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Abstract
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Background: No literature up to date has investigated on the mechanical strength
of hand-mixed Vancomycin cement spacers. This puts to question the reliability
of such practice in creating the spacers for load support in addition to Methicillinresistant Staphylococcus aureus (MRSA) coverage.
Objective: The study compared the mechanical strength of hand-mixed generic
Vancomycin bone cement with standard non-antibiotic bone cement.
Methods: One (1) gram vials of generic Vancomycin powder were dry-blended
with the cement powder (Cemex) following standard aseptic hospital practice (1
g Vancomycin in 40 g of cement powder). Samples for the cement-alone group
were done similarly except for the addition of the antibiotic powder. Tensile and
compression samples were created, soaked in saline, and stored at 37 degrees
Celsius for one week. All samples were tested at the University of the Philippines
College of Engineering Mechanical Laboratory for compressive and tensile
strength. Acceptance or rejection of the null hypothesis was conducted using the
t-test procedure performed on Minitab 15 Trial Version, with α of 0.05 as the level
of significance.
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Results: T-test analysis performed on compressive strength data produced a
p-value of 0.944 (α of 0.05), and on tensile strength data, 0.311 (α of 0.05).
Conclusion: There is no effect of the addition of hand-mixed generic Vancomycin
on the mechanical properties of the bone cement.
Recommendation: Results indicate that mechanical properties of bone cement
are not compromised by adding hand-mixed generic Vancomycin at the time of
surgery, but limitations for treating established musculoskeletal MRSA infection
were emphasized.
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Introduction
The pioneers of joint replacement recognized the serious
consequences of an infected arthroplasty and soon adopted the
practice of incorporating antibiotics into acrylic bone cement.
Antibiotic bone cement provides unique benefits not achieved
through other forms of antibiotic administration. It provides local
delivery of therapeutic levels while maintaining safe, nontoxic
© Copyright iMedPub | www.aclr.com.es

levels in the bloodstream [1,2]. It also allows for sustained delivery
at the exact site most critical for preventing implant sepsis: the
cement/bone interface. The homogeneous addition of up to 1 g
of antibiotic does not interfere with the primary function of the
cement, which is mechanical fixation of the prosthetic joint [3].
Although commercially prepared antibiotic bone cements have
been available in international markets since the 1970s, some,
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like the commercially prepared Vancomycin with bone cement,
are not available in most countries like the Philippines. In such
countries where the product is unavailable, standard of care
called for hand-mixing the powdered antibiotics into standard
bone cement in the operating room at the time of surgery.
One of the greatest concerns of adding antibiotics by hand is the
uncertainty in achieving a homogeneous mixture free of clumps,
which may lead to weaker bone cement. Recently, it has been
reported that hand-mixing generic Tobramycin (Pharma-Tek,
Huntington, New York) into Simplex P bone cement results in a
36% decrease in the strength of the cement compared with the
strength of commercially prepared Tobramycin-loaded bone
cement (Simplex with Tobramycin; Stryker Orthopaedics) and
that of plain Simplex P cement [4]. These findings are in direct
contrast, however, to those of four previous studies in which
the addition of Gentamicin powder into Palacos R bone cement
(Smith and Nephew) [3,5], or either Erythromycin plus Colistin
[6] or Tobramycin powder into Simplex P bone cement [7] did
not decrease the fatigue strength compared with that of the
respective plain-cement controls. This was true whether or not
the cement had been centrifuged.
Methicillin-resistant Staphylococcus aureus (MRSA) has been
considered the most representative nosocomial pathogen since
its pandemic waves over the past decades [8]. MRSA periprosthetic infections in the hospital have obviously imposed a high
burden on healthcare resources as well as significant morbidity
and mortality [9]. Particularly, some Asian countries like Korea,
Japan, China, and Taiwan have been reported to show the highest
rates of MRSA among S. aureus isolates from hospitals, reaching
as high as 70-80% [10-13].
The proportion of MRSA among hospital-acquired (HA) S. aureus
infections in the Philippines was reported by Song et al. [14]
to be at 38.1%. However, their data suggested the spread of
MRSA between the community and hospitals in Asian countries,
and found that MRSA has emerged as an important pathogen
of community infections in many Asian countries including
the Philippines, and are anticipating emergence of multi-drug
resistant community-acquired MRSA strains in the region given
the widespread endemicity of MRSA infections in most Asian
hospitals and the possible spread of HA-MRSA strains to the
community. These findings shall be alarming for all orthopedic
surgeons in the region, in consideration of the very limited
armamentarium we have for MRSA coverage.
In some countries like the Philippines where clinically-tested
commercial cement with Vancomycin is not available, orthopedic
surgeons tolerate the practice of hand-mixing Vancomycin and
bone cement intra-operatively to create Vancomycin cement
spacers. However, no literature up to date has investigated on the
mechanical strength of hand-mixed Vancomycin cement spacers.
This puts to question the reliability of such practice in creating
the spacers for load support and avoiding implant loosening, in
addition to MRSA coverage. Our biomechanical study shall help
provide an answer to the question, and consequently, provide
insights in the post-operative care and rehabilitation of patients
who shall undergo surgery requiring such a spacer for MRSA
coverage and structural support.

2

2015
Vol. 3 No. 4:38

This study aims to compare the mechanical properties of handmixed bone cement with generic Vancomycin and non-antibiotic
bone cement.

Materials and Methods
Bone cement powder (Cemex) was used in creating 20 samples
each for the following 2 experimental groups: 1) the cement-alone
group, and 2) the cement-plus-Vancomycin group. One gram vials
of generic Vancomycin powder were used to create samples for
the cement-plus-Vancomycin group. In each group, 10 samples
were tested for compressive strength, and were created using
a standard cylinder molder with dimensions as specified by the
American Society for Testing and Materials (ASTM). The other 10
samples in each group were tested for tensile strength and also
were created using a molder with dimensions according to the
ASTM standard (Figure 1).
The samples were created in one of the operating rooms of
the Lung Center of the Philippines (Quezon Avenue, Diliman,
Quezon City). One gram vials of generic Vancomycin powder
were dry-blended with the cement powder (1 g Vancomycin
in 40 g of cement powder) following standard aseptic hospital
practice, and mixed vigorously until a smooth-blend mixture of
the cement and antibiotic was confidently achieved. Samples
for the cement-alone group were done similarly except for the
addition of the antibiotic powder. After mixing, ASTM-type tensile
and compression samples were created using the appropriate
standard molders. All samples were soaked in saline and stored
at 37 degrees Celsius for one week, after which they were all
tested at the University of the Philippines College of Engineering
Mechanical Laboratory for compressive and tensile strength
(Figures 2 and 3).

Results
Results of the compressive strength tests and tensile strength
tests made on bone cement samples and bone cement mixed
with Vancomycin are presented in the Tables 1 and 2.

Analysis of Data
Model adequacy check
The study calls for a comparison of two means, specifically the
comparison of the mechanical strengths of bone cement samples
alone and bone cement samples with hand-mixed generic
Vancomycin. Model adequacy check should be done to validate
the test statistics to be performed in the analysis of data. If the
data from the experiments is normally distributed, analysis using
T-test statistic is valid.
A T-test follows a normal probability distribution. A standard
normal probability has a mean of zero and a standard deviation
of 1. To check for the normality of the data, normality test were
conducted using Minitab 15 Trial Version wherein the normal
probability plots were generated.
In a normal probability plot, normality of sample is checked
visually using a fat pencil test. If the data falls along the straight
line, the data is said to be normal.
This Article is Available in: www.aclr.com.es
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Figure 3 Tensile strength testing.
Figure 1 Compressive and tensile strength samples with
ASTM standard dimensions.
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Figure 4 Tensil 4 Probability Plot of Compressive Strengths of
Bone Cement. e strength testing.

Check for outliers

Figure 2 Saline-soaked samples stored at 37 degrees Celsius.

Figures 4-7 shows the probability plots per data set from Minitab
15 Trial Version. As seen from the figures, the data points are
approximately normal, with no significant deviations from the
straight line.
To further check for normality, analysis of variance was performed
wherein the residuals were computed and residual probability
plots were generated. Possible outliers were checked using
the data from the analysis of variance as explained in the next
section. Tables 3 and 4 show the computed residuals and the
standardized residuals, while Figures 8 and 9 show the residual
probability plots.

© Under License of Creative Commons Attribution 3.0 License

Values that deviate from the straight line in the normal probability
plot may be a potential outlier. Investigation of the data should be
done to detect the presence of outliers. One or more outliers can
seriously affect the results of the analysis of variance. Oftentimes
the cause of outliers is a mistake in calculations and data transfer
or a mistake in the experimentation. Rejection of outliers must be
carefully done unless we have reasonable non-statistical grounds
for doing so.
Data points that are smaller and larger than then mean
±the standard deviation are possible outliers. However with
small samples, considerable fluctuations often occur, so the
appearance of a moderate departure from normality does not
necessarily imply a serious violation of the normality assumption
(Montgomery, 2005).
Outliers from the data were checked by computing the
standardized residuals, through the equation:
dij =

eij
MS E
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Table 1 Compressive Strength of Bone Cement and Bone Cement with
Vancomycin.

1
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Figure 5 Probability Plot of Compressive Strengths of Bone Cement with Vancomycin

Figure 5 Probability Plot of Compressive Strengths of Bone
Cement with Vancomycin
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Table 2 Tensile Strength of Bone Cement and Bone Cement with
Vancomycin.
Tensile Strength of Bone
Cement
(kPa)
17.3
20.0
14.9
26.1
17.6
12.8
12.9
22.5
23.8
17.4
18.5

Mean
StDev
N
KS
P-Value

95

Pe r ce nt

k

Compressive Strength of
Bone Cement
(kPa)
89.7
89.5
83.1
79.9
78.3
86.3
80.3
80.0
87.1
86.8
84.1
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Figure 6 Probability Plot of Tensile Strengths of Bone Cement.

P r oba bility P lot of T ens ile S tr ength ( B C+ V )
Normal

Where dij is the standardized residual, eij is the error or residual,
and MSE is the mean standard error. A residual bigger than 3 or 4
standard deviations from zero is a potential outlier [15].

Values of the standardized residuals in Tables 3 and 4 are lesser
than 3 or 4 standard deviations from zero, thus we can assume
that there are no outliers in the data.

Hypothesis testing
The study aims to compare the mechanical strength, specifically,
the compressive and tensile strengths of bone cement alone
and bone cement added with hand-mixed Vancomycin. A null
hypothesis has been formulated that the addition of hand-mixed
generic Vancomycin will not affect the mechanical strength of
bone cement. On the other hand, an alternative hypothesis has
been formulated as the exact opposite of the null hypothesis.
Acceptance or rejection of the null hypothesis is conducted
using the T-Test procedure. A statistical analysis using T-Test was

4
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One-way analysis of variance was performed to determine the
residuals of the data points. Presented in Tables 3 and 4 are
the corresponding residuals and standardized residuals of the
compressive strengths and tensile strengths of bone cement
samples and bone cement samples with Vancomycin.
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Figure 7 Probability Plot of Tensile Strengths of Bone Cement
with Vancomycin.

performed on Minitab 15 Trial Version, with α of 0.05 as the
level of significance. P-Value approach was used to test the null
hypothesis. The P-Value is the smallest level of significance that
would lead to the rejection of the null hypothesis. If the P-value is
less than α, then the null hypothesis shall be rejected.
T-test analysis performed on compressive strength data of bone
cement samples alone and bone cement samples with handmixed Vancomycin produces a P-value of 0.944, which is greater
This Article is Available in: www.aclr.com.es
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Table 3 Residuals and Standardized residuals of Compressive Strengths of Bone Cement Samples and Bone Cement Samples with Vancomycin.
Residuals of
Compressive
Residuals of
Compressive
Compressive
Strengths of Bone
Compressive
Strengths of Bone
Strengths of Bone
Cement with
Strengths of Bone
Cement (KPa)
Cement with
Vancomycin (KPa)
Cement
Vancomycin
89.7
80.5
5.6
-3.47
89.5
78.1
5.4
-5.87
83.1
86.3
-1
2.33
79.9
89.3
-4.2
5.33
78.3
85.7
-5.8
1.73
86.3
89.7
2.2
5.73
80.3
82.4
-3.8
-1.57
80
80.6
-4.1
-3.37
87.1
84.6
3
0.63
86.8
82.5
2.7
-1.47

Standardized
Residuals of
Compressive
Strength of Bone
Cement
1.38
1.33
-0.25
-1.03
-1.43
0.54
-0.94
-1.01
0.74
0.66

Standardized Residuals of Compressive
Strengths of Bone Cement with
Vancomycin
-0.85
-1.45
0.57
1.31
0.43
1.41
-0.39
-0.83
0.16
-0.36

Table 4 Residuals and Standardized residuals of Tensile Strengths of Bone Cement Samples and Bone Cement Samples with Vancomycin.
Tensile Strengths
of Bone Cement
(KPa)
17.3
20.0
14.9
26.1
17.6
12.8
12.9
22.5
23.8
17.4

Tensile Strengths
of Bone Cement
with Vancomycin
(KPa)
18.7
26.9
18.7
17.3
28.5
12.7
13.8
30.9
15.9
29.0

Residuals of
Tensile Strengths
of Bone Cement
-1.23
1.47
-3.63
7.57
-0.93
-5.73
-5.63
3.97
5.27
-1.13

Residuals of
Standardized
Tensile Strengths Residuals of Tensile
of Bone Cement
Strength of Bone
with Vancomycin
Cement
-2.54
-0.21
5.66
0.25
-2.54
-0.62
-3.94
1.30
7.26
-0.16
-8.54
-0.99
-7.44
-0.97
9.66
0.68
-5.34
0.91
7.76
-0.19
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Figure 8 Residual Probability Plot of Compressive Strengths
of Bone Cement and Bone Cement with Hand-Mixed
Vancomycin.

© Under License of Creative Commons Attribution 3.0 License

1

-15

-10

-5

0
R e s idua l

5

10
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Bone Cement and Bone Cement with Hand-Mixed
Vancomycin.
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than the level of significance α-value of 0.05. The null hypothesis
for tensile strength is accepted. It can be said that the addition of
hand-mixed generic Vancomycin has no effect on the compressive
strength of bone cement.
T-test analysis performed on tensile strength data of bone
cement samples alone and bone cement samples with handmixed Vancomycin produces a P-value of 0.311, which is greater
than the level of significance α-value of 0.05. The null hypothesis
for tensile strength is likewise accepted. It can also be said that
the addition of hand-mixed generic Vancomycin has no effect on
the tensile strength of bone cement.
Therefore, based on the statistical analyses performed on results
of the compressive and tensile strengths tests of bone cement
and bone cement with hand-mixed Vancomycin, there is no effect
of the addition of hand-mixed Vancomycin on the mechanical
properties of the bone cement.

Discussion
Results show that adding hand-mixed generic Vancomycin does
not decrease the mechanical performance of bone cement.
These findings support such practice for making Vancomycin
bone cement for purposes of achieving load support in addition
to MRSA coverage. But it must be emphasized that what was
used in this study are low-dose antibiotic-loaded bone cement
samples, and therefore, if to be used for MRSA coverage, can only
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be for prophylaxis and not treatment.
It has been shown that at least 3.6 gms of antibiotic per 40 g
of acrylic cement is desirable for effective elution kinetics and
sustained therapeutic levels of antibiotic. Doses as high as 6 to
8 g of antibiotic per 40-g batch of bone cement, when antibioticloaded bone cement is used in the form of beads or spacers,
have been shown to be safe clinically. The use of this high dose
is important for the sustained elution of antibiotics at levels that
are therapeutic for the pathogenic organisms being treated.
In contrast with treatment, prophylaxis requires low doses of
antibiotics in the bone cement to avoid adverse mechanical
effects on cement that is intended for mechanical fixation of an
implant. In general, low-dose antibiotic-loaded bone cement is
defined as less than or equal to 1 gm of powdered antibiotic per
40 g of bone cement. Numerous in-vitro studies of bone cement
have demonstrated a theoretical mechanical disadvantage of
high-dose antibiotic-loaded bone cement [4,16,17]. To date,
clinical studies have not shown an increase in the mechanical
loosening rate with the use of low-dose antibiotic-loaded bone
cement.
Since the antibiotic-loaded bone cement samples used in this
study are low-dosed, the findings of this study are not appropriate
for the construction of cement spacers or beads for the treatment
of an established musculoskeletal infection.
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