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I. INTRODUCTION 

A. Statement of the Problem 

Periodontitis is a progressively destructive disease that affects greater than one 

out of every three persons in the United States. By conservative estimates, approximately 

36 million people are affected by periodontitis, which leads to subsequent gingival 

inflammation, periodontal pockets, clinical loss of attachment and alveolar bone loss 

resulting in horizontal and vertical honey defects [1]. Vertical bone defects can lead to 

difficulty in cleansability correlating to additional loss of attachment and ensuing tooth 

loss [2]. Unfortunately, conventional methods to regenerate defects have undesirable 

side effects such as donor site morbidity for autogenous grafts or possible antigenicity 

and/or disease transmission with the use of allografts [3]. Periodontitis also has a high 

correlation with some populations, particularly, smokers. No only do smokers typically 

display much more severe forms of the disease, they show considerably less capacity 

(less than half) to regenerate defects in comparison to non-smokers, resulting in poorer 

long-term prognosis [4]. 

B. Significance 

The availability of a non-antigenic, purely synthetic regenerative material 

(Cerasorb®, Curasan AG, Kleinostheim, Germany), to address periodontal defects, 

eliminates the need for a donor, donor site morbidity, and the possibilities of antigenicity 
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and disease transmission. A hormone (parathyroid hormone (1-34)) that enhances bone 

repair regardless of smoking status and .-enhances regeneration in a population that 

consistently produces less regenerative results would be especially beneficial. Since 

smokers are up to four times as likely to acquire periodontal disease [5], combining 

Cerasorb® with parathyroid hormone (1-34) provides an autograft and alloplast 

alternative with the regenerative potential applicable to the severest of defects in 

periodontally susceptible populations. 



II. REVIEW OF LITERATURE 

A. Periodontitis 

Primary clinical features of periodontitis include gingival inflammation, 

periodontal pockets, clinical loss of attachment and alveolar bone loss. Although 

periodontitis has many seco~dary etiologies, the primary etiology is plaque and the 

ensuing host response. Without appropriate diagnosis and treatment, periodontal disease 

may lead to increased gingival bleeding, tooth mobility, drifting and/or tooth loss [6]. 

Populations that have exhibited increased susceptibility to periodontitis include smokers, 

persons with higher body mass indices and the elderly [7]. In a study involving 12,329 

subjects eighteen years and older, approximately half of the cases were attributed to 

either current (41.9%) or former smoking (10.9%) [8]. A strong dose response was also 

noted between smoking and bone loss, with light smokers having an odds ratio of 3.25 in 

comparison to non-smokers and 7.28 for heavy smokers [9]. Periodontal disease has also 

been correlated to patients with diabetes, cardiovascular disease and low pre-term birth 

weight. The goal of periodontal treatment is to maintain the patient's natural dentition in 

health, function and comfort [10]. By improving patient oral hygiene, understanding 

individual patient needs, and providing appropriately tailored surgical and non-surgical 

periodontal treatments, overall oral health can be improved. When successful, periodontal 

therapy leads to pocket elimination, probing depth reduction, clinical attachment level 

gain, bleeding upon probing decreases, and bone regeneration. 

3 
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B. Bone Regeneration 

The inflammatory process of periodontitis causes loss of attachment leading to 

alveolar bone loss and/or bony defects. The bony defect typically requires regeneration 

therapy with some type of bone graft material. Regeneration, by definition, is the 

biological process by which architecture and function of lost tissues are completely 

restored. If the body is unable to regenerate, then healing occurs by repair. Periodontal 

regeneration is the regeneration of the tooth's supporting tissues to include the alveolar 

bone, periodontal ligament and cementum [11]. This remains a major goal of periodontal 

research. The exceptional regenerative capabilities of bone make it one of the most 

commonly transplanted of human tissues [12]. 

In order for bone regeneration to occur, osteogenesis, osteoinduction, or 

osteoconduction is required [13]. Osteoconduction occurs when the host bone-forming 

cells infiltrate, proliferate, and form new bone through scaffolds or other matrices. 

Osteoinduction, on the other hand, is the formation of new bone by site-specific recipient 

mesenchymal cells. These mesenchymal cells then differentiate into bone-forming cells 

under the stimulation of matrix and associated protein factors present in demineralized 

bone. Osteogenesis requires the transplantation of bone-forming cells (osteoblasts) in an 

autogenous graft to form new bone. Grafts are classified as osteoconductive when they 

merely serve as scaffolding upon and within which new bone grows, and osteoinductive 

when they release factors that induce differentiation of osteoblasts and new bone 

formation [14]. 

Various grafting materials are used to treat bone defects. Among these, 

autologous bone grafts are often considered the gold standard in which bone is 
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transferred from one position to another within the same individual. All grafts are 

measured against autologous grafts because they may retain cell viability and graft 

revascularization without the possibility of exogenous disease transmission [IS]. 

However, autogenous bone grafting often requires a second operation site, causing 

varying degrees of morbidity. Examples of commonly utilized autologous graft sites 

include the anterior and posterior iliac crests, the tibia, the ramus, the chin and/or the 

calvaria. It is important to note, however, that although autogenous bone represents the 

ideal grafting material, some patients may not be able to tolerate a second surgical 

procedure to acquire bone, or may lack adequate amounts of bone to harvest [16]. In 

addition, in a very small number of cases (2.8%) in which fresh iliac crest grafts were 

transplanted into 250 sites, the graft caused root resorption [17]. 

Thus ideal bone grafting material would produce clinically significant and more 

bone at accelerated rates when compared to other grafting options, without donor 

morbidity. The ability to regenerate bone would enhance the prognosis and longevity of 

the current dentition by restoring periodontal defects thereby enabling more complex 

dental treatment plans with often better long-term prognoses. More predictable ridge and 

sinus augmentations resulting in implant placement would ultimately result in enhanced 

patient care. Implants encourage bone retention versus other conventional dental options, 

such as a removable dental prosthesis, that may encourage bone resorption over time. 

Donor she morbidity caused by autogenous harvest has given rise to the 

development of other bone graft materials such as allografts, xenografts and alloplasts. 

An allograft is a graft between genetically dissimilar members of the same species and 

therefore for humans are cadaveric in origin [18]. An example of an allograft would be 
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demineralized freeze-dried bone allograft (DFDBA, LifeNet, Virginia Beach, VA, USA). 

DFDBA is bone demineralized in hydrochloric acid to expose bone-inductive proteins, 

and then freeze-dried to provide an indefinite shelf life and decrease allograft antigenicity 

[19]. DFDBA is the most commonly-used allograft when alternate bone grafting is 

required by physicians and dentists [20]. The osteoinductive potential ofDFDBA in bone 

formation was recognized thirty-five years ago by Urist [21]. 

Alloplasts, or bone substitutes, are commercially produced materials that serve as 

a scaffold for bone formation [22]. Bone substitutes in augmentation procedures can 

maintain space for in-growth, enhance osteoconduction and promote wound healing by 

stabilizing blood clots [3]. An example of an alloplast is Cerasorb ®, a >99% pure phase 

B-tricalcium phosphate (B-TCP) grafting material [23]. 

Cerasorb® is characterized by its high level of uniformity of chemical 

composition and purity, so that its biological reactions and its support to stabilize clot 

formation can be predicted reliably. Cerasorb® has been shown to be an effective 

osteoconductive material and has been tested in repairing periodontal defects, maxillary 

sinus floor augmentations, larger mandibular cysts, and secondary and tertiary alveolar 

clefts [24]. According to additional animal studies, pure-phase B-TCP has been shown to 

be completely resorbable and simultaneously capable of new bone formation. In addition, 

Cerasorb ® was found to be adequate in sinus augmentations for implant placement in 

cases where 4-mm of bone height was present [23]. According to the manufacturer 

Cerasorb® initially "provides a multi-porous matrix to encourage bone cell in-growth," 

but then its resorption occurs "uniformly, completely, and in parallel to the formation of 

endogenous bone." As the patient's bone forms, "the granules of Cerasorb® resorb and 
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yield 'restitution ad integrum' meaning to restore to its original condition" [25]. 

Xenografts are graft materials that are derived from animal sources. An example 

of a xenograft is Bio-Oss® (Osteohealth, Shirley, New York, USA), an anorganic bovine 

bone that has shown osteoconductive properties. Although Bio-Oss® has the theoretical 

risk of bovine spongiform encephalopathy transmission, because of the stringent 

protocols used in sourcing and processing this risk has been deemed to be negligible [18]. 

Som patients, however may be adverse to placement of animal bone or object for 

religious reasons. 

Regeneration by grafting may be further enhanced through the use of barrier 

membranes that exclude gingival fibroblasts and epithelium from the healing site while 

maintaining the grafting material in place [26]. Becker demonstrated that when 

connective tissue and epithelial cells are excluded from bone defects and space is 

maintained, new bone will form [22]. Bone formation was significantly enhanced when 

DFDBA was retained within the defect with a protective absorbable membrane in cases 

where a membrane was placed above the allograft and defect [27] and when placed above 

and below the defect with DFDBA placed between the two [28]. 

The Millipore™ polytetrafluoroethylene (PTFE) membrane (Millipore 

Corporation, Bedford, Massachusetts, USA) was used in these studies to isolate the bone 

substitute within calvarial defects. This membrane has been successfully used in other 

similar experiments to isolate materials [29, 30, 31]. 
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C. Parathyroid Hormone 

Parathyroid hormone (PTH) is an essential regulator of calcium and phosphate 

metabolism. Parathyroid hormone is eighty-four amino acids in length; however, the 

active component is thirty-four amino acids long from the N terminus and hence the most 

useful portion is known as teriparatide or PTH (1-34) (Figure 1) [32]. 

Although the effects of this hormone are typically associated with bone 

resorption, the responses of osteoclasts to PTH are most likely mediated by means of 

osteoblastic activity, and the receptors for parathyroid hormone are found on osteoblastic 

membranes. While continuous exposure to PTH leads to an increase in osteoclastic 

density and activity, intermittent exposure (i.e. once daily) stimulates osteoblasts and 

results in increased bone formation in both rats and humans [33]. Osteoblasts and their 

immature precursors signal bone remodeling by secreting receptor activator of nuclear 

factor-KB ligand (RANKL). RANKL binds to receptor activator of nuclear factor-KB 

(RANK) which is on the surface of osteoclasts. When the two bind, it promotes cell 

differentiation and maturation of the immature osteoclast thereby prolonging their 

survival by suppressing apoptosis (Figure 2). Osteoblasts also secrete osteoprotegrin 

(OPG), a truncated form of RANK that is not attached to a cell membrane. OPG 

effectively binds to RANKL thereby blocking its function [34]. 

Another mechanism that has been suggested for PTH (1-34) is the stimulation of 

insulin growth factor-I (IGF-1) at intermittent doses [34]. IGF-1 is well known to 

increase cell proliferation and decrease apoptosis [35]. . 



Figure I. 34 amino acid structure of PTH (1-34) {31]. 

Figure 2. Bone Remodeling via RANKL and RANK pathway [34]. 
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Mechanosensitive channels have also been implicated in the response of bone cells to 

fluid shear stress [36] (Figures 3 and 4). Ryder and Duncan have reported PTH 

significantly enhances the Ca2+ response to shear primarily via protein kinase A 

modulation of the mechanosensitive and voltage sensitive calcium channels. [37]. Li has 

concluded that it is the L-type voltage sensitive calcium channels that PTH (1-34) 

enhances and Barry more specifically notes that it is the a.rn isoform [38, 39]. 

Osteoblasts and osteocytes both demonstrate a consistently robust response to shear [36]. 

Clinical studies have shown that Forteo® (Eli Lilly, Indianapolis, IN, USA), a 

recombinant human PTH (1-34), stimulates bone formation as evidenced by increases in 

the formation markers serum bone-specific alkaline phosphatase (BSAP) and procollagen 

I carboxy-terminal propeptide (PICP). According to the Forteo® package insert, "peak 

concentrations at one month were approximately 41% above baseline and BSAP at their 

maximum increases were 45% above baseline in women and 23% in men." In the same 

insert, it was shown that in a clinical trial involving postmenopausal women with 

osteoporosis, Forteo increased lumbar spine BMD with statistically significant increases 

seen at 3 months and continuing throughout the treatment period (Figure 5). 

Histomorphometric studies in mice have shown the administration of PTH (1-34) 

for four weeks leads to an inhibition of osteoblast apoptosis, resulting in prolongation and 

enhancement of bone formation [40]. It has been hypothesized that PTH (1-34) may 

suppress apoptosis by increasing proteins needed for cell survival such as B-cell 

lymphoma 2 (Bcl-2) while inactivating proteins needed for apoptosis [34]. Because PTH 

(1-34) is an anabolic drug, it changes bone geometry (Figure _6). PTH not only increases 

osteoblast and osteoclast function (stimulating osteoblasts more than osteoclasts) and 



Figure 3: Mechanical force in the cellular environment [36]. 

Figure 4: Mechanosensors activate intracellular signals. Multiple mechanosensors may 
be involved in receiving mechanical signals [36]. 
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Figure 5. Time course of change in lumbar spine BMD in postmenopausal women with 
osteoporosis treated with PTH (1-34) vs placebo (Forteo package insert, Eli Lilly, 
Indianapolis, IN, USA). 

Figure 6: microCT of the iliac crest shows increased trabecular and cortical thickness at 
21 months time giving 20µgld doses ofteriparatide [41]. 
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increases turnover and remodeling, it increases trabecular and cortical thickness resulting 

in increased overall bone mass density [41]. In addition, the efficacy of PTH (1-34) is 

dose-related [ 40]. A subcutaneous dose of 30 µg/kg PTH (1-34) showed marked 

improvement over a dose of 5 µg/kg in rats. Interestingly, even the 5 µg/kg dosage 

equivalent to three times the systemic exposure of a 20 µg human dose had significant 

stimulatory effects at thirty-five days in rats [42]. In Skripitz's 2000 study, injecting rats 

once daily with 15, 60 and 240 µg/kg doses of PTH, he found cancellous bone density 

increases of90%, 132% and 173%, respectively [43]. 

Intermittent treatment with PTH increases callus formation and mechanical 

strength in experimental fracture healing, and may have a more profound effect on the 

skeleton during bone repair. It is important to· understand, however, PTH stimulates early 

bone formation once it has been initiated, but does not induce de novo formation. Thus 

PTH cannot be expected to result in complete closure in non-unions such as a critical

sized defect despite its effectiveness in enhancing fracture repair once bone formation has 

been initiated [ 44]. Utilizing 60 µg/kg PTH (1-34) and 5-mrn bone defects produced an 

increase in new bone regeneration of approximately 50% [ 45]. PTH (1-34) teriparatide 

given subcutaneously has an absolute bioavailability of about 95%, reaching peak serum 

concentration in approximately thirty minutes and then declining to non-detectable levels 

within three hours in humans. 

A daily 20 µg dose of PTH (1-34) for an approved duration ofup to 2 years in 28 

day increments into the thigh or abdominal wall is the current FDA approved regimen for 

men and women with osteoporosis who are at high risk for fractures [ 46]. Parathyroid 

hormone (1-34) enhances bone formation on both cortical and cancellous surfaces and 
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appears to be well tolerated when taken for up to one year. Positive bone mineral density 

(BMD) responses were similar regardless of age, baseline BMD, body mass index (BMI), 

alcohol intake, or smoking [ 47]. As a result, PTH may be of particular interest in 

periodontics where there is a significant correlation between periodontal disease and 

smoking, BMI and in some cases age [7]. 

Studies in rats have shown that PTH (1-34) even at dosages three to sixty times 

the approved human dose, is relatively safe. However, there has been a demonstrated 

dose-related increased risk of osteosarcoma when given constantly to young two-month 

old rats over a two year time period [41]. In mature 6-month old rats, PTH (1-34) doses 

of Sµg/kg showed no evidence of osteosarcoma after 20 months (Forteo® package insert, 

Eli Lilly). It has therefore been argued that one can not necessarily extrapolate the 

incidences of osteosarcoma in juvenile rats to adult humans since PTH stimulates 

longitudinal bone growth, which continues in the rat but ceases by 18-24 years of age in 

humans [46]. Its use, is, however, understandably contraindicated in children (Forteo® 

package insert, Eli Lilly). To date, PTH (1-34) has been utilized in over 250,000 patients 

with no documented incidences of osteogenic sarcoma [ 48]. 

PTH (1-34) is contraindicated in osteosarcoma prone persons such as Paget's 

disease patients or those patients previously radiated. PTH (1-34) should not be used on 

those patients with unexplained fluctuations in alkaline phosphatase, children and young 

adults with open epiphyses, those with urolithiasis, women that are pregnant or nursing 

[ 4 7]. PTH is bimodal in its age distribution with effects typically occurring during late 

adolescence and young adult life (13-25 years) and beyond the age of 60 [46]. Some side 

effects such as headaches, leg cramping and some dizziness at higher dosages ( 40 µg 
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versus 20 µg) of PIH (1-34) have been noted in humans, although they are reported as 

minor. At lower doses of PIH (1-34) (20 µg), no differences in side effects were noted in 

comparison to placebo [47]. 

Interestingly, because of the anabolic nature of PIH (1-34) which produces 

osteoid at an accelerated rate, there is more osteoid left unmineralized. As a result, bone 

formation may still continue to increase bone mass for ·a time period after the drug is 

discontinued [ 41]. 
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D. Critical-Sized Defect Model 

In order to study the osseous repair potential of any material, animal models with 

limited regenerative capacity were developed to simulate intrabony defects. The rat 

calvaria model is an acceptable animal platform to investigate osseous wound repair as 

lower phylogenetic species are recommended for earlier studies [ 49]. The rat calvarial 

model has been successfully used to study different aspects of DFDBA [50]. A critical

sized defect (CSD), which varies in size depending on the species, is the smallest 

intraosseous wound that will not heal spontaneously throughout the lifetime of the 

animal. The CSD in the rat has been determined to be eight millimeters (mm) confirmed 

by Schmitz and Hollinger of earlier studies performed by Takagi and Urist[49]. When 

comparing juvenile (6-day-old) rat calvarial osteoblasts to those of adult rats (at least 60-

days-old), juvenile rat calvaria exhibited significantly greater osteoblastic potential [51]; 

therefore, a true test for a bone repair material should involve an adult animal [ 49]. 

According to the CSD model proposed by Schmitz and Hollinger, the defect 

should attain its maximum regenerative capacity at twelve weeks time [50]. If the defect 

is not manipulated, it will only fill in with fibrous connective tissue. A comparison of the 

mean percent bone formation of different bone grafting materials, over this amount of 

time, can be used as an indicator of adequate osseointegration and bone strength. 

Combining synthetic membranes with the CSD model (Figure 7) will enable the slower

proliferating mesenchymal (bone) cells time to repopulate a defect while simultaneously 

preventing faster growing epithelial and connective tissue cells from proliferating. At 

twenty-four weeks, tissue acceptability can be analyzed, with no significant differences 

between twenty-four and thirty-six weeks [52]. 
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This study evaluated the osseous repair potential of Cerasorb® plus 

subcutaneously administered PTH (1-34) versus Cerasorb® alone using the rat calvaria 

CSD model at both four and eight weeks. Several studies support the use of four and 

eight weeks as appropriate evaluation periods [27]. In his study of the 8-mm critical size 

defect in rat calvaria with DFDBA and a non-resorbable membrane, Lim et al. showed 

significant differences between one week, two weeks, four weeks and eight weeks with a 

respective mean length of bone regeneration (looking at linear defect closure) of 0.2 ± 

0.13 mm, 1.23 ± 0.4 mm, 2.82 ± 1.55 mm, and 7.75 ± 0.5 mm respectively [27]. 

Matzenbacher et al. showed 61.8 ± 2.5% bone fill with DFDBA alone compared to 

DFDBA and glycerol at eight weeks [53]. Pang et al. compared the dose dependent 

responses ofrhBMP-4 between two delivery systems [absorbable collagen sponge (ACS) 

and B-TCP] at two and eight weeks, and found significantly greater new bone area in the 

rhBMP-4/B-TCP group, but significantly greater bone density in the rhBMP-4/ACS 

group at eight weeks [54]. All groups increased percent bone density and increased or 

maintained defect closure over time [54]. Ahn et al. found bone fill for B -TCP 

histomorphometrically to be 15.3 ± 2 at two weeks and 20.2 ± 3 at eight weeks. He also 

showed that at eight weeks the radiodensity of B -TCP alone to be 42.7 ± 7.9%, versus B

TCP with rhBMP-4 which showed a radiodensity of76.l ± 5.8% [55]. 

The results of the present study are expressed radiographically and 

histomorphometrically. Histomorphometric analysis gives the most reliable results with 

regards to bone structure of the grafted area and was used as the primary means with 

which to evaluate new bone formation [53]. Radiography was used as a secondary 

measure to assist in determining bone regeneration by elucidating changes in two-
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dimensional bone fill and hence changes in radio opacity. Sham surgery (membrane only) 

and PTH (1-34) alone were used as the negative controls, with DFDBA used as a well 

studied positive control. To control for the stress and stimulation that the rat may have 

experienced with daily subcutaneous injections, 0.5% acetic acid mixed with sterile 

saline (the carrier for PTH 1-34) was administered to each rat not in the PTH (1-34) alone 

or PTH (1-34) plus Cerasorb® groups. 



Figure 7. Critical-Sized Defect Model Diagram. 
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E. Applicability of research to humans and periodontitis 

The rat calvaria served as a good model for the human mandible on several 

accounts. Both the rat calvaria and the human mandible develop via the 

intramembraneous process. In addition, the rat calvaria has limited regenerative capacity 

relating to its poor blood circulation and limited bone marrow [56], which is again similar 

to the bones of the human maxillofacial region [57]. From an experimental standpoint, 

the thin rat calvaria allows high-resolution radiographic analysis [50] and as a result has 

been used to test the regenerative capacity or'DFDBA of different embryonic origins 

[51]. In rat calvaria CSDs, the underlying dura could aid in bone production of the 

material being evaluated. Subsequently, membranes were used in the experiment in order 

to isolate test materials to ensure that any osseous repair is from the material itself and 

not from the overlying periosteum [27]. 



III. PURPOSE 

The purpose of this study was to determine if PTH (1-34) administration to rats 

receiving Cerasorb® bone graft, versus Cerasorb® alone (no PTH), was more effective in 

new bone formation using the in vivo rat calvaria CSD model. This study investigated 

the possible synergistic effects of 15 µg/kg PTH (1-34) given subcutaneously in a 0.5% 

acetic acid with sterile saline carrier in conjunction with direct Cerasorb® administration, 

at both four and at eight weeks. Osseous repair potential was evaluated radiographically 

and histomorphometrically. 
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IV. HYPOTHESES 

Hypothesis #1: Cerasorb® in combination with PTH (1-34) given 

subcutaneously will induce increased bone formation and bone fill at 4 and 8 weeks when 

compared to Cerasorb® alone, DFDBA alone, PTH (1-34) alone and control. 

Hypothesis #2: Cerasorb® in combination with PTH (1-34) given 

subcutaneously will induce increased bone remodeling, increased Cerasorb® resorption 

and hence accelerated new bone formation. 
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V. SPECIFIC AIMS 

Aim 1: To quantitatively and qualitatively analyze the rat calvarium defects post surgery, 

to measure the mean percent bone formation by histomorphometry at 4 and 8 weeks. 

Aim 2: To quantitatively and qualitatively analyze the rat calvarium critical-size defects 

post surgery, to measure the mean percent bone fill by radiography at 4 and 8 weeks. 
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VI. MATERIALS AND METHODS 

A. Overview 

A brief overview of the research experimental design is provided in the following 

flow chart (Figure 8). Upon protocol approval from the Institutional Animal Care and 

Use Committee (IACUC), a preliminary study of 3 rats was performed in which the 

primary investigator was trained in surgical techniques by a previous rat calvarium 

critical-size defect surgeon with experience operating on over eighty rats. Experience was 

also gained in providing PTH (1-34) injections. 

Upon completion of the preliminary training, the research was initiated. The study 

involved 100 Sprague-Dawley rats which were initially acclimatized for 7 days before 

pre-surgical anesthesia in preparation for surgery. Once anesthetized, 8-mm critical-sized 

defects were created within the rat calvarium and a 9-mm PFTE membrane was placed 

ectodurally. One of the graft materials (Cerasorb®, DFDBA or none) were then added 

over the 9-mm membrane and covered by a 10-mm PFTE membrane that was then placed 

ectocranially. PTH (1-34) in a 0.5% acetic acid solution was given SC to 4 of the 10 

study groups. Those rats not receiving PTH (1-34), received 0.5% acetic acid in a saline 

solution as a control for the PTH (1-34) injections. Rats were euthanized at 4 and 8 weeks 

and evaluated· histomorphometrically and radiographically followed by statistical 

analysis.. In order to ensure proper PTH (1-34) dose administration, the rats were 

weighed weekly, and dosage adjustments were made accordingly. 
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Figure 8. Experimental design andjlow chart. 
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C. Pre-Surgical Provisions 

To assess the osteoconductivity potential of Cerasorb®, the material was evaluated 

in a cranial critical size defect model in 11 to 13 week-old male, Sprague-Dawley, 

outbred rats (Harlan Sprague-Dawley, Inc. Indianapolis, IN). Animal weights ranged 

between 325-375 grams. Following a 7-day quarantine and appropriate housing and 

acclimatization (Figure 9), all rats were randomly assigned to an experimental or control 

group based on a blind drawing. Twenty rats were assigned to each group. The assigned 

experimental groups were (Table 1): Cerasorb® (Group I), Cerasorb® + PTH (1-34) 

(Group II), PTH (1-34) alone (Group III), DFDBA alone (Group IV), and the unfilled 

control (Group V). Each group was subdivided into four and eight week groups. All 

animals were handled quietly and minimally to lessen pre-operative stress. The rats were 

housed individually and fed a standard rat chow diet and water provided ad libitum. After 

anesthetic induction, hair was clipped from the surgical site, the skin cleaned and wiped 

three times with chlorhexidine and sterile water. Animals were each marked with an ear 

tag and then moved from the preparatory station into the surgical suite. 
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Study Group 4weeks 8 weeks 

Group I: Cerasorb 10 rats 10 rats 

Group II: Cerasorb + PTH (1-34) 10 rats 10 rats 

Group III: PTH (1-34) only 10 rats 10 rats 

Group IV: DFDBA 10 rats 10 rats 

Group V: Control 10 rats 10 rats 

Table 1. 4 and 8 week study groups 
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D. Anesthesia/ Analgesiaffranquilization 

The rats were pre-medicated with 0.03-0.04 mg/kg buprenorphine for analgesia 

given subcutaneously. At least 25 minutes after pre-medication, animals were 

anesthetized with a mixture of 3.2 mL ketamine HCl, JOO mg/mL (Bristol Labs, 

Syracuse, NY, USA) and 0.8 mL xylazine HCI, 20 mg/mL (Miles Lab, Shawnee, KS, 

USA), combined in a sterile glass vial administered at a dose of0.l mL of the cocktail 

per 100 g of the rat's body weight given intraperitoneally (IP) (Figure IO). This dosage 

equals 80 mg/kg ketamine and 4 mg/kg xylazine. Injections were given intraperitoneally 

using a 23-25 gauge needle. After each animal was surgically prepared and placed in the 

stereotaxic apparatus, isoflurane (0.5-2.0 % with one liter O2/min) was administered via a 

specialized nose cone. Isoflurane administration was continually administered until the 

calvarium was completely sutured. Yohimbine (2 mg/mL), a xylazine reversal agent, 

was administered at a dosage of 1-2 mg/kg IM or IP post-op to speed recovery if deemed 

appropriate by the attending veterinarian. All animals were placed in cages warmed on a 

circulating water heating pad and monitored until they were able to move about normally. 

Additionally, rats received 3 mL of warmed lactated ringers solution subcutaneously 

during the post-op recovery period if determined appropriate by the attending 

veterinarian. Buprenorphine (0.02-0.03 mg/kg) was administered every 8-12 hours as 

needed to control signs of pain ( decreased appetite, lameness, depression, abnormal 

behavior, etc.) as deemed appropriate by the attending veterinarian. 



Figure 9. Animal housing and acclimatization. 

Figure 10. Rat anesthesialtranquilization. 
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E. Surgery 

Aseptic procedures were used throughout the surgical procedure including a 

separate surgical pack for each animal. For each surgery, rats were anesthetized and 

placed in a stereotaxic device (Figure 11 ), draped, and were maintained under general 

anesthesia with isofluorane. A 3-cm midline incision was made through the skin and 

periosteum along the sagittal suture of the skull. The soft tissue and periosteum were 

fully elevated and reflected (Figure 12). Under constant copious saline irrigation, an 8-

mm full thickness defect (Figure 13) was created in the cranium using a diamond-coated 

trephine bur on or near the lambdoid and sagittal sutures of the frontal bone (Figures 14 

and 15). Extensive care was taken in order to leave the dura intact. 

A sterile precut 9-mm Millipore PTFE membrane (Figure 16) was placed into the 

CSD ectodurally to prevent contact between the dura and the graft materials. This 

membrane was slightly larger than the defect to isolate the defect and ensure all bony 

margins were protected. The defects were filled to capacity with 35 mg of DFDBA, 

where appropriate. Defects receiving Cerasorb ® were filled to capacity (Figure 17). A 

second sterile precut 10 mm Millipore PTFE membrane was then placed ectocranially 

over the defect (Figure 18). The periosteum was sutured closed over the membrane with 

interrupted 4-0 resorbable chromic suture (Figure 19) and the overlying epidermis was 

closed with interrupted 4-0 vicryl suture ensuring everted margins (Figure 20). A larger 

membrane (10-mm PTFE) was utilized to discourage membrane collapse during the post

surgical healing period. Following the surgical procedures, the rats were observed for 

pain and distress by the veterinary staff. 

Buprenorphine (0.02-0.04 mg/kg) was administered subcutaneously to each rat 



Figure 11. Rat in stereotaxic device. 

Figure 12. Sagittal and lambdoidal landmarks after full thickness reflection. 



31 



Figure 13. Diamond coated trephine bur under copious irrigation. 

Figure 14. 8-mm trephine bur critical-sized defect outline. 
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Figure 15. 8-mm critical-sized defect. 

Figure 16. 9-mm PTFE membrane placed ectodural. 
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Figure 17. Cerasorb defect fill. 

Figure 18. 10-mm P FTE membrane placed ectocranially. 
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Figure 19. Periosteum closure with 4-0 chromic sutures. 

Figure 20. Wound closure with 4-0 vicryl sutures. 
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after the surgery as needed for pain control. All rats were sacrificed by carbon dioxide 

euthanasia at either four or eight weeks post-surgery. For rats ·designated as group II and 

group III, PTH (1-34) (Figure 21) was given once daily at a dosage of 15 µg/kg in a 0.5% 

acetic acid carrier diluted (Figure 22) with sterile saline subcutaneously post surgery until 

the day of euthanasia. Injections were given by the primary investigator, lab technicians, 

co-investigators and/or the veterinarian. The volume of PTH (1-34) solution given to 

each animal was 0.2 mL. Groups I, IV and V were injected subcutaneously with 0.5% 

acetic acid diluted with sterile saline without PTH (1-34) as controls for the PTH (1-34) 

injections. Rats were weighed on a weekly basis in order to adjust the PTH dose as 

appropriate. 



Figure 21. PTH (J-34). 

Figure 22. PTH (1-34) injection given subcutaneously. 
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F. Post-Surgical Provisions 

Veterinarians and anesthestists monitored the anesthetic surgical procedure using 

a pulse oximeter to measure heart rate and oxygen saturation throughout the surgery. 

Animals were placed in cages warmed on a circulating water blanket and monitored until 

they were ambulatory. They were then returned to their housing. The surgical site was 

monitored twice daily by the veterinarian personnel and documented in a daily 

observation record. All injections were administered using a 23- or 25-gauge needle and 

appropriate volumes based on rat weight. Animals were restrained either manually or 

using a restraint device when necessary to ensure the safety of both personnel and animal. 

Intramuscular injections were given in the anterior thigh muscles with 23- or 25- gauge 

needles while restrained by veterinary personnel. 



G. Data Description 

Independent Variables: 

Materials 

I. Cerasorb ® 

2. Cerasorb ® and PTH (1-34) subcutaneously 

3. PTH (1-34) subcutaneously 

4. DFDBA 

5. unfilled control 

Dependent Variables: 

I. New bone formation histomorphometrically 

2. Mean percent bone fill radiographically 

Comparisons and analysis 

One-way analysis of variance (ANOVA) 

(P-values .: 0.05 will be considered significant) 

1. Comparison of new bone formation, resorption and/or bone fill 

between Cerasorb ®, PTH (1-34) given subcutaneously, Cerasorb ® 

39 

in combination with PTH (1-34) given subcutaneously, DFDBA and an 

unfilled control when analyzed at 4 and 8 weeks. 

2. Comparison of new bone formation, resorption and/or bone fill when 

analyzed at 4 and 8 weeks. within each respective study group. 
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H. Histomorphometric Analysis 

Histomorphometry was performed to quantify new bone formation present within 

the defect. Specimens were sectioned and stained using haematoxylin and eosin in 

addition to blue trichrome staining. The specimen used for analysis was a coronal section 

through the center of the defect along the actual diameter parallel to the sagittal suture. 

Images were captured from a microscope with l Ox objective and standard bright-field · 

illumination and analyzed with Simple PCI software (Hamamatsu Corporation, 

Sewickley, PA, USA) (Figure 23). The amount of mineralized tissue present was 

determined by measuring the area of stained bone. The area of new bone formation (AN) 

was measured in pixels using the Adobe Photoshop program (Adobe Systems 

Incorporated, San Jose, CA, USA) (Figures 24a and 24b ), as a percentage of the total 

defect area (A 0 ) in pixels using the following equation to calculate the percent new bone 

formation (PN): 

Representative scanned 4- and 8-week images of haematoxylin and eosin samples 

in this study are shown in Figures 25 and 27 respectively. The corresponding 4- and 8-

week cross-referenced blue trichrome stained sections that identify increased 

mineralization are represented in Figures 26 and 28. In order to appreciate each defect, 

each of the representative haematoxylin and eosin samples were separated from the rest 

of the defect and areas of new bone formation in addition to fibrous tissue and remaining 

granules were labeled (Figures 29-33). 



Figure 23. Scanning rat calvaria sections into TIFF files for histomorphometric analysis. 
Using a microscope attached to a PC computer at 1 Ox magnification and the Simple PC/ 
software, haematoxylin and eosin were converted into TIFF files for statistical analysis. 
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Figure 24a. Total defect area calculation. Scanned haematoxylin and eosin sections 
were cropped using the Adobe Photoshop program. The area inside the contours of the 
defect and between the PTFE membranes was calculated by the number of pixels. 

Figure 24b. New bone formation calculation. The areas of new bone formation were 
cropped as a section of the total area using Adobe Photoshop and the number of pixels 
counted The number of pixels of new bone was then divided by the total area to 
determine the histomorphometric percent new bone formation. 
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ANB =(660+1682+1488+375) 
ANB = 4205 
ATOT = (4205/50912) = .0826 
pNB = (.0826) X 100 = 8.26% 



Figure 25. 4-week haematoxylin and eosin samples. 
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Figure 26. 4-week blue trichrome samples. 
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Figure 27. 8-week haematoxylin and eosin samples. 
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Figure 28. 8-week blue trichrome samples. 
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Figure 29. Labeled 4- and 8-week haematoxylin and eosin controls. 
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Figure 30. Labeled 4- and 8-week haematoxylin and eosin DFDBA samples. 
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Figure 31. Labeled 4- and 8-week haematoxylin and eosin PTH (1-34) samples. 
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Figure 32. Labeled 4- and 8-week haematoxylin and eosin Cerasorb samples. 
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Figure 33. Labeled 4- and 8-week haematoxylin and eosin Cerasorb + PTH 
(1-34) samples. 
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I. Radiographic Analysis 

The cranium, containing the defect, was removed for analysis and cleaned of soft 

tissue. Digital radiographs were taken using a Faxitron soft x-ray instrument (Faxitron X

Ray, Wheeling, IL) calibrated in millimeters, and taken at the same time to insure 

uniformity. The average radiographic density of each defect was measured and 

normalized to the average density of a representative piece of cranium in uniform shape 

and area, distal to each implantation site. The area of radiographic bone fill (R BF) was 

measured as a percentage of the total radiographic defect area (R °) according to the 

following equation (Figure 34) to calculate the perc\!nt new bone formation (P8F): 

RBF / RD * 100= pBF 

Each of the 4- and 8- week representative radiographic bone fill samples are noted 

in Figures 35 and 36 respectively. Radiographic bone fill was used as a secondary 

measure to confirm results seen with haematoxylin and eosin staining. 



Figure 34. Radiographic analysis calculation. After sectioning the calvarium, all soft 
tissue was removed. The sample was then radiographed using a Faxitron soft tissue X
ray machine to calculate percentage bone fill. Using the Image J software, the 8-mm 
defect was cropped from the radiograph. The threshold was adjusted to accurately 
identify the radiographic bone fill and the area fraction (percent radiographic bone fill) 
was the calculated by dividing the radiographic bone fill by m.2. 
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Figure 35. 4-week representative radiographic bone fill samples. 
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Figure 36. 8-week representative radiographic bone fill samples. 
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J. Statistical Analysis of the Data 

The independent variables were the variable treatment groups: Cerasorb® alone, 

PIH (1-34) alone, Cerasorb® + PIH (1-34), DFDBA, and the unfilled control. The 

dependent variable was the amount of osseous bone fill and new bone formation. One

way ANOV A was used to determine if a difference existed. The Iukey post-hoc test was 

used to determine which groups differed in regards to the mean percent bone formation or 

the mean percent bone fill over time and in which direction the groups differed. P-values 

.'.': 0.05 were considered statistically significant. 
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K. Results 

Upon sacrifice, radiography was initially performed as histomorphometry would 

require sectioning of the defect. Using the soft tissue Faxitron instrument, defects were 

labeled and new radiographic bone fill was calculated using the Image J software from 

the National Institutes of Health (NIH) (Table 23 and Figure 38). The percent 

radiographic bone fill was calculated and organized into tables by each respective group 

(unfilled control, Cerasorb®, PTH (1-34), Cerasorb® + PTH (1-34) and DFDBA). One

way ANOV A determined differences and the Tukey post-hoc test was used to establish 

significant differences between groups. Radiographically, statistically significant 

differences (p<.001) were noted when comparing the 4-week Cerasorb® (73.35%) group 

to the 4-week unfilled control, PTH (1-34) and DFDBA (Tables 2-5). In addition, the 4-

week Cerasorb® + PTH (1-34) group (71.00%) was significantly (p<.001) greater than 

the 4-week unfilled control, PTH (1-34) and DFDBA (Table 6). There was no difference 

between the 4-week Cerasorb® and 4-week Cerasorb® +PTH (1-34) groups. The 4-week 

PTH (1-34) alone (45.7%) was statistically significantly greater (p<.001) than the 

DFDBA (28.11 %) group and the unfilled control (22.9%)(Table 23 and Figure 38). 

Radiographically in the 8-week groups, the 8-week Cerasorb® group (70.59%) 

was both statistically significantly greater (p<.001) than the DFDBA group and the 

unfilled control (Tables 7-11). The 8-week Cerasorb® + PTH (1-34) group (70.61%) was 

also statistically significantly greater (p<.001) than the DFDBA group and the unfilled 

control (Table 12). No comparisons could be made between the 8-week Cerasorb® and 

Cerasorb® + PTH (1-34) groups and the 8-week PTH (1-34) given the standard deviation 

and standard error of the mean. When comparing the 8-week groups to the 4-week groups 
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there was a trend towards greater bone fill in the DFBDA, control and PTH (1-34) 

groups. Statistically significant increases in bone fill (p<0.001) were also noted between 

4 and 8 weeks (72.4% gain) within the DFDBA group. 

After radiographic analysis was completed, histomorphometric analysis was 

conducted using the Simple PCI and Adobe Photoshop programs. Haematoxylin and 

eosin stained slides were scanned into TIFF files and areas of new bone formation were 

calculated. Blue trichrome slides on matching calvaria sections Were cross-referenced for 

mineralization to assist in new bone formation identification. Histomorphometric data 

(p<.014) at 4 weeks indicated that the PTH (1-34) group had statistically greater percent 

new bone formation (32.20%) in comparison to the Cerasorb®, Cerasorb® plus PTH (1-

34), unfilled controls and DFDBA (Tables 12-16). Additionally at 8 weeks, the PTH 

( 41.4%) group had statistically greater (p<.025) percent new bone formation when 

compared to all 4-week and 8-week groups with the exception of the 8-week DFDBA 

group (Tables 17-21). At both 4 and 8 weeks, Cerasorb® plus PTH (1-34) when compared 

to Cerasorb® alone showed no statistical differences. At 8 weeks,·both produced results 

similar to the controls. Each group trended towards greater new bone formation over time 

(Table 22 and Figure 37). 
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Animal number Area in mm' % Radiographic Bone Fill 

144 15.214 23.895 

145 13.692 21.505 

146 8.818 13.850 

148 14.452 22.698 

150 13.601 21.362 

151 16.429 25.803 

152 9.009 14.150 

153 25.175 39.540 

Mean 22.850 

Table 2. Radiographic data from 4-week controls 
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Animal number Area in mm' % Radiographic Bone Fill 

175 19.595 30.776 

178 18.843 29.594 

180 19.742 31.007 

181 19.056 29.929 

185 17.428 27.372 

186 15.834 24.869 

188 15.446 24.259 

189 20.202 31.729 

192 15.432 24.237 

193 19.943 31.322 

195 15.326 24.071 

Mean 28.106 

Table 3. Radiographic data from 4-week DFDBA samples 
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Animal number Area in mm' % Radiographic Bone Fill 

102 25.240 39.642 

103 26.277 41.271 

107 32.085 50.393 

108 31.803 49.950 

111 29.345 46.089 

124 29.573 46.447 

127 37.093 58.258 

128 22.880 35.935 

130 34.373 53.986 

131 28.542 44.828 

132 22.792 35.797 

Mean 45.691 

Table 4. Radiographic data from 4-week PTH (1-34) samples 
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Animal number Area in mm" % Radiographic Bone Fill 

155 49.112 77.135 

157 46.851 73.584 

161 49.008 76.972 

162 45.820 71.965 

165 41.479 65.147 

168 46.506 73.042 

170 40.293 63.284 

172 51.007 80.112 

174 50.238 78.904 

Mean 73.349 

Table 5. Radiographic data from 4-week Cerasorb 



63 

Animal number Area in mm• % Radiographic Bone Fill 

115 43.221 67.883 
-

117 45.966 72.194 

118 35.776 56.190 

120 51.096 80.251 

121 41.447 65.096 

133 49.987 78.508 

134 51.597 81.038 

138 42.312 66.455 

141 44.620 70.080 

142 46.029 72.293 

Mean 70.999 

Table 6. Radiographic datafrom 4-weekPTH (J-34) + Cerasorb 
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Animal number Area in mm2 % Radiographic Bone Fill 

196. 26.662 41.875 

197 22.080 34.678 

199 33.138 52.046 

200 30.717 48.244 

201 32.180 50.542 

202 28.051 44.057 

203 27.006 42.416 

Mean 44.837 

Table 7. Radiographic data from 8-week controls 
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Animal number Area in mm" % Radiographic Bone Fill 

176 33.666 52.876 

177 23.626 37.107 

179 23.128 36.329 

182 17.380 27.297 

183 26.441 41.528 

184 40.552 63.691 

187 30.500 47.903 

190 32.566 51.148 

191 33.258 52.235 

194 34.067 53.506 

Mean 46.362 

Table 8. Radiographic data from 8-week DFDBA 
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Animal number Area in mm• % Radiographic Bone Fill 

101 33.279 52.268 

104 39.687 62.332 

105 41.395 65.015 

109 31.982 50.231 

110 38.340 60.217 

123 41.664 65.437 

125 43.506 68.330 

126 28.415 44.629 

129 41.000 64.395 

Mean 59.206 

Table 9. Radiographic datafrom 8-weekPTH (1-34) samples 
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Animal number Area in mm' % Radiographic Bone Fill 

156 31.283 49.133 

158 43.134 67.746 

159 40.640 63.829 

160 49.770 78.169 

163 56.822 89.245 

166 57.835 90.836 

167 34.390 54.013 

169 41.880 65.777 

171 52.351 82.222 

198 41.340 64.929 

Mean 70.590 

Table 10. Radiographic data from 8-week Cerasorb samples 
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Animal number Areainmm2 % Radiographic Bone Fill 

112 39.276 61.687 

113 47.693 74.907 

116 45.068 70.784 

119 45.032 70.727 

122 40.828 64.124 

136 47.597 74.756 

137 57.407 90.164 

140 44.788 70.344 

143 47.586 74.739 

147 34.297 53.867 

Mean 70.610 

Table 11. Radiographic datafrom 8-weekPTH (1-34) + Cerasorb samples 
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Animal number % New Bone Formation 

144 8.26 

145 8.46 

146 4.80 

148 17.65 

150 9.08 

151 11.21 

152 6.26 

153 14.34 

Mean 10.01 

Table 12. Histomorphometric Data from 4-week controls 
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Animal number % New Bone Formation 

175 2.00 

178 16.80 

180 8.20 

181 14.26 

185 13.02 

186 13.69 

188 22.95 

189 24.49 

192 26.88 

193 7.39 

195 9.75 

Mean 14.49 

Table 13. Histomorphometric data from 4-week DFDBA samples 
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Animal number % New Bone Formation 

102 22.00 

103 22.20 

107 46.70 

108 47.60 

111 27.23 

124 16.01 

127 44.10 

128 24.85 

130 48.26 

131 32.19 

132 23.09 

Mean 32.20 

Table 14. Histomorphometric data from 4-week PTH (1-34) samples 
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Animal number % New Bone Formation 

155 9.72 

157 14.74 

161 9.15 

162 20.56 

165 3.08 

168 13.35 

170 13.49 

172 4.32 

174 24.07 

Mean 12.50 

Table 15. Histomorphometric data from 4-week Cerasorb samples 
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Animal number % New Bone Formation 

115 11.89 

117 19.20 

118 13.48 

120 22.68 

121 11.54 

133 4.95 

134 19.80 

138 27.50 

141 20.68 

142 5.16 

Mean 15.68 

Table 16. Histomorphometric data from 4-week PTH (1-34) + Cerasorb samples 
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Animal number % New Bone Formation 

196 19.25 

197 10.54 

199 42.16 

200 24.84 

201 24.96 

202 12.54 

203 32.42 

Mean 23.80 

Table 17. Histomorphometric datafrom 8-weekcontrols 
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Animal number % New Bone Formation 

176 40.83 

177 22.14 

179 24.99 

182 18.05 

183 25.48 

184 28.22 

187 44.66 

190 37.21 

191 48.02 

194 29.85 

Mean 31.95 

Table 18. Histomorphometric data from 8-week DFDBA samples 
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Animal number % New Bone Formation 

101 18.61 

104 53.69 

105 42.28 

109 31.97 

110 59.68 

123 44.09 

125 35.22 

126 45.08 

129 42.69 

Mean 41.40 

Table 19. Histomorphometric datafrom 8-weekPTH (1-34) samples 



77 

Animal number % New Bone Formation 

156 -19.22 

158 21.20 

159 6.65 

160 9.71 

163 13.03 

166 48.68 

167 17.78 

169 9.28 

171 41.20 

198 26.34 

Mean 21.31 

Table 20. Histomorphometric data from 8-week Cerasorb samples 
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Animal number % New Bone Formation 

112 26.39 

113 24.24 

116 39.02 

119 17.19 

122 29.99 

136 11.42 

137 10.98 

140 22.03 

143 11.72 

147 30.90 ' 

Mean 22.39 

Table 21. Histomorphometric data from 8-week PTH (l-34) + Cerasorb samples 
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Groups % New Bone Formation 

4 week Control 10.01 

4weekDFDBA 14.49 

4 week PTH (1-34) 32.20 

4 week Cerasorb 12.50 

4 week Cerasorb + PTH 15.68 

8 week Control 23.80 

8weekDFDBA 31.95 

8 week PTH (l-34) 41.40 

8 week Cerasorb 21.31 

8 week Cerasorb + PTH 22.39 

Table 22. 4- and 8-week histomorphometric percent new bone formation 



Figure 37. Histomorphometric results at 4- and 8-weeks. * 4-week PTH (1-34) was 
statistically significantly compared to DFDBA, Cerasorb, Cerasorb+PTH (1-34) and 
control (p<.014). **8-week PTH (1-34) was statistically significantly greater compared 
to Cerasorb, Cerasorb+PTH (1-34) and controls (p<.025). A difference could not be 
determined between DFDBA and PTH (1-34) at 8 weeks. Each respective group trended 
towards greater bone formation over time. 
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Groups % Radiographic Bone Fill 

4 week Control 22.85 

4weekDFDBA 28.11 

4 week PTH (1-34) 45.69 

4 week Cerasorb 73.35 

4 week Cerasorb + PTH 71.00 

8 week Control 44.84 

8weekDFDBA 48.48 

8 week PTH (1-34) 59.21 

8 week Cerasorb 70.59 

8 week Cerasorb + PTH 70.61 

Table 23. 4- and 8-week percent radiographic bone fill 



Figure 38. Radiographic results at 4- and 8-weeks. * 4-week PTH (1-34) was 
statistically significantly greater than 4-week DFDBA and 4-week controls (p<.001). ** 
8-week DFDBA was statistically significantly greater than 4-week DFDBA (p<.001). 
***4-week Cerasorb was statistically significantly greater than PTH (1-34), DFDBA and 
the control. 8-week Cerasorb was statistically greater than DFDBA and control (p<.001). 
****4-week Cerasorb+PTH (1-34) was statistically significantly greater than DFDBA, 
PTH (1-34), and control. 8-week Cerasorb+PTH (1-34) was statistically significantly 
greater than DFDBA and control (p<.001). There was no difference between Cerasorb 
and Cerasorb+ PTH at either 4 or 8 weeks. 
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L. Discussion 

PTH (1-34) has proven osteoblast inducing properties that have been used for 

bone diseases such as osteoporosis since 2002 [ 45]. Unlike anti-resorptives such· as 

bisphosphonates and estrogen which inhibit osteoclast-mediated bone loss and hence 

reduce bone turnover, PTH (1-34) is an anabolic agent that increases the number of 

-
osteoblasts and the rate of new bone formation, while prolonging osteoblast survival [45]. 

In the most comprehensive study thus far of PTH, Neer [58] performed a comprehensive 

comparison of 20µg and 40 µg dosages of PTH (1-34). In this randomized, placebo

controlled trial of postmenopausal women, significant positive changes in BMD were 

noted to have occurred from baseline to 24 months versus placebo [59]. In patients given 

dosages of 20 µg and 40 µg, there were 65% and 69% decreases in fractures in patients 

and 90% and 77% reductions in risk for moderate or severe fractures respectively. It is 

important to note, however, that the use of teriparatide is limited to otherwise healthy 

patients and therefore excludes individuals with hepatic or renal insufficiency and heart 

failure [45]. 

It would appear that the use of PTH (1-34) in this study confirms previous data in 

regards to an accelerated bone formation rate. At both 4- and 8-weeks of PTH (1-34) 

treatment, new bone formation when viewed under haematoxylin and eosin staining was 

significantly (32.2% and 41.4%) greater statistically than in the controls which were 

10.01 % and 23.8% respectively (Table 22 and Figure 37). As a result, the PTH (1-34) 

alone group served as an excellent positive control when it was compared to PTH (1-34) 

in combination to the Cerasorb. In addition, confirmation of greater bone fill can be made 

by noting the statistically significant differences in radiographic bone fill between the 
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PTH (1-34) groups at both 4- and 8-weeks (45.69% and 59.21%) in comparison to their 

respective controls (22.85% and 44.84%) (Table 23 and Figure 38). 

PTH (1-34) levels were not measured prior to the initiation of the experiment. It 

may have been prudent to test the levels at baseline since the parathyroid hormone vary 

between individuals and vary throughout the day. However, in an effort to maintain 

consistency as best as possible, and to at least minimize the factor of daily variations, 

injections were given at the same time periods each day between 0800 and I 000 hours. A 

range of two hours was necessary in order to accommodate the large number of animals 

involved in the study. 

PTH (1-34) may also have been given locally rather than systemically by applying 

PTH (1-34) to the Cerasorb itself. This might avoid the side effects sometimes seen with 

larger doses of PTH (1-34), however, in this experiment no side effects were noted. 

Furthermore, if the PTH (1-34) was given locally via the Cerasorb granule or possibly a 

collagen sponge, the PTH (1-34) doses that are required at intermittent doses for four to 

eight weeks to induce bone formation would not have been able to be sustained. 

DFDBA produced better results at both the 4-week (28.11 %) and 8-week 

(31.95%) time periods in comparison to the controls when analyzed histologically (Table 

22 and Figure 37). When analyzing the DFDBA groups radiographically, statistically 

significant increases between the 4- and 8-week groups and hence increases in 

radiopacity in areas previously radiolucent would also seem to be indicative of new bone 

formation as well. As a result, DFDBA served as an excellent negative control. These 

results support previous studies elucidating DFDBA's osteoconductive and possible 

osteoinductive properties in addition to its adequate space maintaining capabilities [57]. It 
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is notable that the DFDBA that was utilized was human DFDBA. There are several 

reasons why human DFDBA was utilized. Human DFBDA has been shown to be an 

effective bone graft material in rat calvaria studies filling almost all of the defect in a 

similar critical-sized defect model when utilized with a membrane [28]. In addition, the 

use of human DFDBA allowed the comparison of this study to previous studies 

performed by the U.S. Army at Fort Gordon, Georgia of which our results in this study 

are comparable to previous Army studies. Any differences in results increased or 

decreased may be explained by variations in human donors, differing preparation and 

simply by differences in activity regardless of preparation [61]. 

Cerasorb®, · is a material certified for uses in bone defect regeneration and 

generally replaced by natural bone in humans between 3- to 24-months, depending on the 

type of bone [62]. Cerasorb Perio® currently comes in two granule sizes 63 - 250 µm and 

250 - 500 µm. Shapoff showed that particle size plays a significant role in regeneration 

and that smaller particles (100-300 µm) enhanced_ osteogenesis when combined with 

autogenous marrow to greater degree than larger particles (1000 to 2000µm). Some of the 

differences that were suggested to increase the graft's effectiveness were increased 

surface area on which new bone can form in addition to increased surfaces for resorption 

[63]. At the initiation of the study, only the 250-500 µm sizes were available. It is 

possible that different results may have been obtained with the 63-250 µm sizes as there 

would also be increased areas for resorption and new bone formation. The inanufacturing 

company has noted the smaller granules are for smaller defects, however, in contrast to 

the logic presented by Shapoff, Curasan notes that the smaller sizes and minimal porosity 

will result in an optimized slower resorption time [25]. 
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Given that bone remodeling in rats is typically faster than in humans, just as 

remodeling is faster in dogs compared to humans, one might expect that the remodeling 

of Cerasorb® might be faster. It is possible, however, that the turnover of Cerasorb® was 

not at the same rate as bone for the time periods of 4- and 8-weeks and perhaps later time 

periods may have been in order. It did not appear, however that at the 4- and 8-week time 

periods the Cerasorb ® granules were resorbing at an adequate rate to enhance remodeling 

and therefore became obstructive to new bone formation. However, it is also likely that 

Cerasorb® is not a resorbable biomaterial as claimed and may not resorb no matter the 

length ohime. 

The statistically higher radiographic bone fill in both the Cerasorb ® and the 
. . 

Cerasorb® plus PTH groups in comparision to all other groups can be explained by the 

radiopacity of the material. The radiographic bone fill remained relatively constant 

throughout the study for the Cerasorb® (73.35% to 70.59%) and the Cerasorb® plus PTH 

(71.0% to 70.69%) (Table 23 and Figure 37). The slow resorption rate of the material 

may indicate the space-maintaining abilities of Cerasorb®. This was evidenced 

histologically as the Cerasorb® material was able to maintain the size of the defect and 

prevent collapsing of the membrane and defect. In comparison, there was evidence of 

membrane collapse in the control and PTH (1-34) alone samples. To assist in prevention 

in defect collapse, titanium reinforced membranes should be considered in the future. 

Using PTFE membranes that were one to two millimeters larger than the defect 

ectodurally and ectocranially, were not sufficient to prevent collapse without a bone graft 

material (either DFDBA or Cerasorb®). The membrane collapse may have altered the 

results as the defect measured as a portion of the remaining defect outlined by the 
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remaining membranes due to the measurements being a percentage of the area outlined 

by the membranes. However, results from the histomorphometric analysis are consistent 

with other studies that show the control having the poorest bone regeneration and better 

results with parathyroid hormone (1-34) and DFDBA. 

Inadvertent rat deaths during the study were primarily due to anesthesia. Four 

deaths (two 8-week controls, one 4-week Cerasorb®, and one 8-week PTH) were 

attributed to injections of ketamine and xylazine despite valiant efforts by the attending 

veterinarian. Ketamine and xylazine is a very common cocktail for animal sedation. 

In addition, one rat from the 4-week DFDBA group had severe oxygen 

desaturation and was replaced by a rat from the 4-week control, but recovered and 

remained throughout the study. Another rat designated in the 4-week PTH (1-34) group 

had excessive hemorrhage and was given 5ml of saline while his blood pressure and 

oxygen was maintained. Given the rat's questionable status, an additional rat was taken 

from the 4-week control group. After a week of observation, the rat appeared stable, and 

both rats remained throughout the duration of the study. One 8-week PTH anesthesia 

death was replaced with an 8-week control in an effort to maintain the power of the study 

groups. 

There was a single premature post-surgical death as the water in one of the tanks 

overflowed and failed to turn off as he was done eating. Although the rat died prior to 

sacrifice, the time of death was less than twenty-four hours prior to the scheduled 

asphyxiation. Given the proximity to analysis, the histology and radiology specimens 

remained in the study results. 
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M.Summary 

In summary, the hypothesis that Cerasorb® in combination with PTH (1-34) given 

subcutaneously would induce increased bone formation at 4 and 8 weeks when compared 

to Cerasorb® alone, DFDBA alone, PTH (1-34) alone or the control was incorrect. Hence 

the null hypothesis could not be rejected. Histologically, PTH (1-34) at 4-weeks had 

statistically significantly greater results than the DFDBA, control, Cerasorb®, and 

Cerasorb® + PTH (1-34). PTH (1-34) at 8-weeks was statistically significantly better than 

the Cerasorb®, Cerasorb® + PTH (1-34) and the control. 

Radiographically, the statistically significant differences in the groups that had 

Cerasorb® or Cerasorb® + PTH (1-34) in comparison to PTH (1-34) alone, DFDBA alone 

and the control regarding radiographic bone fill can be simply attributed to the radio

opacity of the material in a two-dimensional direction and not to new bone formation 

when cross referenced with the histological sections. The 4-week PTH (1-34) was 

statistically significantly greater than 4-week DFDBA and 4-week controls confirming 

histological sections and the rapidity with which it affects new bone formation. 

Additionally, there was a statistically greater amount of radiographic bone fill between 4-

weeks and 8-weeks in the DFDBA group. By combining the histological and radiological 

results at both the 4- and 8-week periods, it is fair to conclude that PTH (1-34) and 

DFDBA are both beneficial in stimulating new bone formation. 

In addition, both bone graft materials (Cerasorb® and DFDBA) were beneficial as 

space maintainers. The control and PTH (1-34) that did not have biomaterials in the 

defect to support the membrane had varying degrees of collapse. It was also noted that 

with neither bone graft material or with the PTH (1-34), was there any evidence of 
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adverse inflammatory reactions and we can conclude that the PTH (1-34), DFDBA and 

the Cerasorb ® were well tolerated. As a space maintainer, there are clinical periodontal 

applications in which the biomaterial will act to support the soft tissue. This may be 

applicable in cases of tooth extractions requiring socket preservation to support soft tissue 

under the pontic of a fixed dental prosthesis. The slow resorption might also be useful in 

anterior cases to maintain buccal bone and soft tissue preventing recession. Alloplasts 

have also been shown to be effective in sinus lift augmentation procedures if adequate 

bone of approximately 4mm is present prior to implant placement. 

However, as the combination of Cerasorb® plus PTH (1-34) did not enhance new 

bone formation we can conclude that the Cerasorb® was inhibitory to the new bone 

forming potential of PTH (1°34) SC at 4 and 8 weeks. It is surmised that the primary 

inhibitory function of the Cerasorb ® was the inability of the biomaterial to resorb as 

quickly as the PTH (1-34) bone remodeling capabilities would allow. Further research is 

suggested with the use of PTH (1-34) in combination with faster resorbing or 

osteoinductive materials such as DFDBA. It might also be possible to lengthen the time 

periods of the study and see more promising results from the Cerasorb® material. 



VII. GLOSSARY OF SIGNIFICANT TERMS 

Allograft Tissue graft obtained from a donor of the same species as, 

but with a different genetic make-up from the recipient 

Alloplast Synthetically derived reconstructive material 

B-TCP B Tri-calcium phosphate allograft 

Critical-sized defect (CSD) Defects of a size that will not heal spontaneously during the 

DFDBA 

Osteoconduction 

Osteogenesis 

Osteoinduction 

Parathyroid Hormone 

PTFE 

rBMP 

Xenograft 

lifetime of the animal 

Demineralized freeze dried bone allograft 

When host bone-forming cells infiltrate, proliferate, and 

form new bone through scaffolds or other matrices 

Transplantation of bone-forming cells in an autogenous 

graft to form new bone 

Formation of new bone by site-specific recipient 

mesenchymal cells 

Essential regulator of calcium and phosphate metabolism 

Polytetrafluoroethylene 

recombinant bone morphogenetic protein 

Tissue graft in which the donor and recipient are of 

different species 
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