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/Abstract A

Background: The aim of this study was to assess the influence of different mixing techniques on handling properties of PMMA -
bone cement.

Methods: Eighteen different mixing techniques which differ in mixing speed, use of vacuum, and storage temperature were
performed and repeated five times. For each test group, the handling properties (doughing, working and setting time) were analy-
sed.

Results: Vacuum and temperature had a significant influence on the doughing, working and setting time (p<0.0001). Mixing
speed had a significant effect on doughing time (p<<0.0001). It was statistically calculated (two-way ANOVA) that the interaction
between the use of vacuum and the mixing speed, and the interaction between temperature and the mixing speed had a significant
influence on doughing time (p<<0.0001). The interaction between temperature and mixing speed had a significant effect on setting
time (p=0.0018).

Conclusions: The mixing technique determines the viscosity of PMMA bone cement, thereby influencing the ideal time point
for insertion.
J

In total joint replacement it is used [4] to build a solid connection
between the metallic prosthesis and the living bone, and [5] to
evenly transmit the energy exerted by the prosthesis to the bone
[1,6]. To meet these demands, bone cement should have optimal
viscosity during the application phase. If viscosity is too low
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Introduction

Success of cemented arthroplasty is determined mainly by
bone preparation, design of the implant, surgical technique and
knowledge of the handling properties of acrylic bone cement.
For about 60 years bone cement has been extensively used in
medicine for the implantation of artificial joints. More recently,
Polymethylmethacrylate (PMMA) - a glass-like, strong and hard
plastic material- has also been well-established in clinical use in
regard to techniques such as vertebroplasty and kyphoplasty [1-3].

during insertion, it can mix with blood, thereby increasing porosity
of the cement. Consequently, this may lead to a higher fracture
risk as well as a higher risk of aseptic loosening of the implant.
On the other hand, if the viscosity is too high, a reduced intrusion
into the interstices of cancellous bone may be observed. Untimely
application can lead to impairment in the cement matrix, loss of
function as an elastic buffer, and implant aseptic loosening [1,7].
Application of the correct mixing technique is a basic requirement
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to ensure the following: a homogeneous cement mixture, improved
strength of the bone-cement-interface, optimal mechanical stability
and increased longevity of cemented arthroplasties [2]. Besides
bone preparation, design of the implant and surgical technique,
knowledge of handling properties of acrylic bone cement is
essential to perform a successful cemented joint replacement.

It is already known that the working properties of PMMA
bone cement are influenced by the chemical composition of the
components, the powder-liquid ratio, the molecular weight, the
particle size distribution of the polymer powder, the chemical
affinity of the monomers, the BPO-DmpT-ratio, the sterilization
procedure of the powder component, the addition of antibiotics,
the manner of mixing (vacuum mixing system vs. manual mixing),
and especially the temperature and humidity [2,5,8-15]. Another
little-reviewed factor is the mixing technique of the user (Operation
Room [OR] staff) processing the cement in the OR. However,
there are international standards regarding acrylic bone cement
[10]. In order to sell PMMA bone cement, it has to correspond to
the mechanical, physical, packaging and labelling requirements of
the currently applicable ISO 5833: 2002 (E) standard. Information
about temperature dependence of the processing of PMMA bone
cement in the package insert is already required by the ISO 5833:
2002 (E) standard. But there is no obligation for the manufacture
to demonstrate the influence of vacuum and mixing speed on
the processing phases. For any type of available bone cement,
manufacturer instruction exists. These instructions should act as
reference. However, in the present non-interventional, experimental
and prospective trial of a medical device, the mixing technique
defined by various mixing speeds, temperatures, vacuum uses,
and combinations of such factors was modified. The aim of this
study was to determine the influence of the mixing technique on
viscosity and the working properties. Therefore, we want to assess
the clinical relevance of which method is best for optimal insertion
time of the bone cement.

Materials

Palacos® R and the vacuum mixing and application system
Palamix® (Heracus Medical GmbH, Wehrheim, Germany)
were used and stored at room temperature (24 +/- 0.5 °C) in the
laboratory of the Department of Orthopaedics in Vienna. The test
was performed in a fume cupboard. Before the investigation, a
reference cement ball the size of 3x2x1.8cm was prepared. The
cement was mixed according to the manufacturer’s instructions.
The doughing, working and setting time were determined following

the usual OR procedure. The clock was started after adding the
powder to the liquid component (beginning of the polymerization).
The end of the doughing time and consequently the beginning of
the application (working) time was determined using “doctor’s
finger test” according to ISO 5833; 2002 (E)-norm. The surface of
the mixture was touched and observed to determine if fibres were
formed between the cement and the finger as the finger left the
surface. This process was repeated at an interval of 10 seconds. The
time at which the fingers first separated cleanly from the cement
was recorded as the doughing time [10]. Afterwards a cement
ball the size and shape of the reference ball was modelled. A flat
piece from the remaining cement was produced and a thermometer
with an aluminium-foil-protection-cap was introduced into this
modelled flat. As soon as the cement reached a temperature of 31°C
+ 1°C, the end of the working time was recorded. The setting time
was implemented to be as realistic as possible to real operating
procedure, deviating from the ISO 5833: 2002 (E)-norm [10]. The
sound of the cement ball when dropped into the kidney dish was
evaluated and compared with the tone of the reference ball when
it dropped in the same kidney dish. When the sounds matched,
it was interpreted as the setting of the cement and the end of the
hardening phase was documented [4,16-18].

Intest group 1 the bone cement was prepared as recommended
according to the manufacturer’s instructions: After closing the
mixing cartridge and before mixing, vacuum was enabled for 10
seconds (prevacuum). Afterwards, the cement was homogenized
under vacuum for 25 seconds. n test group 2, the powder-liquid
mixture was mixed with prevacuum as in test group 1, but without
vacuum during stirring. In test group 3, vacuum (prevacuum and
vacuum) was omitted entirely. Before investigation of test group
4, the Palacos® components (powder and liquid) as well as the
Palamix® - system were stored in a fridge at a temperature of 4
+ 1 °C for at least 24 hours. The same treatment was applied in
test group 5 but only for the Palacos® components, and in test
group 6 only for the Palamix® - system. Thereafter, the liquid- and
powder component were mixed according to the manufacturer’s
instructions until a homogenous mass was achieved. The analyses
were executed as mentioned in the test groups above. The bone
cement in all test groups was prepared with three different mixing
techniques: sub groups a, b and ¢ differ in the mixing speed.
The cement in sub group a was blended with the recommended
25 strokes (one stroke/sec), while sub group b was blended witl}-

50 strokes (two strokes/sec) and sub group ¢ with 12.5 strokes (;
stroke/sec). (Table 1) shows the test group classification.
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Test group Temperature Palacos® Temperature Palamix® Prevacuum Vacuum Speed (stroke/sec)
Test group 1a 24°C 24°C + + 1
Test grouplb 24°C 24°C + + 2

. . 1
Test group 1c 24°C 24°C + + =
Test group 2a 24°C 24°C + - 1
Test group 2b 24°C 24°C + - 2

. . 1
Test group 2¢ 24°C 24°C + - 5
Test group 3a 24°C 24°C - - 1
Test group 3b 24°C 24°C - - 2

. . 1
Test group 3c 24°C 24°C - - =
Test group 4a 4°C 4°C + + 1
Test group 4b 4°C 4°C + + 2

. . 1
Test group 4c 4°C 4°C + + =
Test group 5a 4°C 24°C + + 1
Test group 5b 4°C 24°C + + 2

. . 1
Test group Sc 4°C 24°C + + z
Test group 6a 24°C 4°C + + 1
Test group 6b 24°C 4°C + + 2

. . 1
Test group 6¢ 24°C 4°C + + =

Table 1: Test group classification.

These 18 different mixing types were chosen because they
are the modifiable parameters capable of being influenced by the
mixing staff. Each examination of the 18 different test groups was
repeated five times. The mean as well as the standard deviation
of the doughing time, working time, the endpoint of working,
the setting time and the endpoint of settings were calculated and
compared. Analysis of Variance (ANOVA) was performed to
analyse differences in means for doughing time, working time and
setting time as independent variables respectively, accounting for
the main effects of vacuum (no vacuum / prevacuum / prevacuum

+ vacuum), mixing speed (one stroke/sec ; two strokes/sec ;

% stroke/sec) and temperature (Palacos® 4°C + Palamix® 4°C /
Palacos® 4°C + Palamix® 24°C / Palacos® 24°C + Palamix® 4°C /
Palacos® 24°C + Palamix® 24°C). Additionally, two-way ANOVAs
with interaction terms were calculated only for test groups 1 to 3
as well as for test groups 1, 4, 5 and 6. Results were considered
statistically significant if p <0.05. All calculations were performed
using Microsoft Office Excel 2010 and the open source statistical

program R version 3.1.1 [19].
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Results
Influence of Mixing Speed

In test group 1, the doughing time in subgroup b (fast
mixing) lasted 17 seconds on average less than in sub group a
(normal mixing speed), and 43 seconds more on average in sub
group ¢ (slow mixing). The doughing time in fast mixing groups
was reduced in almost every test group. Only in test group 3b was
the bone cement sticky ca. two seconds longer than in test group
3a. An extension of the doughing time was observed in all six ¢
subgroups (slow mixing groups) compared to the corresponding
a sub groups. The main effects ANOVA showed that mixing
speed had a significant influence on doughing time (p<0.0001).
Regarding working time, the ANOVA showed that the mixing
speed had no significant effect (p=0.5578), which is not surprising

due to the rather large standard deviation of working times. Slow
mixing caused a prolonged setting time of 4:04 minutes + 25
seconds in test group 1c compared to test group la. In test group
1, the setting time was shortened by fast mixing to 1:55 minutes +
18 seconds on average, and by slow mixing to 1:58 minutes + 38
seconds on average compared to the setting time of 02:16 minutes
+ 27 seconds resulting from blending the bone cement at a normal
mixing speed. Also in sub group b of test group 2, 3 and 5 and in
sub group c of test group 3 and 5, a shortening of the setting time
could be demonstrated. In sub group b of test group 4 and 6 and in
sub group c of test group 2, 4 and 6, an extended setting time was
observed. However, an overall effect of mixing speed on setting
time was not significant in the ANOVA (p=0.4126). (Figure 1)
shows the influence of mixing speed on the processing properties
of PMMA-bone cement in test group 1.

O doughing time (min:sec)
B working time (min:sec)
O setting time (min:sec)

00:00 01:26 02:53

04:19

05:46 07:12 08:38

Figure 1: Influence of mixing speed on the processing properties of PMMA-bone cement.

Influence of Vacuum

Mixing only with prevacuum caused a reduction in mean
doughing time, depending on the mixing rate. In test group 2a,
the bone cement was no longer sticky after 1:18 + 4 seconds,
which means 17 seconds earlier than by mixing the cement under
vacuum and normal speed. When vacuum was omitted entirely
in test group 3a, doughing time was shortened by an average of
40 seconds compared to test group la. Using only prevacuum
and normal mixing speed (test group 2a), the duration of the
processing phase was prolonged to mean 1:26 minutes compared
to the reference group. In case of total absence of vacuum (test
group 3a), the working time was extended to mean 2:00 minutes.
Furthermore, the setting time in test group 2a lasted 41 seconds,
and in test group 3a 35 seconds less. It was shown that the factor
vacuum had a highly significant effect on doughing, working and
setting time (p<0.0001). In (Figure 2), the handling properties of
test group la are compared to the doughing, working and setting
time of test group 2a and 3a. It represents the impact of vacuum on
the handling properties of PMMA- bone cement.

vacuum) Bworking...
i ]
(prevacuum)
12 racuom) [ ]
0:00:00 0:02:53 0:05:46 0:08:38 0:11:31

Figure 2: Influence of vacuum on the processing properties of PMMA-
bone cement.

Influence of Temperature

The cooling of the components resulted in a total prolonged
processing time. When cooling both components and mixing at
normal speed (one stroke/sec), the dough was no longer sticky
after a mean time of 4:09 minutes + 12 seconds. For cooling of
Palacos®, the application phase was reached after 4:32 minutes +
6 seconds, and for cooling Palamix®, the application phase was
reached after 2:38 minutes + 6 seconds. Cooling the liquid and

4
J Surg, an open access journal
ISSN: 2575-9760

Volume 2018; Issue 12



Citation: Sigmund IK, Gamper J, Antoni A, Panotopoulos J, Funovics PT, et al. (2018) Mixing Technique of PMMA - Bone Cement Determines the Ideal Insertion Time
Point in Cemented Arthroplasty. J Surg: JSUR-1153. DOI: 10.29011/2575-9760. 001153

powder components to 4°C resulted in doubling of the working
time. In test group Sa the application phase was extended to an
average time of 5:04 minutes + 10 seconds and in test group 6a to an
average time of 4:52 minutes + 6 seconds. No strong influence on
the setting time was evident when cooling the components. When
the Palacos® components were cooled exclusively, the setting time
was prolonged by three seconds. If only the Palamix® - system
was cooled, the setting time was shortened by four seconds. And
if both the Palacos® components, as well as the Palamix®-system
were cooled to 4°C, an average setting time of 1:08 minutes + 36

o) [N

4a (4°C Palacos® &
Palamix®)

0:00:00 0:02:53 0:05:46

seconds was determined. Overall, the temperature had a significant
effect on doughing time and working time (p<0.0001) as well as
on setting time (p=0.0057). For test groups 1 to 3, where Palamix®
and Palacos® temperatures were both 24°C, we calculated two-way
ANOVAs for each of the times separately, taking into account the
effects of vacuum and mixing speed as well as the interaction of
the two. It showed that both factors and the interaction term had a
significant effect on doughing time (p<0.0001). (Figure 3) shows
the different handling properties of PMMA-bone cement in test
group la, 4a, 5a and 6a.

Odoughing time (min:sec)
B working time (min:sec)

Osetting time (min:sec)

0:08:38 0:11:31 0:14:24

Figure 3: Influence of temperature on the processing properties of PMMA- bone cement.

Influence of Mixing Type on Doughing, Working and Setting Time

Regarding working time, only the effect of vacuum was significant (p<0.0001). Mixing speed (p=0.5031) and the interaction
between vacuum and mixing speed (p=0.7021) showed no significant effect on working time. Both vacuum (p<0.0001) and mixing

speed (p=0.0162) factors showed a significant effect on setting time,

and no significant interaction effect was revealed (p=0.4256). The

interaction plots (Figure 4) show the effects for all combinations of the two factors.
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Figure 4: Effects of vacuum and mixing speed when Palamix® 24°C and Palacos® 24°C. Error bars give the standard error.
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Similar analysis was done for test groups 1, 4, 5 and 6, where prevacuum and vacuum were used. The effects of temperature, mixing
speed and the interaction of temperature and mixing speed were considered. The results showed that both factors and their interaction
had a significant effect on doughing time (p<0.0001). On working time only, the temperature had a significant influence (p<<0.0001).
Mixing speed and the interaction between temperature and mixing speed showed no significant influence on working time (p=0.3702
and p=0.3638, respectively). The factor temperature showed a significant effect on setting time (p=0.0021), and mixing speed had no
significant influence (p=0.9522), however there was a significant interaction effect (p=0.0018). The interaction plots in (Figure 5) show

the effects for all combinations of the two factors.
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Figure 5: Effects of mixing speed and temperature, when vacuum-+prevacuum was used. Temperature is coded as 0: Palamix® 4°C + Palacos® 4°C, 1:
Palamix® 24°C + Palacos® 4°C, 2: Palamix® 4°C + Palacos® 24°C, 3: Palamix® 24°C + Palacos® 24°C. Error bars give the standard error.

Discussion

The mixing technique, mixing system, corresponding
ambient and components temperature have an impact on the
processing of PMMA bone cement. Using the example of Palacos®
mixed in Palamix®, we were able to show the significant effect of
mixing techniques on the handling properties of bone cement. It
is well known that the influence of temperature on the handling
properties is immense [1,5,6,9,14,18,20,21]. In the literature, the
additional influence of mixing speed and vacuum on the handling
properties has not been extensively studied [22].

Mixing Speed

The present examination reveals mixing speed (during the
processing of bone cement) to have a significant influence on
doughing time, but no significant effect on working and setting

time. However, a fast mix (two strokes/sec) caused a shortened
doughing time compared to mixing with the recommended one
stroke/sec. This could be explained by the additional energy input,
which leads to an accelerated polymerization. Based on these
results, it can be assumed that fast-mixed cement had a premature
applicable viscosity (no stickiness). Therefore, it can be introduced
into the bone earlier and the surgeon can shorten the operation
time or use the gained time for further steps of the operation. The
deviation of the doughing time in test group 3b is probably caused
by delayed measurement. The doctor’s finger test could not be
performed before the cement was completely squeezed out of the
mixing cartridge. The complete extrusion of the bone cement took
55 seconds on average in this group. So, the doctor’s finger test was
performed after this time period. If the test was performed earlier,
shortened doughing time was possible. Exactly the opposite effect
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was demonstrated by (too) slow mixing (% stroke/sec). In almost
every test group ¢ in comparison to every test group a, doughing
time was achieved at a later time point. Consequently, the surgeon
has to wait longer until the cement can be applied into the bone.
Such an overall prolonged processing time results in an extended
operation time. In addition, the risk from introduction of the cement
too early is clearly increased. (Figure 1) shows the influence of
mixing speed on the processing properties of PMMA-bone cement
in test group 1.

As only a small modification of the mixing speed in the
manufacturer’s instruction leads to a strong variability of the
handling properties, the user cannot rely on the recommended
times documented in the package insert of the cement producer
alone. These additional factors can be minimized by constant
instructional courses for the OR staff. If PMMA bone cement is
inserted too late into the bone e.g. in the high viscous phase, which
happens by mixing at a high speed the result can be low moulding
and thereby insufficient intrusion into the cancellous bone. In such
case, the prosthesis cannot be pressed into the bone optimally and
the risk of an inadequate connection between bone and cement, and
cement and implant are increased. If bone cement is mixed (too)
slowly which can happen by mixing with less strokes viscosity can
be too low. This is a consequence of still being in the doughing
phase during the recommended application phase described in the
package insert. So, there is increased risk that the cement mixes
with blood, substantially weakening the cement matrix resulting in
high porosity and impairment of the cement matrix. Furthermore,
the longevity of the cemented implant could be reduced.

Vacuum

Vacuum is an essential part of modern cementing techniques.
Use of vacuum improves handling characteristics making mixing
easier. Also, mechanical strength which includes the fracture
strength, maximum deflection, modulus of elasticity and hardness
increases because of the reduction of porosity [5,22,23]. Lindgren,
et al. [22] described that mixing under vacuum gave a delay in
setting time by about one minute in comparison with hand mixing,
but no detailed statement concerning the handling properties
were given. In the present study, we verified the hypothesis of
the influence of vacuum on the handling properties, which has
been presumed in the literature for some time. Our examination
shows a significant influence of vacuum on the doughing, working
and setting phase. Even the mere use of 10 seconds prevacuum
resulted in an extension of the doughing time and shortening of
the working time. Setting was also reached earlier. By mixing with
prevacuum and under vacuum, the application phase started even
later, and the end of the application and setting was achieved at an
even shorter time. Obviously, the bone cement remains at a low
viscous state longer by eliminating air in the cartridge. Therefore,

vacuum mixed cement should be applied later. A possible cause
could be the faster superficial drying of the polymer beads by
mixing without vacuum, which makes the cement appear tack-free
at an earlier time. The data seems to suggest that vacuum leads to
faster moistening and thereby to a shortened working time. For
using it is important to know the difference between mixing with
or without vacuum in order to introduce the cement at the desired
viscosity into the bone. (Figure 2) shows the influence of vacuum
on the processing properties of PMMA bone cement by mixing it
with the recommended mixing speed (one stroke/sec).

Temperature

In order to achieve a lower initial viscosity and thereby
facilitated homogenization in the mixing phase [1,5,18,22],
in many hospitals bone cement is stored in a fridge before
surgery. Due to the temperature dependence on the free-radical
polymerization of PMMA bone cement, the handling properties
are influenced significantly by ambient- and component-
temperatures [1,5,6,9,14,18,21,22]. In the collected data the effect
of the temperature could be confirmed. By cooling the monomer
liquid and powder to 4°C, an approximate three minutes prolonged
doughing time could be shown. The average processing time was
extended by one minute. Since the setting time was approximately
comparable to the setting time of the reference group, total
processing was delayed by about four minutes. If both Palacos®
and the vacuum mixing and application system Palamix® are
pre-cooled, the total processing time was extended even further.
However, because of the possible formation of condensation
water on the plastic cartridge inside the sterile packaging, the
mixing system should not be stored in a fridge. Figure 3 shows the
influence of temperature on the processing properties of PMMA
bone cement by mixing it at the recommended mixing speed (one
stroke/sec).

Recommendation

If a surgeon needs a fast doughing time and thereby fast
usability, the bone cement should be stored at room temperature
and mixed without vacuum at a high mixing speed according to
the present results. However, a higher porosity must be expected
[5,22]. If a longer working time is desired, the OR staff can cool
the components, however this is associated with overall extended
processing. The collected data suggests that the processing and
consecutively the operation time will be extended by mixing the
bone cement at a low speed, without vacuum and by cooling the
components. However, based on our study we advocate for the
manufacture’s guidance. Precooled PMMA bone cement should
be mixed in vacuum in an airtight mixing system with a mixing
speed of one stroke/sec for 25 seconds to obtain easy application
and bone cement with a reduced number of air inclusions.
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There are few limitations to this study. First, only one
type of bone cement was examined. It can be assumed that the
processing phases and handling properties differ in cements with
varying viscosity and chemical composition of the components.
Hence, tests for all available cements on the market would be
necessary. Additional instructions in the package insert would
be advisable. Second, only one person mixed the cement under a
fume cupboard. Thus, we did not have quite the same conditions as
in the operating room. It is known that in the OR cement is mixed
by a huge number of different people. So clear instructions for the
surgeon and OR staff are necessary. Next, there were only five
repeated measurements for one group. Despite the small sample
size of the individual test groups, our results show an enormous
impact on the processing phases of Palacos R®. A clear limitation
is the subjectivity of the “sound test”, but we attempt to perform
the tests to be as realistic as possible to real operating procedures.

Conclusion

Before using PMMA bone cement, detailed knowledge of
handling properties is necessary to ensure insertion of the cement
at the right viscosity. Furthermore, it is advisable to provide clear
instructions to the surgeon and surgical staff.

References

1. Breusch SJ, Kiihn KD (2003)Bone cement on PMMA basis. Orthopade
32: 41-50.

2. Kuhn KD (2001) Bone Cements: Up-To-Date Comparison of Physical
and Chemical Properties of Commercial Materials. Springer-Verlag,
Berlin Heidelberg 2001.

3. Webb JC, Spencer RF (2007) The role of polymethylmethacrylate
bone cement in modern orthopaedic surgery. The Journal of bone and
joint surgery. British volume 89: 851-857.

4.  Arens D, Rothstock S, Windolf M, Boger A (2011) Bone marrow modi-
fied acrylic bone cement for augmentation of osteoporotic cancellous
bone. Journal of the mechanical behavior of biomedical materials 4:
2081-2089.

5.  Breusch SJ, Malchau H (2005) The well-cemented total Hip Arthro-
plasty (Theory and Practice). Springer Verlag Heidelberg 2005.

6. Charnley J (1970) Acrylic cement in orthopaedic surgery. Williams
&Wilkins, Baltimore 1970.

7. Lautenschlager EP, Jacobs JJ, Marshall GW, Meyer PR Jr. (1976) Me-
chanical properties of bone cements containing large doses of antibi-
otic powders. Journal of biomedical materials research 10: 929-938.

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

de Wijn JR, Slooff TJ, Driessens FC (1975) Characterization of bone
cements. Acta orthopaedica Scandinavica 46: 38-51.

Farrar DF, Rose J (2001) Rheological properties of PMMA bone ce-
ments during curing. Biomaterials 22: 3005-3013.

ISO (2002) International Standards 5833:2002 (E): Implants for Sur-
gery - Acrylic resin cements. Orthopaedic Application 2002.

Jensen JS, Trap B, Skydsgaard K (1991) Delayed contact hypersen-
sitivity and surgical glove penetration with acrylic bone cements. Acta
orthopaedica Scandinavica 62: 24-28.

Lee AJ, Ling RS, Vangala SS (1978) Some clinically relevant variables
affecting the mechanical behaviour of bone cement. Archives of or-
thopaedic and traumatic surgery. Archiv fur orthopadische und Unfall-
Chirurgie 92: 1-18.

Malchau H , Sédermann P (1998) Prognosis of Total Hip Replace-
ment. Scientific Exhibition, the 65th Annual Meeting of the AAOS, New
Orleans, USA 1998: 1-16.

Meyer PR, Jr., Lautenschlager EP, Moore BK (1973) On the setting
properties of acrylic bone cement. The Journal of bone and joint sur-
gery. American volume 55: 149-156.

Vale FM, Castro M, Monteiro J, Couto FS, Pinto R, et al. (1997) Acrylic
bone cement induces the production of free radicals by cultured hu-
man fibroblasts. Biomaterials 18: 1133-1135.

Deusser S SC, Boger A (2011) Rheological and Curing Behavior of a
Newly Developed, Medium Viscous Acrylic Bone Cement. ISRN Ma-
terials Sciene 2011: 8.

Dreanert K DY, Garde U, Ulrich Ch (1999) Manual of cementing tech-
nique. Springer Verlag, Heidelberg 1999.

Walenkamp GHIM (2001) Bone cement and cementing technique.
Springer-Verlag, Berlin Heidelberg New York Tokio 2001.

Team RC (2015) A language and environment for statistical comput-
ing. R Foundation for Statistical Computing, Vienna, Austria 2015.

Kihn KD, Ege W, Gopp U (2005) Acrylic bone cements: composition
and properties. The Orthopedic clinics of North America 36: 17-28.

Puhl W, Schulitz KP (1971) [Morphologic studies on the polymeriza-
tion of bone cement]. Archiv for orthopedic and trauma surgery 69:
300-314.

Lidgren L, Bodelind B, Moller J (1987) Bone cement improved by vac-
uum mixing and chilling. Acta orthopaedica Scandinavica 58: 27-32.

Lidgren L, Drar H, Moller J (1984) Strength of polymethylmethacrylate
increased by vacuum mixing. Acta orthopaedica Scandinavica 55:
536-541.

8
J Surg, an open access journal
ISSN: 2575-9760

Volume 2018; Issue 12


https://link.springer.com/article/10.1007%2Fs00132-002-0411-0
https://link.springer.com/article/10.1007%2Fs00132-002-0411-0
https://www.springer.com/in/book/9783642641152
https://www.springer.com/in/book/9783642641152
https://www.springer.com/in/book/9783642641152
https://www.ncbi.nlm.nih.gov/pubmed/17673574
https://www.ncbi.nlm.nih.gov/pubmed/17673574
https://www.ncbi.nlm.nih.gov/pubmed/17673574
https://www.sciencedirect.com/science/article/pii/S1751616111001949
https://www.sciencedirect.com/science/article/pii/S1751616111001949
https://www.sciencedirect.com/science/article/pii/S1751616111001949
https://www.sciencedirect.com/science/article/pii/S1751616111001949
https://www.springer.com/in/book/9783540289241
https://www.springer.com/in/book/9783540289241
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.820100610
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.820100610
https://onlinelibrary.wiley.com/doi/abs/10.1002/jbm.820100610
https://www.ncbi.nlm.nih.gov/pubmed/11575475
https://www.ncbi.nlm.nih.gov/pubmed/11575475
https://www.iso.org/standard/30980.html
https://www.iso.org/standard/30980.html
https://www.tandfonline.com/doi/abs/10.3109/17453679108993086
https://www.tandfonline.com/doi/abs/10.3109/17453679108993086
https://www.tandfonline.com/doi/abs/10.3109/17453679108993086
https://www.sciencedirect.com/science/article/pii/S0142961297000434
https://www.sciencedirect.com/science/article/pii/S0142961297000434
https://www.sciencedirect.com/science/article/pii/S0142961297000434
https://www.hindawi.com/journals/isrn/2011/571728/
https://www.hindawi.com/journals/isrn/2011/571728/
https://www.hindawi.com/journals/isrn/2011/571728/
https://www.springer.com/gp/book/9783642642463
https://www.springer.com/gp/book/9783642642463
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.gbif.org/tool/81287/r-a-language-and-environment-for-statistical-computing
https://www.ncbi.nlm.nih.gov/pubmed/15542119
https://www.ncbi.nlm.nih.gov/pubmed/15542119
https://www.ncbi.nlm.nih.gov/pubmed/?term=%5BMorphologic+studies+on+the+polymerization+of+bone+cement%5D.+Archiv+fur+orthopadische+und+Unfall-Chirurgie
https://www.ncbi.nlm.nih.gov/pubmed/?term=%5BMorphologic+studies+on+the+polymerization+of+bone+cement%5D.+Archiv+fur+orthopadische+und+Unfall-Chirurgie
https://www.ncbi.nlm.nih.gov/pubmed/?term=%5BMorphologic+studies+on+the+polymerization+of+bone+cement%5D.+Archiv+fur+orthopadische+und+Unfall-Chirurgie
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bone+cement+improved+by+vacuum+mixing+and+chilling.+Acta+orthopaedica+Scandinavica
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bone+cement+improved+by+vacuum+mixing+and+chilling.+Acta+orthopaedica+Scandinavica
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strength+of+polymethylmethacrylate+increased+by+vacuum+mixing.+Acta+orthopaedica+Scandinavica
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strength+of+polymethylmethacrylate+increased+by+vacuum+mixing.+Acta+orthopaedica+Scandinavica
https://www.ncbi.nlm.nih.gov/pubmed/?term=Strength+of+polymethylmethacrylate+increased+by+vacuum+mixing.+Acta+orthopaedica+Scandinavica

