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Figure 10: SEM Images of internal structure of MIIG® X3 Bolus A. Amphotericin B-

loaded bolus (1500x w/EDS) B. Amphotericin B-loaded bolus (2500x) C. Cefazolin-

loaded bolus (1500x w/EDS) D. Cefazolin-loaded bolus (2500x) E. Vancomycin-loaded 

bolus (1500x w/EDS) F. Vancomycin-loaded bolus (2500x) G. Control bolus (1500x 

w/EDS) H. Control bolus (2500x) 

 

 

V. Mechanical Testing 

Results from the DTS testing of MIIG® X3 test and control samples in the wet 

and dry conditions are shown in Figure 11. Samples cured in FBS usually had a lower 

compressive strength than air cured samples, with the exception of amphotericin B and 

control samples. The highest diametral tensile strength was seen at 24hr/Air Cured with 

amphotericin B (18.54MPa), while the lowest diametral tensile strength was seen in the 

24hr/FBS Cured Control sample (8.40MPa). For 24hr/FBS cured, antibiotics improved 

diametral tensile strength above control. Results of ANOVA identified that there were 

statistically significant differences between Diametral tensile strength of calcium sulfate 

mixed with different antibiotics or control (p=0.0001) and there were difference in type 

of test (e.g. 1hr/Air Cured, 1hr/FBS Cured, 24hr/Air Cured, and 24hr/FBS Cured) 

(p=0.0001). ANOVA indicated that there was a significant interaction (p=0.0001).  

In general, Tukey’s range tests indicated that DTS values for each type of 

antibiotic added to the MIIG® X3 were greatest in 24hr/Air Cured tests as compared to 

1hr/Air Cured, 1hr/FBS Cured, and 24hr/FBS Cured (p=0.0001). Amphotericin B was 

significantly different than the other 2 antibiotics and control (p=0.0021). Cefazolin - 

vancomycin (p=0.9546) and vancomycin - control (p=0.0632) were significantly similar, 

but cefazolin and control (p=0.0165) were different. 
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Figure 11: Diametral tensile strength of antibiotic-loaded calcium sulfate bolus; 

statistical significant differences within each test group are represented by letters (p<0.05) 

 

 

 

VI. Elution Testing 

 The results of the HPLC determination of antibiotics in eluates from vancomycin 

and cefazolin-loaded calcium sulfate samples obtained from a 28 day study are shown in 

Figures 12 (daily release) and 13 (cumulative release). Antibiotic release was the highest 

on day 1 for both vancomycin and cefazolin at 1113.7 ± 38.8μg/mL and 2359.0 ± 

106.3μg/mL, respectively; but cefazolin had more than twice the amount of antibiotic 
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released compared to vancomycin. After Day 1, cefazolin had a slightly higher release 

than vancomycin, except at Days 21 & 28. At Day 7, release was almost identical for 

both vancomycin and cefazolin at 518.9 ± 29.2μg/mL and 518.5 ± 49.1μg/mL, 

respectively, which were also both antibiotics’ lowest eluent concentrations. After 28 

days, 5680.4 ± 147.4μg/mL was released for vancomycin and 7074.8 ± 309.4μg/mL for 

cefazolin. Considering that 350mg of both antibiotics were added to a 5cc bolus, this 

gives us 70mg/mL of antibiotic added to the bolus. The amount of antibiotic released 

from each bolus was only 8.1% and 10.1% overall for vancomycin and cefazolin, 

respectively. When compared to the overall cumulative release, 19.6% of vancomycin 

was released on day 1 and 33.3% for cefazolin. Results of ANOVA showed that there 

were statistically significant differences between daily release concentrations of calcium 

sulfate mixed with different antibiotics or control (p<0.05). Tukey’s range test revealed 

that Day 1 was significantly different than all the other days (p<0.05). Days 3 & 7 

(p=0.0059) and Days 7 & 14 (p=0.0029) were also significantly different. 
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Figure 12: Elution behavior of sterile vancomycin and cefazolin-loaded calcium sulfate 

bolus in PBS at 37°C in a 28 day study. Daily release concentrations are shown. 

Statistically significant differences are represented by letters (p<0.05) 

0.00

500.00

1000.00

1500.00

2000.00

2500.00

3000.00

1 3 5 7 9 11 13 15 17 19 21 23 25 27

C
o
n

ce
n

tr
a
ti

o
n

 (
µ

g
/m

L
)

Day

Elution of Vancomycin & Cefazolin-Loaded 

Calcium Sulfate Bolus

Vancomycin

Cefazolin

a
a

a

b

b

b

c



 

56 

 

 

Figure 17: Absorbance readings from turbidity study conducted on cefazolin-loaded 

calcium sulfate bolus against S. aureus Cowan I 
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Chapter VI: Discussion 

We investigated if MIIG® X3 may be used in local drug delivery with three 

different classes of antibiotics: amphotericin B (polyene antifungal), cefazolin (β-lactam 

antibacterial), and vancomycin (glycopeptide antibacterial). These antibiotics were 

chosen for their effectiveness against microbials that commonly cause osteomyelitis, 

especially S. aureus as well as S. epidermis and C. albicans. A major goal was to 

determine if the antibiotics would have any effect on the chemical reaction that converts 

hemihydrate to dihydrate, because a key aspect of loading antibiotic into calcium sulfate 

bone graft is to not hinder its mechanical strength. We tested physical properties with set 

time, calcium sulfate conversion with x-ray diffraction, chemical structure with Fourier 

transform infrared spectroscopy, surface characteristics with scanning election 

microscope, and mechanical strength with Diametral tensile strength test. We also sought 

to determine the elution of the antibiotics from the calcium sulfate bolus in phosphate 

buffered saline (PBS). Dissolution of the calcium sulfate bolus was analyzed to determine 

if antibiotic release was sufficient to inhibit bacterial growth. 

We found that the antibiotics cefazolin and vancomycin were easily incorporated 

into the MIIG® X3 kit by dissolving into the supplied water and then combining with 

calcium sulfate to form the bone graft. Amphotericin B did not dissolve completely in the 

supplied water for mixing the bone graft, because of its lower solubility; however, it was 

still able to be mixed. None of the evaluated antibiotics in this study prevented setting of 

the bone graft based on penetration tests or the conversion of hemihydrate to dihydrate as 

determined by XRD. There were some differences in set time and DTS values based on 
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the type of antibiotic added to the MIIG® X3 cement, but it did not have an effect on the 

hemihydrate – dihydrate reaction or the dissolution rates. Statistical analyses 

demonstrated that cefazolin appeared to be the only antibiotic to be significantly different 

from the others on set time. Cefazolin caused the calcium sulfate to set approximately 31% 

faster compared to the control based from Gilmore 2 results, but not so quick that a 

physician could not use it for local drug delivery. Of course, a physician would need to be 

aware of this happening. Statistical analyses also showed that the addition of 

amphotericin B had a significant effect on the DTS of the bone grafts as compared to the 

other antibiotic and antibiotic free bone grafts. Addition of antibiotics to bolus appeared 

to have a slight improvement in DTS values over control samples in 1 hour/Air cured and 

24 hours/FBS cured conditions. FBS cured conditions, while still an in vitro test, are 

more representative of clinical applications when calcium sulfate is implanted into the 

body. These results suggest that addition of these three antibiotics have no real negative 

effects on the physical-chemical properties of the MIIG® X3 calcium sulfate bone graft. 

A study conducted by Bohner et al. shows that antibiotics may affect a bone 

graft’s tensile strength and setting time.
66

 Calcium phosphate pellets loaded with 

gentamicin, affected physical-chemical properties of the bone graft. Setting time 

increased from 2 to 4.5 minutes with 3% (w/w) gentamicin, but then slowly decreased to 

3.75 minutes as the amount of gentamicin was increased to 16% (w/w). Tensile strength 

increased from 0.4 to 1.6 MPa as the amount of gentamicin was increased to 16% (w/w). 

The Bohner study attributed these changes to the sulfate ions present in gentamicin, 

which induces a finer microstructure in the material. Even though this study used calcium 

phosphate, the physical-chemical properties of calcium phosphate and calcium sulfate are 
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similar. We may conclude by comparing previous studies and our study that adding 

antibiotic may have an effect on setting time and tensile strength, but conversion of 

hemihydrate to dehydrate is unaffected. 

Results from XRD and FTIR testing in our investigation showed that antibiotics 

did not have an overall effect on the chemical reaction of hemihydrate to dihydrate. FTIR 

charts for control and antibiotic-loaded MIIG® X3 appear very similar with little 

differences seen in the peaks. XRD results demonstrated that the compositions of 

dihydrate in antibiotic-loaded MIIG® X3 were almost identical to the controls. The 

dihydrate composition levels were between 90.1%-91.8%. A study by Doadrio et al. had 

similar results to our study.
25

 They conducted XRD and FTIR tests on their cephalexin-

loaded calcium sulfate pellets and concluded that the presence of cephalexin into the 

bone graft does not alter neither the physical-chemical behavior of the bone grafts nor 

produce structural changes on the pellets. Cephalexin is a cephalosporin antibiotic that is 

in the same class of antibiotic as cefazolin with very similar structures and mechanisms 

of action, therefore the Doadrio results are relevant to our study. A study by Jackson et al. 

demonstrated that vancomycin loaded into rapidly resorbing calcium sulfate pellets had a 

delayed release compared to the other two antibiotics, amikacin and gentamicin.
48 

They 

did not observe any significant differences in composition rates among the samples tested. 

Peaks at 2θ = 25° and 30° observed during XRD testing were tiny and indicated that very 

little hemihydrate was present. Results from our XRD study were similar to studies by 

Jackson et al. and Doadrio et al. of antibiotic-loaded calcium sulfate pellets and suggests, 

at least for the antibiotics evaluated, there is little effect of the antibiotics on the 

conversion of hemihydrates to dihydrate. EDS analysis from SEM showed us that oxygen 
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amounts increased with the addition of antibiotics compared to the control. The increase 

was very small, within 6%, and may be associated with the additional oxygen atoms that 

the antibiotics introduce into the mixture. 

Cefazolin and vancomycin had elution characteristics similar to previous studies 

where there was a typical burst release in day 1, but lower concentrations in later 

days.
22,30,48

 Cefazolin-loaded specimens released almost twice as much antibiotic as  the 

vancomycin-loaded specimens did initially and remained greater throughout the study. 

Daily release levels of vancomycin were more similar to cefazolin after day 14. Jackson 

et al. described calcium sulfate antibiotic elution from a pellet that dissolved within 24 

hours.
48

 Amikacin and gentamicin pellets fully dissolved within 12 hours, while 

vancomycin pellets released antibiotic all the way to 24 hours. Vancomycin had a spike 

in release at 1 hour and then another burst at 4 and 8 hours and then slowly decreased 

until it dissolved. They attributed this to vancomycin’s larger nine ring structure, as seen 

in Figure 18. This is further supported by data in this study; cefazolin’s smaller structure 

may have allowed it to elute more quickly than vancomycin. 
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Figure 18: Comparison of cefazolin (left) and vancomycin (right) molecular structure; 

vancomycin’s larger structure slowed release from bolus 

 

 

Recovery rates of the antibiotics cefazolin and vancomycin were approximately 

10.1% and 8.1%, respectively. Heijink et al., reported 39% recovery of their vancomycin 

from OSTEOSET®, a calcium sulfate product also offered by Wright Medical.
24

 The 

higher percentages compared to our percentages may be contributed to the smaller pellets 

(~0.1cc/pellet) used in the OSTEOSET® kit; there is a higher surface area exposed to the 

PBS. In their study, they also mixed vancomycin with DBX, an allograft bone void filler 

made by Synthes (West Chester, PA), and Collagraft, a synthetic bone graft comprised of 

bovine collagen and hydroxyapatite/tricalcium phosphate (HA/TCP) granules made by 

Zimmer (Warsaw, IN). They were only able to retrieve 9% and 23%, respectively, of the 

vancomycin, which further supports that calcium sulfate is better suited for local drug 

delivery. Another study done by Udomkusonsri et al. showed that cefazolin-loaded 

calcium sulfate pellets had a recovery rate of 93.84% after a 15 day elution study in 
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PBS.
27

 They only had a 24.10% recovery rate for cefazolin-loaded PMMA pellets. They 

believed calcium sulfate had a higher porosity which contributed to the higher antibiotic 

release. Their conclusion was that calcium sulfate may release antibiotic at a much higher 

concentration and be better in local drug delivery compared to PMMA. 

 By examining the statistical analysis, we may conclude that the dissolution rates 

were similar among the 4 test groups: control, amphotericin B, cefazolin, and 

vancomycin.  Dissolution results were not indicative of previous studies conducted with 

antibiotic-loaded calcium sulfate pellets. In a study conducted by Richelsoph et al., 

daptomycin and tobramycin were mixed with calcium sulfate and dissolution and elution 

rates were measured in saline.
67

 They discovered that the daptomycin-loaded pellets 

dissolved more rapidly than tobramycin-loaded pellets. Dissolution of the calcium sulfate 

material appeared to be dependent on the antibiotic. In our case, there was no difference 

in dissolution with the 3 antibiotics, which was different than Richelsoph et al. A 

comparison between our dissolution results and Richelsoph’s results would be biased. 

Richelsoph used much smaller pellets, while our study used a bolus; surface areas would 

be very different. Overall, we may conclude that dissolution rates are dependent on the 

chemical properties of the antibiotic used, such is the case with the study conducted by 

Bohner et al. and the extra sulfate ions produced from the gentamicin added.
66

 

 Cytotoxicity to osteoblasts is a concern with the higher concentrations of 

antibiotic. A study conducted by Edin et al. tested the effects of cefazolin and 

vancomycin on osteoblast-like cells.
23

 They used MG-63 human osteosarcoma cell line 

and exposed it to different concentrations of the antibiotics ranging between 0-

10,000µg/mL and then 100-1000µg/mL to define cefazolin’s toxic level. They 
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determined that levels of 1000µg/mL or less for vancomycin and 100µg/mL or less for 

cefazolin have little or no effect on the cells. But concentrations of 10,000µg/mL for 

vancomycin and cefazolin caused cell death. Levels of 200µg/mL for cefazolin did cause 

significant decrease in cell replication. They concluded that vancomycin is less toxic than 

cefazolin at higher concentrations and may be a better antibiotic for local drug delivery. 

The highest concentrations for vancomycin were seen on Day 1 (1113.7 ± 38.8µg/mL), 

which were significantly below the 10,000µg/mL level. Highest concentrations for 

cefazolin were also seen on Day 1 (2359.0 ± 106.3µg/mL) and were below 10,000µg/mL 

level, but higher than the 200µg/mL level that may cause significant decreases in 

osteoblastic cell replication. After day 1, cefazolin concentrations were less than the 

200µg/mL and may not affect cell proliferation. This would certainly have to be 

considered by a physician planning on administering cefazolin though local drug delivery. 

From our results in the turbidity study conducted, S. aureus was inhibited from growing 

even at the lowest concentrations 518.5 ± 49.1µg/mL at Day 7. The MIC for cefazolin 

was determined to be lower than 0.25µg/mL, therefore a lower concentration of cefazolin 

may be considered in future studies.  In a separate study conducted by Sealy et al., they 

loaded amphotericin B into hydroxyapatite, PMMA, and beta-tricalcium phosphate 

beads.
68

 The released concentrations were between 1.75 and 2.0µg/mL over 110 days for 

all the beads. In the Sealy study, amphotericin B-loaded pellets were determined to be not 

toxic to osteoblasts during 72 hours of exposure in tissue culture medium. 

The insolubility of amphotericin B prevented us from determining concentration 

and release rates with the high performance liquid chromatography (HPLC). 

Amphotericin B would only dissolve completely in a solvent such as methanol or 
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dimethyl sulfoxide. These solvents were added to test eluents before running the HPLC, 

but we were still unsuccessful in measuring the amount of amphotericin B. A concern we 

have is that the amphotericin B’s antibiotic level was relatively low in the calcium sulfate 

bolus formulation, because of its toxicity within the body and as such concentrations in 

eluents may also be low. Serial concentrations for standard curves went as low as 

5µg/mL, and were detected by HPLC, but HPLC still did not detect any antibiotic within 

eluents. If all the antibiotic was released in day 1, concentration levels would be almost 

3,400µg/mL and would have been high enough to detect. Replacing PBS with one of the 

solvents was considered, but deemed impractical and unrealistic in a clinical aspect. An 

alternate spectrophotometric detection method for amphotericin B was tried to measure 

concentrations in the eluents, but also was unsuccessful. A third biologically based 

method based on zone of inhibition may provide a means to estimate released 

amphotericin B’s concentrations, if any antibiotics were even released. The test would 

use C. albicans as the microorganism since amphotericin B is used to treat fungal 

infections. The fungus will be grown on an agar plate over 48 hours. Paper disks 

saturated with the eluent would be placed on the plate and if the antibiotic is still 

functional, it will create an inhibited zone around the disk. By measuring this zone of 

inhibition and comparing it to zones around known concentrations of amphotericin B on 

saturated disks, concentration of amphotericin B in the eluent may be estimated. These 

experiments are planned to be conducted with Dr. Courtney at the VA Hospital, Memphis, 

TN, in the near future. 

In the turbidity study conducted on cefazolin and vancomycin eluents with S. 

aureus, the antibiotic concentrations were able to inhibit growth of the bacteria over the 
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entire 28 day period of the study. In these studies, we may only conclude that the bacteria 

were inhibited from growing, but not eliminated. From our results, we may state that 

bacteria growth was inhibited by almost ~98% compared to positive controls. 

Udomkusonsri et al. also tested the cefazolin eluents effectiveness against Bacillus 

subtilis, another Gram-positive bacteria.
27

 Eluents inhibited the bacteria’s growth 

successfully and they determined that mixing cefazolin with calcium sulfate would not 

affect cefazolin’s antibacterial activity. Comparisons can still be made between our study 

and referenced studies, since the amount of pellets packed into a bone void is almost 

equivalent to a 5cc bolus. However, there are not many studies available using a larger 

bolus as our study used. At the end of the 28 day elution study, a great amount of bolus 

and antibiotic remained. Inhibition of bacterial growth was seen all the way to the end, 

which leads us to believe that the bolus may be used for extended amounts of protection, 

perhaps up to 3-4 months. Of course biofilm formation is a concern, but if antibiotic level 

is high enough, then it may combat the biofilm development. 

In vivo studies have been conducted with antibiotic-loaded calcium sulfate 

pellets.
26,29,38,40,48

 A study conducted by Xie et al. compared vancomycin-loaded calcium 

sulfate to vancomycin-loaded borate glass.
26

 They infected 65 rabbits with methicillin-

resistant S. aureus (MRSA) and split them into 4 groups. Each rabbit received treatment 

by debridement and the void was filled with: nothing (group 1), pure borate glass (group 

2), vancomycin-loaded calcium sulfate (group 3), and vancomycin-loaded borate glass 

(group 4). The vancomycin-loaded calcium sulfate and borate glass had the best results 

against the MRSA with 73.33% and 81.25% kill rates, respectively. It was observed that 

the calcium sulfate had fully resorbed and had better bone growth compared to the borate 
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glass only being partially reabsorbed. Even though antibiotic levels were different from 

our study, it is still important to verify that calcium sulfate may be used as a local drug 

delivery system successfully. Richelsoph et al. conducted an in vivo study involving adult 

Spanish-Boer goats implanted with amikacin-loaded calcium sulfate and PMMA beads.
48

 

The amikacin-loaded calcium sulfate beads sufficiently reduced bacterial growth than 

amikacin-loaded PMMA beads. Levels of antibiotics released in these studies were above 

the MIC of the infecting microbial, which was similar to our study with antibiotic release 

being higher than MIC of S. aureus. From these referenced studies we may conclude that 

antibiotic-loaded injectable calcium sulfate is a potentially effective clinical treatment for 

osteomyelitis. 
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Chapter VII: Conclusions 

Aims of this study were to characterize effects of mixing one of the three 

antibiotics, amphotericin B, cefazolin, and vancomycin, on physical, chemical, and 

mechanical properties of MIIG® X3. The properties evaluated were set time, phases, 

chemistry, and morphology via Vicat and Gilmore penetration tests, X-Ray Diffraction 

(XRD), Fourier Transform Infrared Spectroscopy (FTIR), and Scanning Election 

Microscope (SEM), respectively. Diametral Tensile Strength (DTS) was also performed 

to provide information on mechanical strength.  The in vitro release of the antibiotics 

from clinically relevant bolus samples of injectable material over 28 days in saline 

solution using High Performance Liquid Chromatography (HPLC) techniques was 

measured. The dissolution of the bolus by evaluated for mass change during the 28 day 

elution study was also determined. Finally, the ability of the released antibiotics to inhibit 

the in vitro growth of representative microbes associated with osteomyelitis was 

evaluated. Based on the result of this work we conclude that: 

 Mixing of amphotericin B, cefazolin, and vancomycin with MIIG® X3 calcium 

sulfate did not adversely affect set times, chemical or physical structure, 

mechanical properties, or degradation times as compared to antibiotic free 

formulation. Bolus will still set as normal MIIG® X3 and will still remain strong 

enough to be used in non-load bearing fracture fixation or as bone void filler. 

 MIIG® X3 loaded with cefazolin and vancomycin was able to release the 

antibiotics at levels that inhibited in vitro growth of S. aureus, a model pathogen, 

for up to 28 days. 
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 These results suggest that calcium sulfate cements may be used to locally delivery 

vancomycin and cefazolin antibiotics to treat/prevent osteomyelitis. 

 Release of amphotericin B from calcium sulfate could not be determined in this 

study because of solubility issues. 
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Chapter VIII: Future Work 

This preliminary investigation provided basic information on the effects of the 

antibiotics, amphotericin B, cefazolin, and vancomycin, on the physical and chemical 

characteristics of injectable calcium sulfate bone graft and on levels and antibacterial 

properties of released vancomycin and cefazolin in vitro. Future research is needed to 

address additional important questions. Since release levels of amphotericin B were not 

determined, a biological based semi-quantitative zone of inhibition assay using C. 

albicans may be useful to estimate the release amount and activity of amphotericin B. 

Alternatively, other more soluble forms of amphotericin B may utilized that would 

provide amounts of the released antibiotic that could be detected and that would have 

antimicrobial properties.  

Another interesting possibility would be to load MIIG® X3 with growth factors, 

anti-inflammatory and anti-cancer drugs, or painkillers and to evaluate effects on cement 

and ability of cement to delivery agents locally. There have been previous studies already 

conducted incorporating these drugs, and it was discovered that they had no physical-

chemical effect on the calcium sulfate.
20,21

 Mixing different types of antibiotics is also a 

possibility and may be tested by using the series of analysis that our study utilized. 

Mixing one antibiotic effective against Gram-negative bacteria and another one effective 

against Gram-positive bacteria would help combat multiple microorganisms at once, 

since osteomyelitic infections may be caused by two or more bacteria. Increasing dosages 

for each antibiotic is a possibility for clinical studies, but it would require a cytotoxicity 
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study to be performed before implantation. Cytotoxicity studies were not performed in 

our study and would further answer any questions that may remain.  

One of the most important inquiries is the materials effectiveness in in vivo tests. 

It would be interesting to observe how this material performs in animal studies or even 

clinical studies. Another concern would be how long would it take for the bolus to 

completely dissolve and if it would consistently release high concentrations of antibiotic 

all the way till the end. If the bolus is able to release antibiotics at a high enough 

concentration that keeps it above the microorganism’s MIC, then it may remain effective. 

But if the bolus takes some time to dissolve and antibiotic release is low, then biofilm 

formation could become a problem. Biofilm formation tests would be beneficial in this 

study to discover if biofilm is a concern when using a large bolus. If biofilm forms on the 

surface of the bolus, then it would need to be removed, since eradication of biofilm is 

nearly impossible and use of a bolus would then become ineffective and useless. 
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Chapter X: Appendix 

I. Results 

 

 

Table 4: Set time of antibiotic-loaded calcium sulfate bolus 

 Amphotericin B Cefazolin Vancomycin Control 

Mean ± Std. Dev (min.) 

Vicat 10.58 ± 0.43 8.10 ± 0.84 11.81 ± 0.69 9.48± 0.26 

Gilmore 1 10.66 ± 0.43 8.17 ± 0.83 11.90 ± 0.71 9.60 ± 0.32 

Gilmore 2 17.40 ± 1.16 12.00 ± 0.92 18.43 ± 0.56 17.73 ± 0.56 

 

 

 

Table 5: Composition of antibiotic-loaded and control calcium sulfate bolus thru XRD 

testing 

 Amphotericin B Cefazolin Vancomycin Control 

Mean ± Std. Dev. 

Intensity at 2θ=29.1 1796 ± 307 1704 ± 647 1625± 265 1335 ± 342 

Intensity at 2θ=29.7 169 ± 28 154 ± 46 177 ± 27 116 ± 22 

Dihydrate (%) 91.2 ± 2.5 91.3 ± 1.9 90.1 ± 1.3 91.8 ± 1.2 

Hemihydrate (%) 8.8 ± 2.5 8.7 ± 1.9 9.9 ± 1.3 8.2  ± 1.2 

 

 

 

Table 6: Diametral tensile strength at fracture for each drug in either Fetal Bovine Serum 

(FBS) or air 

 Amphotericin B Cefazolin Vancomycin Control 

Mean ± Std. Dev (MPa) 

1 Hour & Air Dried 10.31 ± 0.21 9.43 ± 0.67 9.40 ± 0.16 9.10 ± 0.61 

1 Hour & FBS Dried 10.71 ± 0.44 9.19 ± 0.47 8.91 ± 0.48 10.27 ± 0.96 

24 Hour & Air Dried 18.54 ± 1.07 10.90 ± 0.77 11.90 ± 0.54 16.08 ± 1.18 

24 Hour & FBS 

Dried 

10.87 ± 0.68 8.97 ± 0.59 9.19 ± 0.42 8.40 ± 0.49 
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Table 7: Elution behavior of sterile vancomycin and cefazolin-loaded calcium sulfate 

bolus in a 28 day study 

Day Vancomycin Cefazolin 

Daily Release Concentration (μg/mL) 

 Mean ± Std. Dev. Coefficient 

of 

Variation 

(%) 

Mean ± Std. Dev. Coefficient of 

Variation (%) 

1 1113.70 ± 38.81 3.49 2358.96 ± 106.29 4.51 

3 822.62 ± 23.22 2.82 1019.84 ± 102.26 10.03 

5 624.15 ± 18.56 2.97 685.98 ± 67.19 9.79 

7 518.89 ± 29.20 5.63 518.53 ± 49.10 9.47 

14 834.94 ± 10.29 1.23 1055.89 ± 98.49 9.33 

21 891.36 ± 29.53 3.31 795.99 ± 60.52 7.60 

28 718.77 ± 33.63 4.68 639.56 ± 37.85 5.92 

Cumulative Release Concentration (μg/mL) 

 Mean ± Std. Dev. Coefficient 

of 

Variation 

(%) 

Mean ± Std. Dev. Coefficient of 

Variation (%) 

1 1113.70 ± 38.81 3.49 2358.96 ± 106.29 4.51 

3 1936.32 ± 61.62 3.18 3378.80 ± 161.44 4.78 

5 2560.47 ± 73.71 2.88 4064.78 ± 203.49 5.01 

7 3079.36 ± 94.55 3.07 4583.31 ± 243.73 5.32 

14 3914.30 ± 100.82 2.58 5639.20 ± 316.54 5.61 

21 4805.67 ± 120.68 2.51 6435.19 ± 362.07 5.63 

28 5680.36 ± 147.36 2.67 7074.75 ± 390.40 5.52 

 

 

 

 

Table 8: Dissolution of antibiotic-loaded and control calcium sulfate pellets during a 28 

day elution test 

 Amphotericin B Cefazolin Vancomycin Control 

Mean ± Std. Dev. 

Initial Weight (g) 10.22 ± 0.16 10.30 ± 0.22 10.23 ± 0.16 10.30 ± 0.12 

Final Weight (g) 9.75 ± 0.13 9.85 ± 0.21 9.75 ± 0.20 9.81 ± 0.12 

Total Dissolution (g) 0.47 ± 0.07 0.44 ± 0.11 0.48 ± 0.07 0.49 ± 0.07 

Total Dissolution (%) 4.58 ± 0.69 4.29 ± 1.00 4.73 ± 0.70 4.77 ± 0.63 



 

81 

 

Table 9: Turbidity study of cefazolin and vancomycin-loaded calcium sulfate bolus 

against Staphylococcus aureus Cowan I 

 Vancomycin Cefazolin 

Absorbance @ 530nm 

Mean ± Std. Dev. 

Blank 0.012 ± 0.003 0.000 ± 0.002 

Negative Control 0.004 ± 0.005 0.022 ± 0.001 

Positive Control 0.964 ± 0.021 0.967 ± 0.027 

Control - Day 1 0.965 ± 0.029 

Control - Day 3 0.957 ± 0.023 

Control - Day 5 0.939 ± 0.018 

Control - Day 7 0.958 ± 0.023 

Control - Day 14 0.958 ± 0.037 

Control - Day 21 0.932 ± 0.021 

Control - Day 28 0.965 ± 0.049 

Day 1 0.019 ± 0.002 0.022 ± 0.001 

Day 3 0.020 ± 0.002 0.021 ± 0.002 

Day 5 0.021 ± 0.004 0.020 ± 0.001 

Day 7 0.021 ± 0.004 0.021 ± 0.001 

Day 14 0.022 ± 0.002 0.018 ± 0.006 

Day 21 0.023 ± 0.002 0.020 ± 0.001 

Day 28 0.020 ± 0.003 0.021 ± 0.001 

MIC - 16 μg/mL  0.011 ± 0.013 

MIC - 8 μg/mL 0.011 ± 0.013 

MIC - 4 μg/mL 0.012 ± 0.007 

MIC - 2 μg/mL 0.012 ± 0.002 

MIC - 1 μg/mL -0.001 ± 0.001 

MIC - 0.5 μg/mL -0.003 ± 0.001 

MIC - 0.25 μg/mL -0.002 ± 0.000 

MIC - 0 μg/mL 0.924 ± 0.028 

 


