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Abstract

Purpose Antibiotic-loaded bone cement has been widely
used for the treatment of infected knee replacement, but its
routine use in primary TKA remains controversial. The aim
of this systematic review was to analyze the literature about
the antimicrobial efficacy and safety of antibiotic-loaded
bone cement for its prophylactic use in primary TKA.
Methods A detailed and systematic search of the Pubmed,
Medline, Cochrane Reviews and Google Scholar databases
had been performed using the keyword “total knee arthro-
plasty” “total knee replacement” “total knee prosthesis”
and “antibiotic-loaded bone cement” with no limit regard-
ing the year of publication. We used modified Coleman
scoring methodology (mCMS) to identify scientifically
sound articles in a reproducible format. The review was
limited to the English-language articles.

Results Six articles met inclusion criteria. In total, 6318
arthroplasties were included in our study. 3217 of these
arthroplasties received antibiotic-loaded bone cement and
3101 arthroplasties served as the control. There was no sta-
tistical difference between the two groups in terms of the
incidence of deep or superficial surgical site infection. The
average mCMS score was 67.6, indicating good methodo-
logical quality in the included studies.

Conclusions Present review did not reveal any significant
difference in terms of rate of deep or superficial surgical
site infection in patients receiving antibiotic-loaded bone
cement compared with the control (plain bone cement) dur-
ing primary TKA. The clinical relevance of this study was
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that the use of antibiotic-loaded bone cement did not sig-
nificantly reduce the risk of infection in primary TKA.
Level of evidence 1I1.

Keywords Total knee arthroplasty - Infection -
Antibiotic-loaded bone cement - Plain bone cement

Introduction

Infection following primary total knee arthroplasty (TKA)
is still a serious complication which can result in costly
revision surgery, reduction of the patient’s functional sta-
tus, and prolonged hospitalization [25]. Deep infection is
reported as the second most common cause of failure of an
implant, with an incidence rate of 1 to 3 % [24]. Intra-artic-
ular biomaterials are risk factors for bacterial contamina-
tion and subsequent infection. Acrylic bone cement carries
a particularly high risk of bacterial colonization compared
with other materials such as metal and polyethylene. Sys-
temic antibiotics, which are commonly used to prevent or
treat periprosthetic infection associated with arthroplasty,
may not be sufficiently effective to avoid deep infection
because of impaired blood circulation and low antibi-
otic concentrations at the implantation site. Therefore, the
use of antibiotic-loaded bone cement (ALBC) is a logical
prophylactic measure that has proved effective in treating
established infection in revision knee arthroplasty.

Since its introduction by Buchholz and Engelbrecht
in 1970, in the form of spacers or beads, ALBC has been
commonly used for treating established infection in revi-
sion TKA, rather than for infection prophylaxis in primary
TKA [3]. ALBCs are commonly classified as “low dose”
(<or = 2 g of antibiotic per 40 g of cement), generally used
for prophylaxis, and “high-dose” (>2 g antibiotic per 40 g
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of cement), used to treat infected joint replacements [2, 10,
11, 19]. The delivery of antibiotic from the cement begins
immediately after implantation, with the greatest bioavail-
ability occurring within the first 9 weeks after implantation
[17]. Several premixed formulations that combine bone
cement with various concentrations of different antibiotics,
such as penicillin, gentamycin, erythromycin, cephalospor-
ins, tobramycin, vancomycin, cefuroxime, oxacillin and
colistin, are commercially available [19]. The antibiotic
more frequently used is gentamycin, by virtue of its broad-
spectrum bactericidal effect, its stability at high tempera-
tures and the low incidence of allergic reactions [6, 19].

Some authors are against the routine use of ALBC for
primary TKA. First, because of the possible risk of hyper-
sensitivity or toxicity [1]. Additionally, there could be
a reduction in the mechanical properties of the cement,
although this is probably negligible if the antibiotic is
used in low doses, not more than 1 g per 40 g of cement.
Indeed, biomechanical testing has shown that, in contrast
to the use of high-dose antibiotics which can weaken bone
cement, the low-dose ALBC shows negligible reductions
in fatigue strength, so implant fixation is not compromised
[13]. Another main concern is related to the increased cost,
which could be overlooked reducing the incidence of peri-
prosthetic infections [8]. Finally, there could be so a risk of
selection of antibiotic-resistant strains of bacteria [13].

In some European countries, such as the United King-
dom [15], Sweden [20], Denmark and Norway [19], the use
of ALBCs in primary TKA has been a standard and com-
mon practice for many years, even though the scientific
background for their use is uncertain. Conversely, ALBCs
are much less frequently used in other countries (the United
States [14] and other European countries, including Spain,
Poland and Russia [19]).

The worldwide use of ALBC during primary TKA
continues to increase although its effectiveness in reduc-
ing infection is not yet universally accepted and demon-
strated. Therefore, a comprehensive literature search was
performed to prove whether the ALBC use during primary
TKA could reduce the rate of surgical-site infections,
including superficial and deep infections.

Materials and methods

A systematic review of the available literature was per-
formed using the keyword terms “total knee arthroplasty”,
“total knee replacement”, “total knee prosthesis” and
“antibiotic-loaded bone cement”; there was no limit on
the year of publication. The search was limited to Eng-
lish papers. Studies in other languages were not included
in this review. The following databases were accessed on
9th April 2016: PubMed (http://www.ncbi.nlm.nih.gov/

sites/entrez/); Medline on Ovid (http://www.ovid.com);
Cochrane Reviews (http://www.cochrane.org/reviews/),
Google Scholar (http://scholar.google.com/). All peer-
reviewed journals were considered, and randomized con-
trolled trials (RCTs), prospective (PRO) trials and retro-
spective (RE) studies were included. Two authors (KC and
MG) independently screened the titles and abstracts of the
articles resulting from the searches. If the abstract was not
available, the authors reviewed the whole document so as
to avoid search bias. They also hand searched conference
proceedings dealing with the specific topic, and reviewed
reference lists and author lists of all papers. In the event
of disagreement, a consensus was reached by discussion, if
necessary with the intervention of the senior author (ASP).

The article selection process was performed according
to the Prisma 2015 flow chart (http://www.prisma-state-
ment.org/) [21]. Of 260 articles initially identified, 235
were rejected on the basis that the title and abstract were
irrelevant. The full papers of the remaining 25 studies
were retrieved and 11 articles were subsequently excluded
because the studies did not involve primary TKA or were
not RCTs, RE studies or PRO trials. A further five stud-
ies were then excluded on the basis of other inclusion and
exclusion criteria. Finally six articles met the inclusion cri-
teria. Figure 1 shows the flow chart of the study selection
process.

Inclusion and exclusion criteria

In order to be considered eligible for inclusion, studies
needed to: (1) include patients undergoing a primary TKA;
(2) include an ALBC trial group and a control group whose
treatment involved the use of plain bone cement (PBC),
irrespective of the dose of administration; (3) be a pub-
lished RCT, RE study or PRO trial. Studies were excluded
if: (1) outcomes of ALBC use in primary TKA were not
reported; (2) it was impossible to extrapolate or calculate
the necessary data from the published results; (3) primary
study patients were in poor physical health, e.g. affected by
diseases such as diabetes, malignant tumor; (4) they were
animal experiments, in vitro trials or concerned revision
arthroplasty, and the operated joint was not the knee, or
knee and hip.

Methodological quality assessment

Two investigators (KC and MG) separately evaluated the
methods reported in the selected studies, applying the mod-
ified Coleman methodology score (mCMS), which takes
into account ten criteria assessing methodological qual-
ity. Each study was assessed for each of the ten criteria to
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Fig. 1 Flow chart of the study

obtain a final score ranging from O to 100. A perfect score
of 100 would represent a study design that largely avoids
the influence of chance, various biases, and confounding
factors.

Results

Tables 1 and 2 present the demographic characteristics of
the cohorts reviewed and a summary of the data they pre-
sent. The studies analyzed in this systematic review had
an average Coleman score of 67.6, which confirms the
good methodological quality of the available literature.
The results did not show lower rates of deep and superfi-
cial infections in ALBC group than those in the PBL group,
so the use of ALBC in primary TKA could not reduce the
infection rate. Only two studies [4, 6] showed a significant
effect of ALBC in preventing deep infection in primary
TKA. Instead of, contradictory results were reported in two
RE [16, 26], in a PRO [7] and in a RCT [12].

@ Springer

In total, 6318 arthroplasties were included in this
review; ALBC was used in 3217 of these arthroplasties,
while the other 3101 served as the controls (Table 3). Of
the six analyzed studies, two were from European countries
(France and Spain), one was from Canada, one from the
USA, and two from China. Although strict inclusion crite-
ria were used, some aspects of the studies differed, such as
the choice of surgical technique, type of implant and bone
cement, antibiotics and their dosage. Five studies reported
the type of antibiotic and the method for mixing the antibi-
otic in the cement. One study [12] reported the use of hand-
mix preparation including erythromycin and colistin. Other
four studies indicated the use of premixed low dose ALBC
preparations (cefuroxime, gentamycin, tobramycin) [4, 6,
7, 26]. Only four studies indicated the quantity of antibiotic
(2 g,1g,0.5 g/3 milion units and 0.5 g) [4, 7, 12, 26] used
in 40 g of bone cement. All the studies provided relevant
information about deep infection and superficial infection.
Three studies included patient to high risk [12, 16, 26].
The allocation concealment procedures in the six eligible
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Table 1 Demographic characteristics of the cohorts reviewed
Author Year  Journal Country Type  Group NK M/F Mean age (SD)  MF (range)
Chiu et al. 2002 JBJS China RCTs ALBC/PBC 178/162 124/54 70 (7.7) 49 (26-80)
112/50 68 (6.9) 49 (26-80)
Eveillard 2002 ICHE French RE ALBC/PBC  83/84 - - -
Gandhi et al. 2003 JA Canada PRO  ALBC/PBC  814/811 285/529 65.1(15.4) 12
268/543 67.2 (10.8) 12
Namba et al. 2009 JA USA RE ALBC/PBC  2030/20859  759/12457361  — -
13242
Hinarejos et al. 2009  JBJS Spain RCTs ALBC/PBC  1483/1465 346/1137 75.8 (7.44) 12
353/1112 76.0 (7.22) 12
Wang et al. 2013  Orthopaedics  China RE ALBC/PBC  256/2037 38/218 63.32 (11.13) 12
351/1686 64.97 (10.63) 12

JBJS The Journal of Bone & Joint Surgery, ICHE Infection Control and Hospital Epidemiology, JA The Journal of Arthroplasty, RCT rand-
omized control trial, PRO prospective trial, RE retrospective study, ALBC antibiotic-loaded bone cement, PBC plain bone cement, NK number of
knees, M/F males/females, SD standard deviation, MF mean follow-up (months)

Table 2 Coleman methodology score calculated for the six articles included

Section scores Chiu Eveillard  Gandhi Namba  Hinare- Wang Total score ~ Average  Median SD
et al. et al. [6] et al. etal. [16] josetal. etal.
[4] (71 [12] [26]
Part A
Study size 10 10 10 10 10 10 60 10 10 0
Mean duration of follow-up 5 5 5 5 5 5 30 5 5 0
No. of surgical procedures 10 10 10 10 10 10 60 10 10 0
Type of study 15 15 10 10 15 10 75 12.5 12.5 2.7
Diagnostic certainty 5 5 5 3 5 3 26 4.3 5 1.03
Description of surgical procedure 5 3 5 3 5 3 24 4 4 1.08
Description of post-operative 0 0 0 0 0
rehabilitation
Part B
Outcome measures 5 3 5 28 4.6 5 0.8
Outcome assessment 4 28 4.6 5 0.5
Selection process 15 15 10 10 15 10 24 4 4 1.09
Total score 75 70 65 60 75 61 406 67.6 67.5 6.6

SD standard deviation

studies were unclear. Only two of these six reports included
adequate blinding procedures. The total length of follow-up
was variable, ranging from 12 to 49 months. No side effect
after the application of ALBC was reported in any of the
studies analized.

Discussion

The most important finding of the present study was that
use of ALBC in primary TKA did not significantly reduce
rate of deep or superficial surgical-site infection.

Many authors have recommended the use of ALBC in
primary TKA for infection prophylaxis [4, 6, 19] but data
from National Registries, RCTs and meta-analysis studies
seem to indicate that ALBC exerts a protective effect against
infection only when used in hips [23]. Although ALBC is
worldwide used in primary TKA procedures, especially in
some Northern European countries, its prophylactic effect
against deep infection remains controversial. The percent-
age of surgeons who routinely use ALBC in primary TKA
is >90 % in some countries, such as the United Kingdom,
Norway and Sweden, compared with approximately 10 %
in other countries, such as the United States.
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Table 3 Data summary
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Chiu et al. [4] were the first to report that cefurox-
ime-impregnated cement could reduce the deep infec-
tion rate from 3.1 % (5/162) to 0 % (0/178). They found
no infections in the ALBC group and five infections in
the PBC group, a difference that was statistically sig-
nificant (p = 0.0238). It is to be noted that all five infec-
tions reported in their study occurred in diabetic patients.
When diabetic patients were removed from the study,
there was no difference in infection rates between the two
groups. In another retrospective cohort study, Eveillard
et al. [6] concluded that ALBC could prevent infection in
TKA, reporting a p value close to the limit of significance
(9.51 vs 1.21 %, p = 0.07). Since 2004, several authors
have reported contradictory results. Recently, data from
two retrospective cohort studies [16, 26], one prospective
trial [7] and one prospective randomized trial [12] sup-
ported the conclusion that ALBC could not prevent deep
infection after primary TKA. In particular, in a large ret-
rospective community knee registry study, Namba et al.
[16] found no difference in the rates of deep infection
(p = 0.002) between patients treated with ALBC (1.4 %,
28/2030) and those receiving PBC (0.7 %, 154/20,869).
This study did not report the type of ALBC used, the use
of ultraclean air, or systemic antibiotic use, and the ALBC
group at baseline contained a significantly higher number
of diabetics, patients with an American Society of Anest-
esiologist (ASA) score >3, and no-osteoarthritis diagno-
ses. Gandhi et al. [7] reached the same conclusion (2.2 vs
3.1 %, p = 0.84). Hinarejos et al. [12] found that the use
of erythromycin- and colistin-loaded bone cement did not
lead to a decrease in the rate of infection compared with
administration of a systemic prophylactic antibiotic (1.37
vs 1.35 %, p = 0.96). Wang et al. [26] compared the rates
of deep infection in gentamicyn-loaded versus plain bone
showing that the use of ALBC was not predictive of a lower
incidence of deep infection at 1 year (p = 0.865).

Although the present authors attempted to perform a
well-designed systematic review, this study inevitably pre-
sents some inherent limitations, for example the choice of
cements, antibiotics and the method of preparation were
not standardized. Firstly, the primary TKAs were per-
formed with Palacos R (Zimmer Holding Inc., Warsaw,
IN), Simplex P (Stryker Orthopaedic, Mahwah, NIJ), or
SmartSet HV (DePuy Orthopaedics, Warsaw, IN. In differ-
ent types of bone cement there are significant differences
in the elution kinetics. Palacos bone cement generally is
considered to have the most favourable elution kinetics
compared with CMW or Simplex P bone cement [1]. Addi-
tionally, the type and the dosage of antibiotic in the cement
varied in different studies. The antibiotic must have a broad
antibacterial spectrum (including gram positive and gram
negative bacteria) and a low percentage of resistant species.
Gentamycin has been the antimicrobials most commonly
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mixed into bone cement in clinical studies worldwide, by
virtue of its broad-spectrum bactericidal effect. Its stabil-
ity at high temperatures and the low incidence of allergic
responses [1]. Finally, the method of mixing is considered
one of the most important factors that affect the release of
the antibiotics and the mechanical properties of cement.
The preparation should be as porous as possible in order
to increase the spread of the antibiotic, but no excessively
porous to weaken the structure of the cement itself. There-
fore, the antibiotic destined to be mixed with the cement
must be chemically and thermally stable [19]. The manual
preparation reduces the strength of cement of 36 % com-
pared to the ALBC prepared industrially. The improvement
of mechanical properties due to the greater compactness of
the structure of the cement could lead to a decrease in the
rate of diffusion of the antibiotic [1].

Another limitation was that nothing was reported about
the patient skin condition and general nutritional status,
or about the complexity of the prior surgical procedure. In
addition, the ALBC and PBL groups in three studies [12, 16,
26] contained larger proportions of patients with diabetes
mellitus, a higher ASA rating, a slightly younger age, and
diagnoses other than osteoarthritis. Many authors found that
a greater comorbidity predicted a higher incidence of infec-
tion and perhaps ALBC would be beneficial in this high-risk
group [1, 2, 13]. Moreover, a recent study stated that the use
of ALBC in primary TKA might not be justified even in the
group of patients considered as high risk [17].

Final limitation was that the sample size in two reports
was larger than in the other studies [12, 16]. However,
with or without these two studies, our overall pooled
results revealed no significant decrease in the infection
rate in ALBC-treated patients. In all studies there were
no reports of toxicity or allergies attributed to the use of
ALBC:s. In addition, the bibliographic research was limited
to published comparative studies (ALBC vs PBC) and did
not take into account RCTs, RE studies and PRO trials in
which there was no control group [5, 9, 18, 22, 27]. Thus,
the conclusions of the present review are not absolute.

Although these limitations, the clinical relevance of this
review was that use of ALBC did not significantly reduce
the risk of infection in primary TKA. Moreover, con-
cerns remain about the risks of hypersensitivity, or toxic-
ity of antibiotics within cement, increased costs, impaired
mechanical properties of the cement, and increased risk of
selection of antibiotic-resistant organisms.

Conclusion
The findings of the present review did not reveal any

statistically significant differences in terms of the rate
of deep or superficial surgical site infections in patients

receiving ALBC versus PBC. Although ALBC is world-
wide frequently used, the periprosthetic knee infections
continue to verify. However, the rigorous use of peri-
operative prophylactic systemic antibiotics, efficient
antiseptic procedures and improved surgical techniques
remain the gold-standard in infection prevention in TKA
surgery.
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