant of an articulating or a static spacer. The criteria
for electing the type of treatment were not clearly stated
in the studies, suggesting that the choice largely relies,
at least in continuous case series, on a school-based
routine rather than on case-by-case evaluation. Patient
selection may not only bias the result of systematic
reviews, but it can also strongly limit the feasibility of
controlled randomized trials. The relatively low prev-
alence of the disease and the high number of preoper-
ative variables (patient age and sex, local and general
co-morbidities, previous surgeries, pathogen type,
implant type, etc.) may, in fact, well explain the lack
of published randomized prospective studies. Presently,
the only possible way to reduce the selection bias of
systematic reviews seems to be to include larger case
series from different centers. Comparison of results
would be easier if future clinical studies included at
least the criteria for electing a one- or a two-stage
procedure or for using a static or an articulating spacer;
Postoperative treatment varies widely across studies,
which may influence the relative eradication rate of
infection, particularly with regard to the use of
antibiotics [2, 9, 10, 27] and their duration [24, 30];
This review did not investigate the relative effect the
many variables may have on outcome after joint revision
surgery (e.g., co-morbidities, age, body-mass index, type
of implant, use of cement at revision, interval between
the first and the second procedure, etc.);

Quality of life and the costs of one-stage versus two-
stage procedures were not addressed in this analysis;
Articulating spacers were all grouped as one procedure;
however, at least five different types of articulating
spacers were reported: re-sterilized prosthetic compo-
nents or new components (spacer prostheses); cement
spacer molded during the operation with a metal-on-
polyethylene runner; all-cement spacer molded or
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rTaEtl:sleafzterh:\f:gfls(t):gzrzglciaat;(; Author Follow-up No. of TKA No‘ o'f eradicated Eradication

for knee periprosthetic sepsis (months) infections rate (%)
Anderson et al. [1] 54 25 24 96
Booth and Lotke [3] 25 25 24 96
Borden and Gearen [4] 46 11 10 90.9
Cuckler [8] 65 44 44 100
Durbhakula et al. [11] 33 24 22 91.7
Emerson et al. [12] 90 48 44 91.7
Evans RP [13] 36 31 29 93.5
Fehring et al. [14] 36 55 51 92.7
Freeman et al. [15] 71 76 69 90.8
Gacon et al. [16] 42 29 24 82.8
Goldman et al. [18] 90 64 58 90.6
Goldstein et al. [19] 12 5 5 100
Gooding et al. [20] 108 115 101 87.8
Haddad et al. [21] 48 45 41 91.1
Haleem et al. [22] 86 96 87 90.6
Hanssen et al. [23] 52 89 79 88.8
Henderson and Booth [25] 27 28 27 96.4
Hirakawa et al. [26] 61 55 41 74.5
Hofmann et al. [28] 74 50 44 88
Hsu et al. [31] 101 28 25 89.3
Huang et al. [32] 52 21 20 95.2
Jamsen et al. [33] 32 34 26 76.5
Lonner et al. [37] 56 53 44 83
MacAvoy and Ries [39] 28 13 9 69.2
McPherson et al. [44] 17 21 20 95.2
Meek et al. [45] 41 54 52 96.3
Ocguder et al. [47] 20 17 15 88.2
Pascale et al. [48] 12 14 14 100
Pietsch et al. [49] 15 24 22 91.7
Pitto et al. [50] 24 19 19 100
Rosenberg et al. [51] 29 15 12 80
Scott et al. [52] 24 7 7 100
Siebel et al. [54] 18 10 10 100
Van Thiel et al. [58] 36 60 53 88.3
Vilanueva et al. [62] 36 30 30 100
Whiteside [65] 24 33 28 84.8
Windsor et al. [67] 48 38 34 89.5
Wilde and Ruth [66] 30 15 12 80
Total 1,421 1,276
Mean 44.7 90.6
SD 25.5 7.6

TKA total knee arthroplasty,

SD standard deviation

custom-made during the operation; and preformed
antibiotic-loaded cement spacers. Case series treated
according to each spacer type would be too small to

Mean eradication rate

89.8

allow a comparative analysis of the results;

e Due to the differences in the “Materials and methods”
across the studies, in this review, we restricted our
evaluation of the outcomes to the reported infection
eradication rate. This limits the ability to catch
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Table 3 Quality scores of the 45 studies included in this review

Quality measure

Percent of studies
reporting the item

Age 24
Male/female 90
Indication for primary total knee replacement 47
Host type 20
Isolated pathogens 73
Length of antibiotic treatment 61
Criteria for electing one- or two-stage procedure 0
Duration of interim period between stages 72
Type of implants used at revision 75
Number of overall posttreatment infections 100
Number of reinfections 65
Number of patients lost to follow-up 85
Average 59.3

Values are expressed as percent of retrieved items

the detection of the same pathogen in so-called
recurrent infection does not seem, in our opinion, a
reliable one, the results of cultural examination in
periprosthetic infection being too unpredictable, espe-
cially after previous antibiotic treatments [57];
Comparison of percentages instead of raw numbers
may be confounding and should be regarded with
caution. Jimsen and co-workers compared percentages
and reported fairly similar infection eradication rates
after one-stage (73-100%) and two-stage (82-100%)
revisions of infected knee prosthesis [34]; however, if
the average raw numbers of their study are compared,
two-stage procedures performed clearly better than
one-stage revision (94.8 versus 80.8%), which is very
similar to what we observed in our analysis, where all
calculations for statistical analysis were done on the
raw numbers, although percentages are also shown;
Another limitation of this review is the inclusion of
only papers published in English.

differences in functional outcome or quality of life or
costs related to a given surgical option. Furthermore,
when analyzing the data, we did not distinguish
between recurrent and new infections because this
distinction was not made in most of the papers and
because the criteria for differentiating between recur-
rent and new infections are weakly supported in the
literature and somewhat artificial. The conventional
definition of a new infection as an event in which a
newly isolated microorganism is found, as opposed to

In conclusion, this systematic review of the reported
infection eradication rates of different treatment modalities
for septic knee prosthesis showed, on average, a better result
after two-stage procedures than after one-stage revision and
with the use of articulating versus static spacers. Nonethe-
less, the limitations and bias of the current literature point to
the need for prospective, randomized studies to establish the
superiority of one type of surgical treatment over another.
That said, certain circumstantial limitations (low incidence
of the disease, relatively small patient cohorts, need for

Table 4 Infection eradication

Author Follow-up No. of TKA No. of eradicated Eradication
rates after t\yo—stage e xchan'ge (months) infections rate (%)
for knee periprosthetic sepsis
(static spacers) Booth and Lotke [3] 25 25 24 96

Borden and Gearen [4] 46 11 10 90.9

Emerson et al. [12] 90 48 44 91.7

Fehring et al. [14] 36 55 51 88

Freeman et al. [15] 71 28 25 89.2

Gacon et al. [16] 42 29 24 82.8

Henderson and Booth [25] 27 28 27 96.4

Hirakawa et al. [26] 61 55 41 74.5

Lonner et al. [37] 56 53 44 83

Rosenberg et al. [51] 29 15 12 80

Scott et al. [52] 24 7 7 100

Whiteside LA [65] 24 33 28 84.8

Windsor et al. [67] 48 38 34 89.5

Wilde and Ruth [66] 30 15 12 80

Total 440 383

Mean 43.5 87.6

SD 20.1 7.2
TKA total knee arthroplasty, Mean eradication rate 87

SD standard deviation
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Table 5 Infection eradication Author Follow-up No. of TKA No. of eradicated Eradication

rates after two-stage e xchan.ge (months) infections rate (%)

for knee periprosthetic sepsis

(articulating spacers) Anderson et al. [1] 54 25 24 9
Cuckler [8] 65 44 44 100
Durbhakula et al. [11] 33 24 22 91.7
Evans [13] 36 31 29 93.5
Fehring et al. [14] 12 30 29 96.7
Freeman et al. [15] 71 48 44 91.7
Goldstein et al. [19] 12 5 5 100
Gooding et al. [20] 108 115 101 87.8
Haddad et al. [21] 48 45 41 91.1
Haleem et al. [22] 86 96 87 90.6
Hanssen et al. [23] 52 89 79 88.8
Hofmann et al. [28] 74 50 44 88
Hsu et al. [31] 101 28 25 89.3
Huang et al. [32] 52 21 20 95.2
Jamsen et al. [33] 32 34 26 76.5
MacAvoy and Ries [39] 28 13 9 69.2
McPherson et al. [44] 17 21 20 95.2
Meek et al. [45] 41 54 52 96.3
Ocguder et al. [47] 20 17 15 88.2
Pascale et al. [48] 12 14 14 100
Pietsch et al. [49] 15 24 22 91.7
Pitto et al. [50] 24 19 19 100
Siebel et al. [54] 18 10 10 100
Van Thiel et al. [58] 36 60 53 88.3
Vilanueva et al. [62] 36 30 30 100
Total 947 864
Mean 433 92.2
SD 27.7 74

TKA total knee arthroplasty, SD Mean eradication rate 91.2

standard deviation

long-term follow-up, differences in patient characteristics
and microorganisms, etc.) would also make a controlled
prospective study in this field extremely challenging. For
the surgeon, the expectation that the risk of infection
associated with treatment can be minimized is a key factor
in deciding how to treat an implant-related infection. For
the patient, the final choice will depend on parameters not
addressed in this review, including preoperative clinical
status, possible benefits in function and quality of life to be
gained from treatment, its costs, and complication rates.

Conclusion

Within the limitations posed by the methodological quality
of the studies selected for this systematic review, the two-
stage procedure was associated with a higher rate of
infection eradication than one-stage revision in peripros-
thetic knee infections at comparable follow-up duration.

Articulating spacers were found to be associated with
lower recurrence of infection than static spacers. Two-stage
revision with the use of an articulating spacer appears to
provide better infection control of chronically infected
knee prosthesis, and so may be considered as the treatment
of choice over other revision strategies.
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