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The high porous calcium sulfate (HPCS) bead wastedein this study by salt
leaching technique. In the first study, variatiofishe ratio between calcium sulfate (CS)
and sodium chloride salt made the different poydsiels of CS bead with determine the
ceftazidime elution pattern from the CS beads. magimum ratio of CS per sodium
chloride was 1:1 w/w that could increase the tptabsity level up to 50%. The highest
porosity level of CS is the high porous calciunfae (HPCS) bead. The HPCS bead
could provide total amount of the ceftazidime assas the native calcium sulfate
(NCS) bead with a shorter period than NCS beathdrsecond study, the gentamicin
impregnated polymethylmethacrylate (GI-PMMA) beathvgentamicin coated PMMA
(G-PMMA) were compared with gentamicin coated NGSNCS) and gentamicin
coated HPCS (G-HPCS) beads on gentamicin releaSiNCS and G-HPCS beads
could provide the gentamicin concentration highantGI-PMMA and G-PMMA beads
and also found that the coating technique coulddael only in CS bead in this study. For
the third study, the efficiency of GI-PMMA, G-NC8&G-HPCS beads were compared
in the management of osteomyelitis in a rat mobleé results showed that G-HPCS bead
could be used for the osteomyelitis managementREGS bead whereas G-PMMA bead

had to be removed from the bone and created atd®idbe bone cortex.

The results of studies showed that the HPCS beadésv type of CS bead that
can be used as an antibiotic carrier for osteoriy@ianagement. In addition, the HPCS

bead also has a positive effect for the new bogemreration.
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EFFECTS OF ANTIBIOTIC COATED HIGH POROUS CALCIUM
SULFATE BEADS ON OSTEOMYELITIS MANAGEMENT:
IN VITRO AND IN VIVO STUIDES

INTRODUCTION

Osteomyelitis is an inflammatory process accomphbie bone destruction and
caused by microorganism infection (Lesval., 2004). The infection can be limited to a
single portion of the bone or can involve seveegions, such as periosteum, marrow,
cortex and the surrounding tissues. The treatmeitssteomyelitis classically involve
surgical debridement of necrotic tissue, irrigatiohliteration of dead space, bone repair,
adequate soft tissue coverage and systemic antibidradministration for 4-6 weeks
(Lazzarini et al., 2004; Maderet al., 1999). Although these methods can eradicate or
suppress the infection process, the disadvantdges@avenous antibiotic administration
are including a failure of catheter, infection,teysic toxicity and high cost. Furthermore,
the necrosis of the infected bones tissue is ie$dtn decreasing of vascularity causes
compromising the effectiveness of systemic antibidherapy (Maderet al., 2002).
Antibiotic impregnated polymethylmethacrylate (PMMbeads are clinically used in
various area including joint replacement surgery aommonly used for standard
treatment of local infected tissue, especially astgelitis (Gonduskt al., 2009; Kelsey
et al.,, 1995; Kooet al., 2001; Malizoset al., 2010; Roedert al., 2000). However,
disadvantages of PMMA used in osteomyelitis managgnwere the requirement for
surgical removal (Madeet al., 2002; Nelsoret al., 2002), enhancement of bacterial
colonization (Maderet al., 2002), higher cost of management and releas&né
substance during setting (Santsetal., 2003). Unlike PMMA, the calcium sulfate beads
have been used in the vitro andin vivo studies as a vehicle to deliver the antibiotics,
growth factors and other pharmacologic agents (ldzath, 2008; Kanellakopouloet al.,
2009; Santschet al., 2003; Thomast al., 2009; Xieet al., 2009). Also antibiotic
impregnated calcium sulfate beads have been useédical practices, especially for the

treatment of osteomyelitis (Hamet al., 2008; Kanellakopouloet al., 2009). A local



antibiotic delivery system has been employed bex#@ugrovides higher local antibiotic
concentration than parenteral antibiotic adminigira furthermore, an application of
local antibiotics also reduces the risk of systemside effects and aids dead space
management (Giteligt al., 2002).

In osteomyelitis lesion, the necrotic tissues waereurred from vascular damage.
Calcium sulfate is a biomaterial that can providecadcium ion during new bone
regeneration and a scaffold for the osteogenic at&ichmentThe implanted calcium
sulfate bead can be totally resorbed with mininmillammation (Thomas and Puleo,
2009). In addition, the beneficial effects of catai sulfate on osteoconductive activity
leads for using this material in both orthopedid dental procedures (Balehal., 1966;
Damienet al., 1991; Peltieet al., 1961). Calcium sulfate can be applied as a bifate
bone grafting; it facilitated bone healing and pmeted the loss of the grafting material in
a rabbit model (Orsirgt al., 2004). The osteoconductive mechanisms of caldulfate
are involved in a direct source of calcium to tlad defect (Ruhainegt al., 2001) and in
a rapid rate of resorption which allows an earliegress of osteoprogenitor cells
(MacNeill et al., 1999).

High porosity and interconnectivity pores are thajan requirements for bone
substitute materials; aterials with proper porosities and pore sizes could facilitate cell
attachment, cell ingrowth and promote a uniform détribution with the adequate
transportation of nutrients and cellular waste potsl (Houet al., 2003). Micropores
allow a migration of endothelial cells, promote #fedentiation of osteoblasts and
osteoprogenitor cells, promote vascularisation, awhtribute to an osteoblast
proliferation and differentiation (Kusmanébal., 2008). The pore size of the material is
also a significant factor for bone regeneratione Tinimum pore size diameter required
for bone regeneration is approximately 100 (Hulbertet al., 1970). The porosity of the
material can be calibrated with various technigeigsh as a leaching of soluble particle
(Hou et al., 2003; Reignier and Huneault., 2006; McLaetl., 2007), the mechanical
and the chemical techniques (Fraehal., 1975; Shiramizet al., 2008). Leaching of salt

technique is an effective technique to control #meounts and sizes of pores, which



determined by the amount and size of the partidieu(et al., 2003). Porosity of the
material is not only important to osteogenesis higo positively influences the
dissolution permeability of drugs which affects #ugtibiotic elution from biomaterials
(McLarenet al., 2004; Schurmasat al., 1978).

Various antibiotics were used to cooperate withibéotic beads including

aminoglycosidesf-lactam agents, and quinolones (Doadgioal., 2004; Hamet al.,
2008; Kanellakopoulowt al., 2009; Nandit al., 2009; Santschi and McGarvey 2003;
Tuzuner et al.,, 2007). Ceftazidime, &3-lactamase-stable third generation of
cephalosporin in solution form, was employed fokimg antibiotic beads because it is a
broad spectrum antibiotic and can inhibit mosthef pathogens that cause osteomyelitis,
especially when caused Pgeudomanas infection (Bachet al., 1987; Eroret al., 1983).
In addition, gentamicin is frequently used in anmtit#otic releasing bead, since
gentamicin has a broad spectrum antimicrobial a&gfikighly solubility and resistance to
a high temperatures required to create the PMMAGaicium sulfate dihydrate settings
(Wahliget al., 1980).

The hypothesis of this study were the salt leactisghnique could increase
porosity level of calcium sulfate bead, the relegsf antibiotic had been alternated in
high porous calcium sulfate bead, the high por@lsiun sulfate was compatibility with
human osteoblast and the high porous calcium subfetd could be used as antibiotic
carrier for managing osteomyelitis. Various ponp$#ivels of calcium sulfate bead were
studied in ceftazidime releasing in vitro study. The high porous calcium sulfate
(HPCS) bead show the highest efficiency on ceftamdrelease. The gentamicin coated
HPCS bead was continuinign vitro studied compare with gentamicin impregnated
PMMA bead, gentamicin coated PMMA bead and gentamioated native calcium
sulfate bead. After that, the HPCS was studiedtrosteomyelitis model for comparison
the capability of osteomyelitis management with owercial gentamicin impregnated

PMMA bead and gentamicin coated native calciumesalbead.



OBJECTIVES

1. To develop a new type of calcium sulfate bemd$ local antibiotic carrier

2. To compare the efficiency of high porous caltisulfate bead with
commercial antibiotic impregnated PMMA bead, amtiizi coated commercial PMMA
bead and antibiotic coated native calcium sulfadon antibiotic releasing im vitro

study

3. To compare the capability of high porous icaicsulfate bead with
commercial antibiotic impregnated PMMA bead andkaotic coated native calcium

sulfate beaadh rat osteomyelitis model



LITERATURE REVIEW

1. Osteomyelitis

1.1 Definition

Osteomyelitis is an inflammatory disease of bord rmarrow cavity (Masgt
al., 2002). It is heterogenous in pathophysiolognichl presentation, and management
(Sia et al., 2006). Usually, it is limited to a single borlgwever, it rarely can be
multifocal lesions (McNallyet al., 2010).

1.2 Etiology

Staphylococcus aureus can cause all types of osteomyelitis and it iscéngsal
organism in over one-third of acute cases anddfalfl vertebral infections (McNallgt
al., 2010).S aureus is the commonest organism in acute osteomyelitibpvied by
Enterococci, Enterobacteriacae, Sreptococci, and anaerobic bacteria (G@&tzal., 2002).
The early stages of infection are characterizeth witace between the bacteria and the
host defenses to control the local environmerthdfinoculum size is large enough or the
host defenses are impaired, the infection in tb&ug can occur. Moreover, the presence
of multiple organisms may cause of osteomyelitise production of streptolysin by
relatively low-virulence Streptococcus species moayse potentially life-threatening soft
tissue infections in the presence of the other rasgas. The biofilm is an anionic,
extracapsular, polysaccharide slime produced btekacto protect them from antibiotic
therapy and host clearance mechanisms. Exprestimiofdm has been characterized in
Staphylococcus specieBseudomonas aeruginosa, and Streptococcus mutans (Gotz et
al., 2002). In addition, collagen binding collagenoguwced byS aureus have a
contributory role in hematogenous infection (Elasral., 2002). Host physiology is the
body’s ability to control the local and systemisuits in the wound healing. In HIV and

AIDS, osteomyelitis is the third most common infeetpresentation. The relationship



between bony stability and susceptibility to infenthas been shown in an animal model.
When fixation was applied to fractures in rabbisng a dynamic compression plate
(stable group) or a loose-fitting intramedullaryg runstable group) then inoculated with
a standard inoculum o8& aureus, the stable fixation group demonstrated a lower

incidence of subsequent infection (Ciestyl., 2003).

1.3 Classification

Because of the wide variability in the etiology ofteomyelitis, the
classification of osteomyelitis based on duratidrthe disease (acute or chronic) and
pathogenesis of the disease: 1) hematogenous ogtbtisn 2) osteomyelitis secondary
to a contiguous focus of infection and 3) osteoitigelassociated with peripheral
vascular disease (Waldvogelal., 1970). In 1984, the classification system attiethpo
divide osteomyelitis based upon anatomy and strakt@actors into 4 groups:
hematogenous osteomyelitis, osteomyelitis with athiffracture, osteomyelitis with
nonunion and osteomyelitis without fracture (Kelt al., 1984). Subsequent
classification systems introduced to divide osteelitig based upon the structural and
anatomic status of the tibia after adequate ss$ug and skeletal debridement and the
resultant impact upon treatment options and reitafdn time (Mayet al., 1989). Type |
tibial osteomyelitis occurs where functional loaglof the tibia and fibula can still occur.
The rehabilitation time was estimated at 6-12 we@&lkpe Il tibial osteomyelitis occurs
when there is an intact tibia after debridementlmrte grafting is required for structural
support. The rehabilitation time was estimated-@tr8onths. Type Il osteomyelitis has a
tibial defect less than or equal to 6 cm long vethintact fibula. The rehabilitation time
was estimated at 6-12 months. Type IV osteomyéidss a tibial defect greater than 6 cm
long with an intact fibula. The rehabilitation times estimated at 12-18 months. Type V
osteomyelitis has a tibial defect greater than 6lamg without an intact useable fibula.
The rehabilitation time was estimated greater tBanfonths. Recently, Cierny and
Mader’s classification system based upon the degfematomic involvement and host
physiology is the most widely used in orthopedierhature (Ciernyt al., 2003). Stage 1,

or medullary, is infected intramedullary surfacels bmne or acute hemoatogenous



osteomyelitis. Stage 2, or superficial, is defisedilar to contiguous focus osteomyelitis
when an exposed infected necrotic surface of bieseat the base of a soft tissue wound.
Stage 3, or localized, is characterized by fultkhess cortical sequestration requiring
surgical removal without compromising bony stabilibtage 4, or diffuse, is a through
and through infection requiring intercalary resectof bone and loss of stability. The
physiologic class of the host is based upon thegmee of factors that further support
infection, such as malnutrition, diabetes mellito¥acco use, venous stasis, arteritis, and
radiation fibrosis. The host is classified intor8ups: A, B, and C hosts. “A” hosts have
normal physiologic responses to infection. “B” Iss$tave either systemically and/or
locally active impairment of normal physiologicalsponses. “C” hosts have the disease
itself when the results of treatment are more camsing to the patient than the
disability. Staging of osteomyelitis in this manadiowed for a treatment strategy which

defined optimal treatment modalities and progntmig®ach stage.
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Time
Figure 1 Schematic diagram of the evolution of bone infecfiom acute medullary
disease to chronic osteomyelitis with dead bonalutrum, sinuses and

discharge.

Source: McNally and Nagarajah (2010)



1.4 Diagnosis

A detailed history and physical examination argeasial for the approach to
the patients with suspected osteomyelitis. A paldicattention on physical examination
should be paid to the signs of acute inflammatsuch as pain, swelling, increased limb
temperature, erythema, and loss of function. Theeeno specific blood tests to confirm
the diagnosis of bone infection. In acute osteoitigethe white blood cell count, C-
reactive protein (CRP) and erythrocyte sedimentatiate (ESR) level are usually
elevated but are often normal in chronic osteortigelMcNally and Nagarajah, 2010).
The concentration of CRP, synthesized by the lingesponse to any infection, appears
more reliable for follow up the response to treattn&he concentration increases within
hours of infection and return to normal within aekefter adequate treatment has begun
in most cases (Unkila-Kallicet al., 1994). However, both CRP concentration and
erythrocyte sedimentation rate may be higher tharmal for reasons other than
osteomyelitis. Concentrations of calcium, phosplaai# alkaline phosphatase are normal
in osteomyelitis in contrast to metastatic or sametabolic bone diseases (Leval.,
2004).

The gold standard diagnostic tests are histologiaakessment and
microbiological culture of the infecting organismorin more than one deep specimen,
taken with strict aseptic precautions in a patigho has not received any antimicrobial
agents for at least 10 days. Superficial sinust tadture has been shown to be
misleading and has a poor correlation with deeguésflora because the isolates may
include non-pathogenic microorganisms that are rinlog the site. Whenever bone
biopsies are done, the samples should be procésserobic and anaerobic cultures
(Lew and Waldvogel, 2004). Therefore, the choicamtibiotic should not be depended
on superficial cultures (Mast and Horwitz, 2002; N\dly and Nagarajah, 2010).
Recently, molecular techniques become a diagnostbod for osteomyelitis. In 2007, a
research of Fihman, V. et al. show that the PCRniigeie can be used for diagnosis the
cause of osteomyelitis includin@aphylococcus aureus, Sreptococcus pyogenes,
Streptococcus algalactiae, enterococcus faecalis, Salmonella enteric, Escherichia coli,
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Pseudomonas aeruginosa, and fastidious bacteria likéNeisseria gonorrhoeae and
Fusobacterium nucleatum (Fihmanet al., 2007). Some laboratories are now advocating
the use of specific genetic probes for identifizatof bacterial DNA and RNA. This will
be the method of diagnosis in the future but is umuversally accepted at present. In
chronic osteomyelitis, histology can confirm thagfiosis in cases with negative culture
by the demonstration of acute and chronic inflanematells, dead bone, active bone
resorption and remodeling, and the present of sesgjlestra (McNally and Nagarajah,
2010). The presence of neutrophils in significanbant is indicative of infection. More
than 5 neutrophil per high power field indicateteation, with sensitive of 43-84% and
specificity of 93-97% (Abdul-Karinet al., 1998).

Conventional radiography is necessary diagnostitstat both presentation
and follow-up. Plain films show soft tissue swadlimarrowing or widening of joint
spaces, bone destruction and periosteal reacti@wetbtr, bone destruction is not
appearing on plain films until after 10-21 daysirdéction (Kaimet al., 2000; Santiago
et al.,, 2003). In addition, ultrasonography can be uUsi&fu early diagnosis in acute
osteomyelitis or for detection of a purulent cdiles in soft tissue (Howaret al., 1995;
Kaiser et al., 1994; Mahet al.,, 1994). Computed tomography (CT) and magnetic
resonance imaging (MRI) are a sensitive investgator bone destruction of medullar,
periosteal reaction, cortical destruction, articudlamage, and soft tissue involvement,
even when conventional radiographs are normal. EuteCT can aid in the design of
surgical approaches to excise disease but it tiesgdiace in initial diagnosis of infection.
MRI, however, is more useful than CT for soft tesassessment. MRI is the single most
effective investigation in the early inflammatofyange and infection. It is limited by the
presence of metal implants and requires considerskill in interpretation in chronic
osteomyelitis. However, it can over estimate th&emixof medullary infection in the
acute phase due to widespread bone edema of albgcime margins of the active
infection. Additionally, post operative MRI changesay persist for months or years and
can be difficult to distinguish from recurrent iofen. Currently, various
radiopharmaceuticals are used for bone scintigrapbthylene diphosphonate binds to
sites of increased bone metabolic activity andgblly sensitive in the early detection of
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acute osteomyelitis. Leukocyte scanning with raabelled blood cells (leukocytes or
granulocytes labeled with indium-111 or techneti®®m) or specific antibodies has been
used for imaging of infection with reported higmsiivity and specificity (Muduret al.,
1995; Peterst al., 1998). The limitation of this imaging procedwt®uld be mentioned
because diabetic arthropathy, gout, trauma andcesugn give the false positive results.
In additional imaging procedure, positron emissiemography (PET) with fluorine-18-
fluoro-2-deoxy-D-glucose (FDG) combined with CT s@gpears particularly promising
for delineation of lesions and the concomitancéamfmatory and infectious activity
(Robilleret al., 2000; Schmitzt al., 2000).

1.5 Treatment

Optimal treatment and outcome of osteomyelitis ddpgoon the relationship
between 3 factors, which are known as Klemm’s Trigdhe virulence and the antibiotic
sensitivity of the organism; 2) the viability an@lsility of the bone; and 3) the condition
of the soft tissue envelope (Bradlyal., 2006). The treatment of osteomyelitis in most
patients requires optimal parenteral antibioticrdpg, surgical removal of all necrotic
tissue and bone culture for determination the @fttdbaccording to the drug sensitivity
test. Generally, the antibiotic therapy should betinued for at least 6 weeks (Gengty
al., 1997). For acute osteomyelitis, the early diag@s an importance. Blood culture
and high dose of intravenous antibiotic given stiobk active againsg aureus,
Streptococci and Gram-negative rods such EBsoli. Cephalosporin, clindamycin or a
combination of flucloxacillin and gentamicin may lsed. Vancomycin should be
substituted if there is the possibility of metHiail resistanceSaphylococcus aureus
(MRSA) infection. The intravenous antibiotic can d@nverted to oral therapy after 72
hours (McNally and Nagarajah, 2010).

Chronic bone infection is hard for management. &irthe antibiotic alone
cannot eradicate the bacteria from the infected. ince, extensive bone infection
involves in many part of bone and dead tissuesdaweloped. In some case, the
pathologic fracture may happen from bone structestruction. Surgical treatment is
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important for debridement and excision of infectéglsue, bone sampling, bone
stabilization, dead space management and sofetissvering (McNally and Nagarajah,
2010). The dead space can be filled with an arithbloaded carrier to deliver the high
concentration of antimicrobial directly to the sié the infection. Most will elute the
drug at therapeutic levels for several weeks. Atrsiole and non-absorbable carriers are
available. Originally, Klemm described the use d¥INPA beads as a carrier for
gentamicin. These are provided on wire strings ead be molded to fit into many
spaces. They can be placed with the end of thegspiotruding from the wound and
gradually removal or can be buried in the bonemaeently, or for later removal during
secondary reconstruction (Klemmt al., 1993). PMMA can also be formed into
antibiotic-loaded rods to fill the whole medullacgvity of the long bones or it can be
implanted as a temporary block spacer across goittte diaphysis pending staged bone
defect management. PMMA is available ready mixeth wgientamicin or vancomycin.
Other antibiotics can be added but must be hebtestgp to at least 70 °C. However,
many disadvantages are revealing in PMMA such hadtto be removed after a period
of time, support bacterial growth, decrease bongsmaad trigger inflammatory response
(Meyer et al., 1998). In addition, implantation of a medicahidde may compromise
local immune system directs its activity againg tbreign implant instead of invading
pathogen (Kayeet al., 2011). For the absorbable carrier, the collagamiers with
gentamicin and calcium sulfate pellet with tobramyare produced commercially.
Calcium sulfate can be hand mixed and combined alitiost any antibiotics as it does
not heat up to any extent during curing. It carubed in a wide variety of bone spaces
and dissolves at a predictable rate giving verhtagtibiotic levels for up to 8 weeks.
Additionally, there is some evidence that it iseosbnductive, allowing bone ingrowth
into the resection defect (McNally and Nagarajdi,®.
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2. Calcium sulfate

2.1 General information

Calcium sulfate is an inexpensive and abundant naht€alcium sulfate or
gypsum is a mineral consisting of calcium sulfateydrate (CaSQ2H,0). The gypsum
is heated to 110 °C. it losses water in the prokaeg/n as calcination. The result of this
process is calcium sulfate hemihydrates (CaF@H,O) and it is also known as plaster
of Paris (1).

CaSQ.2H,0 — — CaSQ1/2H20+11/2K0 (1)

The calcium sulfate hemihydrates exist in two farenand3, which differs in
crystal size, surface area and lattice imperfestiofihe physical properties ai-
hemihydrate form are the dental stone from whiaygdostic casts are constructed. It is
hard and relative insoluble when compare withfHeemihydrate. Th@-hemihydrate is
characterized by an aggregate of irregular crystdls interstitial capillary pores (Figure
2), whereas thex-hemihydrate contains cleavage fragments, rod amsimpshaped
crystals (Figure 3) (Thomas and Puleo, 2009).

When calcium sulfate hemihydrate is mixed with wgtiee calcium sulfate is
formed with exothermic reaction (2). The calciunifate hemihydrate is dissolved; a two
phase suspension of hemihydrates particles inatatiiaqueous solution is formed. The
solution becomes supersaturated with dihydratetarysicleate in the suspension and
forms a precipitate. Nucleation and crystal groadhtinue until the solution is no longer
saturate, leading to further dissolution of the isairates. Alternatively, dissolution and
precipitation continue, with growth of existing stgls or nucleation of the new crystal
(Thomas and Puleo, 2009).

CaSQ.1/2H0 + 1 1/2 HO —— > CaS@2H;0 + heat (2)
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L 2

Figure 2 Powder patrticles of plaster of Pafisi{emihydrate). Crystals are spongy

and irregular in shape (x500).

Figure 3 Powder particles of dental stornelemihydrate). Crystals are prismatic and

more regular in shape than those of plaster. (x400)

Source: Anusavice (2003)



15

However, the calcium sulfate can be transforméal various types depending on
the temperature. When the calcium sulfate dihyd{@tgpsum) is heat at 110-130 °C, it
will be transformed to plaster of Paris. The plasté Paris can be transformed to
hexagonal anhydrite and orthorhombic anhydritepeesvely when the temperature is

increasing as below equation (3).

1 13 20C-
CaSQ.2H,0 ———» CaS@12H0O —» CaSO———» Cas0 (3)
Gypsum Plaster or stone Hexagonal Orthorhombic
anhydrite anhydrite

All products can be transformed to gypsum when thixeith water.
However, the rate of gypsum forming may vary. Exaraple, hexagonal anhydrite react
rapidly whereas reaction of orthorhombic anhydatel water may require an hour for
forming gypsum, because the orthorhombic is maablstand complete packed crystal
lattice (Anusavicet al., 2003).

2.2 Setting of calcium sulfate

The setting of calcium sulfate can be distinguistedwo types including
normal setting expansion that setting in the aienghs setting under water usually called

hygroscopic setting expansion (Anusawtal., 2003)

The setting time of calcium sulfate is influenceg the accelerators and
retarders. The addition of inorganic salts, suckaBum chloride and potassium sulfate,
to calcium sulfate accelerates the setting readipmncreasing the density of the seed
crystal. However, in some report have not found thie (Gact al., 2007). The retarders
act by forming an absorbed layer on the hemihyd@teduce its solubility and on the
gypsum crystal present to inhibit growth. Organiatenials, such as glue, gelatin and
some gum, behave in this manner. Another type tafrder is salt that form a layer of

calcium salt that less soluble than the sulfates€hmay include borax, potassium citrate
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and sodium chloride (20%). In small concentrationany inorganic salts act as
accelerators, but when the concentration is ineckahey can become retarders. Sodium
chloride is an accelerator up to about 2% of thenihgdrates, but at a higher
concentration, it acts as retarder. In the same, wagtium sulfate has its maximum
acceleration effect at approximately 3-4%, at gneabncentrations, it becomes a retarder
(Anusaviceet al., 2003).

Normal setting conditions (N

@@%

Hygroscopic setting conditions [H}

LL

==
(1) m) (II1 (V) (V)

Initial mix  Initial crystal Solidphase Expansion Termination
growth contact

Expansion vs. time curve

Figure 4 Diagram representation of the setting expansigiaster. The above
column, the crystal growth was inhibited by theklat excess water. As
shown in the below column, water added duringrsgirovided more
room for longer crystal growth. e = expansion tirse, H = hygroscopic

setting expansion, N = normal setting expansion.

Source: Mahler and Ady (1960)
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The setting of calcium sulfate normally happen le ftir. If the setting
process occurs under the water, the setting expansiay be more than double in
magnitude. The most well-accepted reason for ise@aexpansion when the
hemihydrates reacts under water is the additiongtal growth permitted by allowing
the crystal to grow freely, rather than being caaised by the surface tension when the
crystal forms in the air (Figure 4). In stage |t top of the figure, the initial mix is
presented by the three round particles of hemihgdraurrounded by the water. In stage
I, the reaction has started and the crystal ofdisleydrate are beginning to form, On the
left of diagram, the water around the particlesraduced by dehydration and these
particles are drawn more closely together by threasa tension of the water. In the right-
hand diagram, because the setting is taking pladeruhe water, the water of hydration

is replaced and the distance between the partiefeains the same.

As the dehydrate crystals grow, they contact edtierp and the setting
expansion begins. As indicated in stage lll, théewaround the particles decreases in the
example on the left. The particles with their dtet crystal tend to be drawn together as
before, but the contraction is opposed by the ogdviarust of the growing crystals. On
the other hand, the crystals in the diagram onridfigt are not inhibited, because the
water is again replenished from the outside. Int,féte original particles are now

separated further as the crystals grow, and thiegetxpansion is definitely evident.

In stage IV and V, the effect becomes more marHléa crystals that are
inhibited on the left become intermeshed and emgdnguch sooner than those on the
right, which grow much more freely during the easipges before the intermeshing
finally prevents further expansion. Consequenthe bbserved setting expansion that
occurs when the gypsum product sets under the wadgr be greater than that occurs
during setting in the air (Mahlet al., 1960).

2.3 Bone defect augmentation
Calcium sulfate has been extensively used as bamsigite material for 90

years (Beuerleiret al., 2010). Multipurpose of calcium sulfate is theages in clinic
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including of bone substitute material and vehidedntibiotic, pharmacologic agents and
growth factors. Calcium sulfate can be used as libee which has rapid and complete
resorption without eliciting significantly inflamrt@y response. Although calcium
sulfate has been studied for a long time in bathitro andin vivo studies, however,
many studies in the last decade years show thatioals still interested in studying in a
new form and a new preparation. The newer preparaticlude combination with other
agents, such as chitosan (Ghal., 2005; Cuiet al., 2009), platelet-rich plasma (Intiet
al., 2007) and bone morphogenetic protein-2 (BMPQi(et al., 2009), and new
structure modification (Par& al., 2011). Most of studies show positive effect améd
healing in bothn vitro studies (Lazargt al., 2007; Parlet al., 2011; Sidquet al., 1995)
andin vivo studies (Ruhaimgt al., 2001; Chcet al., 2005; Intiniet al., 2007; MacNeill

et al., 1999; Pecorat al., 1997; Urbaret al., 2004; Walshet al., 2003). The mechanism
of calcium sulfate enhancing bone regeneratiombas®een complete elucidate. Strocchi
et al. (2002), created bone defects in the tibiae of tabkvhich were then filled with
calcium sulfate granules or autogenous bone. Magowlar density was increased in
calcium sulfate treated defects, suggesting aipesiffect on angiogenesis (Strocehi
al., 2002). Walsh et al. filled femoral cancelloudedés with calcium pellets and used
immunohistochemistry to identify various growth tfas in situ (Walsh et al., 2003).
Increased concentration of bone morphogenetic iprg@VIP-2), bone morphogenetic
protein-7 (BMP-7), transforming growth factpr{TGF{3) and platelet derived growth
factor (PDGF) were observed, all of which playedrae in connective tissue
regeneration. From these both studies shown theiioa sulfate is not only inert filler
but also plays more active role in osteogenesisveéyer, in some studies did not show
positive effect on bone healing (Apaydiral., 2004; Petruskeviciua al., 2002).

2.4 Drug delivery vehicle

In addition of calcium sulfate as space filler dmatrier function, calcium
sulfate has also been investigate as a local daglixehicle for therapeutic agents, such as
antibiotics, small molecule drugs, and growth fext@homas and Puleo, 2009). In 2007,

Intini et al. have studied calcium sulfate and platelet-richspla as a novel
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osteoinductive biomaterial and found that the caicisulfate with platelet rich plasma
can be used as osteoinductive material comparableetombinant human bone
morphogenetic protein (rh-BMP). In the same yealamgt al. (2007) showed that
calcium sulfate could be carrier of simvastatinm@&statis stimulated expression of
BMP-2, for promoting bone regeneration in a critsized defect in the rat calvarium
(Nyan et al., 2007). Calcium sulfate bead was widely studre@ntibiotic release for
osteomyelitis management iin vitro andin vivo studies. Many types of antibiotic have
been studied with calcium sulfate bead such asageain, vancomycin, teicoplanin,
cephalexcin, tobramycin and enrofloxacin (Salgamal., 2007; Tuzuneet al., 2007,
Udomkusonsriet al., 2010; Wichelhaugt al., 2001). In addition, the calcium sulfate
bead has been studied for improving facility ofilaiotic releasing by incorporation with
liposome (Huiet al., 2009) or coating with biodegradable polymer (&€&t al., 1997).

3. Porosity

3.1 Scaffold for bone regeneration

Many researches of synthetic bone scaffolds weveldped in last decade.
Scaffolds have osteoconductive property, since mhewe is deposited by creeping
substitution from adjacent living bone. In addittonosteoconductive, scaffolds can serve
as delivery vehicles for cytokines such as bonepimagenetic protein (BMPS), insulin-
like growth factors (IGFs) and transforming growfdictors (TGFs) that transform
recruited precursor cells from the host into boregrix producing cells, thus providing
osteoinduction (Groenevelet al., 1999). However, scaffolds for bone regeneration
should meet criteria to serve this function, thestiding a high porosity and appropriate
pore size, high surface area, biodegradability, aeical integrity to maintain the pre-
designed tissue structure, biocompatibility, pesiinteraction with cells, and also can be
used as carrier for the delivery of growth andeadéhtiation factors (Hutmachet al.,
2001).
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3.2 Pore size and interconnectivity

Pores are necessary for bone tissue formation be¢hay allow migration of
endothelial cells: to promote osteoblasts or pragecells; to promote vascularisation of
mesenchymal cells; or to facilitate osteoblastifexdtion and differentiation. In addition,
a porous surface improves mechanical stability iateflocking at the critical interface

between the implant biomaterial and the surroundetgral bone.

The minimum pore size required to regenerate miizechbone is generally
considered to be 100 um after the study of Hulleeral. where calcium aluminate
cylindrical pellets with 46% porosity were impladts canine femur. Large pores (100-
150 and 150-200 pm) showed substantial bone intpromall pores (75-100 pum)
resulted in in-growth of unmineralised osteoid uesssSmaller pores (10-44 and 44-74
pm) were penetrating only by fibrous tissue (Hulleeal., 1970). In addition a study of
Bignon et al. (2003), show macroporosity (pore >50 um) is thmugp contribute to
osteogenesis by facilitating cell and ion transgBrgnon et al., 2003). Studies suggest
that microporosity (pores <20 pum) improves bonemgnointo scaffolds by increasing
surface area for protein adsorption (Higical., 2005), increasing ionic solubility in the
microenvironment (Habiboviet al., 2005; Leet al., 2005), and providing attachment
points for osteoblasts (Bignost al., 2003). Pore interconnectivity has been shown to
positively influence bone deposition rate and degtinfiltration in vitro (Bignonet al.,
2003) andin vivo (Hing et al., 2004). Regular interconnected pores provideisgdor
the vasculature required for nourishing new borgk r@moving waste products (Hiret
al., 2005; Jiret al., 2000; Kaitcet al., 2005).

3.3 Pore and drug delivery

Porosity of the material is not only necessary faxcilitation new bone
formation in bone substitute materials but alsonmtion releasing of drug from the
material (McLareret al., 2004). The most common techniques used to cpeatesity in

a biomaterial are salt leaching, gas foaming, peaparation, freeze-drying and sintering
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depending on the material used to fabricate thBaddgKarageorgiolet al., 2005). The
method of leaching soluble particle is a simpléntegue for increasing porosity of the
materials. The porosity can be effectively conadllby variation of the amount of
leachable particles and the pore size of the porswacture can be adjusted
independently of the porosity by using particledifference sizes (Hoet al., 2003).
Many studies of PMMA on increasing antibiotic redgay from the material were shown
in different mixing method, add filler, differencef cement type, and ultrasound
(Anagnostakot al., 2009; Houet al., 2003; McLareret al., 2007; Rasyickt al., 2009;
Shiramizuet al., 2008). In the report of van de Beltal., they concluded that the kinetic
of antibiotic releasing was initially controlled &bme extent by surface phenomenon
depending on the surface roughness of the PMMAedsethe sustained releasing over a
time span of several days depended on the pemetrdépth as determined by the bulk
porosity of the cement (Figure 5) (Bettal., 2000).
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Low porosity bone cement High porosity bone cement

(a) Antibiotic loaded cement (d) Antibiotic loaded cement

. antibiotic ;- '+ antibiotic . . -

.
R

(b) Initial antibiotic release (in solution)

(c) Sustained antibiotic release (in solution) (f) Sustained antibiotic release (in solution)
Figure 5 Proposed sequential steps in the releasing of gpécitafrom a low-
porosity (a-c) and high-porosity (d-f) bone ceméiter a high initial
release (b and e), there was a slow sustaineakseela time (c and f), which
was depended on the penetration depth of the titwaligh connection

pores.

Source:Beltet al. (2000)



MATERIALS AND METHODS

1. Effect of porosity of calcium sulfate beads oceftazidime elution andin vitro

osteogenic properties
1.1 Calcium sulfate bead preparation

Calcium sulfate hemihydrates (Sigma, USA) and wodchloride (Sigma,
USA) were manually mixed together in varying weigatios of 1:0 (control), 4:1, 2:1
and 1:1. Sterile distilled water was added to eactture. The ratio of calcium sulfate
hemihydrates and distilled water was 10:7 weight \mtume (w/v). Thereafter,
homogenous mixtures were poured into mold templéesam in diameter x 4 mm
height) and the beads were allowed to set at r@onpérature. The salt leaching process
was conducted by immersing the beads in deionizg@nwn an ultrasonic cleaner (JAC
ultrasonic 4020P; KODO Technical Research Co. Gygeonggi-Do, South Korea) for 5
cycles, for 30 minutes. All beads were dried in &iobbven at 60C overnight. The beads

were weighted before and after salt leaching.
1.2 Physical characteristics of calcium sulfate beads

Each group of calcium sulfate beads was charaettiby its total porosity,
maximum compressive load, maximum compressive giinerwater uptake and mass
loss. The total porosity of the calcium sulfatedsesn each group (10 samples per group)
was determined by Archimedes’s method (Brucksadteal., 2005; Jonest al., 1993).
Five beads from each group were tested for theikirmam compressive load and
maximum compressive strength with a universalrgsthachine (55R4502, S/N H3342;
Instron; Canton, MA, USA) with a speed of 1 mm/nain 23 °C and 50% relative
humidity. For the water uptake measurement, 10 &g calcium sulfate beads in each
group were weighed after drying at 60°C overnighd aeweighed after immersion in

sterile water (Baret al., 2002). Ten samples of calcium sulfate beadsialm group were
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immersed in phosphate buffer saline (PBS) for Iysdaduring which time the PBS was
changed every day. Then, all the beads were dtié0 &C overnight and weighed again

to determine the mass loss. The mass loss wadataidas reported (Basb al., 2002).
1.3 Preparation of ceftazidime beads

One gram of ceftazidime (CEF24Siam Company, Thailand) was dissolved
with 2 ml of sterile water (concentration 500 mg/nilhe calcium sulfate beads in each
group were immersed in the ceftazidime solutionroight. All of beads were dried

under a blower overnight.
1.4 Scanning electron microscopy

Calcium sulfate beads in each group (control, 21, and 1:1) were
examined using scanning electron microscopy (SEMjetermine the pore and crystal
sizes of the calcium sulfate beads. The beads weated with gold (IB-2, Eiko
Engineer) and images of the outer surface and csesfon were analyzed with a
scanning electron microscope (JSM-5600LV; JEOL ;LTdkyo, Japan) before and after

adding ceftazidime.
1.5 invitro Drug release study

Five antibiotic beads from each group were te$teddrug elution using
phosphate buffer saline (PBS) (pH 7.4) as the tiiso medium. The ceftazidime beads
were immersed in 1 ml PBS at 37 °C for 24 hour® dissoluted PBS was collected and
1 ml fresh PBS was added every 24 hours for théal@ of the experimental period. All
dissolution samples were kept at -20 °C until asialyEluted ceftazidime concentrations
were determined by microbiological assay udufigrococcus luteus (ATCC 9341) as an
indicator organism (Bennetdt al., 1966; Joosted al., 2005).
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1.6 Theinvitro Osteogenic properties testing with human ostebblas

The osteogenic properties of the calcium sulfadads in ratios of 1:0
(control) and 1:1 were compared using human osasbkh-OBs). A calcium sulfate bead
in each sample was loaded with @0of h-OBs 2.5x 10 cells/cnf and placed in a 24-
well plate. Then, the 24-well plate was incubatedaiCQ incubator at 37.@ 1.0 °C,
with 5.0% CQ and 95+ 5% humidity. The samples were analyzed on the &rgd
seventh days after incubation to examine the vtgkdind the morphology of the cell-
seed specimen. The number of cells on the surfatteedead was observed by staining
with acridine orange and examined using a fluomgseeicroscope (IX71; Olympus

Corporation; Tokyo, Japan) on the first and theealv day after incubation.
1.7 Data analysis

Relationships among the data in this study weuglist by analysis of
variance and comparisons between groups were igagsi using the Tukey-Karmer
multiple comparison test. All analyses were carred using the statistical program
NCSS 2007 (NCSS, LLC; Kaysville, UT, USA). Data eexpressed as the mean + SD.

Statistical differences were tested atfhe 0.05 level.

2. Comparison of polymethylmethacrylate (PMMA) bea, native calcium sulfate
(NCS) bead, and high porous calcium sulfate (HPC®)ead as gentamicin carriers

and osteoblast attachment
2.1 Bead preparation
The highest porosity level of calcium sulfate (Ca3/2H,0:NaCl = 1:1

w/w) bead was studied as high porous calcium sultsad (HPCS) to compare the

gentamicin release characteristic among the grotipd?CS bead, native calcium sulfate
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(NCS) (CaSQ1/2H,0:NaCl = 1:0 w/w) bead, PMMA containing gentamiciand

PMMA coated with gentamicin.

The PMMA and calcium sulfate beads were categorfeeelution test into
four groups: gentamicin impregnated PMMA bead (®INPA), gentamicin coated
PMMA bead (G-PMMA), gentamicin coated native cafgigulfate bead (G-NCS), and

gentamicin coated high porous calcium sulfate {€aHIPCS).

Preparation of GI-PMMA beads: GENTAFIXIEKNIMED S.A., France)
consisted of 3.8% w/w gentamicin in polymethymetiilate base. The bone cement
powder was mixed with a liquid monomer accordingémpany recommendation. The
mixture was poured into the mold (diameter 5 mmighhd mm). For the complete

polymerization, the PMMA was solidified at room tgenature for 3 hours.

Preparation of G-PMMA beads: CEMFIXBEKNIMED S.A., France) was a
polymethymethacrylate bone cement without antibgtiThe PMMA was prepared
according to company recommendation. After completdymerization of PMMA,
CEMFIX3pellets were immersed in gentamicin solution, 40mhg(T.P.drug laboratory,

Thailand) for 3 hours, then were dried under arlawer.

Preparation of G-NCS beads: Calcium sulfate hendtgd(CaS®@ %2 H:0)
(Sigma, USA) was used to prepare calcium sulfatel®eTen grams of calcium sulfate
hemihydrates were mixed with 7 ml distilled wafEne homogenous mixture was poured
into the mold (diameter 5 mm x high 4 mm) and tkads were set overnight at room
temperature. After the settlement of calcium salfaeads were achieved, these beads
were submerged in gentamicin solution, 40mg/mIP(@rug laboratory, Thailand) for 3

hours, then were dried under the blower.

Preparation of G-HPCS beads: Ten grams of calciulfate hemihydrates
(Sigma, USA) were mixed with 10 g sodium chloridgfma, USA) and 7 ml distilled
water. The homogenous mixture was poured into tblel mntil the beads set as G-NCS.



27

Sodium chloride was leached out of the calciumasalbeads by using deionized water

in an ultrasonic cleaner as described before.

2.2 Physical properties of antibiotic beads

Physical properties of GI-PMMA, G-PMMA, G-NCS, a@HPCS beads
were determined in aspect of weight (mg), totabgay (%), water uptake (%), and mass
loss (%). The determination of total porosity ofngemicin beads was performed
according to the Archimedes’s principle of masgpldisement (Bruckschest al., 2005;
Joneset al., 1993). Water uptake capacity of gentamicin beads undertaken by
weighing the gentamicin beads before and afteritimaersion in water (Baret al.,
2002). In addition, mass loss level was weigheareefind after the gentamicin beads
were bathed in PBS for 10 days (Batal., 2002).

2.3 Human'’s osteoblast attachment

Osteogenic compatibility of PMMA, NCS and HPCS deeavere compared
using human’s osteoblasts (h-OBs) which were stinad from primary human
osteoblasts. Bead materials were loaded withu2®f h-OBs 2.5x10° cells cm® in
Dulbecco's Modified Eagle Medium (DMEM) complete dinen (BioWhittaker, Lonza,
USA) and placed in a 24-well plate. Then, thateglfs incubated in GOncubator at
37.0t 1.0°C, 5.0% CQ, and 955% humidity. The samples were analyzed in the first
and the seventh days after the incubation forrtgstiability and morphology of cell-seed

specimen.

The cell seed on the bead surface was observedcagning electron
microscopy (SEM). Samples were prepared accordingtandard method for SEM,
including fixation, wash, dehydration by using icat point dryer (Bal-Tec CPDO030,
Bal-Tec Union Ltd., Liechtenstein), and gold cogtimith gold coater (JEOL JFC-1200,

JEOL, Japan). The attachment of osteoblast on Ieanwyas observed by a scanning
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electron microscope (HITACHI S-3400N, HITACHI, Japan the first and the seventh
day after incubation.

2.4 Microstructure investigation

The gentamicin beads in each group were sampletbraly and analyzed
with scanning electron microscope after drug logdm characterize the microstructure
of bead and antibiotic housing. The beads were edoatith gold (IB-2, Eiko
Engineering,Co. Ltd., Japan) and analyzed with sicanelectron microscope (JSM-
5600LV, JEOL, Japan) operated by 10 kV at x35,0¢<X®200 and x500 from a cross-

section and a surface view.

2.5 Determination of gentamicin elution test

Five beads in each group were immersed in phosdh#fer saline (PBS)
(Sigma, USA). Each bead was incubated in 1 ml RBE7.4, at 37C for 24 hours in a
tube. The dissolution PBS was collected and 1 edfPBS was added every 24 hour for
10 days through the experimental period. All dissoh samples were kept at -20°C until
analysis and were tested within one week. Elutedtageicin concentrations were
determined by microbiological assay usBegillus subtilis (ATCC 6633) as an indicator
organism (Fickeet al., 1990).

2.6 Statistical analysis

All the analyses were carried out using NCSS 20Q¥sville, UT, USA).
The concentration of gentamicin sulfate releasethfGI-PMMA, G-PMMA, G-NCS,
and G-HPCS beads was analyzed by repeated ANOVéwet by a Tukey’'s multiple
comparison test. Physical properties of the beaghoh group were compared with one-
way ANOVA and followed by a Turkey’s multiple commzon test. Data was expressed
as the mean * standard deviation. Values via#f0.05 were considered statistical

significant.
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3. Efficiency of gentamicin impregnated polymethlynetacrylate (GI-PMMA) bead,
gentamicin coated native calcium sulfate (G-NCS) lael and gentamicin coated high

porous calcium sulfate (G-HPCS) bead on osteomyetitmanagement in a rat model
3.1 GI-PMMA, G-NCS and G-HPCS beads preparation

GI-PMMA: Commercial polymethymetacrylate (PMMA) thi gentamicin
sulfate 3.8% (GENTAFIX3, Teknimed S.A., France) was used. Sterile povaiet
sterile liquid were mixed as the company recommgodaThe mixture was poured into
silicone cylinder mold (2x4 mm, diameter x heigiutd waited until the cement set. The

PMMA beads were removed from the mold after setting

G-NCS: Native calcium sulfate beads were prepasedixing the calcium
sulfate hemihydrates powder (Sigma, USA) with edistilled water in the ratio 10:7
w/v. The mixture was poured into silicone cylindeold (2x4 mm, diameter x height)
and waited until the calcium sulfate set. Calciunifade beads were immersed in
gentamicin sulfate injection solution 40 mg/ml (TdPug laboratories, Thailand) for 5
minutes and dried under blower overnight.

G-HPCS: For preparation of high porous calciunfasel beads, calcium
sulfate hemihydrated and sodium chloride (sigmaA)U®ere weighted and manually
mixed at ratio of 1:1 w/w. Sterile distilled wateas added to the mixture in ratio 10:7
w/v of calcium sulfate hemihydrates and distillecter. After the mixture became
homogenous slurry, it was poured into the cylindetd. For salt leaching technique, the
beads were placed with deionized water in an wdhi@scleaner as described before.
Calcium sulfate beads were immersed in gentamidiiate injection solution 40 mg/mi
(T.P. drug laboratories, Thailand) for 5 minutesl @nied under blower overnight. Gl-
PMMA, G-NCS and G-HPCS beads were sterilized wittylene oxide before use.
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3.2 Animals

Male wistar rats, approximately 3 months old, weig50-300 g, were used
in this study. All of rats were from the Nationahlhoratory Animal Center, Mahidol
University, Thailand. The rats were randomly selddor 4 groups, control (n=10), GI-
PMMA bead (n=10), G-NCS (n=10) and G-HPCS (n=1QtsRwvere kept in individual
cages with unlimited food and water. This study apgroved by the Kasetsart university

animal use committee.

3.3 Osteomyelitis model

Osteomyelitis was induced in left proximal tibihe rats were anesthetized
with pentobarbital (0.6 mg/kg) intraperitoneal ctjen. Left proximal tibias were
prepared by hair shave, chlorhexidine scrub andhalc as routine preoperative
preparation. One centimeter skin incision was peréml at craniomedian area of
proximal tibia. Soft tissue and muscle were diss@d¢hrough the bone. One millimeter
hole at median cortex was be created with kirclwiee (K-wire) connecting to bone
marrow. A K-wire (5.0x1.0 mm) coated with methiiill resistanceStaphyl ococcus
aureus (MRSA) (National institute of health, Departmeritmeedical sciences, Ministry
of public health, Thailand) biofilm was inserted toarrow cavity. Five hundred
microliters of 4.0x10CFU/ml MRSA was injected to the bone marrow cavitye fascia
and soft tissue were closed with polyglyconate (bfx 4-0). Skin was sutured with
nylon (Difilon®, 4-0) interrupted suture. After inoculation, fleét tibia was monitored
for osteomyelitis by gross appearance and radibgrapxamination weekly until 3

weeks (Figure 6).
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Figure 6 Osteomyelitis induction procedures at the leftetilmraniomedian at proximal
part of tibia was opened (A), the median cortex drdted by the 18 gauge
needle (B), the Kirchner wire was inserted to thésrtibia by needle holder
(C) and MRSA solution was injected to the marrowitya(D).

3.4 Surgical procedure

After 3 weeks post-inoculation, the rats were Hretized with pentobarbital
(0.6 mg/kg) intraperitoneal injection. Left proximibia was prepared by hair shave,
chlorhexidine scrub and alcohol as routine predpergpreparation. Soft tissue and
abscess capsule were removed and irrigated withh @&line solution. Kirchner wire
was removed from bone marrow cavity. Wound wasrsdtin control group without any
additional treatment. In GI-PMMA group, two GI-PMMbBeads were implanted to the
marrow cavity of left proximal tibia. As GI-PMMA gup, the G-NCS and G-HPCS
beads were implanted to the marrow cavity of ledixpmal tibia. The soft tissue and skin

were closed routinely.
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3.5 Infection signs

The infection signs and white blood cell count everonitored weekly for 3
weeks. The infection signs score were from 0-4 (@o=evidence of erythema, no pain
and no swelling at infected site, 1 = erythema auithabscess, no pain and mild swelling
at infected site, 2 = erythema with swelling o€ timfected site, pain, 3 = purulent
exudate, pain and swelling at infected site andpdirellent exudate, severe pain and tibia
swelling). The clinical sign score was modified nrocategorized of Rissing, J.P.
(Rissinget al., 1985)

3.6 White blood cell count

The blood samples (0.5 ml) were collected frorhviain in EDTA container
before MRSA inoculation at the day of treatment amdry week post treatment until 6
weeks. Total white blood cell count was determigd automatic white blood cell
counting machine (CELL-DYRB700, Abbott laboratories, lllinois, USA). The cualas

presented in total number of white blood cel¥0
3.7 Radiographic examination

Rats in each group were taken for radiographiergxation (40 kV, 10 mAs,

100 cm) in anterioposterior and mediolateral vidxefore and after tibia infected with
MRSA weekly until the end of the study. The radaggric results were assessed for basis
of periosteal elevation (PE), architectural defdrora(AD), widening of the bone shaft
(WBS), new bone formation (NMF), percentage of oadient area (PRA) and soft tissue
deformation (STD). Each parameter will be scorecgdnpoints scale (0-4) and the total
summation of respective radiological parametersewatculated as the total radiological
score (total RS) (Smeltzet al., 1997).
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3.8 Bone culture

The whole right tibias were collected with sterigocedure after rat
euthanasia. All soft tissues were removed frontitiia samples. The tibia samples were
weighted and pulverized with mortar under steritadition. One milliliter of sterile
normal saline solution was added to the bone sariplee and quantitatively culture by
ten consecutive 1:10 dilution in sterile normalirsal A 0.1 ml aliquot of each dilution
was plated onto Mueller Hinton agar (Difco, USA)aimcubated in 37 °C for 18-24
hours. The colonies on the surface of agar plate weunted for calculating the colony
forming unit (CFU) per weight (gram) of bone. Baakgrowth was expressed as log10
CFU/g tissue.

3.9 Histological examination

After euthanizing the rats with over dose pentblial; tibias were stored in
10% neutral formalin more than 24 hours. The samp¥ere decalcified with 10%
aqueous EDTA for a month and examined by a routis&ue processing for light
microscopic procedure. The samples were staindd veinatoxylin and eosin (H&E) for
examine the cell types and Masson’'s trichrome fgangne the bone collagen.
Histopathological results were evaluated accordigparameters including 1. Abscess
formation, 2. Sequestrum formation, 3. Enlargemehtorticalis, 4. Destruction of
corticalis, 5. General impression. The parametdrvere scored with 0O (absent) or 1
(present). Parameter 5 was scored from 0 (abski(tjld), to 2 (severe) for each ROI.
(Luckeet al., 2003).

3.10 Data analysis

The clinical sign score, white blood cell countdiocgraphic score and
histopathological score were analyzed with Krudk&lllis One-Way ANOVA Data was
expressed as the mean * standard deviation. Rialidifference was accepted with a
P<0.05 level



RESULTS

1. Effect of Porosity of Calcium Sulfate Beads on Cedizidime Elution andin vitro

Osteogenic Properties
1.1 Calcium sulfate beads

A salt leaching process was applied in the preserdly to produce calcium
sulfate beads with a wide range of porosities. dueer surfaces of the calcium sulfate

beads are shown in Figure 8. The highest surfaoesitp was identified grossly in the

1:1 group (Figure 7).

1:0
(Control)

Figure 7 Calcium sulfate beads of various porosities aftdtr leaching technique: Top
view (A); and Side view (B) after mixing calaiusulfate hemihydrates

with sodium chloride at ratios of 1:0 (contral)1, 2:1 and 1:1 from left to

right, respectively.
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1.2 Characteristics of calcium sulfate beads

The total porosity is shown in Table 1. In thetcolhgroup, the total porosity
was 19.40 + 3.87%. After salt leaching, the totlogity of the 4:1, 2:1 and 1:1 groups
was 22.76 £5.21, 27.53 + 3.05 and 48.08 + 3.9&¥pectively. The beads in the control
group had less porosity compared with others amd$@ the 1:1 group had the highest
porosity. Although the porosity of the beads in 2he group was slightly higher than the
beads in the 4:1 group, there was no statisticadfyificant difference between them.

The highest maximum compressive load and maximumpeessive strength
were found in the control group with values of 323+ 56.77 N and 22.24 + 1.34 MPa,
respectively. Salt leaching led to a significantrdase in both the maximum compressive
load and maximum compressive strength in the 4:1, dhd 1:1 groups of beads,
respectively (Table 1).

The percentage of water uptake of calcium sulbstads in each group is
shown in Table 1. The capacity for water uptake ¥easd highest in the 1:1 group
(46.64 = 4.42%) and lowest in the control group.§®99+ 1.21%). After the calcium
sulfate beads were immersed in PBS for 10 days¢dh&ol beads presented the lowest
percentage of mass loss (3.40 £ 0.68%). Salt laggbositively increased the percentage
of mass loss in the 4:1, 2:1 and 1:1 groups of $eadh values of 6.11 + 0.29,
10.79 £ 0.92 and 11.90 + 1.37%, respectively.
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Table 1 Physical characteristics of calcium sulfate beads

Characteristics
Total o Maximum
otal aximum .
Group . ) compressive  Water uptake  Mass loss Weight
porosity compressive a8 b %)

streng b b

(%) load (N) (mg)
(MPa)

Control  19.40+3.3 593.32 +56.77 22.24+1.3% 19.69+1.2% 3.40+0.68 161.98+3.8

4:1 22.7645.% 12074 +13.79 4.75+0.50 2292+1.19% 6.11+0.28 14554477
2:1 27.53+3.0  66.94 +4.89 269+0.1®& 28.92+1.82 10.79+0.92 121.76+6.8
11 48.08+3.9  62.23 +6.45 248025  46.64+4.4% 11.90+1.37 83.34+2.08

ab¢ = Mean + SD in each column with different supdmctetters are significantly
different P < 0.05).

1.3 Scanning electron microscopy

Scanning electron microscopy was used to studynttoeostructure of the
calcium sulfate beads in each group. The crossoseahd surface views of the CS beads
before and after adding ceftazidime were obsert#gli(e 8). In the cross section view,
the average calcium sulfate crystal size from tbetrol group (1.46 = 0.31 pum) was
significantly smaller than for the 4:1, 2:1 and @rbups (12.60 + 1.97, 13.47 £ 1.99 and
13.47 + 2.03 um, respectively) as shown in Figurln&restingly, the average calcium
sulfate crystal width on the surface view variedwsen 8 and 20 pum and was not
different among the groups. Furthermore, the awenagre size in the control group
(1.49 + 0.67 um) was smaller than in the other gsosmall and large pores were found
after salt leaching in the 4:1, 2:1 and 1:1 grougged 10.98 +3.18 um and
359.98 £ 55.31 um, respectively (Figures 8A-8D)teAfadding ceftazidime, the CS

crystals were coated with a thin layer of ceftanigli In addition, ceftazidime crystals
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were found in the small holes (2—-20 pum), while ¢heere no ceftazidime crystals in the

large holes in all groups (Figures 8E—8H).

Figure 8 Cross sectional views of various calcium sulfaads: Control (A, E), 4:1
(B, F), 2:1 (C, G) and 1:1 (D, H) groups comparetble (A-D) and after
(E—H) adding ceftazidime. (500x)
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Figure 9 Comparison of average calcium sulfate (CS) clysidth between groups.

(* = P < 0.05 compared to control group).

1.4 Elution of ceftazidime

The amount of eluted ceftazidime from the ceftamédimpregnated calcium
sulfate beads was determined by microbiologicahys$he eluted ceftazidime was
significantly highest R < 0.0001) on the first day in all group, howevkere was no
difference in eluted ceftazidime among groups (Fégl0). Released ceftazidime from
the calcium sulfate beads could be detected fany® ¢h the control group, while in the
4:1 and 2:1 groups, ceftazidime could be deteae® tflays and in the 1:1 group only for
4 days (Figure 10). The concentration of ceftazelitmatM. luteus can be detected was

limited (low of detection = 8 pug/ml).

The accumulative amounts of eluted ceftazidimenfithe calcium sulfate
beads in the control, 4:1, 2:1 and 1:1 groups V@56 + 1.35, 5.80 +2.30, 6.55+1.73
and 8.91 + 2.66 mg, respectively. In addition, thial amount of eluted ceftazidime per
weight of calcium sulfate bead in the 1:1 groupO(68+ 46.84 mg per gram) was the
highest followed by the 2:1, 4:1 and control grouypth 89.39+ 24.60, 79.0G 16.39
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and 59.1Qt 9.48, respectively (Figure 11). Furthermore, thtaltamount of ceftazidime
released in milligrams from the calcium sulfatedseper weight of calcium sulfate bead
in grams and the total porosity (%) had a positegelation with an R value of 0.8152
(P < 0.001) as shown in Figure 12.
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Figure 10 Concentration of ceftazidime released from cahcaulfate beads each day.
(* =P < 0.05 comparison between control and 4:1, 21:br# =P < 0.05
comparison between control and 2:1 or 1:1; T = P < 0.05 comparison between

control and 2:1).
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Figure 11 Ratio of total release of ceftazidime to the weightalcium sulfate (CS)
beads in each group. Data are presented as melan(* S significant at
P < 0.05 level compared to other groups).
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Figure 12 Ratio of total release of ceftazidime to the vaeigf calcium sulfate (CS)
beads showing a positive correlation with totalgsty of CS beads
P<0.001 (R = 0.8152).
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1.5 invitro Osteogenic testing with human osteoblasts

Acridine orange staining was used to examine thmdmuosteoblast (h-OBs)
seed in the control and 1:1 beads. The h-OBs cautdve and proliferate on the surface
of the control and 1:1 beads on the first day amel $eventh day after incubation.
Interestingly, fluorescence analysis determined tthenumber of h-OBs cells in the high
porosity calcium sulfate beads (1:1 group) wasiBagmtly (P < 0.05) higher than in the
control beads on the first day (1.98 fold increpsesl on the seventh day (1.59 fold
increase) (Figure 13).

Figure 13 Acridine orange staining of human osteoblasts B)-@nh calcium sulfate
beads (x40): (A) Calcium sulfate bead (controllera24 hours of co-
cultivation with h-OB; (B) calcium sulfate bead {1 after 24 hours of co-
cultivation with h-OB; (C) calcium sulfate bead itml) after 7 days of
co-cultivation with h-OB; and (D) calcium sulfateds (1:1) after 7 days
co-cultivation with h-OB.
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2. Comparison of polymethylmethacrylate (PMMA) bea, native calcium sulfate
(NCS) bead, and high porous calcium sulfate (HPCS)ead as gentamicin carriers
and osteoblast attachment

2.1 Antibiotic beads characteristics

Gross appearances of GI-PMMA, G-PMMA, G-NCS and B3 beads are
shown in Figure 14. The GI-PMMA and G-PMMA beadsl h visible pores on the
surface, while G-NCS beads had a small numbersibie pores. Interestingly, G-HPCS
beads had numerous visible pores on the bead suP&ysical properties of gentamicin
beads, including weight (mg), porosity (%), watgtake (%), and mass loss (%) are
shown in Table 2.

GI-PMMA G-PMMA  G-NCS  G-HPCS

Figure 14 The beads were presented in each group in togidedriews. Beads were
arranged from left to right in the following ord€1-PMMA, G-PMMA,
G-NCS and G-HPCS, respectively. GI-PMMA and G-PMldads had
no visible pores on the surface while G-NCS beaudklittle pore
numbers on the surface. Numerous visible pores foera on the
surface of G-HPCS in both top and side views.
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Table 2 Physical properties of antibiotic beads includivejght (mg), porosity (%),
water uptake (%), and mass loss (%) in GI-PMMA, IBMA, G-NCS, and G-
HPCS beads.

Weight Porosity Water uptake
Group Mass loss (%)
(mg) (%) (%)
GI-PMMA 119.38:7.45 2.10:2.82 8.65+1.88 1.50:0.25
G-PMMA 117.938.36 2.89:3.37 7.56:3.16 0.78:0.47
G-NCS 163.085.7F  25.7#5.10 27.1%2.42  5.73:0.48

G-HPCS 84.92+6.38 42.324.5F  51.154.66 9.19+1.57

abCThe different superscript within column indicatgnsficant difference B < 0.05)
2.2 Human'’s osteoblast attachment

Since a different concentrations of gentamicin weteased from each bead
and might has had effect on cellular growth ardaif@ration, GI-PMMA, G-PMMA, G-
NCS, and G-HPCS were not used for an osteoblasthatient test. Three types of bead
materials were used, including PMMA beads, NCS beatl HPCS beads. Scanning
electron microscopic images of material surfacewsb the intact h-OBs cells with
normal morphology and extending filopodia (Figuf® in which indicated the survival
of h-OBs on PMMA, NCS, and HPCS bead surfaces.rdstmgly, scanning electron
microscopic pictures displayed that the h-OBs nusileeresignificantly increased in
HPCS beads compared with that in NCS beads anMMAPbeads after cell culture for
7 days.
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Figure 15 The human osteoblast (h-OBs) (white arrows) addan the surface of
the bead. A = PMMA Day 1, B= PMMA Day 7.
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Figure 15 (continued) The human osteoblast (h-OBs) (white arrows) attddmethe
surface of the bead. C = NCS Day 1, D = NCS Day 7
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Figure 15 (continued) The human osteoblast (h-OBs) (white arrows) attédme
the surface of the bead. E = HPCS Day 1, F= HPG5/Da
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2.3 Microstructure observation

According to GI-PMMA, G-PMMA, G-NCS, and G-HPCS besa all
consisted of different microstructures. GI-PMMA a@dPMMA beads had no crystal
structures and fewer pores, while G-NCS and G-HBE&Is had crystal structures and
numerous pores (Figure 16). Surface of GI-PMMA beas rougher than such of G-
PMMA bead. The cross sectional view of GI-PMMA aBePMMA beads showed the
cracks on the rough surface, but gentamicin partichs not observed in both groups.
Furthermore, fewer holes were noticed on both sarfand the cross-section views in
both GI-PMMA and G-PMMA beads.

The microstructure of G-NCS and G-HPCS beads wisrelnt in terms of
porosity and crystal size on both surface and cmdional views. The average
diameters of calcium sulfate crystals of G-NCS @&HiPCS beads were 14G23 um
and 10.422.04um, respectively, whereas the average pore siz€sNCS and G-HPCS
beads were 1.59.31 um and 22.3%6.48 um, respectively. Not only in the G-HPCS
bead, but macropores were also found in G-NCS b&HPCS bead consisted of
numerous macropores (average size = 383.@#4.97 um) in both cross sectional and
surface views, while little macropores were shownG-NCS bead. In addition, both
surface and cross sectional views, the crystattire of calcium sulfate was coated with

gentamicin sulfate, while it was not observed m BMMA beads.
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CROSS SECTION

Figure 16 Scanning electron microscope micrograph preseahtecicrostructure of
gentamicin bead including GI-PMMA (A,B), G-PMMA (0O), G-NCS
(E,F) and G-HPCS (G,H). Left column is a surfacawiRight column is

a cross-sectional view. (magnification = 500
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2.4 Antibiotic dissolution

Elution characteristics of GI-PMMA, G-PMMA, G-NC3nd G-HPCS
beads were significantly different from one anotheterms of concentrations of each
day (Table 3). The total amount of gentamicin redéebfrom GI-PMMA and G-PMMA
beads was 716.87+272.72 and 1381.64+486.38 pgesgectively, while that in G-NCS
and G-HPCS beads was 5003.45+517.27 and 4901.528971g/ml, respectively,
during 10-dayexperimental period. Gentamicin selfeduld be detected only for 4 days
in G-PMMA bead, while GI-PMMA bead could providengamicin sulfate until the end
of the experiment, similar to G-NCS and G-HPCS beatlhe concentration of
gentamicin thaB.subtilis can be detected was limited (low of detection ¥ [@g/ml).
Concentrations of gentamicin sulfate released f@&#PCS bead were higher than from
GI-PMMA and from G-PMMA beads in the first 5 dayisey, thereafter, decreased to the
same level as of GI-PMMA bead in the next 5 dayse gentamicin sulfate released from
all types of beads in current study was found mgostithin the first day of the
experiment. As these can be seen that the pereofagentamicin released from of GlI-
PMMA, G-PMMA, G-NCS, and G-HPCS beads of 13.05+%62195.441.07%,
52.36:6.41%, and 81.981.65%, respectively (Table 4). The total quantitgentamicin
sulfate in the eluted solution from GI-PMMA and GAMA beads was significantly
lower than that released from G-NCS and G-HPCS$é€BRable 3).
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Figure 17 Phase of antibiotic releasing from GI-PMMA, G-PMM&;NCS, and G-
HPCS. High antibiotic release is shown in initihge and low antibiotic
release is shown in sustained phase.

50



51

Table 3 Concentration of gentamicin sulfate (pg/ml) rekghfrom GI-PMMA, G-
PMMA, G-NCS and G-HPCS beads during 10 days-erpartal periods.

Concentrations of gentamicin sulfate (ug/ml)

Day
GI-PMMA G-PMMA G-NCS G-HPCS

1 571.48279.88 1318.88465.43 2640.54470.28 4016.43846.03

2 66.53-18.07  55.3825.65  1058.8%160.67 624.56:247.94
3 26.69-4.81° 6.771.97 852.76:204.23  159.03:25.84
4 16.28:3.51 0.610.33 238.2136.87 48.03-13.96
5 9.55+3.72 uD 102.87%64.40 23.327.17
6 8.60+1.87 uD 52.05:15.97 12.213.35
7 6.55+1.8% uD 27.44:8.27 7.34+1.86"

8 3.83:1.48 uD 13.99-2.32 4.931.18

9 4.271.67 uD 10.65:2.67 2.93r1.03
10 3.110.75 uD 6.10+1.4% 2.70:0.4%

Total 716.82272.72 1381.64486.38 5003.45517.27 4901.561072.69

abedThe different letters within row indicate signiiat difference within day(< 0.05).

UD = undetectable



Table 4 Percentage of gentamicin release in each day 86RPMMA, G-PMMA,
G-NCS and G-HPCS beads.

Day GI-PMMA G-PMMA G-NCS G-HPCS
1 13.05+7.2% 95.44+1.0% 52.36+6.41 81.98+1.68
2 1.49+0.42 3.99+1.08 21.19+3.44 12.27+2.9%
3 0.60+0.18 0.52+0.18 16.86+3.48 3.46+1.36
4 0.36+0.07" 0.05+0.02 4.74+0.66 1.02+0.36
5 0.22+0.16 uD 2.08+1.45 0.49+0.17
6 0.19+0.08 uD 1.05+0.38 0.26+0.16
7 0.15+0.08 uD 0.55+0.19 0.15+0.08
8 0.09+0.04 uD 0.28+0.07 0.10+0.04
9 0.09+0.04 uD 0.21+0.08 0.06+0.02
10 0.07+0.02 uD 0.12+0.04 0.06+0.02

% total
16.32+7.23 100+0.00 99.44+0.22 99.86+0.04

release

Total
4.48+0.3% 1.38+0.49 5.03+0.53 4.91+1.07
(mg/bead)

abcdThe different letters within row indicate signiiat difference within dayp(< 0.05).

UD = undetectable
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3. Efficiency of gentamicin impregnated polymethlyretacrylate (GI-PMMA) bead,
gentamicin coated native calcium sulfate (G-NCS) lael and gentamicin coated high

porous calcium sulfate (G-HPCS) bead on osteomyetitmanagement in a rat model

3.1 Infection signs

The infection signs score of infected tibia werg smnificantly different
between pre-MRSA inoculation, pre-treatment and-pestment during experiment in
every group. Infected tibias were slightly swollemd pain (score 1-2) in the last three
days after MRSA inoculation and returned to nor(sabre 0) after two week. Although
the clinical sign was not present as osteomyetiadition, the radiographic results
revealed radiolucent area around the K-wire thdicated bone destruction.

3.2 White blood cell counts
The total white blood cell count was not signifitgrdifferent between pre-

inoculation and treatment period in every groupe Thsults of total white blood cell

count were showed in the table 5.
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Table 5 Total white blood cell count (x2qul) in pre-inoculation and treatment

period (6 weeks).

White blood cell count (x1ul)

Time

Control GI-PMMA G-NCS G-HPCS

Pre-inoculation 6.63+2.23 7.06+2.50 7.06+1.91 7126
Week 0 5.83+2.56 6.48+1.92 7.54+2.39 6.57+2.72
Week 1 6.65+2.43 8.02+2.51 8.48+3.09 7.88+2.05
Week 2 6.98+1.08 6.25+1.26 7.21+2.38 7.93+2.36
Week 3 6.69+2.10 8.32+1.93 7.90+3.29 6.46+1.66
Week 4 7.58+1.43 7.09+1.38 7.10+1.46 6.77+3.35
Week 5 7.45+1.26 7.38+1.41 6.46%1.75 7.22+2.61
Week 6 5.25+2.18 4.93+1.48 5.10+1.43 6.82+3.81

Pre-inoculation = Before inoculate MRSA, Week 0 rediment day, Week 1 = 7 days
after treatment, Week 2 = 14 days after treatm@rggk 3 = 21 days after treatment,
Week 4 = 28 days after treatment, Week 5 = 35 détgs treatment and Week 6 = 42

days after treatment

3.3 Radiographic examination

Infected tibias were evaluated by radiographic ypectafter treatment. The
osteomyelitis of tibia was scored as following; wot show periosteal elevation (PE),
architectural deformation (AD), widening of the leoshaft (WBS), new bone formation
(NMF) and soft tissue deformation (STD). Howevee tladiographic pictures showed

percentage of radiolucent area (PRA) in differenels between the groups. The sample
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radiographic pictures of control, GI-PMMA, G-NCSdaG-HPCS groups were showed
in the Figure 18. The radiographic scoring resaswhown in the Figure 19.

0b 1b 2b 3b Oa la 2a 3a 4a Sa 6a

d) G-HPCS

Figure 18 Radiographic pictures of tibia present in both ostgelitis induction
period and treatment period in control, GI-PMMAN&S and G-HPCS
group. Ob = MRSA inoculation day, 1b = 1 week aWHRSA inoculation,
2b = 2 weeks after MRSA inoculation, 3b = 3 weelksraiRSA.
inoculation, Oa = treatment day, 1a = 1 week dfsstment, 2a = 2 weeks
after treatment, 3a = 3 weeks after treatment, 4anveeks after treatment, 5a

= 5 weeks after treatment, 6a = 6 weeks afterrtreat.
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Figure 19 The radiolucent score results of control, GI-PMMANCS and G-HPCS
group. * = significantly difference of radiolucestore between control
group and GI-PMMA, G-NCS and G-HPCS groups.

3.4 Bone culture

After 6 weeks of treatment, bacteria colony formumgt (CFU) per gram of
tissue was examined. The result was not differenbray groups. Average of log10
CFU/g was show in table 6. The average of bactgraith was not different between
control, GI-PMMA, G-NCS and G-HPCS.
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Table 6 Bacterial growth (mean+SD of log10 CFU/qg) from thiected tibias after

sixth weeks of treatment.

Group Control GI-PMMA G-NCS G-HPCS

meanxSD of
log10 CFU/g

3.64+0.38 3.59+0.63 3.24+0.37 3.43+0.66

3.5 Histopathological examination

All histopathological slices of control group, GMRIA, G-NCS and G-
HPCS showed typical sign of bone infection suchabscess in bone marrow, bone
sequestrum, destruction of the bone cortex anagteal elevation. In control group, the
infected tibias presented multiple fibrogranulomatoabscesses, sequestrum and
destruction of corticalis (Figure 20A, 21A, 22A ag8A). In GI-PMMA group, the
infected tibias showed multiple fibrogranulomat@lscesses with bone surrounding the
GI-PMMA implantation site and cortical bone destimie (Figure 20B, 21B, 22B and
23B). In G-NCS and G-HPCS groups, the infected asibiappeared multiple
fibrogranulomatous abscesses and new bone formatitime bone cortex without bone
destruction (Figure 20C, 20D, 21C, 21D, 22C, 22BC 2and 23D). Histopathological
score of control was significantly difference fro@l-PMMA, G-NCS and G-HPCS
groups. The median histopathological score in @n@l-PMMA, G-NCS and G-HPCS

groups were 5, 4, 3 and 3 respectively.
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Figure 20 Bone marrow picture of control (A), GI-PMMA (B), §8ES (C) and
G-HPCS (D) H&E staining at x400. The fibrogranuldme abscesses
and suquestrum were found in bone marrow in evesy Large space

of GI-PMMA implantation site was presented in preti.
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Figure 21 Bone cortex picture of control (A), GI-PMMA (B), BES (C) and G-
HPCS (D) H&E staining at x400. In both control @BHAPMMA groups
showed an incomplete bone cortex, while in G-NC&@mHPCS groups

was found new bone formation at the implantatioessi
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Figure 22 Bone marrow picture of control (A), GI-PMMA (B), §8ES (C) and G-
HPCS (D) Masson’s trichorme staining at x400. Cttaréstic of bone
invaded into the bone marrow and fibrogranulomathscesses in the
bone marrow. Large space of GI-PMMA implantaticte svas

surrounding with fibrous tissue and bone.
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Figure 23 Bone cortex picture of control (A), GI-PMMA (B), 8€S (C) and G-
HPCS (D) Masson'’s trichorme staining at x400. Ithbmontrol and GI-
PMMA groups showed incomplete bone cortex, whil&#NCS and G-
HPCS groups showed new bone formation at the intgtian sites.



DICUSSION

1. Effect of porosity of calcium sulfate beads on cedizidime elution andin vitro

Osteogenic properties

The application of the salt leaching techniquehie present study enhanced the
porosity of the calcium sulfate beads as well asitppely increasing the ceftazidime
elution in thein vitro study. Interestingly, the duration of ceftazidinedeased from the
calcium sulfate beads was shortened as the porokithe beads increased. The total
amounts of ceftazidime released from the calciutfatubeads with different porosity
were not significantly different; however, the fotanounts of eluted ceftazidime per
gram of calcium sulfate bead were significantly rmegted in association with an
increment in the porosity of the calcium sulfatad®e Thus, the present study showed
that the enhancement of calcium sulfate porositythgy salt leaching technique could

enhance the amounts of ceftazidime released fremdltium sulfate beads.

The physical characteristics of the calcium sulfagads in each group were
different in total porosity, mechanical properti@gter uptake capacity and mass loss.
The total porosity was 19.40+£3.87% in the contgroup and increased to
48.08 = 3.98% in the 1:1 group. The mechanical @rigs of maximum compressive
load and maximum compressive strength were highefite control group and rapidly
decreased in the other groups and were loweskid:thgroup. This result was related to
the calcium sulfate crystal arrangement. In therobigroup, the calcium sulfate crystals
were approximately 10 times smaller than in theugsothat underwent the salt leaching
process. For this reason, the highest maximum oesspme load and maximum
compressive strength were found in the control groampared to the other groups.
Variation in the salt leaching process led to acraase in the average crystal size;
however, the average diameter of the small aneé lpages was not significantly different
among the 4:1, 2:1 and 1:1 groups. The water uptékiee calcium sulfate beads in the

study was directly related to total porosity levdlhis result showed that water could fill
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up the space in the calcium sulfate beads to difiteamounts depending on the total
porosity. From the resorbable property of the cafcisulfate beads, the percentage of
mass loss was studied to predict the amount ofuralsulfate remaining after a period.

The mass loss of the calcium sulfate beads in gemlp after bathing the beads in PBS
for 10 days. In the control group, mass loss peagenwas the lowest when compared
with the other groups. The percentage of massdb#se calcium sulfate beads in the 4:1
group was also lower than in the 2:1 and 1:1 grodpese results indicated that the
permeability levels of the calcium sulfate beadesach group were different and that the

calcium sulfate beads can be dissolved in PBS.

The increased total porosity of the calcium sulfa@@ds had various effects on
the antibiotic elution characteristic in this studye duration of ceftazidime release from
the calcium sulfate beads in each group was diffef@eftazidime in the control, 4:1, 2:1
and 1:1 groups could be detected by a microbicddgissay for 6, 5, 5 and 4 days,
respectively. In addition, the amounts of ceftanelireleased from the calcium sulfate
beads in the first day were significantB € 0.0001) higher than on the following days in
all groups. The large amount of ceftazidime reldasethe first 24 hours may have been
partly due to the releasing from the surface of tta@cium sulfate beads. The
concentrations of released ceftazidime in the valhg days from the calcium sulfate
beads in every group were higher than the minimiaibitory concentration (MIC) ofE.
coli, Staphylococcus spp. andPseudomonas aeruginosa (Albarellos et al., 2008). This
result revealed that the concentration of ceftazedreleased from the calcium sulfate
beads in every group was effective to treat theraniganisms mentioned above that

caused osteomyelitis (Lazzargatial., 2005).

This elution characteristic was related to theedéht structures of the calcium
sulfate beads in each group. In the control grthpmean crystal diameter and pore size
were smallest compared with the other groups. Asvehin a cross sectional view, the
control group had the smallest pore size and tlgstar diameter, thus increasing the
space for ceftazidime. Different results were foumthe 4:1, 2:1 and 1:1 groups, which

had big mean crystal sizes and large pores. Tlerelift porosities and pore sizes of the



64

calcium sulfate beads in each group had an effetih® permeability of the solution. The
lowest porosity in the control calcium sulfate beaday have resulted in a longer drug
elution from these beads compared to the otherpgtolhese results suggested that the
porosity levels of calcium sulfate beads have &cebn the concentration and duration
of ceftazidime released from the beads through remease in the permeability of

dissolution.

Although the total amounts of ceftazidime releafsech the calcium sulfate beads
in each group were not significantly different, théal amount of released ceftazidime in
milligrams per gram weight of calcium sulfate beadss highest in the 1:1 group €
0.01). In addition, a correlation coefficient (R0:8152) between the amount of released
ceftazidime in milligrams per gram weight of caltigulfate beads and the total porosity
was shown among the control, 4:1, 2:1 and 1:1 grodjhis result showed that the
porosity had an effect on the total ceftazidimeeased from the calcium sulfate beads
when compared on an equal calcium sulfate beadnivbagis and the increased porosity
of the calcium sulfate beads provided more aniitsqter amount of calcium sulfate.

In the present study, only the 1:1 group had aifsegmtly higher ratio of total
amount of ceftazidime per weight of calcium sulfagads than the control group. The
improved drug delivery of the 1:1 calcium sulfatalls had a clinical implication and
future prospects; therefore, the osteogenic agtivds conducted on the material using
human osteoblasts. The highest porous calciumteubfaads (the 1:1 group) in this
experiment had excellent compatibility and enhartc€aBs proliferation better than the
control group on both the first and the seventhsdaffer co-incubation. The higher
porosity of the calcium sulfate beads in the 1:bugr is suitable for osteoblast
proliferation, since the high porosity level ané thrge pore size facilitated the transport
of oxygen and nutrients (Takahagdi al., 2004). For this reason, the high porosity
calcium sulfate beads were more positive to oststlgroliferation when compared with

the control group.
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Multi-level porosities of the calcium sulfate beailsthe present study were
created by the salt leaching process similar teghesed in polymer fabrication (Reignier
et al., 2006). The salt leaching technique is one ofpduiculate leaching methods. The
other porogens used for generating the pores imgusucrose, xylitol and erythritol
(McLarenet al., 2007). The salt leaching method provides a smapld effective method
to fabricate the material porosity by varying amtsuof particulate number and size.
With this technique, the percentage of porosityldancrease up to 90% and pore sizes
could vary between 100 and 700 um (Hawal., 2003; Reigniert al., 2006). Frame
(1975) determined that cetrimide, a quaternary amumo compound, can also be used
as a porogen particle for calcium sulfate beadshasetrimide acts as a foaming agent
with properties similar to other cationic surfaaetivee agents and the porosity of the
calcium sulfate beads made from cetrimide depemethe concentration of cetrimide
and the pressure during calcium sulfate settinghénpresent study, the maximum ratio
of calcium sulfate hemihydrates and sodium chlowds 1:1 w/w with a total porosity of
48.08 * 3.98%; however, a ratio of sodium chlorligher than 50% prevented the
formation of the calcium sulfate beads. The totatogity in this study could not be
directly determined by the ratio of sodium chlorg#dt because the native calcium sulfate
also was porous (19.40 + 3.87%). Furthermore, gassible that some sodium chloride
crystals may have been dissolved during the mipnogess, thus reducing the number of

soluble particles.

2. Comparison of polymethylmethacrylate (PMMA) bea, native calcium sulfate
(NCS) bead, and high porous calcium sulfate (HPCS)ead as gentamicin carriers

and osteoblast attachment.

Physical properties of commercial PMMA beads (GINMand G-PMMA), G-
NCS and G-HPCS beads were distinct in weight, totaibsity, water uptake capacity,
and mass loss. PMMA beads (GI-PMMA=119.38+7.45 mg @-PMMA=117.93+8.36
mg) were lighter than G-NCS beads (163.08+5.73 f#dgyvever, the G-HPCS bead was
the lightest one (84.92+6.38 mg) since the saltHeacreased its porosity up to
42.32+4.57%. According to water uptake capacityeteled on total porosity, GI-PMMA
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and G-PMMA beads had less such capacity since tibiir porosity was lower than that
of calcium sulfate beads. For mass loss propehty, G-HPCS bead had the highest
percentage (9.19+1.52%) of mass loss after 10 dayke experiment. Since PMMA
bead was a non-dissolvable material, the massifo#sis study was from getamicin
release. A number of studies reported that polyroeased on the material were used for
facilitating the release of growth factor (Chatial., 2011; Leeet al., 2010). In some
studies, antibiotic release was controlled by abateaterial with thin polymer layer
containing antibiotic (Osalet al., 2012; Vasilewet al., 2011). The mass loss of G-HPCS
bead might be reduced by coating the material pithymer; it might slow down
antibiotic release from G-HPCS surface.

Human osteoblasts (h-OBs) could survive in HPCSSN@&nd PMMA beads
when observed with scanning electron microscope. griesent study demonstrated that
NCS and PMMA beads were non-toxic materials to lsOBhis was in agreement with
the previous study conducted in mouse’s osteolMEBT3-E1) (Lazaryet al., 2007). .
That study revealed that MC3T3-E1 could proliferateo-fold in gypsum when
compared with PMMA in the first 24 hours. Furthermothey found the alkaline
phosphatase activity and SMAD3 expression in thgsgsn group were higher than in
PMMA group. However, our study showed that the rgpe of calcium sulfate bead,
HPCS, had a high potential for use as an osteoctindumaterial similar to NCS bead,

while PMMA bead did not have this property.

The microbiological assay usinBacillus subtilis (ATCC 6633) was an agar
diffusion method for estimating the released aatibi The amount of gentamicin
released from the bead each day was calculateddaegoto this assay. The elution
kinetics of gentamicin from GI-PMMA, G-PMMA, G-NC8nd G-HPCS beads was
significantly different. The total amount of geniam in G-PMMA, G-NCS and G-
HPCS beads could be quantified by area under theecwhile gentamicin amount per
bead in GI-PMMA was calculated by percent conceioimaof gentamicin per weight of
the bead. This study found that only small amodrgemtamicin (16.32+7.22% of total
gentamicin) could be eluted from GI-PMMA during dfy experiment. This
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corresponded with the previous report that only%-8f antibiotic in PMMA was
released from the exposed surface during theviiestk (Wahliget al., 1980). In contrast,
most of gentamicin (99-100%) could be eluted frorPKBMA, G-NCS and G-HPCS
beads. These results were likely due to the difiegs in gentamicin coating method. The
release of gentamicin could be separated into twas@s: initial and sustain phases. This
phenomenon was reported in many previous studiesndiiks et al., 2004,
Udomkusonsriet al., 2010; Beltet al., 2000; Wichelhaugt al., 2001). Likewise, the
present study found that such phenomenon took plaite GI-PMMA, G-PMMA, G-
NCS, and G-HPCS beads. Most of gentamicin wasctliuten the beads within the first
day, known as an initial phase and followed by stan phase until the tenth day in GI-
PMMA, G-NCS, and G-HPCS beads. However, the previstudy found that 80% of
gentamicin was released from G-NCS bead withirfitseday (Wichelhausgt al.,2001).
This might be due to the amount of solution useddigsolving gentamicin from the
beads. The previous experiment used 5 ml PBS, wihitel of PBS was used in the
present study. One milliliter of PBS might be sated with gentamicin in the first day in
our experiment. For G-PMMA bead, the gentamicinlddie detected in a short period
since PMMA had fewer pores on its surface and ditl rave interconnecting pores.
Thus, PMMA could uptake antibiotic only in a lowvé& when it was already in
hardening form, owing to the porosity of the beadtdbuted to the permeability to the
bead matrix. The higher porosity was found in G-EBPBead than in G-NCS bead,
resulting in the higher percentage of gentamicieased from G-HPCS bead in the initial
phase than that of G-NCS bead.

Gentamicin could coat only on the surface and digparlayer of the matrix .
The elution characteristic of G-PMMA bead was d#fg from GI-PMMA bead. GI-
PMMA could release gentamicin until the end of ékperiment, because gentamicin was
added to PMMA prior to be hardened and was incafear into the matrix of the
materials. Antibiotic selection was limited for drecing PMMA antibiotic beads since it
needed a high temperature for the polymerizatioan(het al., 2009). In this study, it
was found that the antibiotic was inappropriatdbéoadded to PMMA after hardening
process. In addition, gentamicin concentrationeglutrom GI-PMMA and G-PMMA
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beads were lower than that of G-NCS and G-HPCSdigatthe total amount. Our results
suggested that PMMA bead had lower ability as alldcug-release agent compared to

calcium sulfate bead.

The G-HPCS bead was a new type of calcium sulfetal lused in the present
study. It had high porosity, high antibiotic upteded release. Furthermore, HPCS bead
was non-toxic to h-OBs and provided a positive cffen h-OBs attachment. G-HPCS
and G-NCS beads could provide high concentratiageotamicin during the experiment.
Although G-NCS bead could provide higher amoungeftamicin than G-HPCS bead
after the second day through the end of studyctmeentration of gentamicin released
from G-HPCS was not lower than from GI-PMMA untilet end of the study. These
concentrations were above minimal inhibition concaion (MIC) for pathogenic
bacteria, Saphylococcus aureus, which normally caused osteomyelitis exhibiting an
MICgyo value (antibiotic concentration which inhibitecetgrowth of susceptible strah
aureus by 90%) of 1ug/ml for gentamicin in susceptible strains (Fetial., 2000). From
these reasons, the G-HPCS bead could be as appleetbcal antibiotic delivery vehicle.
Comparing the elution characteristics between G-lM6& G-HPCS beads, it was found
that the concentration of gentamicin released f@GfIPCS bead in the first day was
higher than from G-NCS bead, then rapidly decreasethe following day. This result
was a consequence of the difference in porositgllend water uptake capacity of the
bead in each group, leading to a faster dissolutfagentamicin from G-HPCS than from
G-NCS. This result was similar to a previous stuafhich showed the difference of
gentamicin and vancomycin releases from nanoctystahydroxyapatite and calcium
sulfate beads (Rauschmarst al., 2005). The nanocrystalline hydroxyapatite in
combination with calcium sulfate exhibited a higlperosity and water uptake capacity
than pure calcium sulfate. These properties led togher antibiotic uptake and faster
release of gentamicin and vancomycin within thetfolay by the composite material
(Rauschmanmt al., 2005).The results of our study also correlated with avipres study
regarding the different phases of surface roughnessosity, and wettability of
gentamicin-loaded bone cements (Betlal., 2000). They concluded that the releasing

kinetics of gentamicin from bone cements was cdetioby a combination of surface
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roughness and porosity. Interestingly, many previstudies showed the disadvantage of
calcium sulfate as it might cause a transient oyioteffect, leading to inflammatory
reactions (Coetzeet al., 1980; Leeet al., 2002; Robinsoret al., 1999). It resulted in
more acidic microenvironment followed by a localflammation at the site of
implantation in human bone (Coetzeieal., 1980). From this reason, the G-HPCS bead
had an advantage over the G-NCS bead since thenarabuaalcium sulfate per bead of
G-HPCS was significantly lower than G-NCS bead. application of G-HPCS bead

could reduce the side effects of calcium sulfatemvimplanted in the tissue.

The present study introduced a practical techniquply a new type of calcium
sulfate bead as local antibiotic delivery vehicléhe G-HPCS bead eluted higher
concentration of gentamicin than GI-PMMA and G-PMNsdads. Moreover, G-HPCS
bead was cheaper than PMMA bead and was easieeparg with gentamicin sulfate in
a clinical setting. Furthermore, gentamicin sulfataild be added to calcium sulfate
beads after the hardening procedure. The advantagelpping antibiotic in post-
hardening calcium sulfate bead included the fatibh of individualized antibiotic
therapy and the prevention of antibiotic degradabwing to the sterilization process or
thermal instability (Dacquet al., 1992).

3. Efficiency of gentamicin impregnated polymethlyretacrylate (GI-PMMA) bead,
gentamicin coated native calcium sulfate (G-NCS) lael and gentamicin coated high

porous calcium sulfate (G-HPCS) bead on osteomyasitmanagement in a rat model

Osteomyelitis is a serious condition in both hunaawd animal medicine. The
management of ostemyelitis is quite difficult bezawf the poor vascularization at the
infected area from the necrosis of the surroundioff tissue. Localized antibiotic
administration is used for provide high concentratof antibiotic in the infected site
without systemic side effect. Commercial gentamigipregnated PMMA is widely used
as commercial local antibiotic provider. The cafsigulfate bead is an alternative system
for used as local antibiotic provider. The highqa calcium sulfate (HPCS) bead was
developed in this study to reducing the side eféédhe calcium sulfate and to use as a
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local antibiotic provider as same as calcium salfa¢ad. A study showed the difference
of the porosity level of calcium sulfate bead thas an effect on the antibiotic releasing
in anin vitro study and high porous calcium sulfate bead coubdige antibiotic in the
highest concentration when compared in weight &fiwan sulfate (Thitiyanaporet al.,
2012). The ostemyelitis management result of thudyswas similar in group GI-PMMA,
G-NCS and G-HPCS. However the GI-PMMA bead is a-alosorbable material, it has
to be removed after a period of time, while G-N@8 &-HPCS are absorbable material.
After GI-PMMA was removed, the wide space of theplamted bone cortex still

remained. This space may result of the bone fradtom instability of the effected bone.

There are numerous reports of rat osteomyelitiseahddveloped for studying in
pathogenesis, diagnosis and osteomyelitis manademen our study, the rat
osteomyelitis was modified from the experiment otl@net al. (2009) and Monzoet
al. (2001). Orcharet al. (2009) developed the rat osteomyelitis model intitda by
injection 200 pl of methicillin resistan@aureus (MRSA) containing 1.0x10CFU/ml
and implant Kirchner wire (5.0 1.0 mm) to the benarrow cavity. The bone hole was
sealed with dental gypsum and waiting for 3 montbs develop the chronic
osteomyelitis (Orharet al., 2009). For the experiment of Monzonv et al. (@200
developed the osteomyelitis model by implanting Kivehner wire coated with biofilm
of the Saureus to the bone marrow and 42 days of chronic ostetitisydevelopment
was allowed (Monzormt al., 2001). Our study used 500 pl of MRSA 4.0%CFU/ml
and implanted a Kirchner wire (5.0x 1.0 mm) coateith biofilm of MRSA. The
osteomyelitis was allowed to develop for 21 daylse Bsteomyelitis was developed in
only bone marrow cavity and did not effect to thbeo parts of bone. However, in a
study of Fukushima 2005, they injected @haureus strain BB in the wistar rat tibia in
many concentrations consisted of control = 0 CFWI5G1 = 6x10 CFU/5 ul, G2 =
6x10° CFU/5 pl, G3 = 6x1DCFU/5 pl, G4 = 6x1DCFU/5 pl and G5 = 6xPCFU/5 pl
and closed the tibial hole with bone wax. The astgalitis was allowed for develop
within 1 week and the osteomyelitis was assesseddimgraphic and histophatological
examination. The recommend dose was G3 = &xBU/5 ul sufficient for develop
osteomyelitis condition in rat tibia (Fukushinea al., 2005). The last decade studies
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showed that the necrotic agent was not necessadef@lop ostemyelitis condition in rat
model (Fukushimaet al., 2005; Gisbyet al., 1994; Monzoret al., 2001; Nelsoret al.,
1990; Orharet al., 2009) as the previous studies (Mendedl., 1999; Norderet al.,
1970; Rissinget al., 1985). The osteomyelitis model in rat was netated only in tibia
but also in femur (Chest al., 2005), mandible (Chistost al., 1989; Shvyrkowt al.,
1981) and hematogenous route (Hiehal., 1995; Kadyrowt al., 1966).

The rat ostemyelitis model in current study did afiect the weight, infection
signs score and white blood cell count. This resas due to the infection that limited
only in the marrow cavity. The deterioration of kostructure may happen if the
ostemyelitis condition was allowed to continue days (Brinet al., 2008; Monzoret
al., 2001) or 3 months (Orhaahal., 2009) as the previous experiments. Howevery 8fte
weeks of osteomyelitis, induction in this study wkd osteomyelitis signs in the
radiographic examination. The radiographic studgwskd the radiolucent area in the
bone marrow cavity surrounding the inoculation.sik#ter treatment, the control group
was continuously wide; while radiolucent area iIRRBIMA, G-NCS and G-HPCS were
significantly decrease. This result suggested thatGI-PMMA, G-NCS and G-HPCS
could be used for managing osteomyelitis. For btioological study in H&E and
Masson’s trichrome staining, the sequestrums, ditzioulomatous abscess and bone
cortex deterioration was observed in the controugr while G-NCS and G-HPCS were
found the thickening of bone cortex at the implotasite. This result suggests that the
calcium sulfate beads could facilitate the new be@generation. Although the results of
GI-PMMA on treatment of osteomyelitis in this studhere satisfied, the wide space of

the bone cortex and bone marrow was found in thigys

The study of local antibiotic delivery for treatmerstemyelitis was not limited
only in bone cement and calcium sulfate but alsotyipes of antibiotic was not limited
only in gentamicin. Many recent studies showedoteritypes of material for using as the
local antibiotic carrier such as hydroxyapatite eatfvancomycin (Joostest al., 2005),
porous calcium phosphate/cefuroxime (Namtlial., 2009), poly (D,L-lactide) and

calcium phosphate/ciprofloxacin (Alvarezal., 2008). Many studies of calcium sulfate
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bead had been developed for increasing efficiencyttfe treatment of ostemyelitis in
prolong the concentration of antibiotic at the loaeea such as a study in 2009, they
developed liposomal gentamicin-impregnated calcismifate for preventing biofilm
bacterial infection that had effective than gentamimpregnated calcium sulfate bead
(Hui et al., 2009). In addition to combine liposome with oahs sulfate, the calcium
sulfate could be coated by polysaccharide suchh@éesan for reducing rate of the

degradation and prolonged the antibiotic releasirthe local tissue (Noek al., 2008).



CONCLUSION AND RECOMMENDATION

The porosity of calcium sulfate bead could be iasesl by salt leaching
technique. The highest ratio between salt and walculfate hemihydrate was 1:1 w/w.
This ration could increase the total porosity dticem sulfate up to 50% from 30 % in
native calcium sulfate (NCS) bead. The highest gioyaf calcium sulfate in this study
was called “high porous calcium sulfate (HPCS) Be&tdom this study, the different
levels of porosity could alternate the characterisif antibiotic releasing. These
experiments of two types of antibiotics were stddiacluding of ceftazidime and
gentamicin in pattern of antibiotic releasennvitro studies. The compatibility of calcium
sulfate and polymethylmethacrylate (PMMA) with humasteoblast (h-OBs) was
studied. The HPCS showed positive on osteobla$ifgration when compared with NCS
and PMMA. In an experiment of GI-PMMA, G-NCS andHERCS beads on efficiency of
osteomyelitis management in a rat model, showedGtheMMA, G-NCS and G-HPCS
beads were the same result but different from thrérol group. However, GI-PMMA
bead had to be removed after 6 weeks and the bmleeMas present in the tibia cortex,
whereas G-NCS and G-HPCS beads group the bon ezatehealed normally.

For the experiment of different porosity level ogftazidime releasing, showed
the salt leaching technique could increased tfa patrosity of the calcium sulfate beads.
The increased porosity of the calcium sulfate beadsto an enhanced ceftazidime
elution; however, this reduced the duration of drelgasing. The porosity of the calcium
sulfate beads had an effect on drug releasingdrg&sing the surface area of the calcium
sulfate beads and promoting the dissolution ofazédime. Although the duration of
ceftazidime released from the calcium sulfate baadse control group was longer than
in the 1:1 group, the accumulative amount of céftare was not different. In addition,
the high porosity of the calcium sulfate beads anbkd osteoblast proliferation compared
to the control calcium sulfate beads. In summdrg,high porosity calcium sulfate beads

effectively improved the drug elution and could used as a drug delivery vehicle. On
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the other hand, the enhanced osteogenesis of ¢ie parosity calcium sulfate beads

warrants their used as a bone substitute material.

In the study of gentamicin released from GI-PMMAPGIMA, G-NCS and G-
HPCS, the study introduced a practical techniquapialy a new type of calcium sulfate
bead as local antibiotic delivery vehicle. The G&8bead eluted gentamicin at a higher
level than GI-PMMA and G-PMMA beads. G-HPCS beadheaper than PMMA bead
and is easier to prepare with gentamicin sulfata iclinical setting. Furthermore, the
gentamicin sulfate could be added to calcium selfatads after hardening. The
advantages of dipping antibiotic in post hardengajcium sulfate bead including
facilitation of individualized antibiotic therapynd prevention of antibiotic degradation
owing to the sterilization process or thermal ibgity reduces the activity of antibiotic.
In addition, G-HPCS beads in this study not onlpriaved local antibiotic delivery but
also had a positive effect on osteoblast proliferatthat essential on new bone

regeneration in osteomyelitis condition.

Rat osteomyelitis condition was treated with thdierent gentamicin beads
From the result showed that the G-HPCS had effogign manage the osteomyelitis the
same as commercial gentamicin impregnated PMMA REMMA) and G-NCS. This
reason suggested that the HPCS was a new typdanfiroasulfate bead and could be
used as antibiotic carrier. Although the clinicggns and white blood cell count in this
experiment were not significantly different betwebka control and treatment groups, the
radiographic and histopathologic results of GI-PMM&-NCS and G-HPCS were
improved than control group. In the result of GI-MMW bead, it provided result of
osteomyelitis management as same as G-HPCS and $5-N@wever, the GI-PMMA
bead had to be removed at the end of treatmenEMMA was not absorbable material
and the surface of the PMMA could be coated wite bost protein and facilitated
bacterial colonization and made large dead spatigibone cortex and soft tissue, while
in G-NCS and G-HPCS were resorbable be&dsm this reason, the GI-PMMA might

cause the bone fracture after PMMA removal. G-HRGYHd be reduced the side effect
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of G-NCS by decreasing amount of calcium sulfateydiiate that had evidence to
increase acidic condition in the implant area ama@ted local inflammation.

Although the HPCS is a new type of calcium sulfa#ad that can be used as an
antibiotic carrier and used for osteomyelitis maragnt, the HPCS can be improved in
the future experiment by coat with biodegradabletema or integrate with other
materials for increasing the duration of pharmagclal agents release and decreasing
degradable time. Recently, other pharmacologicenegwere not studied with HPCS
bead. Coating of bone morphogenetic proteins (BMBapsforming growth factds-
(TGF9), platelet derived growth factors (PDGF) and othew bone inducing agents on
HPCS bead are interesting to be studied for fatii bone healing.
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