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1. Introduction 

1.1 Statement of Problem 

Periodontal disease is a major cause of tooth loss in adult life. but can be arrested following 

professional tooth cleaning supplemented by effective personal oral hygiene. However, 

disfiguring and otherwise compromising gingival defects resulting from the disease will not 

· resolve unless treated using advanced surgical procedures that also may include implantation of 

bone biomaterials and/or use of devices or biologics in support of regeneration of the periodontal 

tissues. 

1.2 Significance 

PCC-5 and MD08 are candidate biologic constructs that include recombinant human 

growth/differentiation factor-5 (rhGDF-5) intended to support regeneration of periodontal tissues. 

PCC-5 and MD08 may be implanted into periodontal defects during surgical intervention. MD08 

may also be injected. into deep" periodontal pockets iminediately following p~ofessional non

surgical tooth cleaning to support regrowth of periodontal tissues. If successful, this minimally 

invasive treatment could be applied by general dentists with limited additional training and by 

dental hygienists under supervision. Thus, use of this material could be of benefit and accessible 

to a broad segment of patients seeking dental care, who might otherwise not have access to 

periodontal therapy. 
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2. Review of the Literature 

2.1. · Periodontal Disease 

Periodontitis is defined as an infectious disease resulting in inflamll?-ation within the supporting 

structures of the teeth also including progressive _attachment and bone loss (Carranza et al. 1996). 

Primary clinical features include supra- and subgingival plaque accumulation, associated calculus 

formation, gingival inflammation, pocket formation, and loss of the periodontal attachment 

including alveolar bone (Carranza et al. 1996). Radiographically, periodontitis can be detected by 

evidence of bone loss. The diagnostic "gold standard" for periodontitis first described more than 

45 years ago is measurement of clinical attachment loss (Armitage et al. 1999). Periodontal · 

disease can be described as localized or generalized. Periodontal disease is designated as 

localized when <30% of the sites assessed demonstrate attachment and bone loss and generalized 
-, 

when >30% of the sites demonstrate attachment and bone loss (Armitage et al. 1999). 

Periodontal disease severity can be categorized as mild, moderate, or severe. Mild periodontitis is 

characterized by clinical attachment loss encompassing 1-2 mm, moderate periodontitis 

encompasses 3-4 mm clinical attachment loss, · and severe periodontitis >5 mm clinical 

attachment loss (Armitage et al. 1999). 

The rate of periodontal disease progression is typically slow but it can be modified by 

systemic, environmental, and behavioral factors. Because of its slow progres~ion, periodontitis 

usually does not become clinically significant until in the mid-30s. Me~n annual bone loss ranges 

up to 0.14 mm from the age 25 to 65, ai1d increases to 0.28 mm for 70-year'."olds (Papapanou et 

al. 1989). According to the National Institute of Dental and Craniofacial Research, 4% of the US 

population exhibit severe generalized: periodontitfa: · 44% exhibit a mild to moderate -form 

(Albandar 2002). Although the prevale11.ce of periodontitis has decreased in the United States 

2 
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over the past 30 years, it is predicted that a substantial proportion of this decline will be 

counterbalanced by the sizeable increase in number of persons at risk of periodontitis (Douglass 

et al. 1993). 

The pathogenesis of periodontitis can be categorized into four different lesions. Gingival 

tissues respond within 2-4 days following microbial plaque accumulation with ~n acute exudative 

inflammatory response, termed the initial lesion (Schroeder et al. 1975). Features of the initial 

-lesion include loss of perivascular collagen, presence of serum proteins extravascularly, increased 

migration of leukocytes into the junctional epithelium, and alteration of the most coronal portion 

of the junctional epithelium (Page et al. 1976). Thes~ifeatures are the consequence of the rel~ase 
. . . . 

of chemotactic and -antigenic substances secreted by microbial plaque. The early lesion develops 

within 4~10 days (Payne et al. 1975). The characteristic of early lesion-is a dense infiltrate of 

lymphocytes and other mononuclear cells, pathologic alteration of fibroblasts-, and proliferation 

of the basal cells of the junctionai" epithelium. A distinguishing feature of the ~stablished lesion is 

the predominance of plasma cells within the affected connective tissues. In addition to the 
,- . 

presence of plasm~ ceils, features of previous -lesions are accentu~ted and early pocket formrition 
r 

may be present (Page et al. 1976). These features appear within 2-J weeks (Zachrisson 1968). 

The initial, early and established lesions are sequential stages of gingivitis, which may not 

progress for long periods of time. Features of the advanced lesion, which represent periodontitis, 

include periodontal pocket formation, surface ulceration, gingival fibrosis, destruction of the 

alveolar bone and periodontal ligament, tooth mobility, and eventual tooth exfoliation (Page et al. 

i 976). The advanced lesion may remain stable for years or decades, or it may convert to a 

destructive form. 

2.2 , Periodontal Treatment 

The goal of periodontal treatment is to maintain the(p~tient's na4Ira~ dentition in health, function, 
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comfort, at the same time, maintaining the esthetic expectations of the patient. (Becker 2000). In 

order to achieve these goals, periodontal therapy ne~ds to provide appropriate treatment for each 

patient. Periodontal therapy can be categorized as non-surgical or surgical. Non-surgical therapy 

includes plaque control, supra- and subgingival scaling and root planing. The critical probing 

depth limit for effectively treating a patient with periodontal disease using non-surgical therapy 

has been estimated to 2.9 mm, while the limit for modified Widman surgery has been estimated 

to 4.2 mm, suggesting that patients with mild periodontitis can effective]y be treated using non

surgical procedures (Li:q.dhe et al. 1982). Patients with probing depths encompassing 4-6 mm 

may be equally effectively treated with non-surgica.li'or modified Widman surgery (Philstrom et 

al. 1983 ). While it is true that surgical procedures might result in greater gain of attachment, 

personal oral hygiene standards following active therapy appear of greater significance for the 

outcomes than the actual mode of treatment (Lindhe et al. 1982). Patients who mah1tain high oral 

hygiene standards demonstrate greater reduction in probing depth and attachment gain than 

patients who fail to perform optimal plaque control. Thus, patients' self-performed plaque control 

appears the key to long-term treatment success (Lindhe et al. 1984). 

Periodontal surgical therapy is indicated for the following reasons: 1. access· for root 

debridement; 2. elimination of pockets by removal of soft or osseous· tissues; 3. removal of 

diseased periodontal tissues; 4·_ creation of a · favorable restorative environment; and 5. 

establishment of tissue contours that facilitate oral hygiene maintenance (Barrington 1981). 

Periodontal osseous surgery involves modification of the alveolar support of the teeth. Some 

consider osseous resection as the choice · of therapy to produce shallow p~obing -depths. 

Indications for osseous surgery include failure of the gingivectomy technique~ mesially 'tipp~ci 

molars, deep isolated pockets, and saucer-shaped. interproxi~al pockets (Barrington f981). 

Visualization of osseous defects, minimal treatment tdme, simpHcity and elimination of ~dditional 
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surgical sites are considered advantages of osseous surgery (Barrington 198i). Howeve~, its main 

disadvantage is loss of attachment. Osseous surgery is contraindicated for areas that involve 

anatomic limitations, esthetic limitations, and inadequate periodontal attachment (Barrington 

1981). In these instances, alternative therapies should be considered.· 

·Guided tissue regeneration (GTR) is a concept introduced by Melcher (1976), suggesting 

that the periodontium comprises four compartments: epithelium,· connective tissue, periodontal 

ligament (PDL ), and bone; and that the cells in each of these com_partments represent different 

phenotypes capable of repopulating periodontal defects thus determining regenerative outcomes. 

Based on this concept, Melcher concluded that periodontal regeneration may only occur from 

tissue resources native to the PDL (Melcher 1976). Barrier membranes ·manufactured from 

biomaterials including expanded polytetrafluoroethylene, polyglactin, polylactic acid and 
. . ·. . - ' .. ''. '/ 

collagen are used to occlude periodontal defects from gingival tissue resources to support 

migration and proliferation of cells from the PDL. Even though GTR therapy has· proven to 

significantly support periodontal regeneration, the ' technique appeais difficult to master. 

Histological evaluation of ·wound healing following GTR therapy demonstrates that membranes 

frequently· become exposed resulting in infection and limited, 1f any, periodontal regeneration 

(S1gurdsson et al. 1994). Clinical evaluation of GTR therapy in 38 healthy patients exhibiting 

de~p intrabony periodontal defects with a defect depth averaging 6.5±1.6 mm and probing depth 

averaging 7.6±1.5 mm resulted in a 4.1±2.3 mm gain in clinical atta~hment ·in sites witlio~t 

membrane exposure compared to 2.2±2.3 mm in sites exhibiting membrane exp~sure (Trom.belli 

et al. 1997). Clearly, membrane exposure and associated infections severely compromise 

regenerative outcomes following GTR therapy (Sanz et al. 2004). 

Important characteristics for biomaterials and biologics . used in conjunction with 

periodontal regenerative therapy include biocompatibility, space provision, bioadhesion, 
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biodegr~dation, and clinical manageability (Buser et al. 1994 ). Even though in_ vivo and in vitro 

studies have described · the potential use of various biologics including matrix, growt~,. and 

differentiation factors, the.re are only few such constructs available for clinical use. Amelogenins 

are considered responsible for nascent root development. Amelogenin derivatives have become 

commercially available as Emdogain® (Straumann, Basel, Switzerland) indicated for intrabony, 

recession, and furcation defects. A recently introduced synthetic peptide prod:iict, Pepgen® 

(Dentsply,· Lakewood, CO, USA), is considered for periodontal osseous defects, alveolar ridge 

augmentation, sinus elevation, and extraction site preservation. A recombinant human platelet 

derived growth factor product, Gem-21 S® (Osteohealth, Shirley, NY, USA), became 

commercially available in 2005, but limited clinical data is available to assess its performance. 

2.3 Bone Morphogenetic Proteins 

Bone morphogenetic proteins (BMPs) were discovered in the 1960s _when Dr. Marshall Urist 

observed tha;i demineralized bone extracts induced bone formation in . ectopic r.6dent mode_ls 

(Urist 1965). Purification and molecular cloning (Wozney et al. 1988, Celeste et al~ 1990, 

Ozkaynak et al. 1990), and characterization (Wang et al .. 1990, Sam path et al . . 1992, Hotten et al. 

1996) produced recombinant human BMPs (rhBMPs) available for preclinical a:nd clinical 

evaluation including a variety of indications in the axial, appendicular, and craniofacial skeleton. 

Growth/differentiation factor-5 (GDF-5), a me_mber of the B_MP family of proteins and 

consequently the transforming growth factor-P/BMP superfamily, is required for skeletal 

·patterning and vertebrate limb development. GDF-5, also known as cartilage-derived 

morphogenetic protein-I (CDMP-1), shares 40-50% of protein sequence homology with BMP-2 

and BMP-7 (Hotten et al. 1996, Spiro et al. 2000). Preclinical studies have pointed to a role of 

· GDF-5, -6 and -7 in the formation of the POL (Morotome et al. 1998, Sena et al. 2003). GDF 
. . . 

gene expression was first observed in cdls associated with the initial process ·of POL fiber bundle 
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formation. Gene signals were also detected in cells located along alveolar bone ~;md cementum 

surfaces and the insertion sites of the PDL during the course of root formation. GDF gene 

expression was down-regulated after completion of root formation (Sena et al. 2003). Expression 

of GDF-5 and its receptor was demonstrated in ·human PDL cells, while the addition of GDF-5 

enhanced cell proliferation in a dose dependent. order. rhGDF .,.5 exhibits osteoinductive properties 

in vitro and in vivo (Morotome et al. 1998). Furthermore, rhGDF-5 may provide an environment 

conducive to periodontal wound healing/regeneration by affecting extracellular matrix 

metabolism (Nakamura et al. 2003)1 Still ~ther studies have shown clintcally relevant periodontal 

regeneration in discriminating large animal models following surgical implantation of rhGDF-5 

and rhGDF-7 (Wikesjo et al. 2004, Kim et al. 2006). Wikesjo et al. (2004) evaluated rhGDF-7 

soak-loaded onto an absorbable collagen sponge (ACS) and demonstrated significant periodontal 

regeneration in the critical-size supraalveolar periodon_tal defect mod.el. Kim et al. - (2006) 

evaluated rhGDF-5 ·adsorbed onto B-trfo&lcium phosphate (P-TCP) particles or· soak-loaded onto 

ACS using an intrabony critical-size defect model also demonstrating -significant periodontal 
. . . 

regeneration including alveolar bone, cementum, and a functionally oriented PDL. .. 

2.4 -PCC-5 and MDOS 

In this study, a novel P-TCP/PLGA composite·putty formulation coinbined with rhGDF-5 named 

PCC-5 was evaluated. PCC-5 (Seil Technology, Martinsried, Germany) contains rhGDF-5 coated 

onto P-TCP (500 µg rhGDF-5/g) in a poly (lactic-co-glycolic acid) (PI,,GA) composite. In PCC-5, 

rhGDF-5 supports the cascade of cellular events involved in physiologic bone formation and thus 

supports/induces bone formation along and through . the ~.,. TCP particulate scaffold . while 

providing a resorption profi_le of the matrix/carrier component that minimally interferes with bone 

formation/maintenance and periodontal regeneration; the P-TCP particles being biocompatib,le, 

resorb and . are replaced by bone within weeks of implantation. P-TCP _is a . synthetic 
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osteoconductive, resorbable granular inorganic matrix. P-TCP as an implantable stand-alone bone 

biomaterial has been used for orthopedic and craniofacial indications over 20 years (Galois et al. 

2002). A recent study has shown that MOOS (500 µg rhGOF-5/g p.,. TCP) implanted in a rat 

calvarial defect model supported/induced enhanced bone formation compared to a bovine bone 

mineral biomaterial, the bovine bone mineral biomaterial combined with collagen, the bovine 

bone mineral combined with a synthetic peptide, P-TCP from two different manufacturers, and 

sham-surgery control (Pohling et al. 2006). The putty (PLGA) formulation (Herberg et al.' '2008) 

enhances stability of the P-TCP gran1:1les and is intended for indications where P-TCP does not 

provide sufficient structural integrity, i.e. onlay indications. Since PCC-5 is a synthetic, it carries 

no inherent risk of disease transmission. Collectively, current preclinical data indicate that PCC-5 

may exhibit significant potential to induce/support periodontal wound healing/regeneration. 

The MOOS formulation evaluated herei~ (Seil Technology . GmbH~ Germany), is 

composed of a well-known bioresorbable polymer, poly (lactic-co-glycolic acid), and· various. 

excipients such as inorganic fillers and organic additives anci contains rhGDF-5 (Herberg et al. 
- - . . 

2008). This product is designed to be injected directly into a periodontal pocket after· scaling and 

root planing for minimal invasive regenerative treatment of periodontal defects or injected into 

pedodontal defects during regenerative surgery. The material is prepared by admixing of the 

lyophilized growth factor and the ·paste-like_ carrier prior to ap_plication.- The paste-like material 

solidifies when brought in contact with aqueous media ( e.g., blood) and forms in situ a sponge

like matrix within thirty· minutes. The matrix ~ill interact with the surrounding tissue by a 

postulated bioadhesion due to inducing the blood coagulation process. The· porosity ·of the matrix 

will allow cell migration within the material, a pre~equisite for_ ~he regenerative process. This 

process will be enhanced by sustained delivery of rhGOF~S · shown t~ stimulate the proliferation 

and -differentiation of human bone -~nd POL cells·. Contributing to. an accelerated regenerative 
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process and to. avoid obstruction of new tissue formation, the bioresorption profile of the 

composite is reduced to· 2-4 weeks. 

2.5 Animal Models 

Choosing an appropriate animal model is critical to forecast perioqontal regeneration in humans. 
. . , ' ·,. . ' . ' 

Such models· should. provide for clinically relevant regenerati~rt while not. regenerating without 
' \ > ' ' ' ' 

an experimental treatment, and are thuS designated as discriminating critical-size models and can 

only be produced in large animals presently including dogs and nonhuman primates. The canine 

model is the most widely used model for periodontal regeneration. These animals have a natural 

occurrence of periodontal disease, exhibit good temperament, and possess similar immunological 

characteristics of periodontal disease compared to humans. Furthermore, the canine model shows 

I 

the most consistel1t results in periodontal regeneration.studies (Wikesjo et al. 1994). 



3 Purpose 

The objective of this study was to evaluate the eff~ct of rhGDF-5 in two different carrier systems, 

PCC-5 and MD08, in a large animal model. Specifically, the effect of rhGDF-5 on periodontal 

wound healing/regeneration was evaluated in surgically created supraalveolar periodontal defects 

in dogs. 

4 Hypothesis 

rhGDF-5 will enhance· periodontal regeneration over that observed in the control ( carrier only). 

5 Specific Aims 

Specific aim #1: Determine whether. rhGDF-5 promotes periodontal regeneration including 

cementum, PDL and alveolar bone. 

Specific aim #2: Determine the presence of inflammatory reactions associated with any residual 

biomaterial, and any aberrant healing events including root resorption and ankylosis. 

10 



.6 Materials and Methods 

6.1 Overview 

Fourteen young adult male dogs obtained from USDA approved dealer was used. The 

animals were acclimated and received oral prophylaxis before experimental procedures. 

Periodontal defects were created under general anesthesia. The mucoperiosteal flaps were 

surgically reflected around the mandibular third and fourth premolar teeth and critical:-size 

supraalveolar periodontal defects were created. The candidate treatments PCC-5 or MD08 were 

applied around the teeth replacing the surgically removed alveolar bone. The mucoperiosteal 

flaps were advanced, adapted and sutured to cover the defects for primary intention healing. 

Animals received pre- and postoperative pain control, a systemic antibiotic for infection control, 

and had their mouth rinsed daily with an antiseptic solution throughout the study. Sutures were 

removed under sedation at 9-11 days postsurgery. Five animals received MD08 and control 

without rhGDF-5 (carrier only) in contralateral jaw quadrants and 5 animals received PCC-5 and 

' control without rhGDF-5 (carrier only). The animals were euthanized at 8 weeks postsurgery and 

block-sections of the experimental areas were processed for histological and histometric analysis· 

(Figure 1). 

11 
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12 

Fourteen. male Hound Labrador m~mgrel dogs, age 18-24 months, weight 25.,.30 kg, 

obtained from a Medical College of Georgia Laboratory Animal Services (LAS) approved USDA 

licensed vendor, were used. The animals were accustomed to a canned soft dog-food-diet during 

acclimatization to prevent unnecessary stress due to dietary alterations postsurgery. Oral 

prophylaxis (tooth cleaning_) was performed under sedation (telazol 5 mg%g - xylazine 1 mg/kg 

IV); using aseptic techniques within 2 weeks prior to experimental surgeries; anesthetic 

procedures were performed ~d monjtored. by the LAS ·veterinary team. Animal selection and 

management, and surgery protocol followed routines approved by the Institutional Animal Care 

and Use Committee, Medical College of Georgi~. 
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6.3 Experimental Surgery 

Food was withheld the night preceding surgery. The animals were pre..;ariesthetized with 

atropine (0.02-0.04 mg/kg), buprenorphine HCI (0.01-0.03. mg/kg), and acepromazine (0.2-0.3 

mg/kg) IM. After tranquilization, a 20-2l gauge IV catheter was placed in the foreleg for 

induction with propofol (5-7 mg/kg; IV). Animals were then moved to the operating room and 

maintained on gas anesthesia (1.5-2% isoflurane/O2 to effect). The animals received a slow 

constant rate infusion of lactated Ringer's solution (LRS; 10-20 ml/kg/hr ·IV) to maintain 

hydration during surgery. Depth of anesthesia was monitored by lack of response to toe pinch, 

lack of corneal reflex, and by monitoring the depth of respiration. All anesthetic procedures were 

performed and monitored by the LAS veterinary team. 

Three experienced surgeons performed all surgical procedures. Supraalveolar, critical 

size, periodontal defects were created around the third and fourth mandibular premolar teeth 

(Figure 2 & 3) in right and left jaw quadrants in each animaI37
• Briefly, buccal and lingu.ai muco

periosteal flaps were reflected following buccal and lingual sulcular incisions from the canine 

tooth to the second molar. The first and second prenwlar· teeth ·were extracted and the first· qiolar 

was surgically reduced to the level of the alveolar crest. Alveolar bone was removed around the 

circumferenc~ of the remaining prem.olar teeth using chisels and water-cooled rotating burs. Th~ 

root surfaces were instrumented with curettes, chisels, and water-cooled· rotati~g diamonds to 

remove the cementum. The crowns of the teeth were reduced to appr~ximately. 2 mm coronal to 
. ' 

the cemento-enamel junction (CEJ) and the cut surfaces were smoothed. Exposed pulpal tissues 

were sealed (Cavit®, ESPE, Seefeld/Oberbayem, Germany). Clinical defect height, from the CEJ 

to the surgically reduced alveoiar crest, was set to 6 mm as measured with a periodontal probe. 
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Figure 2. Lateral view of canine mandible including 3 incisors, 1 canine, 4 premolars and 3 molars. 

Figure 3. The supraalveolar critical-size periodontal defect model; height from the CEJ to the surgically reduced alveolar crest (green 
arrow) approximates 6 mm. 

The maxillary first, second, and third premolar teeth (Figure 4) were surgically 

extracted, and the maxillary fourth premolars will be reduced in height and exposed pulpal 

tissues sealed (Cavit®, ESPE, Seefeld/Oberbayem, Germany) in order to alleviate potential 

trauma from the maxillary teeth to the experimental mandibular sites postsurgery. 
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Figure 4. Lateral view of canine maxilla including 3 incisors, 1 canine, 4 premolars, and 2 molars. 

6.4 Wound Management 

Supraalveolar periodontal defects in five animals received the PCC-5 and carrier control 

(PLGA/8-TCP) in contralateral jaw quadrants. Five animals received MD08 and carrier control 

(PLGA) in contralateral jaw quadrants (Table 1 ). The rhGDF-5 constructs were placed to cover 

the roots to replace the removed alveolar bone and were allowed to set while absorbing bleeding. 

The surgeon attempted to fill the defects with approximately the same rhGDF-5 dose using both 

carriers, implanted volumes as directed by the manufacturer. Following placement, the periostea 

were fenestrated at the base of the flaps to allow wound closure with tension-free flap apposition 

for primary intention healing. The flaps were advanced, the flap margins being adapted 3-4 mm 

coronal to the teeth and sutured (GORE-TEX™ Suture CV5, W.L. Gore & Associates Inc~, 

Flagstaff, AZ). Intrasurgery photographs were taken prior to and immediately after placement of 

the device, and following wound closure. 



Table 1. Distribution of treatments among animals. 

-No: of animals 
MD08 
Control 
Healing interval 
No. of animals 
PCG .. 5 
Control 
Healing interval 

6.5 Postsurgery Procedures 

5 
rhGDF-5 in carrier(464 µg rhGOF-5/ml implant) 

carrier only 
8weeks 

5 
rhGDF-5 in carrier (200 µg rhGDF-5/g implant) 

carrier only 
8weeks 
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A long-acting opioid (buprenorphine HCl, 0.01-0.03 mg/kg, IM, BID/3 days) were 

administered for pain control. A broad-spectrum antibiotic ( enrofloxacin; 5 mg/kg, IM, 

SID/7days) was administered for infection control. Plaque control was maintai~ed by daily 

flushing of the oral cavity with chlorhexidine gluconate (Xttrium Laboratories, Inc., Chicago, IL, 
,• 

USA; 20-30 mL of a 2% solution) until completion of study. The animals continued the canned 
. . 

soft dog-food-diet throughout the study. Sutures were removed under sedation (telazol 5 mg/kg 

and xylazine 1 mg/kg; IV) at approximately. 10 days postsurgery; · all anesthetic procedures 

performed and monitored by the LAS veterin~ team. Radiographs were obtained under 

anesthesia (telazol 5 mg/kg and xylazine 1 mg/kg; IV) at suture removal approximately 10 days 

postsurgery, and at 4 and 8 weeks postsurgery. The LAS veterinary team performed postsurgery 

monitoring, administered all drugs, and performed plaque control. 

The surgical sites were monitored daily until suture removal for swelling/dehiscencies/ 

infection and thereafter at least weekly. The PI in collaboration with the LAS veterinari~ 

decided necessary action required in event of adverse affects including wound debridemept, tooth 

extraction, or removal of the animal from study due to early extensive wound dehiscencies. 
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6.6 Euthanasia 

The animals were anesthetized and euthanized at 8 weeks postsurgery by an intrayenous 

injection of concentrated sodium pentobarbital (Euthasol®, 150 ·mg/kg, Delmarva Labo~atories, 

Inc, Midlothian, VA, USA). Following euthanasia, block sections including te_eth, alveolar bone, 

and surrounding mucosa were collected. The specimens were rinsed in sterile saline and 

transferred to 10% neutral buffered formalin at a volume 10 times that of the block section. 

6. 7 Histological Processing 

Tissue blocks including premolar teeth, bone and soft tissue were fixed in 10% buffered 

formalin for 3-5 days, decalcified in 5% formic acid for 8-10 weeks, trimmed, dehydrated, and 

embedded in paraffin. Serial sections (7 µm) were produced in a buccal-lingual plane throughout 

the mesial-distal extension of the teeth. Every 14th section was stained using hematoxylin and 

eosin for observations at 100 µin intervals. 

6.8 Histologic and Histometric Analysis 

The histopathologic evaluation by two examiners included observations of new bone 

formation and resorption, woven and lamellar bone, cortex form:ation, serbma · formation, 

fibrovascular tissue and marrow, vas~ularity, ce~en~m formation,, fibrous attachment, root 

resorption; ankylosis, residual biomaterial, and associated tissue reactions. 

One masked, calibrated examiner performed the histometric analysis ~si~g incandescent 

and- polarized light microscopy (BX 51, Olympus America, Inc., Melville,: NY, USA), a 

microscope digital camera system (Retiga 4000R Qlmaging, Burnaby, BC, Canada), and a PC

based image analysis system (lmage..:Pro Ph_1s™, Media Cybernetic, Silver Springs, MD, USA). 
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The most central section, based on the bucc~l-lingual extension of the root· canal, from each 

tooth/root was used. for the histometric analysis (Figure · 5). The following parameters were 

. recorded for the experimental buccal and lingual surfaces of each tooth: 

• Defee t Height (mm): distance between apical extension of the root planing an~ the CEJ. 

• Cementum Regeneration (mm): distance between apical extension of the root planing and the 

coronal extension of a continuous layer of new cementum or cementum-like deposit on the 

planed root. 

• POL Regeneration (mm): distance between apical extension of the root planing and the 

coronal extension of a functionally oriented POL on the planed root. 

• Bone Regeneration (height; mm): distance between the apical extension of root planing and 

the coronal extension of regenerated alveolar bone along the.planed root. 

• Bone Regeneration (area; mm2
): area represented by new alveolar bone along the planed 

root. 

• Bone Dens ity (% ): ratio of regenerated bone/marrow spaces. 

• Root Resorption (mm): combined linear heights of distinct resorption lacunae on the planed 

root. 

• Ank ylosis (mm): combined linear heights of ankylotic union between the regenerated 

alveolar bone and the planed root. 
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Figure 5. Photomicrograph of central histological section .depicting some of the histometric parameters used; (light blue arrow: 
apical extension of root planing; yellow arrow: cemento-tmamel junction; green arrow: defect height; blue arrow: bone regeneration 
(height). This site from a previous study was treated with an ePTFE membrane. 

6.9 Statistical Analysis 

Examiner reliability for the histometric evaluation was assessed using the concordance 

correlation coefficient (Lin 1989). This coefficient ranges between 0 and 1, the higher the 

coefficient the greater the reliability. The concordance correlation coefficient for the histometric 

measurements ranged from 0.96 to 0.99 demonstrating high reliability for all parameters assessed. 

The concordance correlation coefficient for ankylosis was 0.69 showing moderate reliability. 

The animal was used as the unit of analysis. All measurements at site level were averaged 

for each jaw quadrant. Generalized estimating equations were used to perform the analysis. 

Measurements at tooth level were used and estimates were adjusted for the clustering of teeth into 

animals using a robust variance estimator. Wald tests were used for multiple comparisons. The 
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level of significance was set at 5%. All analysis was performed using a computer-based statistical 

software (Stata 9.2 for Windows, Stata Corporation, College Station, TX, USA). 

6.10 Sample Size and Power Determination 

A previous study showed that if there is a difference of 1 standard deviation unit between 

groups in a split-mouth design, a sample size of 5 to 7 dogs will detect this difference as 

statistically significant 70-80% of the time in repeated trials (Bartko et al. 1988). Assuming that 

there is no spill-over effect from one treatment to an(?ther, the most powerful research design to 

compare treatments is a split-mouth design (Antczak-Bouckoms et al. 1990). In. this study, the 

use of contralateral jaw quadrants in a split-mouth design reduced the number of animals needed 

at the same time obtaining valuable intra-animal comparisons. 



7 Results 

7.1 Clinical And Radiographic Observations 

7 .1.1 PCC-5. 

PCC-5 was easy to prepare and to adapt to the surgical site. Two glass vials of the sterile 

PCC-5 500 lyophilisate (250 µg rhGDF-5/vial) or the equivalent amount of the carrier control 

was prepared and used for each supraalveolar defect site. 

Two animals were exited from this group due to bilateral early suture line dehiscencies 

exposing the implanted material and teeth. These animals were replaced. For the rest of the 

animals, suture line/wound dehiscencies were observed earlier and appeared more extensive at 

the PLGA/B-TCP control sites (Appendix 11.1.1 ). At suture removal, approximately 10 days 

postsurgery, 3 of 5 PLGA/B-TCP control sites were partially exposed whereas none of the 

experimental sites. At 4 weeks, 4 of 5 control sites were partially exposed vs. 1/5 PCC-5 sites. At 

8 weeks, 4 of 5 control sites were exposed, 1 PCC-5 site was exposed, 1 PCC-5 site showed the 

top surface of the teeth, while 3 sites remained submerged. 

Radiographs were obt_ained at suture removal, and at 4 and 8 weeks po.sts~rgery (Appendix 

11.2.1 ). The 8-week radiographic registrations i_ncluded a radiographk~ recording of the biopsy. At 

suture removal, both PCC-5 and PLGAIB-TCP control sites exhibited radiopacity consistent with 

residual PLGA/B-TCP particles encompassing the larger part of the defect sites. At 4 weeks, the 

radiopacity appeared reduced consistent with resorption of the granular carrier biomaterial. At 8 

weeks, -there were significant differences in radiopacity/bone formation between control and 

experimental sites. Whereas bone formation was limited to the apical third in the control sites, 

bone formation commonly encompa~sed almost the complete. furcation area and adjacent 

_interproximal surfaces in the PCC-,-5 sites. Radiographic suggestions of root resorption were 
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observed in one animal #4 at 8 weeks including the experimental and control third premolar 

tooth. All other teeth appeared unaffected by root resorption {Appendix 11.2.1 ). 

7.1.2 MDOS 
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MD08 was easy to prepare and apply to the surgical sites. Due to the __ flow of the material_ 

the surgeon _had to wait 5-10 minutes to allow the material to reach structural integrity before flap 

adaptation and suturing. Two glass vials of the sterile MDO8 lyophilisate mid-dose (324.9 µg 

rhGDF-5/vial) were prepared. 1.3 mL MD08 or the equivalent amount of the PLGA control was 

aspirated into a 3 cc syringe with a 20G needle and adapted to the supraalveolar defect site. 

Two animals were exited from this group, one due to intrasurgery anesthesia 
. . 

complications ( cardiac arrest) unrelated to the experimental procedure, the second due to bilateral 

early· suture line dehiscencie·s exposing · the implanted material and teeth. At suture removal, 

approximately 10 days postsurgery, 1 of 5 PLGA control and 1 of 5 MD08 sites were partially 

exposed. At 4 weeks, 5 of 5 control sites were partially (3) or completely exposed (2) vs. 2 of 5 

partially and 2 of 5 completely exposed MD08 sites. At 8 weeks, 2 of 5 control sites were 

partially exposed and 3 of 5 completely exposed. Three of five experimental sites were partially 

exposed while the two remaining sites were completely exposed (Appendix 11.1.2). 

. . " . . ' . , 

The PLGA carrier does not have radiopaque elements thus all control and experimental 

sites did not show any related radiopacity at suture removal at approximately 10 days 

postsurgery. The 4-week observations did not indicate radiographic suggestions of bone 

formation for the control or the MD08 sites. The 8-week observations showed suggestions of 

significant bone formation in_ l of 5 MD08 sites (animal #13; Appendix 11.2.2). Radiographic 
. ' 

suggestion~ of root resorption w~re not observed: 
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7.2 Histologic Analysis 

The results of the qualitative histologic analysis are shown in Appendix 11.3 .1 and 

11.3 .2. Photomicrographs of central representative sections from each experimental tooth (ro'ot) 

included in the analysis are shown in Appendix 11.4.1 and 11.4.2. 

7.2.1 PCC-5 

Sites implanted with PCC-5 and the control PLGA/B-TCP carrier both exhibited new 

bone formation including lamellar and woven bone. Cementum formation was predominantly 

acellular or cellular intrinsic or mixed fiber cementum. without remarkable differences between 

experimental and_ control sites. Extrinsic fiber cementum was rare. PDL density was generally 

similar in experimental and control sites ranging between score O (no PDL fibers) and score 2 

(moderate density PDL) without reaching the density of the native PDL (score 3). The formation 

of a junctional epithelium, a consequence of wound dehiscencies, was observed in 2 of 5 PCC-5 

and 4 of 5 control sites. Root resorption was observed in 4 of 5 PCC-5 and 3 of 5 control sites, 

and ankylosis was observed in 3 of 5 PCC-5 and 1 of 5 control sites. Limited PLGA/B-TCP 

. residues were observed in 2 of 5 experimental and 4 of 5 control sites. One site (animal #12 

LP3M) showed significantly more residual PLGA/B-TCP than observed in all other sites. 

7.2.1 MD08 

Sites receiving MD08 or the PLGA composite carrier (control) showed newly formed 

woven and lamellar bone. It appeared that the newly formed bone was predominantly woven in 

the MD08 group consistent with increased bone formation· in sites implanted with MD08 

compared to that in the control ·where more limited bone formation frequently displayed elements 

of lamellar bone. Cellular cementum was a predominant observation at sites implanted with 

MD08 whereas controls commonly exhibited a mixture of cellular and acellular cementum. The 
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newly formed cementum in sites receiving MD08 exhibited characteristics of a mixed fiber 

cementum whereas the PLGA control commonly showed features of intrinsic fiber (repair) 

cementum. PDL density was generally low (PDL score 1) in sites implanted with MD08. Control 

sites exhibited PDL density ranging from score O (no PDL fibers) to score 2 (moderate density 

PDL ). Since wound dehiscencies were common in this group of animals so was the formation of 

a junctional epithelium apparently more advanced in the control group. Two of five animals 

exhibited root resorption, one animal exhibiting root resorption and ankylosis in both sites 

implanted with MD08 and the PLGA control. A limited amount of carrier material was observed 

in one site from the MD08 group. 

7.3 Histometric Analysis 

Summaries of the histometric analy~is for the PCC-5 and MOOS groups are shown Table 

2. PCC-5. showed significantly greater ceme.ntum formation~ bone 'formation (height), and 

ankyi~sis compared to the PLGA/B-TCP. controL No. significant differences were observed 

between MD08 and the PLGA control. Comparing observations in_ PLGA/B-TCP and 'PLGA 
. . . ~ . 

control sites no significant differences were .noted between the groups. PCC-5 showed borderline 

significant greater connective tissue and cementum formation· when compared to that in sites 

receiving MD08 (p = 0.09 and 0.06, respectively). 
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Table 2 Summary of the histometric analysis for the PCC-S and MOOS groups. 

PLGA/ll- 5.79 ±0.07 1.57±0.60 0.80±0.13 1.13 ±0.25 1.21 ±0.30 0.84±0.36 61.11 ±5.33 0.00 0.14±0.13 
TCP 

PCC-S 5.78 ±0.07 0.77±0.59 1.46±0.50 2.34±0.44 2.92±0.66 2.77±1.38 68.92±5.91 0.54±0.16 0.31±0.13 

p-value 0.87 0.43 0.19 0.02 0.02 0.22 0.20 8.007 0.42 

PLGA 5.78 ±0.il 2.03 ±0.52 0.66±0.12 1.10±0.23 0.98±0.25 0.81±0.25 59.71±9.88 0.02±0.02 0.09 ±0.06 

MD08 5.81 ±0.09 1.83±0.88 0.49±0.09 1.20±0.28 1.50±0.62 1.00±0.35 54.99 ± 10.25 0.21 ±0.16 0.10±0.04 

p-value 0.77 0.82 0.20 0.63 0.29 0.62 0.36 0.22 0.79 

PCC-S 5.78 ±0.07 0.77±0.59 1.46±0.50 2.34±0.44 2.92±0.66 2.77±1.38 61.11±5.33 0.54±0.16 0.31 ±0.13 

MD08 5.81 ±0.09 1.83±0.88 0.49±0.09 1.20±0.28 1.50±0.62 1.00±0.35 59.71 ±9.88 0.21 ±0.16 0.10±0.04 

p-value 0.77 0.34 0.09 !l.!1§ 0.1S 0.24 0.90 0.17 0.16 

PLGA/D- S.79 ±0.07 1.57±0.60 0.80±0.13 1.13 ±0.25 1.21 ±0.30 0.84±0.36 61.11 ±5.33 0.00 0.14±0.13 
TCP 

PLGA 5.78±0.11 2.03±0.S2 0.66±0.12 1.10±0.23 0.98±0.25 0.81 ±0.25 59.71 ±9.88 0.02±0.02 0.09 ±0.06 

p-value 0.88 0.58 0.43 0.94 0.57 0.96 0.90 0.31 0.71 



8 Discussion 

The objective of this study was to evaluate the effect of two novel rhGOF-5 formulations, 

PCC-5 and MOOS, on periodontal wound healing/regeneration using an established large animal 

supraalveolar periodontal defects model. Using a split-mouth design, five animals were·scheduled 

to receive PCC-S(rhGOF-5/PLGA/B-TCP) versus PLGA/B-TCP, and five animals MOOS 

(rhGOF-5/PLGA) versus PLGA in contralateral defects. The animals were euthanized following 

at S weeks postsurgery for histologic and histometric analyses. Sites receiving PCC-5 exhibited 

statistically greater periodontal regeneration including cementum and bone formation (height) 

compared to the PLGA/B-TCP control. However, regeneration of the periodontal attachment was 

compromised by ankylosis. No significant differences were observed between MOOS and the 

PLGA control. Both test and · control sites frequently exhibited early suture line dehiscencies 

exposing implanted material and teeth, and limited bone formation. 

8.1 Defect Model 

.This study utilized a canine model system- including 6-mm, critical size, supraalveofar, 

periodontal defects. Controlled animal models with reproducible defect characteristic: and 

biologic reaction are critical for evaluation of saf~ty· and efficacy of periodontal reconstructive 

protocols. This model is considered critical-size defect because the defect that was created will 

not regenerate within the lifetime of the animal without adjunctive ·measures, in this study S 

weeks· (Wikesjo et al. '1999) .. In this procedure, spontaneous alveolar bone and cementum 

regeneration does not exceed 15% of the defect height over an S-week healing interval (Wikesjo 

et al. 2004). Supraalveolar, periodontal, defe_ct model allows unbiased analysis due to its unique 
. . 

defect morphology. Unlike clinical typi~ defects such as intrabony and dehiscence defects, supra-
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alveolar defects allow for the standardized defect size and unbiased selection for analysis. 

Regeneration in intrabony sites follows several vectors that are influenced· by surrounding 

alveolar structure and periodontal ligament (Figure 6). This defect may need a 3-demensional 

analysis to fully evaluate its result. In contrast periodontal regeneration in a neighboring 

supraaloveolar site is influenced only from the base of defect, allowing simplified analysis along 

an apical-coronal vector (Wikesjo et al. 1999). 

Figure 6. Schematic representation of influence of healing (blue vectors) from adjacent tissue resources in intrabony (left) and 
dehiscence defects (middle), compared to the critical-size supraalveolar, periodontal defect model (right). B. Healing vectors from 
lateral tissue sources in the clinical type of defect may influence the histometric analysis (Wikesjo et al. 1999). 

8.2 PCC-5 

8.2.1 Bone Regeneration 

In this study, bone regeneration was significantly enhanced at the sites receiving PCC-5 

(rhGDF-5/PLGA/B-TCP) compared to PLGA/B-TCP control. Bone· regeneration (height) 

averaged 51 % and 21 % of the defect heig~t, respectively, for sites receiving PCC-5 and the 

PLGA/B-TCP control. Bone regeneration (area) averaged 2.77 and 0.84 mm2
, respectively. 

Previous studies have used the supraalveolar periodontal defect model to assess the effect of 

BMPs (Sigurdsson et al. 1995, 1996, Wikesjo et al. 1999, 2004, Selvig et al. 2002, Sorensen et 

al. 2004). Wikesjo et al. (1999, · 2Q04) demonstrated significantly enhanced bone formation 

following application of rhBMP-2 and rhGDF-7 in various concentrations using an absorbable 

collagen sponge (ACS) carrier. Sigurdsson et al. (1996) evaluated candidate carriers for rhBMP-2 

including canine demineralized bone matrix, bovine bone mineral matrix, Type I bovine 



28 

absorbable collagen sponge, poly (lactic-co-glycolic acid) microparticles, and polylactic acid 

granules for their ability to support rhBMP-2 induced bone formation. Bone formation ranged 

from 71 % to 100% of the defect height among these carriers. In yet another study Sorensen et al. 

(2004) evaluated a calcium phosphate cement as a carrier for rhBMP-2. Induced bone height 

exceeded 80% of the defect height for supraalveolar defects implanted with rhBMP-2/calcium 

phosphate cement. In baboon study, Ripamonti et al. ( 1994, 1996) evaluated rhBMP-7 /OP- I, 

rhBMP-2, and combination of rhBMP-7 and rhBMP-2 in Class II furcation defects. rhBMP-

7 /OP-1 and rhBMP-2 were implanted via an insoluble collagenous bone matrix. rhBMP-2 and 

rhBMP-7 induced similar bone regeneration while the rhBMP-7 /BMP-2 did not further enhance 

alveolar regeneration. Collectively, the results from these studies point to the significant potential 

of rhBMP-2 and rhBMP-7 but also rhGOF"."5 and rhGOF-7 to induce alveolar bone formation; 

differences between treatments to some extent are dose· dependent, but ·also influenced by the 

carrier matrix and its release kinetics. 

8.2.2 Cementum and POL Regeneration 
- . 

In p~esent study, PCC-5 showed greater cementum· formation compared to the PLGA/B-

TCP control. Cementum regeneration averaged 40% and 20% of the defect height, respectively, 

for sites receiving PCC-5 and the PLGA/B-TCP control. Cementum formation was acellular· or 

cellular intrinsic or mixed fiber cementum without remarkable differences between experimental 

and control sites. Extrinsic. fiber cementum was rare. tJ?L density was generally similar hi 

experimental and control sites rarigi11g between score O (no POL fibers) and score 2 (moderate 

density POL) without reaching the density of the native POL (score 3). The regenerative potential 

of the cementum in this study is similar to that in a previous study evaluating supraalveolar 

periodontal defects that were implanted with rhBMP-2/ACS and rhGOF-7/ACS (Wikesjo et al. 
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2004). Cementum regeneration averaged 43% and 41 % of the defect height, respectively, for sites 

receiving rhBMP-2/ACS and rhGDF-7/ACS. However, sites receiving rhGDF-7/ACS exhibited a 

new fibrous attachment of high density attached to new cementum. It must be noted that other 

previous studies have reported greater cementum regen·eration and formation of a functional 

attachment following application of rhBMP-2 and rhBMP-7. A functionally oriented PDL was 

observed following application of rhBMP-2 in three-wall intrabony (Ishikawa et al. 1994, Choi et 

al. 2002) and furcation (Ripamonti et al. 1994, 1996) defects. However, such observations may 

likely be explained by the use of indiscriminant model systems. 

8.2.3 Aberrant Healing Events 

Ankylosis in the cervical third of the defect was a common observation in sites receiving 

PCC-5. This observation is shared with previous studies evaluating rhBMP-2 technologies using 

the supraalveolar periodontal defect model (Sigurdsson et al. 1995, 1996, Wikesjo · et al. 1999, 

2003a,b,c, 2004). Other studies using rhBMP-2 (Ishikawa et al. 1994, Talwar et al. 2001) or 

rhBMP-7 (Ripamonti et al. 1996, Giannobile et al. 1998) in various carrier systems, also provide 

evidence of ankylosis in rodent, canine, and primate modeis. Wikesjo et al. (2004) noted that 

ankylosis appeared less appreciable in sites receiving rhGDF-7 at 0.04 and 0.2 mg/ml compared 

to sites receiving rhGDF-7 at 1.0 mg/ml or rhBMP-2 at 0.2 mg/ml using the supraalveolar 

periodontal defect model. 

In the current study, limited root resorption was observed for both PCC-5 and PLGA/B

TCP control. This is in contrast to previous studies where root resorption following application of 

rhBMP-2 or other BMP technologies was common (Giannobile et al. 1998, Sorensen et al. 2004, 

Wikesjo et al. 2004). Collectively, root resorption and ankylosis were rarely encountered in the 

apical aspect of supraalveolar periodontal defect as root resorption and ankylosis have not been 
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observed in more limited periodontal defects (Kinoshita et al. 1997, Choi et al. 2002). This 

observation may suggest that root resorption and ankylosis might not become a healing 

complication follow~ng application of _BMPs in limited periodontal defects in clinical settings. · 

8.2.4 Biomaterials 

The biomaterial that is implanted to periodontal sites should not obstruct bone formation 

and periodontal regeneration. In this study, limited PLGA/B-TCP residues were observed in 2 of 

5 experimental and- 4 of 5 'control · sites. Due to limited amount . of residual biomaterial, 

measurement was not recorded. Previous studies have repot1ed a large amount of biomaterial 

such as bovine bone mineral (Sigurdsson et al. 1996) and calcium phosphate cement (Sorensen et 

al. 2004) found when used as rhBMP-2 carrier in supraalveolar periodontal defect. Overall, 

limited PLGA/B-TCP residues were found for both experimental and control sites, however, 

residual biomaterial was more commonly found for control sites. A recent study by Koo et al. 

(2007) reported sites · implanted with rhTGF-B 1 · group had significantly smaller amount of 

, residual carrier biomaterial compared to the control group. This observation implies that the 

rhTGF-Bl increased the degradation rate of biomaterial. This is in agreement with previous 
. . . . 

studies where differentiation factors such as BMPs have shown to accelerate degradation of the 

biomaterials ·that was as used carrier technologies (Sigurdsson et al. 1996). 

8.3 MD08 

The sites receiving MD08 and the PLGA composite carrier showed newly formed woven 

and lamellar bone. However, no significant differences were rioted between MOOS and PLGA 'in 

terms of PDL, cementum, bone formation. Also, sites receiving MDos· had no aberrant healing 

such as ankylosis and root resorption. Possible reason for these results can be due to early wound 
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dehiscencies exposing the implanted material and teeth. Also, it is possible that in this challenging 

periodontal defect, MD08 wasn't able to sustain space maintenance, which limited the 

periodontal regeneration. 

8.4 Summary 

• PCC-5 exhibited greater periodontal regeneration ( cementum/bone formation)· compared 

control. 

• However, PCC-5 exhibited greater ankylosis compared to control. 

• Limited PLGA/B-TCP residues were observed for both PCC-5 and PLGA/B-TCP site. 

• PLGA/B-TCP provided adequate structural integrity in a challenging onlay setting and 

appears to be a promising carrier technology for rhGDF-5 

• Due to early wound dehiscencies, the results of this study relative to the potential of the 

PLGA rhGDF-5 carrier technology are inconclusive. 



9 Conclusion 

In conclusion, this study has shown that the PLGA/~-TCP provided adequate structural 

integrity in a challenging onlay setting and appears to be promising carrier technology for 

rhGDF-5. Additional evaluation under conditions for optimal wound healing including dosage 

and release kinetics should be conducted to optimize this rhGDF-5 composite formulation prior to 

clinical evaluation. ·· 
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11 Appendix 

11.1 Clinical Observation 

11.1.1 PCC-5 

#lL surgical protocol; healing at 10 days, 4 and 8 wks (PCC-5) 
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#3L surgical protocol; healing at 10 days, 4, and 8 wks (PCC-5) 
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#4R surgical protocol; healing at 10 days, 4 and 8 wks (PCC-5) 
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#1 lR surgical protocol; healing at 10 days, 4 and 8 wks (PCC-5) 
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#12R surgical protocol; healing at 10 days, 4 and 8 wks (PCC-5) 
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11.1.2 MD08 

#6R surgical protocol; healing at IO days, 4 and 8 wks (MD08) 
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#8L surgical protocol; healing at 10 days, 4 and 8 wks (MD08) 
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# lOL surgical protocol; healing at 10 days, 4 and 8 wks (MD08) 
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#13L surgical protocol; healing at 10 days, 4 and 8 wks (MD08) 
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#14R surgical protocol; healing at 10 days, 4 and 8 wks (MD08) 
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11.2 Radiographic Observations 

11.2.1 PCC-5 

#4R 10 days, 4and 8wks, biopsy (PCC-5) 
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#12R 10 days, 4and 8wks, biopsy (PCC-5) 
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11.2.2 MD08 

#lOL 10 days, 4and 8wks, biopsy (MD08) 
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#14R 10 days, 4and 8wks, biopsy (MD08) 
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11.3 Histologic Analysis 

Table 3 PLGA/fl-TCP 

RP3M ·x x-_- x·· 2. x 
I : RP3D ,. X .X X ,_.: :x. 2 X 
I Rl'4M · 
I RP4D .X 
3 RP3M X X X I X X 
3 RP3D X X X X I.S X 
3 RP4M X X ·X 2 X X 
3 RP4D X X X 1 X 
4. LP3M. MissitiR 
4. LP3D X X 2 .X .X .. 
4:'- 'Ll'4M- ·X x:. x· ·-.· X.:·· 

.. 4 LP4D· , . . X. !':·· ·X -X 1· .:·,, 
II LP3M X X X o.s X X 
II LP3D X X x. 0 X X 
II LP4M X X X 2 X X 
II LP4D Poor X 

12 Ll'3_M. X X 
12, LP3D X· '. X ,· 

12 · Ll'4M X X -X :x· 
12. · LP41) X x·. X • 0 X 

Table 4 PCC-5 

;,i-~f:~i;~i;~:~;:;~~ex~~~-~-~f~j]i'.!~~'t~:;': 
1 LP3i> x· X . X : X ,' > X I X .. · ·x· 
'1 _· LP4M . X. ,_. ' X X. X · 0. , X··.. X. • •. 
l· I.f4D .,X ,X· -· :--X· . X.' ·X ,,.,. 0, ··•... •. :_> X· 
3 LP3M X X X. 0 X X X 
3 LP3D X X X X I X X X 
3 LP4M X X X 1 X 
3 LP4D X X X X 0 X X 

. 4 . ·R1'3M · X x· 1 X 
4 -RP3D X X .0 X 
4-_ RPilM x· X X 0 x· 
4 ··. . . RP4D X · X -X X 
II RP3M X X X 0 
II RP3D X X X 
II RP4M X X X 0 X 
II RP4D X X X X 0 X X 

12." .Rl'3D · .. X ·._ X ·. .x,, ·. ·,·x--. 
··•-o· .. , .. -

O _ _" I· 



Table5 PLGA 
:nG...t\' 

6 LP3M 
6. LP$D X ·X. .---'..,X I_ x·.:, 
.6 LP4M X .· X 

6 · LP4D. X X 
8 RP3M X X X X X 
8 RP3D X X X X X 
8 RP4M X X X X 
8 RP4D X X X X 
10 'RP3M·· X. X -X X 
10 RP3D X x: X x ·. .. 

10 RP4M Missil)i! 
·, 

10 RP4D · x· X X' X 
13 RP3M X X X X 
13 RP3D X X X 
13 RP4M X X X X 
13 RP4D X X X X 
-14 ·LnM X -:.x X• 
14 ' LP3D Poor :-, ) .. , .. 
14. ·. LP4M_ X X 
14 _L\'4D ·JC" X 

Table6 MD08 
-MD08· Bone.. . . ... .. Cementum . 

6 
6 
6 
6 
8 
8 
8 
8 
10 
10· 
10 -
10 
13 
13 
13 
13 
14 
14 
14 
14 

Rl!3M X. X 
RP3D 
RP4M 

. 'RP4D 
LP3M X 
LP3D 
LP4M 
LP4D 
LP3M·· 
Ll'3D, 
LP4M 

·LP4D 
LP3M X 
LP3D 
LP4M 
LP4D 
RP3M 

.,RP3D • 
RP4M 
RP4D'-

ow density PDL 
moderate density PDL 

X 

X 
X X 
X X 

X 
X X 
X: ·x 
X X 
X ··x 
X· X 
X X X 
X X X 
X X 
X X X 

:-x 
.x ., X 
X 'X. 
x-··: X·· x· 

WP:':' (POC)fiberdensity _ ., . 

higli_deosjt,..lm,_~~ the native_ll{ljginjggJ'.ill,), ____ ....J 

X 

X 
X 
X 
X 
X 
X 
-x. 
X 

·-·.x 

X 

-· x. 

.0 
2 
2 
2 
2 

·.o 
-0 

0 
0 

0 

·o 

PDL ..• 
~sity 

I 
,:1 

. r 

l 
0 
0 

0 
l· 
l 

.x 

X 
X 
X 

X 
X 
X 

X 
·X 

·Junctional; 
'epilhcJfu111'.• 

X 
X 

X 
X 
X 
X 
X 
_x 
X 

:X 
X 
X 

X, .r .... 

X·· 
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11.4 Representative Photomicrographs 

11.4.lPCC-5 

Animal #1 PLGA/0-TCP - ' . 

RP3M8 RP3DR12 

~
,. 
' ~: 

.p1.g,'•; 
•, . 
f,·.: 

':.i 

LP3M5 LP3Dl 

RP3M15 

Animal #3 PCC-5 

LP3M21 LP3D9 

RP4M18 RP4D16 

LP4M7 LP4D8 

RP4M15 

LP4Mll LP4D2 
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LP4M12 LP4D29 

Animal #4 PCC 5 

RP3M7 RP3D1 RP4Mll RP4D8 

Animal #11 PLGA/8-TCP 

LP3M2 LP3D1 LP4M9 LP4DR1 

Animal #11 PCC-5 

RP3MR17 RP3DR8 RP4M19 RP4D11 
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LP3M9 LP3D1 LP4M3 LP4D2 

Animal #12 PCC-5 

RP3Ml RP3D2 RP4M3 RP4D2 
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11.4.2 MD08 

LP3MR 1 LRP4D 15 

Animal #6 MD08 Test 

RP4D9 

Animal #8 PLGA 

RP3Ml RP3DR11 RP4M 10 RP4D2 

Animal #8 MD08 

LP3M5 LP3D 1 LP4M5 LP4D2 
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Animal #10 PLGA 

RP3M5 RP3D2 . RP4M3 RP4D6 

Animal #10 MD08 

~ 

LP3M6 LP3D6 LP4M4 LP4D26 

Animal #13 PLGA 

RP3M21 RP4M 1 RP4D7 

Animal #13 MD08 

LP3M 15 LP3D9 LP4M21 LP4D4 
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Animal #14 PLGA 

LP3M7 LP3D4 LP4M 1414 LP4D 15 

Animal #14 MDOS 

RP3D7A 14RP4M 12 RP4D9 
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11.5 Histometric Results 

Table 7 Summary of the histometric analysis for the PCC-5 vs PLGA/.13-TCP group. 

Animal! s.ss 0.00 1.06 2.02 2.21 2.18 81.10 0.00 O.ot 

Animal3 S.87 1.87 O.S4 0.67 O.S2 0.20 S3.71 0.00 0.00 

Animal4 S.88 0.79 0.4S 0.61 0.67 0.30 S3.94 0.00 0.67,, 

Animal 11 6.03 4.31 1.11 1.28 1.28 0.92 50.39 0.00 0.00 

Animal 12 S.68 1.56 0.90 1.10 1.37 0.61 63.71 0.00 0.00 

-Mean,1,-SE fiH0.07 "' i.57±0.60 0.80-±0.13 1-13±0.25 i21 ±0.30'. 0.84'±0.36 ·6j;ll±S.33 0.00 0.14±0.13 

PCC-5 

Animal I S.61 0.00 0.33 2.29 3.84 1.19 77.26 O.S2 0.2S 

Animal3 6.04 0.00 1.02 2.07 4.36 2.11 6S.79 0.93 0.24 

Animal4 S.75 3.14 O.S4 0.85 0.66 0.12 46.67 0.00 0.24 

Animal II 5.6S 0.12 2.68 3.56 2.11 2.18 7S.05 0.47 0.00 

Animal 12 5.90 0.38 2.61 2.84 4.01 8.11 79.05 0.88 0.82 

Meaa±SE S.78±0.07 0.77±0.59 1.46±0.SO 2:34:j:0.44 2.92±0.66 2.77±1.38 68.92±5.91 0.54±0.16 0.31 ±0.13 

Table 8 Summary of the histometric analysis for the MD08 vs PLGA group. 

Animal6 6.09 3.45 0.37 0.52 0.24 0.04 26.62 0.00 0.12 

Animal8 S.84 1.49 1.07 I.JS 1.31 1.S3 78.66 0.00 0.00 

Animal 10 5.86 2.71 0.62 0.81 0.91 0.93 77.82 0.00 0.00 

Animal 13 5.Sl o.so 0.64 1.80 1.66 0.96 64.67 0.11 0.29 

Animal 14 5.45 1.92 0.56 0.97 0.67 0.5S 46.66 0.00 0.00 

--·Mean±SE S.78±0.11 2.03:1:0.52 . 0;66±0.12 J.10±'0.23 0;98±0.2S Q.81±0.25 59:11 ±9.88 0.02±0.02 0:09 ±0.06 

MD08 

Animal6 6.07 3.86 0.21 0.73 0.14 0.14 16.JS 0.00 0.15 

Animals 5.79 4.28 0.47 O.S8 0.45 0.37 S7.Sl 0.00 0.00 

Animal 10 S.44 0.19 o.so 1.00 2.14 2.27 81.12 0.17 0.14 

Animal 13 S.83 0.26 0.49 2.1S 3.62 1.52 67.60 0.84 0.20 

Animal 14 5.8S 0.43 0.76 1.47 1.19 0.90 S8.03 0.00 0.00 

-Meaa±SE S.81 ±0.09 1.83 ± 0.88 0.49±0.09 1.20±0.28 J.50±0.62 J.00-±0.35 54.99 ± 10.25 : 0:21 ±0.16 0.10±0.04 




