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Abstract

AIM

To evaluate the behaviour of two fast-setting polymethyl-
methacrylate (PMMA) cements CMW® 2G and Palacos®
fast R + G, as reference: Standard-setting Palacos® R + G.

METHODS

The fast-setting cements CMW® 2G and Palacos®
fast R + G were studied, using standard-setting high
viscosity Palacos® R + G as a reference. Eleven units (of
two batch numbers) of each cement were tested. All
cements were mixed as specified by the manufacturer
and analysed on the following parameters: Handling
properties (mixing, waiting, working and hardening
phase) according to Kuehn, Mechanical properties
according to ISO 5833 and DIN 53435, Fatigue strength
according to ISO 16402, Benzoyl Peroxide (BPO) -
Content by titration, powder/liquid-ratio by weighing,
antibiotic elution profile by High Performance Liquid
Chromatography. All tests were done in an acclimatised
laboratory with temperatures set at 23.5°C £ 0.5°C
and a humidity of > 40%.

RESULTS
Palacos® fast R + G showed slightly shorter handling

December 18, 2017 | Volume 8 | Issue 12 |



Caraan NA et a/. Comparative analysis of fast-setting cements

properties (doughing, hardening phase, 7 = 12) than
CMW® 2G, allowing to reduce operative time and to
optimise cemented cup implantation. Data of the
quasistatic properties of ISO 5833 and DIN 53435 of both
cements tested was comparable. The ISO compressive
strength (MPa) of Palacos® fast R + G was significantly
higher than CMW® 2G, resulting in ANOVA (P < 0.01) and
two sample #test (P < 0.01) at 0.05 level of significance
(n = 20). Palacos® fast R + G showed a higher fatigue
strength of about 18% mean (ISO 16402) of 15.3 MPa
instead of 13.0 MPa for CMW® 2G (7 = 5 x 10° cycles).
Palacos® fast R + G and CMW® 2G differed only by 0.11%
(n = 6) with the former having the higher content. The
BPO-content of both cements were therefore comparable.
CMW® 2G had a powder/liquid ratio of 2:1, Palacos® fast
R + G of 2.550:1 due to a higher powder content. Despite
its higher gentamicin content, CMW® 2G showed a sig-
nificantly lower antibiotic elution over time than Palacos®
fastR + G (7 = 3).

CONCLUSION

Both cements are compliant with international standards
and are highly suitable for their specified surgical
indications, affording a time-saving measure without
detriment to the mechanical properties.

Key words: Polymethylmethacrylate; Elution; Fast-
setting; Viscosity; Antibiotic; Fatigue; Arthroplasty

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: Polymethylmethacrylate (PMMA) cements
provide reliable fixation of the implants in joint arthro-
plasty. Fast-setting high viscosity PMMA cements exist
that have altered setting characteristics compared to
standard setting cements. These potentially offer benefits
to surgeons based upon their handling properties. Such
cements have gained popularity in arthroplasty surgery as
described in the United Kingdom and Australian National
Joint Registries. The use of fast-setting cements has
various beneficial as well as economic effects, such as
time-saving and better antibiotic elution.

Caraan NA, Windhager R, Webb J, Zentgraf N, Kuehn KD. Role
of fast-setting cements in arthroplasty: A comparative analysis of
characteristics. World J Orthop 2017; 8(12): 881-890 Available
from: URL: http://www.wjgnet.com/2218-5836/full/v8/i12/881.
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INTRODUCTION

Polymethylmethacrylate (PMMA) cements provide
reliable fixation of the implants in joint arthroplasty'*.
The chemical composition of each bone cement
accounts for its mechanical and handling properties.
The polymerization reaction of PMMA is divided in to
four phases: Mixing, waiting, working and setting.
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Bone cements are classified based upon the amount
of time they spend in each of these phases. The most
popular cements are high viscosity varieties which have
the best results in registry figures but also offer the
surgeon short waiting and extra-long working phasest®.
However, high viscosity cements can take up to 13 min
to set™.

Fast-setting high viscosity cements exist that have
altered setting characteristics compared to standard
setting cements. These potentially offer benefits to
surgeons based upon their handling properties. Such
cements have gained popularity in arthroplasty surgery
as described in the United Kingdom and Australian
National Joint Registries™>.

Fast-setting high viscosity cements are characterised
by a short mixing, moderate working and very short
hardening phase in comparison to standard-setting
high viscosity PMMA cements'®”). They potentially offer
benefits to both surgeon and patient based on their
handling properties. These benefits might include:
(1) Reduced operative time. Fast setting cements are
homogenised quickly and demonstrate very short
mixing and waiting phases, allowing them to be
applied rapidly®™®. Usually, fast setting cements are
setting at the same time that a standard high viscosity
cement is reaching the end of their working properties.
By reducing the operative time, they may offer an
economic advantage!'**?!. Of more importance, as
longer operative time is correlated with increased risk
of prosthetic joint infection, they may also offer an
advantage in reducing infection™*'*; (2) cemented cup
implantation. The short waiting phase of fast setting
cements might have the advantage of minimising the
risk of bottoming out of the socket during insertion!*.,
A high viscosity, fast setting cement flows away less
readily during pressurisation and thus, once the correct
cup position is achieved, it can be kept under pressure
during the working phase with less progressive
movement"®; (3) cemented knee arthroplasty. Some
authors have advocated the use of a sequential mixing
technique to ensure even cement mantles in total
knee arthroplasty!®. Fast setting cements are central
to this technique in order to avoid excessive operative
time. In addition, others state that high viscosity fast
setting cements tend to penetrate the cancellous
bone less deeply. This reduces the peak temperature
at the interface and facilitates cement removal at
revision arthroplasty!'”’; (4) cement spacer and bead
production: The handling properties of fast setting
cements allows manipulation of the dough more rapidly,
facilitating the production of hand-made spacers and
beads™®; and (5) augmentation surgery. The short
waiting phase of fast setting high viscosity cements
leads to the dough sticking less to surgeon’s gloves.
These favourable handling properties will be of benefit
when filling bone defects or augmenting the fixation of
screws in osteoporotic bone!™.

There is extensive published data on the mechanical
properties of standard-setting high viscosity cements.
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Table 1 Testing material

Product Powder (g) Liquid (mL) Batch number  Viscosity
DePuy 40 20 #3620322 Very high-
CMW® 2G viscosity
#3572255 Very high-
viscosity
Palacos® fast 51 20 #7743 Very high-
R+G viscosity
FZ52#050214  Very high-
viscosity
Reference: 40.8 20 #7735 Standard high
Palacos® R + viscosity
G
#7753 Standard high
viscosity

However, the varied possible clinical applications,
described above, for the use of fast-setting cements
demands a similar detailed knowledge of their
properties. There is therefore a need to describe the
clinically relevant cement properties of these newer
cements including, handling behaviour, antibiotic
elution, quasistatic and dynamic mechanical properties.

The aim of this research is to study the behaviour of
two fast-setting cements and compare these against the
“gold-standard” clinically proven standard-setting high
viscosity cement, Palacos® R + G. The design was an in
vitro non-interventional, experimental and prospective
comparative study.

MATERIALS AND METHODS

Materials

The fast-setting cements CMW® 2G and Palacos® fast R
+ G were studied, using standard-setting high viscosity
Palacos® R + G as a reference™™*?. Eleven units (of two
batch numbers) of each cement were tested (Table 1).

Methods
All cements were mixed manually as specified by the
manufacturer, in porcelain crucibles with metal spatulas
by our team, consisting of experienced laboratory
technicians of Heraeus Holding GmbH and me, after
intense training for several weeks with different cements.
All cements were analysed on the following
parameters: (1) Handling properties (mixing, waiting,
working and hardening phase) according to Kuehn?;
(2) Mechanical properties according to ISO 5833!
and DIN 53435%%; (3) Fatigue strength according to
ISO 16402™: (4) Benzoyl Peroxide (BPO) - content
by titration, powder/liquid-ratio by weighing; and (5)
Antibiotic elution profile by High Performance Liquid
Chromatography (HPLC)® (Table 2). All tests were done
in an acclimatised laboratory with temperatures set at
23.5°C £ 0.5 °C and a humidity of > 40%.

Fatigue testing: Fatigue was tested according to ISO
16402, The run follows the four-point bending test
method described in ISO 5833™*. The dynamic testing
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is executed with a pulsating sinusoidal loading under
force control. The tests are continued until failure occurs
or the specimen reaches a predetermined maximum
number of cycles (n = 5 x 10°). The specimens had the
dimensions 3.3 mm x 10 mm x 70 mm®”.

Gentamicin elution: Cylindrical cement specimens (d
= 25 mm, h = 10 mm) with a surface of approximately
3.1 cm’® were used. For the dissolution the PMMA
cement samples were stored at 37 'C in dissolution
medium (0.1 M phosphate buffer, pH 7.4). Aliquots were
taken and the dissolution medium was renewed at day 1,
3, 7, 14, and 21. An appropriate amount of dissolution
medium was added to ensure that the samples were
completely covered. The dissolution medium samples
were stored at -20 ‘C until analysis. Sample preparation
and the determination of concentrations were done at
AZB (Analytisches Zentrum Biopharm GmbH Berlin).

Sample preparation: For the preparation of calibration
standards 7.646 mg gentamicin sulphate (equivalent to
5.0 mg gentamicin) were dissolved in 25 mL water to
achieve a 200 pg/mL gentamicin stock solution. Working
solutions were prepared at 100, 250, 500, 750, 1000,
2500, 5000 and 7500 ng/mL by serial dilutions with
water. Tobramycin was used as an internal standard.
The internal standard working solution was prepared at
a concentration of 25 pg/mL in water.

Up to eight calibration standards from 100-7500
ng/mL were prepared by spiking 200 puL of gentamicin
working solutions with 18 pL internal standard working
solution. The study samples were diluted by a factor of
20 with water and prepared according to the calibration
standards by adding internal standard working
solution®®,

Determination of concentrations: Concerning the
liquid chromatography (LC) mass spectroscopy (MS)
conditions, chromatographic separation was performed
on a modular HPLC 1200 Series (Agilent Technologies,
Waldbronn, Germany) using a Luna C18 (II) column,
150 mm x 2 mm, with two C18, 4 mm x 2 mm, guard
columns (Phenomenex, Aschaffenburg, Germany)
thermostated at 25 'C (gentamicin), respectively.

For gentamicin the mobile phase A was 0.11 mol/L
trifluoroacetic acid/methanol (50:50) and mobile phase
B was acetonitrile. An isocratic separation was achieved
with an A:B ratio of 95:5 at a flow rate of 0.25 mL/min.
The run time was 2.5 min and the total cycle time was
less than 3 min. Injection volume was 2 pL. Under the
described conditions the four gentamicin components
C1, C2, C2a and Cla co-eluted. The HPLC method
was previously used by Heller et a*® to determine
gentamicin in biopsy samples. The detection of the co-
eluted gentamicin components was carried out using
an API 4000 QTrap (Applied Biosystems, Darmstadt,
Germany). Ionisation was carried out with an ele-
ctrospray interface (positive polarity) using the mass
selective detector in the multiple reaction monitoring
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Table 2 Test parameters

Parameter Characteristics

More details Sample size

Scale of
measure -
Ratio scale

Descript. + analyt. statistics

Handling properties in vitro
Working phase
Hardening phase
ISO bending strength
ISO flexural modulus

Quasistatic mechanical properties

ISO compressive strength
Dynstat notched impact strength
Dynstat bending strength
Dynamic mechanical properties

BPO-content

Powder/liquid-ratio

Elution profile Gentamicin release per mould body

Mixing, doughing and waiting phase Elapsed time 12
Elapsed time 12
Elapsed time 12

Duration Median, quartile, boxplot
Duration

Duration

In MPa 12 Metric Median, quartile, boxplot,
In MPa 12 Metric arithmetic mean, ANOVA,
In MPa 20-24 Metric independent two-sample f-test
In kJ/m’ 16 Metric
In MPa 16 Metric
In MPa 5 Metric Chart, bar graph and standard
deviation
In % 6 Metric Arithmetic mean, standard
deviation, bar graph
g:mL Ratio Bar graph
In pg/FK 3 Metric Table, S/N-curve

mode (MRM). The extracted ion chromatograms of the
following ion transitions were stored and calculated:
478.4 — 322.3 m/z (gentamicin C1), 464.4 — 322.3
m/z (gentamicin C2 and C2a), 450.3 —» 322.3 m/z
(gentamicin Cla.) and 468.4 — 163.1 m/z (internal
standard). The three ion transitions of gentamicin
components were summed with Analyst (Applied
Biosystems, Darmstadt, Germany) and concentrations
were calculated with Excel (Microsoft, UnterschleiBheim,
Germany).

Statistical analysis

The differences of the middle level (= mean) were
analyzed by univariate ANOVA (analysis of variance)
with repeated measures for more than two paired
samples compared with post-hoc Tukey test. The
method P values, adjusted according to the Tukey-
method were compared with the significance level a
= 0.05, and a comparison was considered statistically
significant if P < a. In addition, the average group
differences and the associated 95%CIs were estimated
from this model.

The metric ISO variable mechanism and handling
properties were tested descriptively by median, quartile,
box plot and span and presented summarized in tabular
form for all ISO and DIN mechanical results and as a
bar chart for all tested handling results.

By calculating the mean values including the st-
andard deviation and a bar chart, the metric parameters
of the (di) benzoyl peroxide content (BPO-content) was
descriptively displayed three times for each batch of
fast-setting cements. The ratio of polymer powder to
monomer liquid was presented with metric parameters
as a bar graph. The metric data for all antibiotic elution
data were tabulated after the 1%, 3 and 5" day and
presented with its standard deviation as a curve
diagram.

Metric data of all fatigue strength data were shown
as follows: The quasi-static ISO flexible strength in MPa
were indicated by mean and its standard deviation,
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the fatigue strength in MPa at 5 x 10° cycles and
the consequent percentage share of the quasi-static
bending strength as a table. It was prepared as SN
curve (= S/N curve) in a 95%CI**”,

RESULTS

Handling properties under in vitro condition

For CMW® 2G the polymer powder is filled into the
vessel before the monomer liquid. This is contrary to
the Palacos® fast R + G and Palacos® R + G process,
which both require the filling of the monomer liquid first
followed by the polymer powder. The latter technique
seems to allow better initial mixing of the liquid and
powder moieties. The handling properties of both
tested fast setting cements are similar (n = 12), but
the differences are as follows. CMW® 2G reached the
end of the doughing phase according to ISO 5833 at
50 s, approximately 20 s later than Palacos® fast R
+ G (Figure 1). Palacos® fast R + G was workable at
35 s, immediately after mixing because the dough was
no longer sticky and an additional waiting phase is not
necessary. CMW® 2G showed a small waiting phase
(when still sticky to touch) of approximately 15-20 s
after the end of mixing and thus could not be applied
until approximately 60 s. Both fast setting cements
tested had a similar end of working phase at 3 min after
start of mixing. Palacos® fast R + G showed a slightly
shorter setting time than CMW® 2G.

Quasistatic mechanical properties

Both fast setting cements tested fulfilled the quasistatic
properties of ISO 5833 and DIN 53435%%, Data of ISO
bending strength (MPa) of both cements were similar
with no statistical difference due to the one-way analysis
of variance (ANOVA) (P = 0.06) and independent two
sample t-test (P = 0.058) at 0.05 level of significance
(n = 12). ISO flexural modulus (MPa) of both cements
was also similar, resulting in: ANOVA (P = 0.869) and
independent two sample t-test (P = 0.868) (for both a
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Handling properties

DePuy CMW 2G

Palacos fast R + G

PalacosR + G

0:00:04 0:00:48 0:01:31 0:02:14 0:02:57

0:03:40

M Sticky phase
[ Doughy phase
[ Setting

0:04:24  0:05:07 0:05:50 0:06:33

Figure 1 Graphical presentation of handling properties (sticky phase, doughy phase and setting) of tested fast setting cements and the reference material.

Data is presented as mean + SD.

Table 3 ISO mechanical properties of all tested cements

1SO 5833:2002

Bending strength (MPa)

Flexural modulus (MPa) Compressive strength (MPa)

Limit > 50

DePuy CMW® 2G 75.39 67.3 (-8.09)
81.8 (+6.41)

Palacos®R + G 65.79 61.7 (-4.09)
68.7 (+2.91)

Palacos® fast R + G 72.17 69.3 (-2.87)
76.2 (+4.03)

> 1800 >70

3002.75 2775 (-227.75) 91.53 80.94 (-10.59)
3159 (+156.25) 99.11 (+7.58)

2552 2383 (-169) 87.46 81.92 (-5.54)
2659 (+107) 93.13 (+5.67)

2995.18 2784 (-211.18) 106.25 100.26 (-5.99)
3118 (+122.82) 110,51 (+4.26)

Table 4 DIN mechanical properties of all tested cements

DIN 53435
Bending strength Notched impact
(MPa) strength (kJ/m?)
Limit
DePuy CMW® 2G 731 63.88(-9.22) 294 201 (-0.93)
82.81 (+9.71) 3.98 (+1.04)
Palacos® R + G 7121  65.06(-715) 32 239 (-0.81)
79.09 (+7.85) 450 (+1.3)
Palacos® fast R + G 7635 6591 (-10.44) 319 239 (-0.8)
88.3 (+11.95) 3.98 (+0.79)

= 0.05, n = 12). The ISO compressive strength (MPa)
of Palacos® fast R + G was significantly higher than
CMW® 2G, ANOVA (P < 0.01) and t-test (P < 0.01) at
0.05 level of significance (n = 20). Dynstat bending
strength (MPa) was comparable [ANOVA (P = 0.15) and
t-test (P = 0.15) (n = 16)], as was the Dynstat notched
impact strength (kJ/m?) [ANOVA (P = 0.196) and t-test
(P = 0.200) (n = 16)] of both fast-setting cements
(Tables 3 and 4).

Dynamic mechanical strength (fatigue)

CMW® 2G had a higher initial quasistatic ISO bending
strength (62.3 £ 7.2 MPa) for fatigue according to ISO
16402 than Palacos® fast R + G (55.3 £ 1.1 MPa).
Subsequently Palacos® fast R + G showed a higher
fatigue strength of about 18% mean (ISO 16402) of
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15.3 MPa instead of 13.0 MPa for CMW® 2G (n = 5
x 10° cycles). All dynamic mechanical testing results
showed no statistical significance (Figure 2).

BPO-content

Palacos® fast R + G and CMW?® 2G differed only by 0.11%
with the former having the higher content (Figure 3,
mean values of all batches tested). The BPO-content of
both cements were therefore comparable.

Powder/liquid-ratio

CMW® 2G had a powder/liquid ratio of 2:1, Palacos® fast
R + G of 2.550:1 due to a higher powder content (Figure
4).

Elution profile

CMW® 2G contains 2.5% gentamicin sulphate in the
powder, Palacos® fast R + G only 1.25% gentamicin.
Both cements showed a typical biphasic antibiotic elution
profile with high initial release of gentamicin within the
first 24 h. Despite its higher gentamicin content, CMW® 2G
however released only approximately half the amount
gentamicin as compared to Palacos® fast R + G after
the first 24 h. Further CMW® 2G showed a much lower
antibiotic elution over time than Palacos® fast R + G.
Additionally, after day 3, CMW® 2G had a significantly
lower gentamicin release than Palacos® fast R + G
(Figure 5).
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70 +

60 -

T
x»EOXXK

50

40

Stress in MPa

30 -

20 |

107 1 1 1 1 1 1 1 1

1
le + 00 le + 01 le + 02 1e + 03 1e + 04 1e + 05 le + 06 le + 07 1e + 08
Cycles

Figure 2 Fatigue strength (n =5 x 10° cycles) of both tested fast setting cements, CMW® 2G (in red) and Palacos® fast R + G (in green). Data is presented in
a SIN curve. Lines: Result of the linear regression and the “narrow” confidence band at the 95% level; x: Quasi-static values; +: Failed under fatigue load; o: Run-outs,
regression with + and o.

BPO content

25 r
2.0
1.5 -
1.0 -

0.5 -

0.0

CMW2 G Palacos fast R + G Palacos R + G

Figure 3 Graphical presentation of Benzoyl Peroxide-content of all tested cements. Data is presented as mean + SD. BPO: Benzoyl peroxide.

Powder/liquid-ratio

PalacosR + G

CMW2 G

Palacos fast R + G

0.0 0.5 1.0 1.5 2.0 2.5 3.0

g powder/mL fluid

Figure 4 Graphical presentation of powder/liquid ratio of all tested cements. Data is presented as absolute.

tageous handling properties and possible associated cost
DISCUSSION saving potential. Economically the rapid use immediately
Fast-setting high viscosity cements have gained po- after mixing and the quick setting is of importance. In the
pularity in clinical applications owing to their advan- United Kingdom and Australia such fast-setting cements
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Gentamicin determination in dissolution samples in pg/cm’
450.0

—— CMW2

400.0 + —— Palacos fastR + G

350.0 -
300.0 -
250.0 -
200.0 -
150.0 -

Gentamicin in pg/cm’

100.0 -
50.0 -

0.0

1.0 3.0 7.0 14.0

Scheduled time (d)

21.0

Figure 5 Graphical presentation of elution profile of CMW® 2G (in blue)
and Palacos® fast R + G (in green) (specimen surface 3.1 cm?). Data is
presented as mean + SD.

are now widely used™?.,

Palacos® fast R + G and CMW® 2G were chara-
cterised by different mechanical and handling properties
when compared to standard-setting high viscosity
PMMA cements. The key question, is whether such fast-
setting behaviour lends itself to use in all cement clinical
applications for bone cement? The relatively short
mixing, moderate working and setting phases when
compared to standard-setting high viscosity may be
less favourable in some scenarios such as femoral stem
insertion when the downside of incomplete insertion
would be detrimental to the outcome of the surgical
procedure. None the less the fact that these cements
will have set whilst standard versions are still in their
working phase does offer some potential benefits to the
surgeon, as detailed in the introduction.

The altered handling characteristics of CMW® 2G
are the clinically corollary of the special PMMA bead
formulation together with an increased content of
BPO™, In contrast, Palacos® fast R + G utilises an
increased powder-liquid (polymer to monomer) ratio in
combination with an increased BPO content to achieve
the different handling properties.

Both tested fast setting cements are characterised
by a short doughy/waiting phase with Palacos® fast R
+ G being ready to handle immediately after mixing.
During THA these properties might be advantageous
such as allowing better component position control
during cup insertion with less extrusion and movement
of the cement. The viscosity within the working or
application phase is ideal for good cement penetration
into the cancellous bone. Surgical technique must be
altered to allow the use of fast-setting cements because
the viscosity increases quickly and results in an earlier
setting.

With regards to the handling properties of the
two cements tested, Palacos® fast R + G may offer
some benefits to surgeon over CMW® 2G. The latter
is workable from about 60 s until 4 min after the start
of mixing. The material sets at approx 5 min®®.. The
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viscosity at the end of the working phase is high and
the cement becomes warmer quickly. Palacos® fast R +
G is workable immediately after mixing at 35-40 s until
4 min after the start of mixing. This results in a slightly
longer working phase at 23 C. It is expected that these
differences in the handling behaviour of the tested fast
setting cements will be significantly higher at lower
ambient temperatures.

Fast-setting cements can be used immediately after
mixing during TKA in a sequential cementing technique.
Before touching the cement users should be aware that
CMW® 2G is sticky for slightly longer than Palacos® fast R +
G. High viscosity fast-setting cements do not penetrate
the cancellous bone as deeply as their standard-setting
versions. The higher the monomer (liquid) content in
a PMMA cement, the higher the temperature reached
during setting™®®!. The higher powder-liquid ratio of
Palacos® fast R + G results in a lower peak temperature
in comparison to CMW® 2G. This might protect against
thermal damage of the bone with use of the Palacos®
fast R + G cement.

To our knowledge, only two fast-setting high viscosity
cements are marketed today. Another cement is marketed
as a fast setting cement - Simplex®P SpeedSet® (Stryker®).
This is not a high viscosity fast-setting cement as studied
in this paper, but rather represents a slightly faster-setting
version of their medium viscosity Simplex P!,

The altered setting behavior of Simplex®P Speed
Set® is achieved by using smaller copolymer partices which
leads to an increased surface area of the powder beads.
Such a change of the polymeric composition produces a
more viscous material. Further, a higher BPO content is
used to speed up the polymerisation reaction, leading to a
faster setting time in comparison with the original Simplex
P cement™". The handling properties of Simplex*P Speed
Set® are markedly different from those of standard viscosity
cements, such as Palacos® R + G. Simplex®P SpeedSet® is
characterised by a doughing time of 2.53 min, a working
time of approximately 4.8 min and a setting time of 8.2 min
according to FDA510 (k) K 053198%®, The reference, the
standard viscous Palacos® R + G showed a working time of
approximately 4 min, a doughing of approximately 55 s and
a setting of 6 to 7 min. Due to this, Simplex®P SpeedSet® is
not a high viscosity fast-setting cement.

The clinical success of cemented arthroplasty relies
upon the strength of the interfaces between the bone, the
cement and the implants. Registry figures have confirmed
the efficacy of combining implants and cements with
optimal mechanical properties and design (NJR 2015).
When assessing a new type of cement one must ensure
that they will be able to withstand the varying loads they
will encounter in vivo. The minimum requirements for
mechanical properties on an acrylic cement to be used in
human applications are described in ISO 5833 and DIN
53435221, Both the fast-setting cements we tested in
this study fulfilled these requirements. In addition, it was
noted that Palacos® fast R + G had a statistically significant
higher ISO compressive strength (MPa) than CMW® 2G.
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Nevertheless, quasistatic tests on PMMA cements usually
conveys similar strength values between brands.

Dynamic mechanical testing of cements probably
offers more clinically relevant information relevant to
the long-term survival of cemented implants. Such
properties include visco-elastic properties and fatigue
testing™. Fatigue behaviour of PMMA cement was
tested in this study because it is more sensitive to
acrylic variation and can frequently distinguish between
material differences in composition or preparation®?.
Palacos® fast R + G showed higher fatigue strength
according to ISO 16402. This may depend upon the
different sterilisation techniques used in the preparation
of the two cements tested explains these differences.
CMW® 2G powder is sterilised by gamma irradiation,
whereas Palacos® cements are sterilised by Ethylene
oxide (ETO). Irradiation has been shown by other
authors to reduce the molecular weight of the polymer
beads by half, which results in lower fatigue strengths of
the resultant cement™***,

In revision surgery for prosthetic joint infection,
local antibiotic delivery is a proven component of
treatment in the form of hand-made antibiotic-loaded
cement spacers and beads***®!. Fast-setting cements
may be preferable for this indication if they appropriate
handling and elution characteristics? Firstly, the highly
viscous dough of fast setting cements after mixing
allows an easy manual application without the cement
sticking to the gloves. Secondly, both cements tested
showed standard bi-phasic elution of the antibiotic in
vitro. Palacos® fast R + G showed superior gentamicin
release at all stages, despite a lower antibiotic content
in comparison to CMW® 2G. Palacos® fast R + G
contains the same hydrophilic co-polymers that are
present in Palacos® R + G. It is these co-polymers in
combination with the special polymer/monomer ratios of
Palacos® cements that accounts for the increased anti-
biotic release compared with other cement brands™”.
This phenomenon has been described by numerous
authors for the standard-setting Palacos® R + G and it
would appear to hold true for the fast-setting version as
well728,

The use of eligible, fast-setting high viscosity PMMA
cements are already described in national joint registries
for both knee and hip arthroplasty™®, Palacos® fast R
+ G and CMW® 2G are both highly suitable for their
specified surgical indications as they afford a time-saving
measure without detriment to the mechanical properties.
Both are compliant with international standards and we
have described in this study their relative handling and
mechanical properties in order to inform surgeons so that
they might apply them to their practice.

Due to Palacos® fast R + G's shorter doughy/waiting
phase compared to CMW® 2G, it is ready to apply
immediately after mixing. During surgeries Palacos® fast
R + G allows better component position control during
cup insertion with less extrusion and movement of the
cement compared to CMW® 2G.

A higher powder-liquid ratio of Palacos® fast R + G
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results in a lower peak temperature compared to CMW®
2G, which might protect against thermal damage of the
bone with use of the Palacos® fast R + G cement.

Palacos® fast R + G had a statistically significant
higher ISO compressive strength (MPa) than CMW® 2G,
it also showed higher fatigue strength according to ISO
16402, likely due to different sterilisation techniques.
Palacos® fast R + G also showed a much higher
gentamicin release profile at all stages, despite a lower
antibiotic content compared to CMW® 2G.
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