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ÖZ

Amaç: Bu çalışmada çeşitli kemik çimentolarına farklı evrelerde eklenen 
antibiyotiklerle hazırlanan boncuk tipli ve eklem boşluk dolduruculardan 
antibiyotik salınımı ve biyolojik etkinliği karşılaştırıldı.

Gereç ve yöntemler: Benzer viskoziteye sahip iki tip antibiyotiksiz 
çimentoya (Simplex®, Biomet®) ve gentamisin içeren çimentoya 
(Refobacin®) 4 gram vankomisin ilave edildi. Çimento boncuklarını ve 
kalça boşluk doldurucularını oluşturmak için hazırlanan örneklerden 
toplam altı farklı grup oluşturuldu. Çimento hamur fazında iken 
vankomisin eklenerek de iki alternatif grup oluşturuldu. Antibiyotik 
salınımı ve biyolojik aktivite immunoassay teknikleri ve agar-disk 
difüzyon yöntemleri ile değerlendirildi.

Bulgular: Boncuk grubunda 2-4 kat daha fazla olmak üzere tüm 
gruplarda ilk haftada hızlı antibiyotik salınımı görüldü. Simplex-
alternatif ile Simplex, Biomet, Refobacin-zincir ve Biomet-boşluk 
doldurucu ile Refobacin-zincir grupları arasında antibiyotik salınımı 
ve salınma hızındaki değişim anlamlı olarak farklıydı (p<0.05). 
Antibiyotiklerin elüsyonu, konvansiyonel veya alternatif yöntemlerle 
hazırlanan hareketli boşluk doldurucularda farklı değildi (p>0.05). 
Biomet çimento, agarda daha büyük difüzyon inhibisyon bölgesi 
gösterdi. Biomet çimento ile hazırlanan boncuk ve hareketli boşluk 
doldurucularda biyolojik etkinlik farkı yoktu (p>0.05). Agar ve disk 
difüzyon inhibisyon zonları gruplar arasında anlamlıydı (p<0.05).

Sonuç: Çimento boncukları, çimento tipine veya hazırlama yöntemine 
bakılmaksızın daha fazla antibiyotik salınımı sağlamaktadır. Simplex P® 
çimento Biomet’den daha düşük anti-bakteriyel verime sahiptir. Farklı 
yöntemlerle ve farklı zamanlarda vankomisin eklenerek ve karıştırılarak 
hazırlanan materyallerde ve ticari olarak antibiyotik yüklü çimentoda 
farklı yöntemlerin sonuçlar üzerinde herhangi bir etkisi yoktur.
Anahtar sözcükler: Antibiyotik elüsyonu; kemik çimentosu; enfekte artroplasti; 
boşluk doldurucu.

ABSTRACT

Objectives: This study aims to compare the antibiotic release and biological 
effectiveness of bead type and articulating spacers of different cement types 
with antibiotics added at alternative phases of cement preparation.

Materials and methods: Four gram vancomycin was added into 
two types of antibiotic-free cement (Simplex®, Biomet®) with similar 
viscosity and also gentamycin-containing cement (Refobacin®). Prepared 
specimens were used to create cement beads and articulating hip 
spacers, making a total of six different groups. Two alternative groups 
were formed by adding the Vancomycin while the cement was in dough 
phase. Antibiotic release and biological activity were evaluated with 
immunoassay techniques and agar-disk diffusion methods.

Results: All groups showed initial antibiotics surge in the first week, 
which was 2 to 4 times more evident in the beads group. Antibiotic release 
and change in release rate were significantly different between Simplex-
alternative and Simplex, Biomet, Refobacin-beads, and between Biomet-
spacer and Refobacin-beads groups (p<0.05). Elution of antibiotics was 
not different between mobile spacers prepared with conventional or 
alternative methods (p>0.05). Biomet cement showed larger diffusion 
inhibition zone in agar. There was no difference between biological 
activity of the bead and mobile designs of the Biomet brand (p>0.05). 
Inhibition zone analyses of agar and disk diffusion tests revealed 
significant differences between several groups (p<0.05).

Conclusion: Cement beads provide superior antibiotic release 
regardless of cement type or preparation method. Simplex P® cement 
has lower anti-bacterial efficiency than Biomet®. Different methods 
for cement and antibiotics mixing and addition of extra vancomycin 
into the commercially drug loaded cement do not have any effect on 
the results.
Keywords: Antibiotic elution; bone cement; infected arthroplasty; spacer.
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Total joint arthroplasty is among the most successful 
and frequently performed operations today, hence the 
term “orthopedic operation of the century”.[1,2] The 
demand for such an acclaimed procedure in alleviating 
patient symptoms is estimated to increase by over 
600% within the next 20 years.[3] This increase 
infrequency of operations would be paralleled by 
a higher number of complications such as serious 
infection. Although relatively rare, it is a devastating 
complication for both the patient and the surgeons, 
and is a major cause of revision surgery. Described by 
Insall et al.[4] in 1983, two-stage revision arthroplasty 
using antibiotic impregnated spacers is still the gold 
standard of treatment for late chronic infections, 
yielding over 90% clinical success.[4-10]

Antibiotics released from bone cement is effected 
by several parameters such as type and amount 
of antibiotics, cement composition, and surface 
area of the spacer. The exact mechanism of drug 
elution is also still unclear.[5,7,9,11,12] Heterogeneity 
of spacer construction methods, material variety, 
cement and antibiotic type, mixing technique, 
and postoperative antibiotic therapy make clinical 
comparison of different spacer types extremely 
difficult.[7,11] Laboratory studies are far from ideal in 
modeling the actual biological environment since 
standardized cement specimens prepared according 
to biomechanical testing criteria are morphologically 
different than spacers hand molded by the surgeon 
during hip replacement surgery.

The purpose of this study is to compare the 
antibiotics release patterns and antimicrobial activity 
of different spacer types. The tests will be performed in 
a standardized testing environment. Our hypothesis 
is that mobile spacers will yield less antibiotics 
release compared to bead types because their bulkier 
architecture will not permit the drug trapped in 
deep portions of the cement to reach the surface. 
Determining the effect of drug impregnation time, 

cement type, antibiotic type, and additional antibiotic 
enrichment of commercially drug impregnated and 
non-impregnated cement types in terms of antibiotics 
release and biological efficiency will be the secondary 
objectives of this study.

MATERIALS AND METHODS

Two different brands of bone cement without 
antibiotics and one type of commercially available 
antibiotic-impregnated bone cement were used 
(Simplex®: Howmedica, Limerick, Ireland, Biomet-
Palacos®: Biomet Orthopaedics, Kerzer, Switzerland 
and Refobacin®-Palacos-G: Biomet Orthopaedics, 
Kerzer, Switzerland). Each spacer prepared from these 
cements had 4 grams of vancomycin (Vancomax 
500 mg. VEM İlaç San. ve Tic. A.Ş., Tekirdağ, Turkey) 
added before mixing and were molded into either 
mobile articulating hip spacer (MHS) or cement 
beads, making up six groups of conventionally 
prepared spacers: Simplex Bead (SB), Simplex Spacer 
(SS), Palacos Bead (PB), Palacos Spacer (PS), Palacos 
Genta Bead (PGB), and Palacos Genta Spacer (PGS). 
In addition, two more groups were formed, this 
time preparing the MHS in an alternative fashion by 
adding the antibiotics powder not before mixing the 
cement but after the initiation phase while the cement 
was still in its shapeable doughy form (2-3 minutes); 
Simplex Alternative (SA) and Palacos Alternative (PA) 
(Table I). No cement beads were prepared using the 
alternative antibiotic mixing technique.

Preparation of cement beads and MHS

Three samples for each group were prepared 
under sterile ambient laboratory conditions, taking 
care to maintain controlled temperature and humidity 
during the procedures. For the cement beads and 
conventionally prepared MHS groups, vancomycin 
and polymethyl methacrylate (PMMA) powder were 
mixed with a commercial mixer for two minutes in 
order to achieve homogeneity, after which liquid 

TABLE I

Groups and materials

Material type

Mobil hip spacer

Beads (n) Conventional (n) Alternative (n) Total

Simplex (S) 3 (SB) 3 (SS) 3 (SA) 9

Palacos (P) 3 (PB) 3 (PS) 3 (PA) 9

Palacos-genta (PG) 3 (PGB) 3 (PGS) - 6

Total 9 9 6 24

SB: Simplex bead; SS: Simplex spacer; SA: Simplex alternative; PB: Palacos bead; PS: Palacos spacer; PA: Palacos alternative; PGB: Palacos genta bead; PGS: Palacos 
genta spacer.
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monomer was added. Samples were molded once 
in dough form. For MHSs prepared in alternative 
fashion, antibiotics were added after liquid monomer 
and PMMA powder were mixed and bone cement was 
in dough form, after which the spacer was molded.

Cement beads were prepared with the method 
described by DeCoster and Bozgria[13] (Figure 1a, b). 
Mobile articulating hip spacers were molded using 
a collar-style stem with a 50 mm monopolar head as 
described by several authors (Figure 2).[10,14,15] Cement 
beads and mobile spacers were prepared with the 
same amount of cement and antibiotic mixture in 
order to achieve uniform specimen mass.

The materials were kept in cylindrical glass 
containers filled with 500 mL of phosphate buffered 
saline (PBS) (PBS: NaCl 8.76 g/L, K2HPO4 0.87 g/L, 
KH2PO4 0.68 g/L) and stored in the same laboratory 
conditions.

Measuring the antibiotics elution

3¥250 µg/L of the PBS solution from the containers 
were taken from each sample at certain time points and 

stored at -20° for cumulative analysis of vancomycin 
elution. A total of 16 samples were collected from each 
specimen (1-7, 9, 11, 13, 16, 19, 23, 28, 35, and 42nd day). 
Antibiotics elution was measured using the PETINIA 
technique. This in vitro diagnostic test, sometimes 
referred to as VANC methodology, utilizes synthetic 
particle-vancomycin conjugate and monoclonal 
vancomycin-specific antibody. Vancomycin 
molecules eluted from the cement samples compete 
with synthetic vancomycin conjugates to attach to 
monoclonal antibodies, reducing the aggregation rate. 
Therefore, aggregation rate is inversely proportional 
to concentration of the eluted antibiotic.

Aggregation rate was measured using bi-chromatic 
turbid metric readings at 340 and 700 nm. Results are 
reported as µg/mL.

Testing antibacterial activity

Biological activity of PBS samples containing the 
antibiotics eluted from the spacers were tested against 
Staphylococcus aureus strain sensitive to vancomycin 

Figure 1. (a) Bone cement bead template. (b) Bone cement 
beads.

(a) (b)

Figure 2. Template for spacer and mobile hip spacer. Figure 3. Example of inhibition zone for disc diffusion.
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with known minimum inhibition concentration 
values using disc and agar diffusion methods. For 
the agar method, drug containing PBSs were placed 
into 6 mm pits formed within S. aureus planted 
0.5 McFarland agar. For the disc method, PBS-soaked 
and dried sterile discs were placed onto S. aureus 
planted 0.5 McFarland agar. Both specimens were 
kept in an incubator at 35°C for 24 hours. Diameter 
of area with no bacterial growth around the pits and 
disc were measured (Figure 3). Positive biological 
activity was defined as presence of an inhibition zone 
with no bacterial growth. 

Statistical analysis

Statistical analysis was performed with IBM SPSS 
version 23.0 (IBM Corp., Armonk, NY, USA) software. 
Results are reported as mean ± standard deviation 
(SD). Normal distribution of data was assessed using 

the Shapiro-Wilk test. One way ANOVA was used 
for comparison of groups with normal distribution. 
Tukey test was used for multiple comparison tests. 
Significance was defined as a=0.05.

RESULTS

All groups showed an initial antibiotics surge in the 
first week, which rapidly declined in the following 
week. The burst of antibiotics release in the first week 
was 2 to 4 times more evident in the beads groups 
compared to mobile spacer groups. The amount 
of antibiotic release and inhibition zone diameters 
of agar and disc diffusion models for each type of 
cement are given in Table II. Cumulative amount 
of released antibiotics and change in release rate 
were significantly lower in the SA group compared 
to SB, PB, and PGB groups (p<0.05). Similarly, PS 
group showed significantly lower antibiotics elution 

TABLE II

Amount of antibiotic release, inhibition zone of agar diffusion and inhibition zone for disc diffusion

Antibiotic elution (µg/mL ) Agar diffusion inhibition (mm) Disc diffusion inhibition (mm)

Groups Mean±SD Mean±SD Mean±SD

Simplex bead 272.8±70.5 17.0±0.43 13.1±0.23

Palacos bead 277.4±97.5 20.6±3.18 16.3±3.6

Palacos genta bead 324.1±33.8 22.0±0.57 18.1±0.66

Simplex spacer 58.7±32.5 12.6±2.11 9.5±1.35

Palacos spacer 127.0±60.2 17.1±1.40 12.8±1.46

Palacos genta spacer 109.5±16.8 20.2±1.15 15.6±1.26

Simplex alternative 41.3±5.2 13.3±1.08 9.8±0.36

Palacos alternative 181.4±48.8 18.6±0.46 14.1±0.30

SD: Standard deviation.

TABLE III

Statistical evaluation of antibiotic release

Subset for alpha=0.05

Groups 1 2 3

Simplex alternative 41.3852

Simplex spacer 58.7506

Palacos genta spacer 109.5442

Palacos spacer 127.0073 127.0073

Palacos alternative 181.4250 181.4250 181.4250

Simplex bead 272.8750 272.8750

Palacos bead 277.4765 277.4765

Palacos genta bead 324.0833

Significantly p<0.05 p<0.05 p=0.073
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and change in release rate compared to the PGB 
group (p<0.05) (Table III). Elution of antibiotics was 
not different between mobile spacers prepared with 
conventional or alternative methods (p>0.05) (58.7 and 
41.3 µg/dL for Simplex, 127.0 and 181.4 µg/dL for Biomet, 
respectively). When cement brands were compared 
regardless of spacer design, Biomet cement showed 
higher antibiotics elution, however this difference 
was not statistically significant. When antibacterial 
efficiency was evaluated, Biomet cement showed a 
larger diffusion inhibition zone in agar (Table IV). 
There was no significant difference between biological 
activity of the bead and mobile designs of the Biomet 
brand (p>0.05). Inter-group analysis revealed that 
antibacterial efficiency of SS was significantly lower 
than PS, PA, PGS, PB, and PGB groups in terms of 
agar diffusion inhibition zone (p<0.05). Similarly, 
SA had lower activity compared to PA, PGS, PB, and 

PGB groups, and SB was inferior to PGB (p<0.05). 
Inhibition zone analyses using disk diffusion tests 
further confirmed that SS were biologically less active 
than PA, PGS, PB, and PGB (p<0.05). Similarly, the 
SA group had smaller disc diffusion inhibition zones 
than PGS, PB, and PGB groups (p<0.05) and PB was 
inferior to PGB (p<0.05) (Table V).

DISCUSSION

The main purpose of this study was to compare 
the antibiotic release quantity of hand-made PMMA 
beads and hand-made articulating hip spacers. 
The secondary objective was to evaluate whether 
alternative methods for mixing the antibiotics-loaded 
spacer would improve antibiotics release or not. Our 
results revealed that bead type spacers provided 
2-4 times higher drug elution for a significantly longer 
period of time. This is in accordance with the majority 

TABLE IV

Statistical evaluation of inhibition zone for agar diffusion

Subset for alpha=0.05

Groups 1 2 3 4

Simplex spacer 12.6875

Simplex alternative 13.3750 13.3750

Simplex bead      17.0000 17.0000 17.0000

Palacos spacer 17.1667 17.1667

Palacos alternative 18.6042 18.6042

Palacos genta spacer 20.2917 20.2917

Palacos bead 20.6250 20.6250

Palacos genta bead 22.0000

Significantly p<0.05 p<0.05 p<0.05 p=0.210

TABLE V

Statistical evaluation of inhibition zone for disc diffusion

Subset for alpha=0.05

Groups 1 2 3 4

Simplex spacer 9.5000

Simplex alternative 9.8542 9.8542

Palacos spacer      12.8125 12.8125 12.8125

Simplex bead 13.1042 13.1042 13.1042

Palacos alternative 14.1042 14.1042 14.1042

Palacos genta spacer 15.6042 15.6042

Palacos bead 16.3333 16.3333

Palacos genta bead 18.1042

Significantly p<0.05 p<0.05 p<0.05 p=0.089
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of the literature reporting superior drug release with 
bead shaped cement. However, our results failed to 
detect any improvement in biological activity with 
alternative cement mixing techniques.

The gold standard of treatment for periprosthetic 
infection is removal of the prosthesis and delivery of 
high dose local antibiotics combined with parenteral 
antibiotherapy. Antibiotic-loaded bone cement has 
been the primary method of local drug administration 
for over four decades. Antibiotic release from bone 
cement molded as beads is reported to be substantially 
higher when compared to spacers resembling joint 
architecture. Even though higher local antibiotics 
concentrations are achieved by using cement beads 
as in studies by Anagnostakos et al.[16] and Moojen 
et al.,[14] clinical implication of this difference is 
questionable. Hsieh et al.[10] reported that recurrent 
infection rates were similar with both types of cement 
design.

Whether static or articulating, both types of joint 
spacers are commonly used, and they are either 
prepared during surgery by hand-molding or tool-
molding, or they are commercially available. Hand-
made spacers have been in clinical practice for 
over two decades with good clinical results.[4,9,10,17,18] 
Articulating spacers are relatively new, and large scale 
randomized studies on their efficiency at eradicating 
periprosthetic infection are missing.[7,9,10] A small 
number of case studies report equivocal infection 
eradication rates.[5,16,19] Hand molded spacers are easy 
to prepare and have low cost, however, their varying 
sizes and shapes make standardized laboratory 
assessment difficult. Tool molded spacers (bead or 
articulating) are more uniform, as with commercially 
available designs, and provide homogeneity in 
comparative studies. Several techniques are described 
in the preparation of these products.[5,7,10,14,16,20]

The ideal antibiotic impregnation technique 
for optimum drug elution from bone cement is 
controversial. While some authors favor commercially 
available antibiotics-impregnated bone cement over 
manual mixing during surgery, others advocate 
that manual mixing increases cement porosity, 
hence more effective drug release.[5,7,14,17,21] The main 
disadvantage of manual mixing is that it is difficult 
to achieve homogenous distribution of antibiotic 
powder in the cement.[16] On the other hand, limited 
drug concentration in commercially available 
antibiotics-impregnated cement is of concern for 
effective antibacterial activity. Strict criteria set by 
national and international registrations prevent/
ban fabrication of bone cement with high doses of 
antibiotics. Walenkamp[22] pointed out that Western 

countries gradually adapted to the antibiotic loading 
protocols described initially in developing countries. 
The goal of periprosthetic infection treatment is total 
eradication of microorganisms, and achieving high 
levels of local drug concentration is crucial. Adding 
the desired amount of antibiotics into the bone cement 
during surgery serves this purpose and provides high 
doses of local antibiotics.[7,14,15,23]

The standard procedure for antibiotics 
impregnation is to first add antibiotic powder into 
the polymer form of the cement, and then to mix the 
prepared powder with liquid monomer. Hanssen and 
Spangehl[17] described a modification of this procedure 
in their technical note in 2004. They preferred to mix 
powder and liquid monomer first, and then introduce 
the antibiotics powder during the dough phase of 
bone cement. They stated that crystallization caused 
by addition of the drug increased cement porosity 
and enhanced antibiotic clearance. However, this 
method of antibiotic impregnated cement preparation 
is rarely used and clinical evidence for its efficacy is 
missing. The sole in vitro study of this technique was 
conducted by Shiramizu et al.[24] who have concluded 
that the Hanssen method may be preferable for 
introduction of large doses of antibiotics. Miller et 
al.[25] tested the Hanssen method by mixing 10 grams 
of vancomycin during the dough phase and reported 
higher drug concentrations when compared to other 
methods. We did not find any increase in drug 
elution in articulating hip spacers prepared with the 
Hannsen method. Our study design was different 
in that we used lower doses of vancomycin and 
the spacer was molded as a collarless stem that 
could be used as an articulating hip spacer, rather 
than 6¥12.7 mm cylinder shaped spacer models used 
in the aforementioned studies. These cylinders are 
constructed to be in accordance with the ASTM 
(American Society for Testing and Material Standards) 
F451 criteria which are set especially for compressive 
biomechanical testing. We believe that ours is a better 
model of the actual clinical environment, in terms of 
both drug concentration and surface area.

CMW 3 (DePuy, Blackpool, UK), Simplex P 
(Howmedica, Limerick, Ireland), and Palacos 
(Heraeus Medical, Wehreim, Germany) have different 
powder and liquid constituents and viscosity 
and are frequently used in clinical practice and 
studies. Palacos is known to exhibit more efficient 
antibiotics elution compared to other cement 
types.[7,9,26-28] Tabromycin and vancomycin release is 
documented to be significantly higher with Palacos 
compared to CMW 1 and CMW 3.[27] There is no 
such established difference between Simplex P and 
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CMW 3. When analyzed in terms of antimicrobial 
activity, higher drug concentrations achieved with 
Palacos fail to elicit enhanced efficacy.[21,29-34] In 
contrast to the aforementioned studies, our results 
yielded similar drug concentrations with Palacos, 
CMW 3, and Simplex P. Despite the similar antibiotics 
concentrations, samples from Simplex P showed lower 
antibacterial activity. Decreased antibacterial activity 
from similar drug concentrations may be due the 
effect of different levels of heat generated during 
exothermic reaction of the drug molecule, or due to 
imprecise semi-quantitative methods for analyzing 
drug activity.

There are several limitations to his study, of which 
in vitro design of the experiment is the most significant. 
The actual clinical environment contains several host-
related factors that effect antibacterial activity, which 
are not always possible to reproduce in a laboratory 
set-up. Near a joint space implanted with cement 
beads or articulating spacers, surrounding fluid 
volume will be less than 500 mL as used in laboratory, 
likely to increase the local drug concentration.

In conclusion, antibiotics release from cement 
beads is higher than that from articulating hip spacers, 
regardless of cement type or preparation method. 
Antibacterial activity of spacer samples prepared 
from Simplex P brand cement is significantly less 
compared to Biomet brand, whether it is molded 
as beads or articulating forms. Different methods 
for cement and antibiotic mixing and addition of 
extra vancomycin into the commercially drug loaded 
cement did not have any effect on the results.
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