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ABSTRACT 

Successful augmentation of bone surfaces has great clinical 

application, particularly to the face and oral cavity regionso More than 

24 mi 11 ion Americans are edentulous and must depend upon dentures to eat 

and to restore their norma 1 speech and appearance o Porous po lysul fane 

(PPSF) is frequently used to fill osseous voidso The purpose of this study 

was to· test tooth soft, ti.ssue and bone response to porous po lysul fane 

(PPSF), with and without demineralized bone powder (DBP) in Macaca 

fascicularise 

Six adult female monkeys, 12-15 year~ of ~ge, were used in this study. 

One animal was sacrificed and used as a bone donor and the other five were 

recipientso All mandibular molar teeth were extracted and masstve 

alveolectomies were performedo The wounds were left to heal for 5 to 8 1/2 

months postoperativelyo At the time of implantation~ PPSF with DBP was 

inserted subperiosteally into the left mandibular edentulous areas while 

PPSF alone was inserted into the right sideso The. animals were sacrificed 

at 42, .60, or 90 days following implantationo Each mandible was cut- into 

3mm thick coronal sections which were then examined and photographed with a 

dissecting microscopeo Some specimens were then decalcified, embedded in 

paraffin and sect i a ned and stained With. H & Eo Other specimens were 

processed undecalcified in glycol and methylmethacrylate for 

histomorphometric measurements and tetracycline labe1ling·., Also, some 

specimens were processed for scanning electron microscopyo No inflammation 

or untoward reaction of the 'implantation sites were noted at the time of 

sacrifice. Histologically, the 42 day specimens of the' DBP-PPSF side· 

(experimental side) revealed penetration of fibrous tissue rich in 
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fibroblasts and vessels into the pores of PPSF comparirig to the PPSF side 

(control side)., The fibrous tissue also surrounded the implant., Some 

multinucleated giant cells and macrophages were present., At 60 days, the 

PPSF side showed more organized fibrous tissue and bone grew only for a. 

short distance into the polysulfone. In contrast, the PPSF-DBP side showed 

large amounts of .bone formation within the pores of the polysulfone and 

almost covered the implant., The newly formed bone contained osteocytes and 

was -surrounded by osteob 1 asts. At 90 days, the PPSF side showed more bone 

tormation on the lower half of the. implant" These res~lts suggested that 

PPSF is a suitable non-resorbable material that accommodates bone and soft 

tissue formation. A 1 so :p the use of DBP enhanced both rate and amount of 

the new bone., In· conclusion; PPSF with and without DBP is a suitable 

material that can be used successfully for alveolar ridge augmentation. 

' I 
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Ia INTRODUCTION 

A. Statement of the Problem and Aims 

The main objectives in dentistry are the preservation and restoration 

of dental function, speech and estheticsa Regardless of the cause of loss 

of. teeth, whether it is trauma, disease, or surgical resection, many 

pati~nts suffer alveolar bone loss which, in some cases, is so severe that 

conventional prosthetics is nearly impossible (163}c_ 

More than ·24 million Americans are edentulous a.nd they have to depend 

on dentures to eat and t6. restore their normal speech arid appearance ·(36)., 

Also, it is estimated that half of American citizens over age of 50 are 

wtthout one or m6re natural teeth (137)" 

Thoma et al. stated that extreme alveolar ridge atrophy makes the 

construction of· functional dentures difficult and the wearing of dentures 

almost impossible (2l3)c: 0
" 

Many edentulous patien~s suffer from marked atrophy of their alveolar 

ridges and present a pro~l~m f6r ~on~truction ~f an efficient denture. The 

development. of implantable m.aterials that are biocompatible, strong and 

relatively·simple to use wo~ld benefit hundreds of thousands of edentulous 

patients annuallyo 

·Demineralized bo~e powder (DBP) has been shown t6 be osteoinductive in 

animals and humans (72, 92)., The use·of DBP to induce bone formation may· 

be helpful in combination with allopla~tic material~ as a bone g~aft 

substitute .. 

The aim of this study was to investigate the bone and soft tissue 

regenerative response following alveolar ridge augmentation u~ing 

1 
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macroporous polysulfone implants with and without demineralized bone powder 

{DBP) in Macaca fascicularis .. 

B.. Review of Literature 

1. Residual Ridge Overview 

The residual ·ridge is· that bone of the alveolar process that remains 

after teeth are lost {29). The subsequent alterations skeletal lead to a 

·considerable change in the configuration of the residual bony ridge.. The 

first to disappear is the alveolar process, but the atrophy eventually may 

involve parts of the basal bodies of the ja·wso In maxilla, there is often 

a narrowing of the arch relative to its pre-extraction dimensions. This is 

more pronounced in the premolar, canine or incisor areaso In the mandible, 

there is often a widening of the arch of the remaining ridge in the mo1ar 
. . . 

• ' ' • L 

region while in the anterior region-the changes vary individually (19l)o 

If atrophy invol~es part of the body of the maxilla and mandible, the 

ridge may approach bony structures which anatomically are located_ far from 

the alveolar process., For example, in the maxilla, the ridge may approach 

the base of the anterior nasa 1 spine, the 1 ower end of the zygomatic 

a 1 veol ar crest, the hamulus of the pterygoid process or even the .floor of 

the maxillary sinus.. In the mandibles the atrophy may involve the upper 

part cif the body of the mandible, so the ridge sinks to the level of the 

mental protuberance anteriorly and to the level of the genial tubercl_es 

lingually.. In some cases it may even approach the level of the internal 

ob 1 i que 1 i ne, or the mand i bu 1 a r ca na 1 and the r:nenta 1 foramen.. . In extreme· · 

cases, the ridge may drop below the level of the J ingual sulcus- and the 

sub 1 i ngua 1 glands may protrude on the top of the residua 1 ridge (191). 

After loss of teeth, the residual ridge, u~der normal conditions, is 
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covered. by a tissue that is identical in its structure·with normal gingivao 

In other words, it is covered by a keratinized or parakeratinized 

stratified squamous epithelium with an underlying firm, thick layer of 

inelastic dense connective tissue, which is also attached to the periosteum 

of the ridge (19l)e 

The atr·ophy proceeds toward the line of origi-n of the muscles which 

are attached to the bone or near the bone of the alveolar processo In the 

maxilla, the muscles are the buccinator, upper incisive and nasal muscles. 

In the mandible, the muscles are the_ buccinator, lower incisive, mentalis, 

mylohyoid, geniohyoid and genioglossus muscles.. The atrophy may pass be~ow 

the line of attachment of one or more of these muscles, in which case the 

muscle fibers lose their direct attachment to the bone and gain an indirect 

fibrous attachment through the remnants of the periosteum (19l)o 

The mandibular ridge_ resorbs approximately four times more rapidly 

than the maxillary ridge (12). The quantity and -rate of resorption of 

alveolar bone not only differ between maxillary and mandibular bone, but 

also varies with respect to the age, ·nutrition a 1 status and sex of the 

pati.ent. The original shape, size, and .location of the alveolar process 

are all important factors (49)Q 

In some situations, reduction of residual ridge _(RRR) leaves flabby 

mucoperiosteum, while in others there appears to be well-attached 

mucoperiosteum with no ·redundant tissue over the resorbed ridge. 

Similarily, there· may or may not be evidence of inflammation in areas of 
I 

RRR (9, 10, 99, 100, 101). Du~ing the remodeling process, new ·bone is laid 

down internally while resorption occurs externallye However, this does not 
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always work with equal ·success and· in. many patients the residual ridge 

crest has no cortical layer (10, 43}Q 

Atwood (11) termed the atrophy of the residual alveolar ridge as 

reduction of residual ridge (RRR). He described the morphological changes 

of RRR in which pre-extraction form is considered (order I), sharp edges 

remaining after. extraction (o~der II) are rounded. off by external 

resorption leaving a high well-rounded ridge (order III)o As resorption 

continues from the· labial and lingual aspects, the ridge becomes 

increasingly narrow, ultimately becoming knife-edged .(order IV)., As the 

process continues further, the ridge becomes shorter and eventually 

disappears, leaving a low, well-rounded .or flat ridge (order V)o This, 

too, resorbs leaving a dawarfed ridge (order VI)~ 

The RRR includes both. cortical and cancellous bone, no matter how well 

bone is calcified (11)., Maintenance of alveolar bone is thought to be 

dependent on stimulation by the periodontal 1 igament and the presence of 

teeth., Following loss of teeth, the absence of stimulation to alveolar 

cancellous bone and overstimulation from denture pressure produce varying 

degrees of resorption until basilar cortical plates are continuous and less 

dense alveolar bone is completely resorbed (12)o A random arrangement of 

the trabecular pattern of bone following extractions is thought to be less 

resistant to prosthetic· masticatory forces (144). Forms such as knife edge 

appearance, undercuts, concave ridge form and complete loss of the ridge 

which results in a pencil-thin mandible may occur (114)o When found in the 

mandible is usually referred to as atrophied mandible. 

The reduction of residual ridges is chronic, progressive, irreversible 

and cumulativeo The reduction usually proceeds slowly over a long period 
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of time. The annua 1 increments of bone 1 oss have a cumu 1 at i ve effects 

leaving less and less residual ridge (ll)G 

The changes in bone morpho 1 ogy fo 11 owing 1 oss of teeth is better 

termed "bone remodeling" instead of the term bone resorption, which only is 

a part of the remodeling process that leads to the development of the 

edentulous ridge. Ridge remodeling is also a better term than ridge 

atrophy because the latter term implies a passive process (68)o 

Bone remodeling involves th~ee steps: activation, resorption and 

formation, all of which are ·constantly occuring with varying rates, 

depending_upon the specific location, age~ metabolic act1vity and the local 

stress on the area., The edentulous jaws present challenges due to the 

characteristic patterns of bone loss without the repetitive stimuli of 

loading stre~ses (177)o 

Alveolar bone loss is considered cumulative and irreversible since ·it 

cannot spontaneously regenerate ( 132) o The resorption of the ridge is 

initially rapid for the first six months (11) or the first two years (177) 

or within the first few years (42)~ Thereafter the resorption proceeds at 

a s 1 ower pace o Neverthe 1 ess, it continues even after twenty-five years 

(207)o The alveolar bone remodeling differs from one individual to 

another" It also varies at different sites and at different times (132) 

and it may or may not be uniform along the entire length of the edentulous 

ridge (177)o 

The mechanism of th~ reduction of th~ mandible. is showed by .a modified 

. version of the principle of t'he 11 V11 seen in long boneo The residual ridge 

show external resorption accompanied by endosteal deposition - this can·' be 

called the principle of the inverted 11 V11 (11) .. 
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Moses (138) classified the shape of alveolar ridges and associated a 

degree of retension with each., Class lA, inverted U-shaped ridge; Class 

18, flat inverted U-shaped ridge; Class lC, U-shaped; Class 2, inverted 

V-shaped ridge; Class 3A, parallel-walled ·thin ridge; .Class 38 

parallel-walled ridge, broad crested., He stated that Class 2 ridge is the 

least-retentive while Class 38 is the most retentive., 

Patients who lack a convex ridge of adequate height and surface area 

generally have problems stabilizing and retaining their dentureso The 

shape of the ridge is often important in developing well-supported and 

stable _dentures (138). The goal of mandibular reconstruction is to 

recreate, as nearly as possible, normal shape and function., The 

reconstruction· of the mandible is considered unsatisfactory if a good 

esthetic resul.t is achieved without the restoration of mastication (173)., 

Factors influencing edentulous bone loss (E8L) are categorized as 

general and local factorso The general factors include systemic bone 

diseases~ endocrine disorders and nutritional disorders., The local factors 

include facial morphology, trauma and alveolectomy .technique, and 

prosthetic care (177)., 

Wical et alo (241), stated that the systemic conditions are .important 

etiologic factors of RRR and that the resistance of bone to mechanical 

stresses depends. on its physiologic statec They found positive correlation 

among low calcium fntake, calcium/phosphorous imbalance, and severe ridge 

resorptionc 
I 

Atwood {9, 11, 12) described the RRR as a multifactorial disease and 

that the rate of RRR depends not on one single factor but on the 

concurrence of two or more factors which may be ca 11 ed cofactors. He 
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divided these factors into four categorieso The first are anatomic 

factors, e.g. si~e, and shape of the ridge, the type of bone.and the type 

of mucoperiosteumo The second are metabolic or biological factors, e.g. 

age, sex, hormonal balance, osteoporosiso The third are functional 

factors, the frequency, direction and amount of force applied to the ridge. 

The fourth are prosthetic factors, e.g. type of denture base, form and type 

of teeth~ and interocclusal distance. Also, since the funttiorial factors 

must function through prosthetic factors, they may be grouped together as 

mechanical factors. It may be that when many anatonrlc, biologic and 

mechanjcal factors coexist, the. rate of RRR will be high. Whereas, if 

certain cofactors ~re absent, even if some cofactors are present to a large 

degree, the rate of RRR may be little or noneo 

Mercier et alo (133) have evaluated factors contributing to alveolar 

ridge atrophyc Tney stated that the atrophy of the alveolar ridge is a 

multicausal disease. Systemic factors (eoQo diet) only compound local 

factors (e .. go early tooth loss, long-term and continuous denture wear) .. 

I hey a 1 so found no rel ati onshi p between bone density and the severity of 

atrophyo They further stated that. ideal bone augmentation material should 

be able to. prevent further atrophy and should be non~resorbableo 

2o History and Background of Atrophic Ridge Management 

Management of residua 1 a 1 veo 1 a r ridges depend on severa 1 · factors, 

which include the height and contour of ·the remaining ridge, adequacy ·of 

fixed soft-tissue· base, sulcus depth and the potential of the atrophied 

mandible to fracture (114)o 

Generally, there are three different approaches for treatment of 

resorbed alveola~ ridges which include. soft tissue augmentation, 
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sub periostea 1 imp 1 ant dentures, and hard tissue augmentation o In neither 

the soft tissue augmentation (in form of vestibuloplasty) 9 nor· the implant 

denture procedure is the ridge restored. These procedures are thought to 

permit or enhance further ridge resorption (217)o 

Soft tissue augmentation in form of vestibuloplasty, such as- the 

buccal and labial sulcus extension, as well as lowering of the floor of the 

mouth, are helpful only if there is adequate alveolar ridge height and 

convex ridge formG Complete resorption of the alveolar bone to the level 

of the dense basilar bone would contraindicate soft-tissue vestibuloplasty 

and necessitate hard tissue augmentation (114)e 

Kruger (120) stated that even if it was .feasible to reposition the 

structures including muscles to the inferior border of the mandible, there 

would still be no significant advantage in sulcus depth if the bone is too 

smallo Moreover, such repositioning is limited by natural structures such 
; 

as the mental foramens and the base of the malar processo 

Maggiole (76) in 1809, inserted a lead covered platinum root structure 

to-replace a missing tootho Greenfield (76) in 1913, used a cylinder of 

iridioplatinum as an artificial root to ·which a single tooth crown was 
\ 

attachedo Goldberg et al~ {7_4) 1n 19495) reported the use of a metallic 

implant for stabilization of a full denturea 

Ashman et al. (3), stated that the subperi~steal implant for extremely_ 

atrophied mandible has proven to be an excellent modality in the hands of 

some practitioners and many successes of over twenty years duration have 
I 

been documented., The main drawbacks of· the procedure seem to be: early 

failures due to placement of the subperiosteal implants directly on the 

cancellous bone instead of hard cortical bone (setting), the severity of 
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the· surgical two-stage procedure which i's sometimes difficult. to perform on 

compromised patients, and the potential of bone infection due. to 

communicat.ion between the implant and the oral cavityo 

Kent et alo (114), evaluated permucosal implants including 

transossous, swiss screw, subperiostea 1 ramus frame ·and two phase 

osteointegrated implants. Many patients are not candidates for permucosal 

implant devices because of expense, lack of bone height, and concerns about 

failure of these devicesc 

The hard tissue augmentation of the residual ridge ·ts considered more 

phys i o 1 ogi c s i nee the ridge is restored to its ori gina l ·height without 
J 

introducing undercuts and without communications between the ora 1 cavity 

and the underlying bonec In addition, sometimes· the ridge is so small that 

the remaining ridge is not· suitable for the use of vestibuloplasty or 

subperiosteal implants., Also, in hard tissue augmentation, conventional 

m~thods of denture construction are used so there is no need for special 

training of the prosthodontist, the genera 1 dentist and the 1 a bora tory 

technician .(217). Hard tissue augmentation is the only available method 

for the restoration of the alveolar bone that was resorbed to the level of 

the dense basilar bone (114)o 

Baker (15)_ stated the indications of augmentation of alveolar ridge as 

follows: restoration of bulk and strength to an excessively weakened 

mandible, inability- to provide a ~table functioning prosthesis by other 

means, advanced atrophy., Occasionally, short-span defects will require 

augmentation to stabilize flexion and torsion of mandible in function. In 

addition, in cases where buccal vestibular tissues and those of the floor 

of the mouth are at a significantly higher level than the residual ridge 
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and when atrophy has exposed the mandibular neurovascular bundle, patients 

a·re unable to wear a denture comfortably. The quality and vascularity of 

overlying soft tissue has an impo~tant ro l·e on the outcome of' augmentation., 

A 1 though bony augmentation was perfonned success fu 11 y in the presence of 

extensively scarred oral tissues, the incidence of complications such as 

wound dehiscence and partial sequestration of the graft has been higher 

than in patients with uncompromized soft tissues" 

Sears (188) stated that augmentation grafting can be used for creating 

a ridge relationship in which the maxillary and mandibular ridges are in 

vertical alignment as well as parallel in a horizontal· planeo This not 

only enhances stability of the denture but also minimizes trauma on the 

grafted ridges. Selection of a corrective procedure should not be 

determined by any specific ridge height meas_urement but rather by the 

degree and type of anatomic deficiency (114)., The three requirements for 

augmentation· are re-establishment of ridge height and .width, strength of 

the jaw and morphology., 

,3. Hard Tissue Augmentation 

a., Background 

Materials used for hard tissue augmentation are broadly divided into 

biologic and alloplastic materials. The biologic materials may_ be an 

implant of autogenous or allogenous cortical bone, cartilage, cancellous 

bone and marrow, or a combination of all these (217, 15). The alloplastic 

materials are obtained from outside the human body and are broadly 
I 

classified into three categories which include metals, medical polymers and 

ceramics (217). 
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The ideal material for ridge augmentation should be non-antigenic, 

non-toxic, non-carcinogenic, available in unlim1ted quantity and easi.ly 

fabricated and shaped (87)o Also, it should be easily handled at 

insertion, strong, resilient, not cause resorption of underlying bone, 

allow normal vascularity of overlying mucosa subjected to forces 

transmitted from dentures, a 11 ow_ attachment of s~rrounding tissues, be 

readily sterilized, inexpensive, and replacable with only minor surgical 

procedures, ·preferably with use of l_ocal anesthetics (217)., In addition, 

it should be porous to incorporate bone ingrowth with subsequent formation 

of interlocking bonds with surrounding bone that serve~ to stabilize the 

implant (194). The ideal material for ridge augmentation has not been 

found o Advantages can occur from the use of porous rna teri a 1 s which are 

biomechanically compatible with bone (194)o A number of studies employing 

porous ceramics, metals and polymers have demonstrated that bone will form 

in porous materials that are biocompatible and have a ~inimum pore size of 

100 microns (115). 

The modulus of elasticity of the _material should be close enough to 

that of bone, so that stress concentrations in bon~ can be prevented and 

stress on the ingrown bone can be minimized, while interface fit of the 

implant at the time of insertion can be achieved (194) e Studies suggest 

that the shear and tensile strength_of the'porous materials should be high 

enough to proVide for sufficient ·strength of the· porous material-bone 

composite int~rfac~ (195)c Also, the modulus and creep resistance should 

be high enough so that loads' applied during placement and function of the 

prosthesis ·do not distort the pore structure or cause excessive motion, as 

might be the case with the lower modulus polymers (193)o 
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The main impetus to the emp_loyment of grafting was given by John 

Hunter (95) (1728-1793)0 In 1875, Nussbau (147) made one of the early 

autogenous bone transplants in which he rotated a fragment still attached 

to the lower end so as to bridge a defect in the ulnae However, the first 

homogenous bone transplant was reported by Macewen (39) in 1878. In 1889,· 

the first heterogenous bone transplants was reported by Senn ( 189), in 

which a decalcified ox bone was transplanted for repairing bony defects in 

the human calvarium. This was followed by Miller (135) in 1890, who used 

ox bone chips in a patient with a cystic lesion of the upper tibiae 

There have been extensive transplantations of autogenous, homogenous 

and hetrogenous bone. in humans in various· formso Clementschitsch, in 1953~ 

(47) was the first to describe augmentation of atrophic mandibular·ridge by 

autogenous bone graftso 

Thoma (213), Gerry ( 71) and Lane ( 124) had reported the use of i 1 i ac 

crest bone as a block graft for ridge augmentationo Reitman et.al. (174), 

transplanted iliac crest bone to the inferior border of the mandible for· 

augmentation of atrophic mandibleo They found clinical and radiographic 

evidence of viability and successful attachment of the bone graft, three 

months postoperatively. 

Stoelinga et al. (201) used interpositional bone grafts from iliac 

crest for augmentation of atrophic mandiblese Vestibuloplasty ·was needed 
, 

in more than half of the patients. A 10 to 27% loss. of height occurred 

between 3 and 12 months postoperatively. 
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Egbert et al o (55) augmented atrophi.c mandibles by using a three-piece 

osteotomy procedure and interpositional· bone grafts from iliac crestc They 

showed a reduced rate of bone resorption in the posterior regions and a 

reduced incidence of sensory nerve disturbances, in comparison with

previously used· techniques. These results are very. similar to those 

obtained when· the posterior portion of alveolar ridge was built up with a 

composite of hydroxylapatite and autogenous bonee· 

Terry et al. (211) augmented maxilla by using a contoured rib which 

was grooved on the medial .aspect to allow bending and wa~··supplemented with 

cortical chips and cancellous bone marrowc The same graft materials were 

used by Davis et al. (52, 53) for augmentation of atrophic mandibles~ When 

they evaluated the results after 3 to _6 years, they stated that -the 

modality falls short of the ideal aid to ·the patientsc. Baker et al c (16) 

used ·autogenous orilay rib grafts for augmentation of residual ridgec 

Farrell et al. (61) augmented atrophic maxillae by a one stage technique of 

·autogenous bone grafting and submucosal vestibuloplasty. Sanders et al. 

(185) augmented atrophic mandibles by using rib_ grafting to the inferior 

.border of the mandible so that the graft did not bear the direct pre~sure 

of the prosthesis., .Boyne et al. (32) restored atrophic residual ridges by 

transposition of the inferior border of the mandible to the alveolar bone 

crest and the restoration of the donor site by placem~nt of a metalli~ fuesh 

implant lined with_a cellulose acetate filter and filled-with hemopoetic 

marrow. They found· new bone formation at the donor site. Clinically, 
I 

healing was excellent and only 2 of 12 dogs showed dehiscence.· Biopsy· 

specimens 18 weeks after surgery showed ·evidence of advanced recontouring 

and internal remodeling of the alveolar ridge grafts._ The reactive bone 

'. 
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tormation uniting the occlusal graft to alveolar ridge. appeared. more mature . 

and lamellated. 

Anderson (2) and Hey (88) found that ground cortical bone undergoes 

resorbsione Zeiss (247) found that large piece~ .of cortical bone 

revascularized poorly. Fonseca et al (67) studied revascularization and. 

healing of two sizes of onlay particulate autogenous bone grafts·· in 

primates. They found that the small particle graft was q~icker to 

revascularize9 showed more osteoclastic activity and therefore resorbed 

much more quick~y and completely than did the large parffcle graft. Thus, 

the resultant net gain in alveolar ridge contour was less with· small 

particle grafts. Jones et al. (102) ,· compared autologus ... marrow grafts ·with 

surface decalcified allogenic grafts, and surface decalcified allogenic 

·grafts with autologous marrow fragmentso Findings indicate that mandibular 

bone grafts composed of ~ combination of surface decalcified al·logenic bone 

. and auto 1 ogous marrow may have advantages over grafts composed only of 

autogenous marrow fragments. 

Burwell .(38). found that cancellous bone revascularized quicker than 

cortical bone and united with underlying bone in ~ shorter time. It is not 

as sensitive to infection as cortical bone and .healing. occurs over small . 
.. 

exposed. areas with minimal bone losse . It does tend to resorb quickly .with 

dr without the load of a. de~iure~ 

Connole .(48) and Marble (130) succe~sfully used metal crib-supported .. 

cance 11 ous grafts in di s·contui ty defects. 
I 

Blackstone et a 1. ( 25) reported the use ·of homogenous .freeze-dried 

bone to restore ·the cont6u~ of the .alveolar ri~ge in dogs~ They found that 

osteogenesis did occur and that the grafts were replaced by living bone. 



15 

Boyne et a l. ( 31) used freeze-dried bone with soft tissue ridge extension 

for augment~tion of alveolar ridgeQ 

Maletta et al. (129) compared the healing and revascularization of 

on 1 ay, autologous and l yo phi 1 i zed a 11 ogen i c rib g.ra fts to the edentulous 

maxi 11 a. 1 n primates. . They found that both have minima 1 osteogenic 

potential and ·healing· was simi-lar, but resorption of allografts occured 

about three months later than that of the_autografts. 

Kraut (119) augmented atrophic mandibles with a composite graft system 

consisting of allogenic freeze dried rib, autogenoui ·cancellous ~on~, 

marrow, and hydroxylapatite. Patients tolerated the surgery well and 

showed marked improvement in dental function, with maintenance of 78% of 

the augmented height one year later and 67% at two yearse Two-thirds of 

the patients underwent split-thickness skin=graft vestibuloplastiesQ 

Kahan et a 1 o ( 104) found that the visor osteotomy for augmentation of 

atrophic r1dge did not add mass to already weak atrophic mandibles. 

Barth (18), _in 1893, described the histologic sequence qf <;ranial 

restoration with autogenous bone graft~.· He found no di-fference in healing: 

between fresh and dead calvarial discs pl~ced into defects in dogs skulls. 

He_ therefore concluded that a bone graft acted as a positive scaffolding 

through which host bone grew. He ca 11 ed this process 11 Sc~l ei chender 

ersatz". Later, this poetic phrase was literally translated as "creepi~g 

substitution ... · Axhausen (13) extended this idiom to describe the process 

of resorption of a graft that occurs.prior tb the laying down of new bone. 
I 

. w·ang ·et a 1 • ( 2~0), ·in a fo 11 ow-up of ridge augmentation with iliac 

crest or rib for periods of 9 months to 3 l/2 years, found almost continual 

resorption of bone grafts occurred after surgery. Al.so, some were followed 
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with vestibuloplasty and some had dentures madeo In two cases the bone 

grafts seemed to stabilize after a period of time with no further evidence 

of resorption. 

Fazili et al. (62), in a follow-up of 39 months after reconstruction 

of the alveolar proces~ with iliac crest, found that in all cases a second 

operation of vestibuloplasty and a floor-of-mouth-plasty. was done. Almost. 

camp 1 ete resorption of the bone grafts were observed and only 1/3 of 

patients were satisfied and 2/3 had problems like. mental nerve disturbance 

or pain at donor and graft sites., Kaban et alo (104) s-tated that the use 

of autogenous rib .or iliac crest grafts involved. a hat:"vesting ·operation 

accompanied by increased. operating time, blood loss and potential morbidity 

in an elderly, often compromized. patiento 

Baker (15) summarized complications of augmentation rib grafting as 

follows: malposition of · the graft, wound· dehiscence, infection, 

sequestration of graft fragments, ·and donor site complicationse Baker et 

al~ (16) evaluated long term results of alveolar ridge augmentati~n .for 

periods of 4 to 10 .years .u·sing autogenous on lay rib grafts. All patients 

required soft tiss~e- surgeryo However, despite the degree of bone change 

and remodeling which· occurred early in the clinical .course,. the patients 

retained denture function with long-term stabilityc 

·Boyne (3'1) evaluated the use. of freeze-dried -bone with soft tissue 

ridge· extension for augmentatidn uf ·alveolar. ridges. C1inically and· 

radiograph ica 11 y ,. · the grafts tended to become an integra 1 part of the 

restored alveolar ridge. Some of the implants were lost early, some showed 

warpage or curlin·g early and some :Patients had paresthesia .. 
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Kelly et al .. (108) found that the complications involved when using 

freeze dried allogenic bone included infection, dehiscence and the need for 

vestibuloplasty. However, it has the ·advantage of avoiding a harvesting 

operation. 

Koamen et al. (117) reported follow-up for patients who had 

augmentation of atrophic mandible by interposed· bone grafts.. They found 

. t_hat the rapid postoperatively reduction in height appeared to. cease after 

6 months. The results were not· satisfactory in all respectso However9 

this method has more to offer from a prosthetic point" ··of view than the 

subperiosteal graft techniquesc 

2).. Ca rti 1 age 

Konig (116), in 1896, was pos-sibly the first_ to use fresh cartilage 

transplants in humans.. However, Stei nhouser et a 1 .. , European surgeons, 

were among the first to use autogenous and homogenous cartilage. _ Kruger _ 

(121), in his survey of the literature, credit~d Verlotsky and Brochman as 

the first to use cartilage grafts for alveolar ridge augmentation .. 

Blackstone et ale (25) used freeze dried h·omogenous cartilage for 

augmentation of alveolar ridge i.n· dogs. They found .homogenous cartilage 

was a more satisfactory tissue for grafting· than bonec Complete 

osteogenesis of cartilage. occurred after:- a grafting· procedure, closely 

approximating the healing time of an autogenous bone grafto 

Lye (128) histologically evaluated homogenous cartilage implants used· 

in preprosthetic surgery and reported that the healthy state of surrounding 
I 

soft tissues and the absence of inflammatory cell infiltration suggested 

that carti 1 age homografts. are well tolerated by the host. The grafts 

remained viable and formed an integral part of the ridge.. Resorption was 

/ 
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minimal and attachment to th·e basal bone seemed to be by fibrous as well as 

by bony. unione The homograft differed little from autograft in that 

chondroblasts still remained viable. The graft was easy to trim and also 

stored easi-ly. 

In summary, some of .the bio'logic materials that have been used for 

alveolar ridge· augmentation ar.e iliac crest, rib, freeze-dried allogenic 

bone and cartilage, composite allogenic banked bone, autbgenous fresh 

cancellous marrow grafts, surface decalcified freeze-dried allogenic bone, 

and autogenous cartilages (122). 

Evaluating the biologic materials, it was found they sometimes require 

special casting or fabrication of trays with additional cost and- skilled 

personne 1 ( 217) G 

Autogenous tissues require a harvesting operation with the associated 

morbidity and subsequent resorption of at least some of the implanted 

material (217). Also, Kruger (121) concluded that. the use of autogenous 

tissues -in elderly patients with cardiac and other medical problems is 

impractical due to the hazards of excessive operations.Q 

Non-autogenous materials requires special processing to reduce the 

antigenicity that affect survival of the graftc Allogenic bone (frozen or 

·freeze-dried) and demineralized bone eliminates the problem of donor-site 

complications, but sometimes infection from dehfscence may occur. Also, 

multiple relines for the dentures ·.and varying degree of resorption may 

·. _ occur (lOB) ·c 

I 

Cartilage undergoes little· remodeling or resorption.' It rarely 

undergoes true union to underlying bone, and it is mostly held in place by 

a fibrous membrane. In addition, it has poor resistance to infection due 
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to lack of vascularity (25, 128). Complications occurs such as infections 

dehiscence and parethesiam Also, vestibuloplasty are often .requirede The 

difference in the rate of resorption of cartilage and basal bone may cause 
...,_ 

the edges of the graft to perforate through the mucosa if they are 

prominent ( 128) m 

3). Demineralized bone 

Senn (189), in 1889, reported the efficacy of using antiseptic 

decalcified ox-tibia for repairing bony defects in the calvariumo 

Ray (161) compared the rate of healing of a trepnine defect ~fter 

implantation of allogenic frozen intact bone, deproteinized bone and bone 

decalcified with EDTA for 12 dayse He reported that demineralized bone 

produced complete bridging in 41.6% of the defects 9 bridging of two-thirds 

in 16c6% of the defects, and bridging of only one third of the defect in 

33.3% of the cases. He concluded that demineralized allogenic bone was the 

best substitute for autogenous bone graftingo 

Van DE Putte et alo (237) found that cortical bone matrix decalcified 

in HCl or EDTA or formi c-ci tri c acids provided the 1 oca 1 conditions for 

histotypic and organotypic formation of new bone. Undecalcified or 

recalcified matrix was resorbed more slowly and produced less new bone than· 

decalcified matrix. Also, they found that bone matrix decalcified in 

nitric acid did not induce bone formation but disintegrated in the 

extracellular. fluid and incited a deleterious inflammatory reaction. 

Preparations of a complex, prepared from decalcified matrix and 
I 

chondroitin-sulfates A and C, did not enhance osteogenesis. 

Differentiation of the osteoprogenitor cells from stem cells occurred in 

the decalcified matrix. The stem or pleuripotent young connective tissue 
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cells associated with new capillary' sprouts and· t~eir progeney produced an· 

inducation system -for osteogenesis.. It appears that the process is not 

me tap 1 asia of previously . formed ce 11 types, but is through a· sequence of 

cell divisions and requires new proliferation, modulation and 

differentiation. 

Sharrad (190) used decalcified bone grafts in three scoliotic children 

to effect spinal fusi"on. The· iong term evaluation of the repair process 

was excellent .. 

In 1965, Uris t ( 223) , reported the . bone induction·- pri nc i p 1 e, . Bone 

demineralized with 0 .. 6N HCi produced more positive results compared to bone 

. decalcified with EDTA., He also demonstrated the sequence of events leading 

to bone induction and that the bone induction, principle was not. freely 

diffusible and prob~bly · moves for short distances through the ground 

substance a.l ong or between. ce 11 . membranes o ln addition, he demonstrated 

,· 

the importance of the bone powder shape and size on bone induction. He 

reported that the use of cube shaped ·particles (lmm3) coincided with 

increased bone induction. and that matrix particles reduced to a size 

smaller than Ool to Og3 cubic· millimeters yi~lded smaller amounts of new . · 

bone -with greater amounts of cartilage produced especially .. within old 

marrow vasc~lar thannels with smboth walls and blind ends. Also, cartilage· 

.. was dominant in small spaces between opposing surf:aces .of sma_ll particles.· 

He also demonstrated that bone matrix partic~es measuring 250 t6 420 . · 

. micrometers in diameter inhibit cartilage and bone induction .. R~ddi et al.· 

(165) also demonstrated the importance of geometry, surface characteristics 
' - - -' ·- . . -

of deminera.li.zed ·matrix and the s·i'te of implantation fo.r induction of new . ' . . . 

bone. They. (164) also demonstrated that· coarse particles· (42Q-850 
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micrometers) were more inductive than fine particles· (44-74 micrometers). 

(n another study, Reddi et ale (167) favored the use of particles in ttie 

range of 72-450 micrometers. Urist (224) demonstrated that lmm3 particles 
. ( 

were· optima 1. The discrepancy between Uri st. and Reddi may 1 i e in their _ 

source oJ bone and its subsequent treatmento Kaban et alo (103) found that 

the smaller the particle size, the greater the inductive. capacity. of 

demineralized bone. powder.. Therefore, they favored·_ the use of particles 

ranging from 72-250 micrometerso 

Glowacki et al. (72) found that osteogenesis induc~d by equal masses 

·of demineralized bone powder (DBP) of various particle sizes ( 75, 75-250, 

25 . ..;.450, > 450 microns) reveal e·d that the sma 11 er particles induced more bone 

per field than did the large particleso 

Urist- (224) demonstrated that there was _1 ittle- uptake of calcium or 

phosphate by de-mineralized bone par_t.icles until the onset of bone 

induction. _ He also demonstrated that freezin~ and thawing destroyed bone 

1nduction completely and the highest percentage of positive results was 

-obtained by freezing at- -70°C in· liquid nitrogen ·followed by 

lyophilization. Exposures to temperature up to· 50°C and lyophi 1 i zati on 

promoted bone inductiono However, a decline in. bone induction resulted 

after exposure of the matrix to higher temperatures where bone induction 

was completely abolishedo 

In addition,. he demonstrated· that allogenic bone- matrix ·could be 

stored for up to 3 months in a sterile, non-lyophilized state· in sealed 

containers at room temperature without' losing the bone i-nduction property. 

The possible length of time for storage 1n a lyophylized state without 
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deterioration has not been determined. However samples fixed in alcohol 

and stored for as long as 9 months still produced positive resultsc 

Narang (143) demonstrated that there is ari initial decrease in calcium 

concentration in bone grafts for up to- 4 weeks following transplantation. 

Since decalcification of the bone graft could be accomplished in vitro more 

rapidly than in vivo, he recommended the use of demineralized bone. 

Urist (224) demonstrated that doses greater than 2 mi 11 ion rads of 

radioactive cobalt· inhibit-bone induction. 

Urist (224) found that the bone induction was inhibited by 

actinomycin-D, while puromycin, a known protein synthesis inhibitor, did 

not have the same effect. Parenteral injection of oxytetracyclin in doses 

of 100 mg/kg and penicillin in doses of 90 mg/kg did not inhibit bone 

1nduction .. ·. He also found that the time required for transfer of the bone 

induction principle frdm the matrix to a competent cell takes less than·3 

dayso In addition, he found that surface decalcification of bone for 1-2 

hours in 0 e 6 N HCl removes 9-10% of its mi nera 1 content and resulted in 

bone induction which is superior to totally decalcified bone treated with 

Tuli et al .. (220) reported that surface decalcified bone (4-6 hours) 

produced complete healing of a full osseous ulnar· defect in 97.2% of the 

experimental animals, while completely decalcified (48 hours)· allogenic 

bone produced a 8ll success rate. They proposed that the success with the 

surface dec~lcified bone was due to its surface osteoinductivity and its 
. I 

superior mechanical ~tability when ~omp~red to completely decalcified bone. 

Urist (225) used surface ·decalcified allogenic bone in humans to 

repair large bony defects and demonstrate the . effectiveness of the bone 
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induction system. Urist et al., (228) described the sequen·ce of events 

after implantation of 80 samples of demineralized cortical bone in the 

anterior abdomina 1 "wa 11 of young rats. First, between 0~5 days, ameboid 

mesenchymal cells migrated from· recipient musc1e into the old marrow 

.vascular channels of the old matrix or formed an enve.lope of· connective 

tissue around the implant. These wandering histocytes, become fixed 

mesenchymal cells and began to proliferate in the interior of the implant. 

Second, between 5-10 days, some cells may fuse to form multinucleated giant 

cells and some differentiate into chondroblastsc The multinucleated giant 

cells were 3 to 10 ·times larger than the typical osteoclasts and were 

termed matrixclasts because of· their association with nonvital matrix 

rather than with living bon~·o Thirdly, in 10 days, the matrixclasts had 

50-500 nuclei and were large enough to fill an old vascular channel 

(35-3500 micrometers). The ratio of multinucleated cells to mononucleated 

cells then became 10:1. Fourth, in 15 days, woven bone was deposited and 

large matrixclasts were located mainly in newer, deeper areas of invasion. 

The other matrix clast that appeared initially became progressively smaller 

in size (100-500 micrometers). The ratio of multinucleated cells to 

monocleated cells was l:lOo Finally, from 20-30 days, woven bone started 

remodeling with the formation ·of a central pool of bone marrow. 

Urist (223) demonstrated that wande~ing histocytes, foreign body giant 

cells, and inflammatory connective tissue cells. are stimulated by 

degradation products of dead matrix to grow in.and repopulate the area of 

an irnplant of decalcified bone. Histocytes are more. numerous than any 

other cell formed and may transfer collagenolytic activity to. the_ substrate 

to cause disolution of the matrix. The process is followed immediately by 
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new bone formation by autoinduction in which both the inductor cells and 

the induced cells are derived from ingrowing cells of the host bedo The 

inductor cell is a descendant of a wandering histocyte; the induced cell is 

a fixed histocyte or perivasculqr young connective tissue cello 

Differentiation of the osteoprogenitor cell is elicited by .local 

alterations in cell metabolic cycles that are as yet uncharacterizedo 

Reddi et al. (168) found that the sequence of events during matrix -

induced chondrogenesis, chondrolysis and osteogenesis are analogous to 

those occuring during embryonic development.. In addition·; the early events 

in biogenesis of bone marrow and· the morphology of ha·ematapoetic elements 

was found to be sim,ilar to those of developing medullary bone marrow., 

Reddj et al. (166, ·168) monitored the process of bone induction in the 

rat using tritia-ted thymi.dine, -alkaline phosphatase 5 
59Fe and 45cao They 

found that by the third day following implantation~ thymidine incorporation 

was increased and that it coincided with the pro 1 i ferati on of invading · 

fi brob 1 asts .. · There was a se·cond peak of thymidine incorporation· before 

osteogenesis and vascular invasion and a third peak during haematopoesis 

occurring around day 18-21. Alkaline phosphatase activity increased prior 

to mineralization on day nine., Also on. day nine, 45ca incorporation 

increased along with vascular invasion, and peaked on day 12 during 

mineralization. On day 12, 59Fe increased when the first haematopoesis 

colonies were observed, and peaked between day ~3-28 when complete 

haematopoesis of newly formed·ossicles occured. In another- study, Reddi et 

a 1 . ( 169) reported an exce i 1 ent corre 1 at ion ·between increased a 1 kal i ne · 

phosphatase activity and calcification as indicated by 45ca. incorporation 

in the mine~alization phase. He pointed out that the cascade of ~vents was 
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similar to those observed during fracture healing in long bones. They 

suggested that the collagenous matrix may play a role in specifying the 

morphogenetic information locally at the site of fracture. 

Urist et al. (226) found that DBM did not induce bone formation in 

liver, spleen or kidney parenchyma., However, when they implanted DBM for 5 

to 21 days in the abdominal wall and subsequently reimplanted the bone 

matrix in one of the aforementioned organs, bone was produced., They 

concluded that differentiation of bone cells postnatally occurred but from 

a competent mesenchymal cell population· and not from blood-born cells or 

vascular tissues., These cells were probably induced by a substratum of 

extracellular substances found in ·bone matrix., They suggested that some 

mesenchymal c~lls should be considered differentiated. or at least 

committed to become osteoblasts since they displayed its strictly 

prescribed program for further development following transplantationG 

Chalmers (44) suggested that for bone induction to occur ·in 

extraskeletal sites 5 three conditi.ons must be met: an osteoprogenitor 

cell, an inducing material and a suitable ~nvironment. While muscle and 

fascia provided a suitable environment for bone induction, the liver, 

kidney and spleen were considered inappropriate., 

Mulliken et al. (139) implanted demineralized bone prepared according 

to Reddi•s technique and compared it to undemineralized bone implants used 

for the repair of· ca 1 varia 1 defects in rats., They found that the former 

produced ·better healing, presumably because it uncovered the bone 
I 

morphogentic protein of the calcified matrix. They also concluded that 

induced osteogenesis is not species-specific since they had similar results 

when they ·used human DBP to bridge rat calvarial defects. These results 
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were confirmed by Kaban et al. (103), who found that demineralized bone 

produced better healing compared to undemineralized bone in· an 

experimentally created full-thickness mandibular defecto The mineralized 

bone powder was· completely resorbed by 3 weeks, while. the demineralized 

powder induced new bone formation by endochondral ossifications without 

being apprecially resorbed prio·r to bone induction .. 

Lindholm (127) .demonstrated that allogenic, demineralized bone 

produced more new bone when combined with· bone marrow diluted in culture 

media than when used by itself. However,. the addition··of bone marrow to 

allogenic demineralized bone is advantageous only in the first phase of 

bone formation, while later stages of implant formation seemed to be 

unaffected (245). 

Osbon et al. (151) successfully reconstructed maxillary and mandibular 

defects in humans using composite grafts consisting of a·llogenic cancellous 

surface decalcified bone and autogenous particulate cance.llous bone. and 

marrowe They reported the following advantages of demineralized bone; the 

reduced amount of autologous bone requireds ease of adaptability of the 

material at the time of surgery, and· the high biocompata.bility and 

biqdegradibilitye 

Urist ~tal. (227) referred to the substance responsible for the bone 

induction as bone morphogenetic protein (BMP). They demonstrated the 

importance .of temperature, time and concentration of exposure to 

decalcifying solution, in orde.r to prevent denaturation of the cross-linked 
I 

structure of .the. bone matrix. They a] so demonstrated the importance of· 

devoting sufficient time for bone demineralization in order to acid 

gelatinize the bone matrix. Alsos Urist et al. (228) suggested that the 



27 

BMP is protected from thermal denaturation by the mineralo Bone minerals 

in vivo insulate the BMP and prevent the transmission of the morphogenetic 

property from bone matrix to mesenchymal cellso Urist et alo (230) stated 

that the bone induction capacity of BMP changed according to the species of 

the experimental animals in the following order: rabbit, guinea pigs, 

mouse, with rabbit being the most favorableo · Also BMP induced borie 

formation in the rat. 

Urist et al. {233) noted that BMP is transferred from bone matrix to a 

responsive mesenchymal-like population of cells withfn 24 hours after 

implantation. The BMP activity was estimated by the increase of the 

following: hyaluronate within 24 hou~s, hyaluronidase within 48 hours, 35s 

uptake within 7 days, increase in alkaline phosphatase activity within 10 

-days and 45ca uptake by mineralization tissue within 10-14 days. 

Urist, et al. (234) demonstrated that -BMP is· a glycoprotein and that 

m~senchymal response to it is growth hormone.,.dependent., Bone formation·was 

par~ially restored when gr6wth hormone was given to the hypophysectomized 

rato This is in agreement with the work of Reddi and his group (166, 168, 

169), who found that hypophysectomy ·delayed the formation of the ossicle 

and it also profundly inhibits haematopoesiso 

Urist (235), in a review articlej suggested that bone-derived growth 

factors and BMP .are coeffective. Also, he indicated that bone induction 

starts with a morphogenetic phase followed ·by a cyto-differentiation phase. 

The former consists. of mesenchymal cells disaggregation, migration and 
I 

reaggregation and proliferationo He suggested that with the onset of the 

morphogenetic phase, a chondroosteogenetic activation starts and is 

controlled by BMP activityo He postulated that the binding of BMP to 



28 

membrane receptors on mesenc'hyinal cell surfaces alter cell surfa-ce electric 

charges which in turn, may induce a cascade of cell-to-cell interactions, 

transmitting the genetic program of the. induced cells to their progeny. At 

this point, the human skeletal growth factor (BDGF) comes into playG 

Urist (235). reported that BMP-induced bone development is 

irreversible, while BDGF ~one growth stimulation. is reversible. In 

addition, he reported that ·the BMP has a molecular weight of 17.5K and is 

a~sociated with variable quantities of 14K, 24K and 34K proteinso He also _ 

tound that BMP yields less bone when isolated in the pu~~ state, than when 

it is associated with other proteins. He suggested that presence of 

collagen is not required for BMP activity, which could be transferred 

across a distance of 450 inicrometers through pores as small as 25 

nanometers o In doses of up to 5 mi 11 i grams, the yi e 1 d of new -bone was 

directly proportional to the quantity ·of implanted BMPo This was- in 

contrast to what he (234) previously reported, that BMP implanted alone 

diffuses away before inducing the competent mesenchymal cells (Urfst 1982). 

In addition, he. ~ndicated th~t cortical bone contains more BMP than 

cancellous boneG This agrees with the work of Nade and Glowaki (1981), who 

demonstrated superior osteoinductive ability of cortical over .cancellous 

bone. 

Huggins (94) suggested that a solid state physicochemical alter.ation 

of cell surface. is responsible for the phenotype transformation ca~sed by 

DBP. 
I 

Urist et al. (232) showed that the deminerali~ation time of 3 hours in 

Reddi's system produced less bone formation and more fibrous tissues. He 

suggested that this was due to defective demineralization. In addition, he 
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pointed out that the demineralization procedure and the subsequent washing 

with different chemica 1 s. used by Redd i , dena turated the bone rna tri x., He 

stressed again that, unlike demineralized dentin, bone matrix g·round to a 

particle size which is less than 400 microns results in·the loss of bone 

morphogenetic activity., He suggested that the mineral content of bone 

insulates BMP and prevents the transmission of the inductor from· the bone 

matrix to the proliferating mesenchymal cells. 

Reddi et al., (165) noted that cartilage persisted in the deeper 

regions of the transplant where oxygen tension was·- presumably low. 
/ 

Accardi ng to Bassett ·( 20) ~ oxygen tension as 1 ow as 5% favors 

chondrogenesis while levels of 35% favor osteogenesis., 

Reddi et al. (167) found that DBP prepared from th~ diaphysis of long 

bones was more inductive than.that from flat bone., This was attributed to 

the marked ·difference in collagen fibers orientation between weight-bearing 

bone and flat bonesc 

Reddi et al., · (167) noted that the transformation of .fibroblasts to 

chondrobl asts and osteob 1 asts was .always restricted to the center of the 

. implant and not the peri pery, which i n·di cates a difference between these 

two locations., 

~eddi et a 1 e ( 170) found Type I I I co 11 agen on day 3 around_ invading 

fibroblasts, Type ·I collagen on .day 5, Type II collagen associated wi.th 

chondrogenesis, Type I collagen associated with osteoblastic activity on 

day 10, and Type I I I co 11 agen reap pea ring. during haeinopoes is on day 12. 

Rath et a 1. (,160) foun'd that gl ucoroni dase., acid phosphatase, and 

especially aryl sulfatase, were increased during bone remodelling. These 

enzymes peaked between day 12 and 16 following implantation of DBP., 
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Urist (235) found that the collagen of bone matrix was not essential 

for osteoinduction. 

Sampath et ale (181) investigated the osteoinductive molecule to 

determine its mitogenic activity on human and rat fibroblasts as well as 

bovine endothelial cellsa He reported that while human and rat fibroblasts 

responded by with a increase in ·proliferation of 250 and 300% respectively, 

the endothelial cells did not respond~ 

The bulk of the ba.sic ·information gained from the research reviewed 

-above was applied to solve clinical problemso 

Narang et ale (142) used decalcified allogenic bone matrix for 

alveolar ridge augmentation in dogse After 16 weeks, no infection was 

found around the wound sitesa· The grafts were not rejected and new bone 

was formed at the implantation sites and did not evoke any significant 

immunologic responsec 

Kaban et al o (104) augmented the rat mandibular ridge with 

demineralized bone implants in submucosal pockets.on the edentulous segment 

of the rat mandiblea These implants induced osteogenesis· and the mass of 

induced bone and implant was united to the ridge by 2 weeks .and there was 

little or no resorption over a 6 months follow-up periodo 

Mulliken et ale (140) used demineralized allogenic bone to augment, 

contour, fill defects or construct bone within soft tissues in humans. The 

implants were clinically solid after 3 months- and radiographically healed 

by 3 to 6 months. Infection occurred in 4 of 44 patients and 4 patients 

showed resorption of the' implant. The advantages of allogenic 

c;iemineral ized implants over conventional bone grafting are: avoidanc~ of 

harvesting operation, ease of manipulation and potentially unlimited 
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material ·in banked form. Hea_ling by induced osteogenesis may bypass the. 

resorption seen with healing of mineral-containing grafts.. Available 

autogenous bone is limited, especially in ·infants and young children .. · In 

some instances,. the harvesting operati.on may be of greater magnitude than 

the surgical procedure for example, the closu~e of a bony oronasal 'fistula., 

Induced osteogenesis with demineralized .implants is different from 

osseous healing that occurs with conventional · bone grafts. . Fresh 

cancellous grafts a·re rapidly revascularfzed and survive to produce new 

bone from the transplanted living osteoblasts (2n;·- 81, 162}. The 

predominant mechanism of healing with fresh, preserved, cortical grafts is 

"creeping substitution", i.,eo concomitant resorption of·the bone graft and 

its replacement via ingrowth of vascular and osteoblastic tissue from· 

adjacent bone (13, 155)" Induced osteogenesis, in con.trast,. is a 

phenotypic change of host pluripotential cells into osteoblasts. The 

process is one of local cellular transformation, in contrast to osseous 

transplantation with living cortical or cancellous grafts (140) .. · 

Glowacki et al ... (72) . evaluated the fate of mineralized and 

demineralized osseous implants placed into cranial defects in r~ts. By 2 

we·eks, 100% of the defects that had been filled with demineralized bone 

powder (bBP, ·75-250 microns) showed bony repai.r as judged by histomorpho

metric analysis and incorporation: of 45ca. The DBP was not resorbed· but· 

~ather was amalgamated within· the new bone. In cbntrast, mineralized bone 

powder was completely .resorbed . by 3 weeks without bony repair of the 
I 

crania 1 defect. These s pee i~ens contained 1 a rge mu 1 t i nuc 1 ea ted ce 11 s and · · · 

connective tissue. Implants of bone minerals were also evaluated. Bone 
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ash and disorganized bone powder were surrounded by multinucleated cells 

within 7 days and completely resorbed by 3 weekso 

Inoue et alr •. (97) showed ,that outgrowth of. cells from rat muscle, 

dermis and subc~taneous tissue, bone marrow cells and periodontal ligament 

cu 1 tured in vitro with demi nera 1 i zed bone· rna tri x for up to 35 days 5 ·induced 

chondrogenesis._ 

Glowacki et al. (73), used demineralized bone implants for 

cranio-maxillofacial reconstruction and construction in patients ·with 

congenital deformities and acquired defects. Early healing was assessed by 

clinical and. radiographic examinations and sometimes by biopsy. They 

concluded that the clinical advantages .of DBP. are rapid union; healing of 

large ·defects, avoidanc~ of harvesting procedures and the potentially 

urilimited supply of banked materialo 

Sampath et al., (184) implanted DB matrix subcutaneously. into rats. 

fhis induced cartilage and bone formation in vivo. When mice skeletal 

muscle was cultured on hemicycl inders of demineralized bone. in vitro, 

mesenchymal cells are transformed into chondrocytes. 

Blumenthal et al., (26) tested a combined collagen gel-autolysed 

antigen-extracted allogenic bone implant for its effect on growing. new 

attachment in surgically-created d~fects in ~ogso As controls~ bone 

implants alone, rionimplanted, and untreated defects were evaluated. The 

collagen gel enco~raged ingrowth of regenerative tissue fibroblasts in the 

early stages of wound healing, while the allogeneic bone induced n~w bone.· 
I 

formation. The graft materials were ··bicompatible, technically manageable· 

and clinically effective. 
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Mulliken (141) defined osteoinduction or bone induction as a process 

involving cellular change or cellular interaction., In other words, the 
l 

cells are made to differentiate and do something they. normally would :not 

doo The classic material for this is either autogenous marrow, because of 

the capacity of marrow cells to differentiate into bone forming 

osteoblasts, or extracts of bone marrow or treated boneo 

Syftestad ~t al. (203), assayed ~rea and guanidine extracts of 

demineralized beef and rabbit bone matri~ both in vivo and in vitro. One 

month following intramuscular implantation into mouse thighs, these 

extracts induced ectopic cartilage and bone., Seven days following 

continuous in vitro exposure to the same extracts, mesenchyma 1 ce 11 s in 

cultures had differentiated into greater numbers of chondrocytes than 

controls., 

Hosny and Sharawy (92) tested the osteoinductivity of demineralized .. 
bone powder in Rhesus monkeys in subcutaneous tissuese Decalcified ·and 

undecalcified sections of. the implants were studied., Large numbers of 

undifferentiated mesenchymal and fibroblast-like cells were observed around 

and ·within the DBP matrix particles on day 20. Cartilage formation was 

also evident at that time and had increased by.day 40, when chondroid bone 

also appeared. By day 72,· the implants showed mature and immature bone and 

bone marrow formation. Areas of DBP that were incorporated within the 

induced bone contained empty lacunae and stained similarly to mineralized 

bone. 
I 

From the above reviewed research work, the evidence for bone induction 

using .DBP in rodents, non-human primates and humans are strong and 
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convincing~ This encourages us ·ta.use DBP in combination with alloplastic 

material as a bone graft substitute. 

Ce Alloplastic Materials 

l)o Metals, Ce.ramics and Polymers 

Although metals- have been used widely as internal prostheses, their 

physical characteristics dis~ouraged their use for replacement of residual 

ridges. Holland (89) and Thoma (214) used subperiosteal gauze made of 

tantalum to block undercuts of lower residual ridgeso The rolled-up gauze 

was fixed- in place subperiosteally with fine wires passing through the 

bonec The gauze was well tolerated and a denture was constructed 3 months 

postoperativelyo However, in some cases dehiscence occurredo-

Ceramics are generally brittle, have no ductilitys low flexture 

strengthi low impact resistance, freedom from notch sensitivity, and 

mechancial reliability~ However, many ceramics are inert and possess 

interconnecting pores (217). 

Bahn (14) implanted porous plaster-of-paris for augmenting edentulous • 

ridges o Resorption was rapid with 1 itt 1 e perma netit augmentation of the 

ridgeD Although its tissue acceptance is good, its high solubility appears 

to limit its value as a scaffold for new bone formationo 

Calcium aluminate with interconnetting pores was used for augmentation 

of dog alveolar ridges (218). Tissue-acceptance was good. Fibrous.tissue 

and bone grew intq the implant (83) o · 

The principle limitation of calcium phosphates are their mechanical 
I 

properties., Like most ceramics calcium phosphates are brittle, have low 

impact resistance and a relatively low tensile _strength. However, there is 

a lack of local or systemic toxicity, little or·no inflammatory or foreign 
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body response 5 an absence of intervening fibrous tissue between implant and 

bone and its abi 1 ity to become directly bonded to bone by what may be 

natural bone cementing mechanisms~ ~The solid materials are stronger than 

bone, while porous ones have similar properties to cancellous bone (114)c 

Tricalciam phosphate (TCP) was used either for replacement or to 

supplement bone grafting (63) where bony regeneration_was expected and when 

a temporary substitute of bone was necessary (34). The process of bone 

replacement of the implant begins with an ingrowth of cellular loose 

connective tissue which is replaced later by dense -boneo Around the 

periphery of this dense fibrous connective tissue, osteoid tissue becomes 

evident and later this mixture converts to bone which, at first, is in the 

form of spicules but later takes on the characteri sties of 1 crmell ar bone. 

with TCP particles seen within its lacunaec However~ this replacement of 
~ . 

TCP is s 1 ow and takes up to 18 months c When porous TCP was used in 

cancellous and cortical bone it was rapidly infiltrated with bone and 

slowly resorbed. There were no untoward tissue or systemic reactions. 

Following TCP implantation in animal experiments, DeGroot (34) found 

that tricalcium phosphate was detected in regional lymph nodes. Krempien 

(1985) reported an: unexplained osteoporosis in animals that received TCP 

implantse Fischer·(34) suggested that clinical utilization of the material 

be · discontinued untfl the unfavorab 1 e results of these observations are · 

clarified. Replamineform hydroxylapatite was .used ·subperiosteally for 

augmentation of alveolar ridges in dogs ( 156). Finn et al. (64) used 
I 

interpositiririal grafting with autogenous bone and corall-ine hYdroxylapatite 

for augmentation of alveolar ridge on dogs. They found early consolidation 

and remodeling of the grafted bone and implant with minimal alteration~ of 
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the morph.ologic. form and architecture of the repositioned boneo Piecuch et 

al. (157), indicated the use of block porous HA in cases of severe 

· re~orption of the mandible to the level of· basal bone, especially when 

broad flat ridge cnntour areas are found. Grosslj irregular ridge contours 

and knife-edge ridges are better treated with porous non-resorbable 

hydroxyapatite granules. Hydroxyapatite, with or without .autogenous 

cancellous bone (112), was used fa~ augmentation of alveolar bone where a 

permanent augmentation was required and where bone regeneration would. not 

occur on its own. 

Beirne et al. (23) evaluated tissue respo~se to dense HAe T~ey found. 

minimal inflammation but the implant had not induced new bone formation and 

was instead surrounded by a fibrous connective ti·ssue scar and occasionally 

epit~elial macrophages and multinucleated giant cells immediately adjacent 

to the implantQ 

Gumaer et al. (78) studied tissue response to dense HA after 6 to 8 

years in dogs femurso They found that the implants ~ete totally encased in 

dense mature bone and in some· cases at the periosteal surface showed 

interdigitation of connective tissue stalks with large multinucleated cells 

at _the interface with the implanto 

Hydro~ylapatite (HA} used for reconstruction of residual alveolar 

ridges, with or without autogenous cancellous bone, has been evaluated over_ 

a six year period. It was found that the complications that arise involve 

incision dehiscence or erosion of the mucosa from the use of sp 1 i nts, 
I 

parasthesia and hyperesthesia of mental nerve, migration and displacement 

of particles, nona.ttachment of HA_ to bone, overfill, and hematoma formation 

,(113)o In another study, they found that problems facing dentists wishing 
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to construct complete dentures following use of HA» regardless of the 

technique used and in the gresence or absence of a stent, included 

diffusion of HA into adjacent area
1
, ,irregular distribution and extrusion of 

the material, incorrect position, excessive increase in alveolar ridge 

height, paresthesia, and settling, migration and resorption (54)" 

Kent et al. (112) evaluated dense HA used with or without autogenous 

cancellous bone. for 4 years" They found improved ridge height and width., 

Dentures were constructed 3 to 6 months postoperatively and vestibuloplasty 

was done in some patients., Complications included anesth-esia of the lower 

lip, pain, inflammation, particle migration, ulceration and deheiscence. 

Some patients underWent fewer subsequent denture relines" 

Beirne et al. (23) concluded from their studies on .augmentation. of 

alveolar ridge of mandible with hydroxylapatite that HA was biocompatible, 

caused minimal inflammatory response and could.increase denture retension. 

However, a large number of patients developed 1 ip parethesia and showed 

migration and displacement of HA. 

Lew et al. (126) used autogenous rib graft with particulate- HA for 

augmentation of atrophic mandible. They found that mandibular morphology 

was restored with good prosthestic function and insignificant resorption. 

Problems encountered were migration of HA particles and dehiscence of 

overlying mucosae 

Kent, et a 1 • ( 114) d.escri bed. the important advantages of using HA 

which included excellent compatability, absence of antigenic reactions, 
I 

availability of the material, allow surgery under local anesthesia, low 

risk of infection; low risk of permanent hypersthesia, no resorption of the 

material granting long-lasting results, high rate of ·good results and no 
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need of a perfect oral hygiene. He described the complications as 

hyperethes i a of the menta 1 nerve, dehiscence which sometimes 1 eads t.o 1 oss 

of some materials and pressure necrosiso 

Guerra (77) stated difficulties en6ounte~ed with HA we~e overbulking, 

mal placement, paresthesia or · hypersthesia, required secondary 

vestibuloplasty and sometimes skin graftingo Also, sometimes the mandible 

became wider· than the m~xill~. ·Sometimes patients need a long time for HA 

to stabilize and during this period they would be without their dentures. 

There are many polymers used for ridge augmentatieno Epstein (59) 

placed subperiosteal polyvinyl alcohol sponges (Ivalon) into the labial and 

lingual undercuts. Histologically, there was fibrosis and giant cell 

response but no evidence of inflammationo The material was elastic, tough 

and of great tensile strengthe 

Cranin (50) implanted polyvinyl sponge subperiosteally in the anterior 

maxilla to reconstruct the resorbed ridge in humanso 

Gatewood (70) used.silastic covered with a dacron mesh subperiosteally 

to augment alveolar ridge. The surrounding tissue showed normal response. 

Boucher (27) augmented the upper anterior region of maxilla with medical 

grade, liquid silicone rubber.. He (28) also used a modified form of 

silastic for ridge extension procedures both in·animals and humanso 

Small et al. (192) evaluated Teflon and silastic for replacing 

portions of the mandible. Teflon seemed more adaptable to restoration .of 

large mandibular rese~tions, whereas silastic seemed better for small 

mandibular resections. Bone 'will not proliferate in either substance and 

when combined with bone grafts, bone was not be retained if there was 
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contamination. or inadequate fixationa Silicone rubber is more bio-inert 

but did not directly attach to bone leading to slippage and extrusion., 

Moore ·et al D (136) blocked t.he undercut. regions by using gelatin 

sponge (Gelfoam) subperiosteally which creaied better alveolar ridges and 

produced more stable and comfortable denture-bearing areaso 

Henefer ··et a 1 ., ( 87) inserted aery] a te~ami de sponge in undercuts in 

·primates and humans.. New bone which formed in the spaces of the sponge 

extended beyond the original contours of the labial cortical plate. No 

evidence of rejection or carcinogenesis of the material ~~s notede 

Laskin (125) injected ·a sclerosing solution of 5% sodium morrhuate 

subperiosteally for augmentation of residual ridges., This treatment 

produced fibrosis. in hypermobile edentulous ridge without a need for 

surgery., It also maintained alveolar height and avoided: the necessity for· 

a second vestibuloplasty. 

Kent et al .. (109, 110) used porous proplast, which· is made of 

polytetrafluoroethylene and· carbon fiber, in dogs and humans for ridge 

augmentation. It · increased denture s tabi 1 i ty, reduced pressu·re and 

eliminated pain. However, large implants ·did not improve denture function 

and were more likely to develop sepsis .. 

Proplast showed early stability by connective tissue ingrowth, but· if 

the. tissue did not completely infiltrate the mate·rial ,. lead to infection of 

the voids (-110). 

Flohr ( 66) used . acrylic resin in subperi ostea 1 tunne 1 s for 

augmentation of mandibular residual ridges. Methylmethacrylate is not 

completely inert and promotes . excessive encapsulation with fibrous 

connective tissue which leads to displacement, extrusion and infection. 
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Ashman et al ... (3) used an alloplastic material called hard tissue 

replacement (HTR) for augmentation of alveolar ridge., Problems encountered 

include postoperative swelling and eccymosis 11 ·plaque accumulation within 

the pores if not primary closed,· paresthesia~~ vestibuloplasty sometimes 

needed and th.e requirement of a special d-ielectric oven for fabrication .. 

Generally, alloplastic materials offer an advantage over the biologic 

materials for replacem~nt of tissues because they are readily available in 

large quantity, _are easily fabricated and adjusted at the. time of surgery 

and do not require operation on the donor site (217)o 

2). Porous Poly~ulfone 

The aliphatic polysulfones were originally synthesized in 1898 by 

Russian workers and subsequently investigated by German~~ ·outch and English 

researchers (145)~ In 1958~~ the aromatic polysulfones were synthesized. 

The materials were produced from the reaction of P, P' - dihalodiphenyl 

sulfone with sodium salt of an· aromatic dithiol., Subsequently, in /1964, 

aromatic polysulfones containing ether links were introduced commercially 
I 

by Union Carbide Plastic Company (145). 

The commercial aromatic polysulfones. are produced by reacting the 

disodium salt of bisphenol A with P.,P' ~ dichlorodiphenylsulfone in 
dimethyl sulfoxide and chlorobenzene .. The molecular weights range from 

' . 

30o000 to 60.000 {145). 

The aromatic polysulf6nes were introduced as molding powders and as an 

adhesive system (145). Blocks of polysulfone were produced by sintering 
I 

particles of medical grade polysulfone (850-1180 microns in diameter) in 

aluminum molds at 222-246°C for 15 minutes. Molds ·were· quenched and chips 

were removed, rinsed and stored in 70% ethanol at 4°C., It has a molecular 
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weight of 25,000 and glass transition temperature of 190°Co Its chemical 

composition satisfie~ the American Society of Testing and Material.s (ASTM) 

(145, 194). 

Polysulfone is ·biocompatable ·(195, 197) highly resistant to aqueous 

mineral .acids, and alkalis and salt solutions (l45)o It has modulus of· 

elasticity in· the range of 2000 to 7000 MN/~2 which fill the gap between 

the high modulus of ceramics arid metals and the low modulus of polymerso 

This modulus can be increa~ed to over 14s000 MN/m2 by the addition of 30% 

by weight of carbon fiber reinforcement (194) .. 

The modulus of-elasticity of the .polysulfone was·.low enough to allow 

the near normal remodeling of bone in the pores of the implant, behavior 

not provided by imporous ceramics and porous metalso This behavior should 

provide for the 1 ong-term vi abi 1 i ty of. the bone-po 1 ysu 1 fane composite 

interface (194)o Also, this low modulus is desirable so that stress 

concentration produced in the surrounding bone are· avoided. (l94)e However, 

the modulus of elasticity and creep resistance of polysulfone is high 

enough to prevent distortion of the pore stru~ture under initial placement 

and functional loading and also does not cause excessive motiori, as might 

·be the case of lower modulus polymers (196, 198)o 

It has a high enough shear strength to allow the ·highest interfacial 

shear strength possible to be developed. Polysulfone has no adverse tissue 

reactions 0 The size of the pores can be predetermined.. It can be shaped 

as ~eeded a~d the material is non-radiopaque (145~ 194)o 

The ingrowth of bone within polysulfone proceeded ·at what might· be 

considered normal rate of osseous repair, thereby suggesting that the 

m~terial has sufficient interconnecting porosity (194). 
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In addition to its favorable mechanical properties, polysulfone has 

been found to have good thermal and hydrolytic stability and has satisfied 

the biotoxicity tests for U.S. Phar~copeia class VI plastics (212, 194, 

199) .. 

Ballintyne-et al. (17) tested .. the mechanical properties of polysulfone 

and its performance as a surface' c"oating on orthopedic implants in"the form 

of coated femoral _prosthesis in dogs., Also, as a coated tooth roots in 

healed extraction sockets -in Rhesus monkeys. They found that the shear 

strength of the polysulfone was comparable to that of·- trabecular bone. 

Bone and ftbrous tissue were identified .in the pores of the coated 

specimens.. The clinical evaluation of the functioning dental implants 

revealed no instability and radiography and pocket depth measurements 

revealed no loss of bone from around the implants .. 

Spector et al .. (194) implanted pellets of sintered polysulfone .into 

canine femursm Bone ingrowth into polysulfone proceeded in such a fashion 

as to mimic the normal repair· at the sitem Mechanical testing of cortical 

and cancellous implants revealed that the interfacial shear strength of the 

polysulfone bone composite· was similar to that achieved using porous 

metals .. 

Spector et al. (199) investigated polysulfone-coated- cobalt~chromium 

femoral pro~thesis implanted in dogs for up to three years. Radiographic 

and scintigraphic features were demonstrated, bone ingrowth to some degree 

in 12 of 14 dogs.. One of two failed implants was recovered 4 days after 

implantation and the second was loose due to overreaming. 

Spector et al. (194) inserted 16 porous polysulfone (PPSF) coated 

canine femoral stems into 14 dogs. Coating was approximately 40% porous. 
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Bone was . formed within at 1 east 30% of the surface pores of the imp 1 ants c 

The tissue ingrowth filling the pores included marrow and fibrous tissue. 

Correlated roentgenographic and histologic observations reveal~d a 

trabecular 11 1amina dura-like 11 at the coating bone interface and relatively 

dense trabeculae distal to the stem tip. 

Behling et ala (22) studied the quantitative and qualitative tissue 

and cellular response to PPSF particles implanted subcutaneously in rats 

for 100-118 weeks. The PSF particles were sequestered within a 

subcutaneous fibrous capsule. The long term response was a characteristic 

foreign-body granuloma and consisted of a mono 1 ayer of macrophage at the 

surface of the implant surrounded by a zone of fibrous· tissue. A 1 so, 

fibroblasts and giant cells were found. 

Vandersteenhaven et a.l.. (238) investigated the ·subcutaneo-us 

implantation composite of demineralized allogenic bone matrix (DABM) and 

PPSF, and PPSF only, whole demineralized allogenic bone matrix, and 

particulate demineralized allogenic bone matrix in rats. 

Microradiographically and histologicallY the DABM and PPSF composite 

revealed chondrogenesis within the pores of the specimens at 10 days 

followed by the ossification and fatty marrow production at 21 and 43 dayso 

This histologic sequence was similar to that seen with DABM controls. The 

PPSF did not prevent ~he osteoinducttve processo 

C. Rationale 

We selected Rhesus monkeys as our animal model- bec~use they ha~e jaw 

bones simi 1 ar to the human 'from the function a 1 and anatomi ca 1 point of 

view. They were from 12 to 15 years of age which· is comparable to humans 

of 45-53 years of ·a·ge (149.). -this age group and older demonstrates an 
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increased inci~ence of edentulous jawsg We selected female monkeys because 

ridge resorption affects females more than male in a proportion of 4 to 1 

(133). We also· selected the lower jaw because resorption is four times 

greater in the mandible than the maxilla (133). 

We selected porous material because a thoroughly porous material that 

would allow soft tissue and bone infiltration would be desirable (2.17). 

One of the main reasons of failure of al1oplas~ic material is the extrusion· 

of the implant (192) due to its failure to betome structurally united with 

the surrounding· living tissues. In addition, prevfous studies have 

demonstrated that bone ingrowth: into porous materials produces an 

1nterlocking composite interface which is capable of stabilizing orthopedic 

and dental prosthesis (17-194)a 

We selected porous polysulfone (PPSF) for our experiment because of 

its favorable mechanical properties which includes a modulus of elasticity 

that' fi 11 s the gap between the hi gh-modu 1 us of ceramics and meta 1 s and 

lower-modulus polymers (194)c This is desirable because it is low enough 

so that stress concentrations produced in the surrounding bone are avoided. 

lhe -material also undergoes sufficient elastic deformation to uniformly 
( 

• 1 transmit some portion of the loads applied to the implant to bone spicules 

within the pores. The transmitted stress would effect remodeling of·bone 

in the cortical region of the implant, as might normally occur (194). The 

normal remodeling of bone in the pores of the implant is· not seen in porous 

ceramic or porous metals (194)~ This behavior should provide for the· 

long-term ~tability of the bo~e-PPSF composite interface. Also, PPSF has a 

high enough modulus of elasticity and creep resistance to prevent 

distortion of the pore structure under initial placement and functional 
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loading. Such property help in preventing excessive· motion, as might be 

the case with lower modulus polymers (17,149)o PPSF also has a high enough 

shear strength to allow the highest interfacial shear strength possible to 

be developed without breaking or tearing., It also has no adverse tissue 

reacti ens, the size of the pores can be predetermined, the . modu 1 us of 

elasticity can be increased if needed, it is biomechanically compatible 

with bone, it can be shaped as needed and it is radiolucent thus allowing 

roentgnographic identi-fication of bone ingrowtho In addition to its 

. favorab 1 e mechani ca 1 properties, PPSF has been- found to have good 

hydrolytic stability and has satisfied the biotoxicity tests fo·r U.S. 

Pharmcopoeia Class VI plastics (194)o 

We se 1 ected the demi nera 1 i zed bone powder. ( DBP) in our experiment 

because it had several adv~ntages over conventional bone grafting, such as 
.. 

avoidance of a harvesting operation, ease of m~nipulation and potentially 

unlimited supply in banked forma Healfng by induced osteogenesis may 

bypass the resorption seen with healing of mineral-containing bone (140). 

It was shown that DBP has osteoinductive abiJities in both young and old 

rats (93), in dogs (142), and in Rhesus monkeys in subcutaneous tissues 

(92). We followed Reddi 's technique (164) for obtaining DBP except for 

increasing the decalcification time from 3 to 18 hours. We did not use 

higher concentrations of acid to deminer~lize bone and we did not use long 

periods of time which might have a detrimental effect on the bone induction 

capacity of the bone matrix, s i nee it might denature the protein content 

and therefore delay or preverit bohe induction. We did not pulverize bone 
( 

with a liquid nitrogen micromill which might also denature the protein. 
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The sacrifice time selected to be on days 42, 60 and 90 was based on 

the work done by Hosny and Sharawy (92) who observed undifferentiated 

mesenchymal cell~ and fibroblast-like cells and evidence of cartilage on 

day 20, more cartilage formation and chondroid tissue on day 40, and mature 

and immature bone and bone marrow formation on day 72c 

D. Specific Aims 

l.. To extract mandibular _molar teeth bilaterally in five monkeys and to 

wait for hea 1 i ng of the wound .and res,orpti on of the a 1 veo 1 ar bone. 

2" To obtain 1 ong bones from one monkey and prepare ·aemi nera 1 i zed bone 
I 

powder. 

3c To prepare porous polysulfone implant to conform-the shape of residual 

alveolar ridgese · 

4o To insert the porous polysulfone implants nn one side and the porous 

polysulfone with DBP on the other side .. 

5o To sacrifice two monkeys after 42 days, two monkeys after 60 days and 

one monkey after 90 days by perfusion fixati.on .. 

6.. To process the blocks for ·1 ight microscopy using paraffin, glycol 

methacrylate and methyl methacrylate embeddin.g technique. 

7.. ro· quantify bone formation using histomorphometric techniques and 

tetracycline label measurements .. 

Bo To process specimens for scanning electron microscopy. 



II. MATERIALS AND METHODS 

Ae Animals 

Six adult (12-15 years of age) female Macaca fascicularis were used in 

this experiment. The animals were previously overectomised by the vendors 

and therefore had no ovarian_ cycles. One animal was sacrificed and used as

a bone donor and the other t'ive were recipients.o 

Be Food and Care of Animals 

The monkeys- were caged individually in an air-conditioned room at the 
--- - ·-

MCG animal resources facility. They were fed - Purina monkey chow, 

supplemented with fresh fruits and water-was available ad libitum. 

C.. Materials 

1. Demineralized Bone Powder 

One monkey was· sacrificed using pentobarbital sodium· (100 mg/kg) 

intravenously. The diaphysis . of 1 ong bones of the donor anima 1 were 

dissected out and were freed of muscles and bone marrowe These bones were 

cut into small pieces (Figo 1) using autopsy saw and bone cutting rangeur, 

washed and stirred in distilled water using a magnetic stirrer for two 

hours. They were then dehydrated in absolute ethanol for 90 minutes 

followed by 30 minutes in ethyl ether. 

The bones were dried overnight under a vacuum at 37~C.. The follo~ing 

day, the bone~ were ground at 20 second intervals at room temperature with 

-a water cooled micromill (Bel Art Supplies, N.J., USA). The resultant 

powder was_seived to a particle size of approximately 420 microm~ters. The 

bone powder was ·demineralized in 0.5 N HCl (25 meq/g) or 50 ml of acid/gm 

of bone powder) for_ 18 hours with continuous stirring. The acid was 

changed seven· times during the process of demineralization. 

47 
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At the end nf demineralization, the solution was 6entrifuged at 3,000 

rpm for ten minutes and acid was separated from the pricipitatec Distilled 

water was added to. the preci pi tat~. and stirred ·for two hours _and the 

distilled water was changed three times. The· solution was then centrifuged 

at 3,000 rpm for ten minutes and water separated from the precipitate .. 

This was followed by dehydration in absolute ethanol for 30 minutes .. 

The dry, demfneralized bone powder (Figc 1). was divided into twelve 

portions of 100 mgs each and placed into lee plastic syringes.. Random 
. ' -.... 

samples (100 mgs) of DBP was mixed with sterile water and left to 

settle. The ·resultant solution was cultured in agar plate for 48 hrs at 

37°C to check for any microbial growth (Fig .. 2). The other eleven samples 

were kept .at room temperature until their usee 

2. · Porous Polysulfone 

Blocks of PPSF implants (Fig. 3) were kindly supplied by Dr. Myron 

Spector!~ Department of Orthopedics, Emory University School of Medicine. 

The porosity of the polysulfone ranged from. 25-45% with the. darker 

specimens having the higher strengths a~d lower porositieso All specimens 

were fabricated from medical grade polysulfone (P-1700). 

D.. Procedures 

lo Preparation of the Alveolar Ridge 

(a) The animals were initially anesthetized by experienced animal 

resources personnel using a combination of Ketamine (20-25mg/kg) and 

acepromazine (.5-l mg/kg) IM. These were supplemented with surital (sodium 

thiamylal) IV as needed. Atropine 400 mg subcutaneously, was· given on the 

day of surgery. 
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(b) ·The animals were drapped with sterile towels to expose only the field 

of surgery. The operator and his assistant scrubbed and dressed in 

standard aseptic techniques for operating roomsG 

(c) The mandibular molars of the right side were infiltrated using lc8ml 

of Xylocaine-epinephrine (1:100, OOO)e 

(d) The mucoperiosteum was reflected with a periosteal elevator on both 

buccal and lingual surface and held backo The molar teeth of the lower jaw 

on the right side were extractede The ridge was kept free of blood by use 

of a suction apparatus throughout the operation.. By o·sing a side-edge, 

bone-cutting rongeur, bone was removed from bucca 1 and 1 i ngua 1 cortica 1 

platese The interseptal osseous projections were removed with an 

end~cutting rongeurc The buccal and 1 ingual surfaces of the ridge were 

smoothed with a bone filec Any spicules of bone or tooth structure that 

may have dropped into the socket were removed and the wounds were then 

irrigated with normal salineo The flap was returned to its original 

position and the edges of the soft tissue was approximatede The 

overlapping soft tissue was trimmed with scissors and then the cut edges 

were approximated againQ The mucoperiosteum was sutured with 3-0 vicryle 

(made of polyglactin and calcium stearate) resorbable sutures. Both 

continuous and interupted suturing techniques were usedo 

(e) The same protocol was repeated for the left lower molar teeth. 

(f) Pressure was applied to the wound area with ice bags for approximately 

one-half hour following the surgerye The animal was returned to its cage 

and observed until fully reco~ered from the anesthesia. 

(g) The animals were left for healing and remodeling of the alveolar bone 

for periods of 5 to 8 l/2 months after extractions. 
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2. Preparation of Porous Polysulfone 

(a) One week before . the final surgical . procedure, the animal was 

anesthetized using the same protocol ~entioned above. 

(b) An alginate impression was taken of the ·partially edentulous lower 

ridge using a preformed special tray. The impression was poured using 

mount stone and a cast made and trimmedo 

(c) The PPSF was shaped to fit the edentulous area of the casto It was 

prepared in a. rectangular form 1 x OoS x 0 .. 2cm.. Six holes, approximate-ly 

O.Smm in diameter·, at equal distances, were made on eac·h- rectangular form 

implant (Fig. 4). Polysulfone·can be sterilized by autocaving. However, a 

hot air oven w·as used for sterilization.. Each implant was wrapped and 

steri 1 i zed in a ·hot air oven for two hours at 165°C and stored at room 

temperature until its use~ 

3o Implantation Procedures 

(a) The animal was anesthetized using the same protocol as mentioned 

before and all procedures'were done under aseptic techniquese 

(b) On the ieft side of the partially edentulous ridge (Fig. 5), a 

longitudinal incision of 2-Scm was made over the crest of the edentulous 

ridge from the. retromo 1 ar pads to the second premo 1 ar. Another ob 1 i que 

incision was made at 45° from the second premolar to the mucobuccal fold. 

·(c) A mucoperiosteal flap was reflected using a periosteal elevator and·· 

retracted. The ridge was kept free from blood by suction throughout the 

operation. 

(d) A very shallow box was made on the crest of alveolar ridge and bucally 

with a #169 fissure bur to help the retention of PPSF blocks (Fige 6). 

Only in the first monkey was the PPSF was prevented from dislodgement by 
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using a preformed acrylic splint (Fig. 7 · & 8) fixed in place by 

circumferential wiring (Fig. 11). The splint was in a supraocclusion 

positiono Since the splint caused ulceration of the underlying mucosa, no 

more splints were used in this study. 

(e) The wound was irrigated with normal salinee The PPSF and DBP (200mg) 

were inserted on the left side, lOOmg below the implant and lOOmg above the 

implanto The flap was approximated and sutured with 3-0 vicryl resorbable 

sutures (Fig. 9). 

(f) The same procedures were performed on the right side- except that PPSF 

was inserted without DBPo 

(g) The animals were returned to their cages and observed until fully 

recovered from the anesthesiao 

4o Animal Sacrifice 

Fifteen days before sacri fi ci ng of the anima 1 , the first dose of 

tetracycline hydrochloride (25mg/kg) was given intramuscularlyo The second 

identical dose was given 10 days following the first dose. The animal was 

sacrificed 5 days after the second dose. · 

The animals were sac~ificed at 42, 60 and 90 days after implantation. 

The animals were anesthetized with ketamineo A central incision in the 

midline of the neck was made and with blunt dissection, the carotid sheaths 
~ . 

on each side of the neck were exposed.. The common carotid artery, the 

internal jugular vein and the external jugular vein was cleaned of 

connective -tissue and o·o black silk ligatures were placed. around each 

vessel. 

The common carotid artery was occluded with a bulldog clamp distally 

and then ligated proximally. A small incision, was made in the isolated 
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segment and a plastic cannula was introduced into the artery (bilaterally) 

as the clamp was released. The canulae were secured in the artery by tying 

the 1 igatures around the cannulated artery. Both right and left cannulae 

were connected to a perfusion pump. In the meantime, the internal jug~lar 

veins were ligated and the external jugular veins incised to allow drainage 

of the blood and perfusate. Heparinized saline (10,000 ll/L) was pumped· 

·into the arteries at a rate of 50-75 ml/min until clear saline drained from 

the externa 1 jugu 1 ar veins. The monkey was then perfused with Mi 11 ong • s 

phosphate buffered formalin (pH 7.2). Submucosal injections at the 

partially edentulous areas_were used to supplement ~he perfusion procedure. 

In one monkey, we perfused through the heart and in another one we perfused 

through femoral vesselsQ 

Each perfused· monkey was decapitatedo The head_ was placed in 

Mil long's phosph~te buffer for about three ~eek~o Then a band saw ~as used 

to make a coronal cut through ·the rami of the mandibleo Then another cut 

was made sagittally at the symphysis menti area of th~ mandible. 

Photographs were taken. Both the right and 1 eft side of the· a 1 veo 1 ar 

ridges were then cut. into 3mm thick sections using· a diamond. saw. Each·. 

section was photographed using a Zeiss dissecting microscope equipped with 

tibro-optic light cables _and an automatic camera (Carl Zeiss~ West 

Germany). All gross topography was recorded. -The tissue sections of each 

·side were divided into two groupse The first group was decalcified in a 

solution containing 12.7 M formic acid and 0.0035 M sodium citrate. · The 
I 

formic acid was prepared 'by diluting concentrated formic acid 1 to with 

distilled watero The sodium citrate solution contained 0.007 M sodium 

citrate. This mixture ·of formic acid and sodium citrate is considered 
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to. be a mild decal~ifying solution that requires 6-7 weeks for 

decalcification. The second group was left undecalcified. 

Se ... Evaluating Techniques 

After decalcification, each jaw section containing the implant was 

dehydrated in ascending grades of ethanol, then cleared in xylene and 

infiltrated overnight in paraffin under a vacuum and then embedded in the · 

same substance., The samples were cut into 5 micron thick sections using a 

steel blade mounted on a 820 Spencer mitrotome (American Optical 

Corporation, Buffa 1 o, N., Y.) The sections were stained- with ·the Harris 

Hematoxylin_ and Eosin Stain (H & E). 

This technique was used to demonstrate the general· histology of the 

alveolar ridge conta·inin'g the i~plant.. In the H· & E sections, the nuclei 

appeared blue an·d cytoplasm and intercellular fibers stained pink which 

allowed different tissue components to be identifiedo The stained sections 

were studied and photographed with a Zeiss photomicroscope (Carl Zeiss, 

Inc .. , Thornwood, N.Yo) The undecalcified specimen was processed for 

plastic embedment in methyl methacrylate.. The samples were dehydrated in 

ascending grades of ethanol, infiltrated in methyl methylmethacrylate 

monomer for 3 months (3 infiltrations). and then embedded in 

methylmethacrylate under vacuumfor polymerization. The specimens were cut 

into 3 and 10 micron-thick sections using a Polycut S microtome. (Reichert 

Scientific Instruments, , Buffalo, N .. Y.) The 3 mi'cr·on sections· were 

deplactisized using xylene and then stained by the modified Masson stain 

which colors mineralized t1ssue blue and osteoid tissue red. These 

sections were used to calculate the number of points that fall over bone 
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and soft tissueo The images.of the sections were transferred via a camera 

mounted on a microscope to a television screen interfaced to an Apple 

Microcomputer (Apple Computer, Inc. 5 N.Y •. , NeV.) equipped with a Houston 

Hipad· digitizing table (Houston Instruments~ Austin, Texas)o 

Three microscopic fields were selected from each slide from the upper, 

middle, and lower parts of the_ specimens. A grid composed of 651 points 

was superimposed on the microscopic field projected through the camera to 

the TV screen a The number ·of points that fa 11 ·over the soft tis sue, bone 

and osteoid were counted. All counts were made··-using the same 

magnification (60X). The total number of points overlying each structure, 

which is equivalent to the relative surface area, was- expressed as a 

percentage ·of the tQtal pointso The mean values of the control and 

experimental sides were compared using the Student's t-testa The micron 

thick sectioris were mounted unstained for tetracycline identifi6ation~ The 
. J 

flubrescent specimens were photographed with ~ Z~iss photomicroscope under 

ultraviolet lightG 

The tetracycline labelling was diffuse and not in lamellar form., This 

did not allow the measurement of the appositional rate as we expected., 

6o Scanning Electron Microscopy 

Scanning electron microscopy, thick sections approximately 500 microns 

were prepared from both PPSF blocks before implantation and 90 days 

following implantation. The specimens were washed in water to remove any 

surface contaminants and then de hydra ted in ascending grade·s of a l coho 1. 

For final dehydration, we us'ed the critical point drying technique. The 

specimens were placed in a pressue vessel containing 100% ethanol. Once 

1 oaded, the pressure vessel is sea 1 ed and cooled to a few degrees be 1 ow 
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room temperature by cool water. The carbon dioxide is allowed to enter the

vessel under pressure., This covered the specimen and almost fi 11 ed the 

vessel. While continuing to suppl,Y the carbon dioxide under pressure, the 

chamber exhaust valve was opened slightly to allow the fluid ·to flush 

through the vessel and sample, carrying out the ethanol and most or all 

air. Once ethanol was no longer detectable i~. the exhaust, the chamber was 

resealed at both the exhaust and inlet valves isolating it in a moderately 

high pressure, cool state.. This procedure was repeated three times. Then, 

the temperature of th~ vessel is gradually increased durtng which time the. 

pressure of the carbon. dioxide also increasedo The carbon dioxide thus 

passed through or around its critical point~ resulting in a gaseous phase. 

within the vessel under high pressure., Thens it is bled off gradually 

through the exhaust vent., During the gas exhaust, the pressure vessel must 

remain at a temperature above the critical temperature and the pressure 

release must be very gradual to avoid any condensation of the carbon 

dioxide. The dried specimens were then mounted on. aluminum stub using 

double-stick Scotch tape., The speci~ens were coated with gold for 2. 

minutes (Ernest F. Fullam Inc., NoV.). The· specimens were studied and 

photographed using an AMR (Model lOOA) scanning electron microscope. 



Ille RESULTS 

Table l summarizes the records of recovery of implants following 

anima 1 s-acrifice. 

Ao Forty-two days after implantation fGroup I) 

In one of the two. monkeys used in this group (monkey #11446}, an 

acrylic splint was fabricated and-inserted post-operatively (Fig. 10). The 

mucosa under the splint was ulcerated and erosed (Fig. 12) causing 

bilateral ·exposure :of the implants two weeks after implantationG 

The animal was rescheduled for surgery and the mucos·a· was trimmed and 

resutured on one side, while on the other side, the implant was not found. 

At the time of sacrifice, there ·were no sfgns of infection or tissue 

necrosis at the implant site or adjacent areas but· examination of the 

coronal sections of theaugmen'edarea of the jaw ·indicated the loss of the 

implants on both sides. We decided n.,;.t to use,_acrylic sp·lint to cover the 

areas of the implants in subsequent ani~alsc · 

From the second· monkey in this group we could recovered the implants 

on both sides (Table l)e 

1. Polysulfone side 

a. Gross Appearance 

Forty-two days ~fter implantation of porous polysulfone on the lower 

edentulous area, the animal was sacrificed~ The animal was in good health 

throughout the course of the experiment. In genera 1 , the anima 1 did not 

exh_ibit any evidence of pain, lameness, or other indications of 

intolerance. No changes in appearance or behavfor of the animal 

attributable to the imp·lant was noticed. 
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The mucosa covering the implant was intact and smooth (Fig. 13)o On 

palpation the implantation . site· felt firmo There· were no signs of 

1nf~ction, at the implantation sit~ or the adjacent areaso 

b. Stereoscopic Examination 

Thick coronal sections of the edentulous lower augmented area -42 days 

following implantation· w'ith polysulfone were examined under a dissecting 

stereomicroscope~ The implant could easi-ly be· seen to occupy the outer, 

superior surface of the a 1 veo 1 ar ridge. The imp 1 ant was covered. with 

normal mucosa and was surrounded with normal looking tissues .. · The 

micropores of the implant appeared filled with connective tissues 

( Fi.g. 14).. The corti ca 1 bone of the a 1 veo 1 ar ridge, the· cance 11 ous bone 

and bone marrow spaces appeared normal with no sign o.f untoward reaction. 

c~ Histologic Examination 

The examination of histological sections of the augmented edentulous 

lower ridge, at low· magnification, complemented the results of the 

stereoscopic examinations of thick sections which were described in the 

previous section of this thesiso 

The decalcified coronal sections at the implant site were stained with 

H & E .. It was clearly evident that fibrous connective tissue invaded the 

pores of -the polysulfone (Figo 15 & 16).. Both loose arid dense connective 

tissues were found. At high magnification, the tissue contained primarily 

fibroblasts and collagen fibers (Fig. 17). 

The ,-oose connective tissue consisted of loosely arranged collagen 

fibers while the dense .connective tissue was formed of closely packed 

collagen fibers. The loose connective tissue also contains more cells than 

the dense ones (Fig .. ·17 ) ... 
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The collagen bundles were either regularly. arranged in an orderly 

parallel orientation or irregularly arranged in an interwoven .or whorled 

arrangement., 

The cellular components consisted mainly of fibroblastso 

Occasionally, a few multinucleated giant cells 9 mononuclear inflammatory· 

cells and macrophages were seen within the fibrous tissue (Fig. 18). This 

finding is consistent with a foreign body reaction seen with other· 

synthetic materials., Fib-roblasts were recognized · by their fusiform 

spindle-shaped appearance and their long cell proce~Ses, well-defined 

basophilic cytoplasm~ and oval or .elongated nuclei., 

The fibrous layer which·surrounded· the implant was continuous with the. 

co~nective tissues that penetrated the pore~ of· the implants and 

surrounding the particles of polysulfone (Fig~ 19) .. The . fibrous tissue 

wi.thin the pores o~ the .implant was also richly vascularized., A few large 

vessels (Fig. 18) penetrated into the larger opening between· polysulfone 

particles whereas many smaller vessels were observed in greater numbers 

surrounding the implant (Fig .. 20). 

Adjacent· to the. fibrous tissue which surrdunded .the implant, 

cance 11 ous bone and marrow were found (Fig e 19) o Corti ca 1 alveo 1 a r bone 

with typical haversian system surrounded the' cancellous bone and. marrow. 

The gingiva overlying the· implant area sh~wed normal cellular components 

with no evidence of inflammatory reaction in the underlying connective 

tissue (Fig. 20) c. . The co 11 agen f.i bers of the lamina propria b 1 ended with 

the fibrous tissues surroundi~g the implant. 



2. Polysulfone-Demineralized Bone Powder Side 

a~ Gross Appearance 
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Examination of the· polysulfo~.e~demineral ized .bone powder implantation . 

site on the lower augmented edentul6us ridge 42 days following implantation 

revealed the same appearance described on the polysulfone side in· the same 

~onkey (Figo 13). 

b. Stereoscopic Examination 

Stereoscopic examination of the polysulfone-demineralized bone 

powder-polysulfone (DBP-PPSF) . implantation .site on the- lower augmented 

edentulous ridge revealed the same appearance described on the polysulfone 

side of the same· animal (Fig. 2l)o 

Co Histologic Examination 

The examination of ·histological sections of the augmented edentulous 

lower ridge on the DBP-PPSF sides 42 days following implantation revealed 

the same appearance as the control side except·that the fib~ous tissue was 

more cellular (Figs. 22, 23 & 24) and showed more blood vessels. Also, DBP 

particles were fused, interconnected and contained remnants of osteocytes 

(Figs. 24 & 25). 

Bo Sixty Days Following ·Ridge· Augmentation (Group II): 

Three out of four imp·l ants were recovered from two monkeys. One 

implant was recovered from the polysulfone· side and two implants from the 

demineralized bone powder-polysulfone side (Table I)o 

1. Polysulfone side 

a. Gross Appearance 

Sixty days after implantation, the animals appeared in good health and 
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did not exhibit any evidence of pain, lamenesss or other indications of 

intolerance. No changes in appearance or behavior attributable to the 

implant was noticedG 

The mucosa of the implant site was firm on palpation., · There were no 

signs of infection or tissue necrosis at the implantation site and the 

adjacent areaso The wound healed by with pri.mary intention and the implant 

was covered with a normal mucosa, both in appearance and textureo 

bG Stereoscopic Examination 

Similar to the previous group, coronal sections -df the edentulous 

lower augmented alveolar ridge area· were examined and photographed under a 

dissecting stereomicroscope., The implant was found at the same site where 

it has been originally placed 60 days ago& The implant was surrounded with 

normal-looking tissues and the overlying· mucosa was intact and appeared 

normal {Fig. 27). The polysulfone implant was· incorporated into the 

edentulous ridgeD Tissue clearly grew through the micropores of the 

implant and into one of the macropore~ {FigG 27)o The cortical bone of the.· 

alveolar ·ridge and the· cancellous bone and marrow all appeared normal with 

no sign of untoward reactione 

c., Histologic Examination 

The.examihation of histological section~ of the augmented lo~er 

edentulous alveolar ridge 60 days_ following implantation of PPSF, at lower 

magnification complemented the ~esults of the stereoscopic examination of 

thick sections which were described previously 'in this thesis. 
I 

The coronal decalcified sections of the implant site stained with 

H & E produced blue nuclei, while collagen, bone and cytoplasm were pinko 
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Newly formed bone grew at the periphery surrounding the inner half of 

the implant and for a short distance within the pores of PSF (Fig. 28) .. 

This new bone contained· osteocytes and was covered with osteoblasts 

(Figs .. 29 & 30) .. It also contained bone marrow (Fig., 29)., Along the 

advancing edge of the newly formed bone (Figs., 31 & 32), osteoblasts were 

present.. The new bone also contained osteocytes and marrow (Fig .. 32)~ The 

imp 1 ant-bone interface revea 1 ed norma 1 bone with active osteob 1 asts and 

vascular spaces (Fig., 33) .. There was a fibrous tissue layer between the 

bone and the implant .. 

Fibrous tissue was seen within the micropores of the polysulfone 

interconnecting and surrounding po1ysulfone particles (Fig., 34). The 

fibrous tissue around the polysulfone was continuous with the fibrous 

tissue within the micropores and that along the contours of the polysulfone 

particles (Figs~ 35 & 36) .. 

The fibrous tissue was.we11 vascularized and more organized than that 

found in the earlier time periodso The fibrous tissue consisted of both 

dense and loose connective tissueo This tissue contained fibroblasts and 

collagen fibers (Fig. 37 .& 38).. The loose conne·ctive tissue was formed of 

loosely arranged· fibers while the den·se connective tissue was formed of 

closely packed fibers (Fig., 37)o The loose connective tissue contained 

more cells than dense connective tissue.. The celis were mainly fibroblasts 

which were identified by their typical fusiform spindle shape, their long 

cell processes, a well defined basophilic cytoplasm, and oval or elongated 

nuclei .. In addition to fibroblasts, some mononuclear inflammatory cells, 

multinucleated giant cells and macrophages were found (Fig. 3S). 



62 

The fibrous tissue surrounded the implant and within the pores showed 

remodelling changes which were evident by the parallel ~rientation of the 

fibroblasts and collagen fibers .to the implant surface and to the 

polysulfone particles (Figs. 37 & 38)o 

·A few large vessels penetrated into the large pores between 

polysulfone particles whereas many smaller vessels were observed in greater 

numbers within the connective. tissue which surrounded· the· implanto The 

gir]giva· overlying the implant area showed a normal cellular architecture 

with no evidence of inflammatory reaction in the underlying tissue .. 

The coronal undecalcified sections of the lower edentulous region 60 

days following implantation with polysulfone. were stained with modified 

Massone This staining method stain. osteoid (undemfneralized bone matrix) 

red and· mineralized matrix blue.. The osteoid ~nd mineralized matrix could 

be easily recognized in these tissues after using this stain. ·Histologic 

examination revealed mostly fibrous connective tissue with little osteoid 

(red) and v.ery' little bone (blue) (Figso 39 & 40). The surrounding bone 

aquired a deep blue stain (Fig. 40)o 

2.,. Sixty· Days F·ollowing Polysulfone-Demineral ized Bone Powder 

ao Gross Appearance 

. The mucosa. covering the augmented ridge looked normal and similar in 

appearance to the control side. 

b. ·Stereoscopic ·Exa~1nation 

Stereoscopic ex ami nation of· .. · the corona 1 sections of . the augmented 

ridge 60 days follpw.ing implantation revealed incorporation of polysulfone 

into the ederitulous ridge. The implant was.at its original insertion site 

i.eo the outer top surface of the ridgee 
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Tissues invaded the mi cropores of the implant and crossed the who 1 e 

length of the polysulfone blocko In some areas this tissue had a marble 

like appearance of bone (Figo 41). The soft tissues surrounded the whole 

implanto The overlying mucosa was intact and ·appeared normalo The 

polysulfone-tissue interface was intacts smooth and showed no areas of 

s·eparationo The cortical bone of the alveolar ridge, and the cancellous 

bone and marrow appeared normal with no sign of untoward reactiono 

Co Histologic Examination 

The examination of histological sections of the augmented edentulous 

alveolar ridge 60 days following implantation at low magnification 

complimented the results of the stereoscopic examinations of thick sections 

which were des·cribed in the previous section of this thesis" 

Newly formed bone grew at the periphery· and around the implant and 

almost covered the implant (Figso 42, 43 & 44)., The advancing edges of 

bone surrounding the implant were covered with osteoblasts and contain 

osteocytes (Figso 45 & ·46)o A layer of what appeared as undifferentiated 

mesenchymal cells (preosteoblasts) was adjacent to active osteoblasts .. The 

implant-;bone interface revealed normal bone with active osteoblasts and 

vascular spaces (Figso 47ll 48, 49 & 50) o In some areas a direct contact 

between the bone and polysulfone with no tntervening connective tissue was 

present (Fig .. 51) .. Howevers in other areas a thin fibrous layer inte.rvened 

between the bone and polysulfone (Fig. 52).. Bone and fibrous tissue were 

seen within the micropores of the polysulfone (Figo 44). Some pores 

contained only bone (Fig& 5~), some pores contain only fibrous tissue 

(Fig. 48), and some contained both bone and fibrous tissue (Fig. 43). The 

fibrous tissue and bone within the micropores and surrounding polysulfone 
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particles were continuous with each other and followed the contours of the 

polysulfone particles., The bone within the micropores were covered with 

osteoblasts. A layer of preosteoblasts were also seen adjacent to active 

osteoblasts. The bone contained lacunae which~ in turn, contained 

osteocyes. The osteoblasts were found in juxtaposition to the bone surface · 

where o·steoid matrix was being deposited (Fig .. 54). The cells varied in 

shape some being cuboidal and others pyramidal, and were frequently 

organized in a continuous layer., The cells usually contained large nuclei 

and basophilic cytoplasm. The ·osteo~ytes contained da~k1y stained nuclei 

and a faintly basophil cytoplasm (Fig. 53)o 

The fibrous tissue within the micropores of the polysulfone were 

continuous from one pore to another. It sometimes blended into the 

osteoblastic layer of cells actively forming bone (Figs.., 44 & 48)·. 

The fibrous tissue was well vascularized and more organized than that 

found in the earlier -time periddso The fibrous tissue consisted of thick 

collagenous bundles and fibroblasts., Loose connective tissue, which was 

a 1 so found in the pores of po lysu 1 fone at earlier · time periods, was not 

totally replaced by a dense connective tissue$ This connective tissue was 

not as organized as the fibrous tissue found around the entire implant or 

around the · individual particles of polysulfoneG The streaming of 

fibroblast-like cells into polysulfone micropores was noticed. Some of 

these cells, partic~larly near the implant-- appeared as if they wer.e more 

differentiated. ·A ·few large vessels· penetrated into the large openings 

between polysul~one particles ·(Fig. S5) whereas many small vessels were 

observed in great~r numbers just outside the fibrous layer (Fig. 56)c 

Vascular penetration wcis also common adjacent to the dense fibrous layer 
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which surrounded the polysulfone particles (Fig., 57). The gingiva 

overlying the implant area showed a normal cellular pattern of stratified 

squamous epithelium and no evidence of inflammatory reaction within the 

submucosal connective tissue (Fig. 58)., The organization of the gingival 

epithelial and connective tissues suggested its adaptation to external 

forces. The collagen fibers of the lamina propr1a ran parallel to the 

surface and blended with the fibrous tissues which surrounded the implant., 

Examination of the coronal sections of undecalcified sections stained 

with modified Masson complemented the results of the H & E stained 

decalcified histologic sections described abovec 

Modified Masson stained osteoid (unmineralized bone matrix) red and 

mineralized matrix. (bone) blueD In contrast to the control side, the 

osteoid and mineralized matrix was easily recognized in these tissues after 

using this stain., ·same., areas acquired a blue· stain suggesting that they 

were mineralized. At the interface between osteoblasts and the blue 

stained bone surface, a layer of red stained osteoid was found suggesting 

active bone deposition by the osteoblasts (Figs., 59, 60 & 61). 

The amount of bone and osteoid appeared to be more than that found in 

the control side (polysulfone side)5 

do Histomorphome~ric Results 

The resu 1 ts of the hi stomorphometri c measurements 60. days fo 11 owing 

implantation of polysulfone with and without demineralized bone powder are 

presented in Tables II and IIIe 

The quantitative data ·tend to support our qualitative histological 

findingso Sixty-days following implantation, the DBP-PPSF side had 

significantly more bone and osteoid than the PSF side., 
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The percentage of points overlying bone and osteoid which was 

proportional to the relative surface area of bone on the DBP-PPS.F side 

(44.57%) was. significantl~ higher ~han the PSF side (6.90%)D In contrast, 

the percentage of points overlying fibrous tissue of the DBP-PPSF side 

(35.56%) was less than the PPSF side (59.4%)o Although the number of the 

specimens recovered from our study was .not as 1 arge as we wou.l d have 1 i ked, 

the specimens used for the histomorphometric analysis may be enough to give 

us at least an idea about the amount and difference in bone formation 

between the control and experimental sidese The histomorphometric results 

supported the histological, tetracycline labelling and scanning· electron 

microscopic results·. 

e. Tetracycline Labeling 

Examination of undecalcified unstained histologic sections· of the 

edentulous lower ridge 60 days following implantation of polysulfone and 

demineralized bone powder under ultraviolet light complemented the 

histologic and histomorphometric results of th~ previous sections. 

Tetracycline double-labelling fluorescence with reflected ultraviolet 

light was used. Tetracycline fluorescence gives an indication.of recently 

formed bone. . The observed fluorescence of tetra eye 1 i ne showed a di sti net 

yellow color on recently formed bone. The fluorescence was noticed within 

the pores of th~ polysulfone (Figs. 62, 63 & 64) and at the 

bone-polysulfone interface (Fig. 63)c This fluorescence almost surrourtded 

the implant. 

The fluore·scent yellow' color of the 9ouble labelling tetracycline 

occasionally showe·d two-distinct layers. However~ in many areas these two 

layers were·indistin~uishab)e and:appear~d diffuse (Fi~. 64). 
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C. Ninety Days Following Implantation (Group III) 

This group contained only one monkey. Only one implant was recovered 

tram this monkey (Table I)~ 

1. Polysulfone Side 

ao Gross Appearance 

The animal was·in good health throughout the course of the experiment. 

In generali the animal did not exhibit any· evidence of pain, 1ameness or 

other indictions of intolerance. No changes in appearance or behavior 

attributable to the implant was noticed. 

Examinat.ion of the lower augmented edentulous ridge 90 days following 

implantatfon· of polysulfone showed normal' mucosa, both ·in appearance and 

texture, covering the implant (Figso 65, 66 & 67)o The mucosa was smooth 

and slightly elevated. On palpation,· ·the augmented area felt firm· and·· 

elevated. There was no. sign of· infection, or tissue necro.sis at the 

1mplantatiort site and the adjacent areaso The wound closed with a 

we11~healed soft tissue covering. There was no sign of deheiscence. 

be Stereoscopic Examination 

--The implant was found on the· outer superior su.rface of the alveolar· 

ridge and was surrounded with tissues of normal appearance and the 

overlying mucosa· was· intact and appeared norma 1.. -Tissue grew ·through the 

mi crop ores of the imp 1 ant (Fig. 68). The corti ca 1 bone of the a 1 veo 1 a r 

ridge and the cancellous bone and marrow appeared.normal with no sign_of 

untoward reactiono 

c. Scanning ~lectron Microscopy Results 

Scanning e 1 ectron microscopy ex ami nation of the porous po lysul fone 
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block showed the polysulfone particles·and the micropores (Fig. 69). Also, 

it showed the size, arrangement, and the .contour of the polysulfone 

particles (Figs .. 70 & 72).. In addition, it showed the interconnecting 

macrdpores and tunnels between the polysulfone particles {Figs. 71 & 72)o 

Ninety days following implantation, examination of the PPSF block 

showed incorporation of the polysulfone into the mandibular aug~ent~d 

ridge. The polysulfone was completely surrounded and invaded with 

connective tissue and bone (Fig .. 73).. Fibrous tissue was seen within the 

pores and around.th~ polysulfone particle (Figso 74 & 75}o Fibrous. tissue 

within the macropores showed parallel-arranged collagen fibers (Fig. 76). 

Bundles of collagen fibers .were seen within the micropores (Fig. 77).. In 

addition~ SEM. showed· the arrangement and networks of collagen fibers 

(Fig. 78). The fibrous tissue consisted of collagen fibers and fibroblasts 

(Fig~ 79) •. There was close adaptation of the connective tissue to the 

polysulfone surface (Fig. 80). Bone invaded the micropor~s of the 

polysulfone (Figs~ 81 & 82) and surrounded part of the impl.ant (Fig. 83). 

Numerous Howship•s .lacunae were observed on th~ surfates of the thick, bony 

trabeculae. Lacunae, representing the spaces in ·which osteocytes reside in 

the. living tissue, appeared as oval depressions (Fj·g., 82).. The mucosal 

tissue covering the. implant showed an epithelial layer and- submucosal layer 

(Fig. 84). This mucosal covering was in close adaptation and continuous 

with the fibrous tissue within the· po lysul fane (Fig., 85)e 

d. Histologic Examination 

The coronal dec a 1 ci fi ed' sections of the implant site stained with 

H & E show the sam-e ·features (Figs. 86, 87, 88, 89 & 90) described after 60. 
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days except that more bone was formed within the pores of the polysulfone 

(Figs. 91, 92 & 93) and t~e bone showed ~vidence of remodelling (Figo 93). 

Examination of the coronal sections of undecalcified sections stained 

with modified Masson complemented the results of the decalcified histologic 

sections stained with H & E. In contrast to the polys~lfone side after 60 

dayss the osteoid and mineralized matrix was easily recognized (Fi.gs. 94, 

95, 96 & 97) .. 

e. Histomorphometric Results 

The quantative data tended to support our qualitative histologic 

findingso Ninety days following implantations the PSF side showed 

significantly more formed amount of bone and osteoid (Table IV) than the· 

same side (PSF side) after 60 days (Table II) .. In contrasts the amount_of 

fibrous tissue 90 days following implantation was· less than that formed 

after 60 days o 

fo Tetracycline Labelling 

Examination of· undecalcified histologic unstained sections of the 

edentulous lower ridge 90 days following implantation of polysulfone under 

ultraviolet·light complemented the histologic and histomorphometric results 

of the previous sections~ 

Tetracycline uptake by bone gives an indication of recently formed 

bone~ . The ·observed fluorescence of tetracycline showed a distinct yellow 

color which. was an indication of recently formed bone within the pores oJ 

polysulfone · (Figse 98 & 99) and around it (Figs .. 100 & lOl)e The 

fluorescence of the double labelling tetracycline within the micropore~ 

showed indistinguished layers and appeared diffuse (Fige 99)e 



IVo DISCUSSION 

The purpose of this study was to detennine the soft tissue and bone 

response following edentulous ridge augmentation u-sing porous polysulfone 

(.PPSF) w-ith and without demineralized bone powder (DBP) in non-human 

primates. We used DBP to induce bone fonnation _and bone ·in.growth into the 

po lysul fane . mi cropores. The soft · tissue and bone fngrowth into the 

micropores produce an interlocking that serves to stabilize the 

polysulfone. Although m~ny -experimental and cliriical· studies using 

autogenous, a llogenous · and all op 1 asti c grafting · mater:ta-1 s with· varying_ 
. ' . . 

success had been done, the ideal method and material of augmentation of· an 
. . . . . . 

edentulous ridge has not yet been discovered. We s~·l.ected PPSF as. ou·r.. ·. 

experimental material because it accommodates bone and soft tissue ·ingrowth . 
. . - . 

(194~ 197).· In -additi.on its favora·ble mechanical properties_ encourage.-its 

use as ·a bone su-bstitute material.~ Ani·ma1 research is· an i.mportant -part of 
. . . . 

implant development a~d is prereq~isite before: human clinical trials~ We: 

used the. monkey as an animal model in this study because their dental 

arches and teeth morphology closely resemble human. Also~ monkeys are 

similar to humans . in bone metabolism and the function of the.· orofacial 

·complex (58); which should make our results applicable to future clinical 

tria 1 s using the same materia 1 s. We used anima 1 s . from 12 to 15 yea.rs of _ 

age which is comparable to humans of 42.-53 years of a_ge (149). · This age 

group and older have increased incidence of edentu.lous jawsc We s·elected 

_ female monkeys in our study beca~se ridge resorption affects Jemales more _ · 

than _male in a proportion of~ to 1 (177)e The rate and amount-of residual 

·bone resorption varies between maxillary and mandibular arches and within a 

single arch~ However, th~ amount of resorption fn the mandible of complete 

70 
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denture patients were at least 4 times greater. in the mandible than the 

maxilla (204, 205). This variability between maxillary and mandibular 

arches was also found in other studies (98) in·which the mandible exhibited 

between 4% to 45% greater b~ne loss than the maxillao · Mindful of these 

facts, we selected the lower jaw as the site of implantatione We also 

selected the lower . molar region as the site of . implantation and 

augmentation because previous studies of ridge resorption in Rhesus: monkeys 

(158) and ~umans (244, 98) indicated that the largest amount of bone loss 

of the alveolar ridge occurred in the posterior ridge a~eao This is also 

evidenced by the results of .other studies (98) in which the area mesial to 

the· canine showed 4% bone loss and the posterior area; 45%e However·, the 

posterior. area was not· uniform in losing ~one in that the area .d.istal to 

the second molar exhibited less bone l~ss than the area just distal to the 

first molar~ 

We extracted the lower molar .teeth and made a massive alveolectomy to 

create the human· ~ondition of atrophied residual alveolar ridge. The time 

· of·augment~tion was sel~cted at 5 to 8 l/2 months following e~traction, t6 
' . 

allow time for heaiing and remodeling of the ·residual ridge. · After tooth 
' . 

~xtraction, resorption of alveolar crest occu~red shortly (15~). However,· 

it has been shown 1n humans ~nd pigs (4, 5) that the remodelling.process. 
. . 

occurs in bone structure throughout 1 ife and even aging human edentulous 

mandibles Were still bei~g remodelled {6)o Thi.s was·supported by a 4 l/2 

year stu~'that ~eported that 50% of the total amount of alveo1a~ bone· loss 

oc<;urred during the first year '(98). In another study (6) over a 2 year 

period, monkeys showed 70% to 80% loss of alveolar bone inthe first year. 

These two studies indicated there is an initial rapid rate of a·lveolar bone 
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loss followed by a slower, more gradual rate of loss., In the monkey (6)s 

the. plexiform bone forms first showing the tendency towards haversian 

remodelling., 

The polysulfone blocks were implanted on the buccal superior aspect of 

the residua 1 ridge as it is known that ( 6) remade 11 i ng influences bone 

texture and that the bucca 1 a 1 veo 1 a r cortex. is more affected than the 

lingual alveolar cortex. 

The implants could not. be found on one side in two anima.lso . Since the 

implants were retained in one side, the loss of the im~lants could not be 

due to immunologic rejection. It may be the animal gained access to the 

imp.lant site and removed the polysulfone blocke However, this occurred 

only on one side in which the number of sutures may have not been adequatee 

A prefabricated splint was used to cover the implant site of the first 

monkey. The splint was in supraocclusion and caused ulceration of the 

underlying mucosa. It was noticed that the monkey was continuously 

opening, closing and biting on the splint and one could' easily hear the 

sound of biting the splint. The excess biting force on the splint may have 

been due to the presence of opposing natural teeth., It was estimated that 

the biting force using natural teeth is about 5 to 6 times greater than in 

denture wearers (86). Also, the presence of the splint must have 

abnormally influenced the oral ·masticatory system. This view is supported 

by a study that showed that. wearing removable prostheses evoked initial 

discomfort that led to unusual patterns of behavior in the surrounding· 

musculature. The presence o~ the prostheses in an edentulous mouth also 

produced different stimuli of the sensory-motor system, which in turn 
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affected oral motor behavior (246). Regardless of the cause of the implant 

loss it seems that future researchers in this field showed refrain 

·from covering their implants with. a splint particularly if it would be· 

opposed by natural teeth~ The excessive occlusal forces probably produced 

local mucosal ischemia leading·to pressure necrosis .. 

The importanc~ of the shape of the implant on the reaction of·tissue 

had been reported in rat gluteal muscle (131) in which they reported.that 

rods with triangular cross sections showed the highest tissue reactions 

whi .1 e those circular cross sections . showed the 1 owest- ·reaction.. In. our · 

study, we used rectanglar-shaped blocks of_PPSF for ridge augmentation.· ·In 

our study .. the rectanglar cross section did not hi-nder a favorable bone 

and soft tissue response. However, it may be of interest in the future to 

compare the response · of different shapes of-· the imp 1 ant in order to 

standardize and evaluat~ the effect of the shape of the implant on ti~~ue 

reaction. 

We used blocks· of·P~F with 30% to 40% porosity and with pore sizes 150 
. . . . . 

to 250 microns. -This amount.and ~ize of pores accommodated soft tissue and 

bone ingrowth. Our ~esults support the idea that the -ideal pore ·sizes 
.. . . 

range that. _encourage. bony 'ingrowth should be ,·so to 200' microns. (.243)., 
t 

Als~ this agrees with other studies showing that PPSF with 33% porosity and 
. . 

150 to. 25q microns pore sizes accommodates- bone a·nd soft tissue growth ( 17, 

197).. It is known that variations. in p~re sizes could produce: differences 

in the tot a 1 pore open·i ng a rea a va i 1 able to · ingrowing bone and cou 1 d. 

produce structural differences in the invading bone (146). 
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In this study'· the fibrous connective tissue and· bone ·penetrated the· 
- • • • 1 

pores of PPSF and also surrounded the. implant. However, the thickness of 

the fibrous capsule and the number ·of certain types of cells were not 

homogenous throughout the implant. This may be due to the difference in· 

particle morphology and su~face ~~xture ~f the polysulfone~ It was shown 
. . ' ' . . 

' ' ' 

·that the surface texture· of the implanf. material affec.ts the :foreign body_· 

response' 'the i nterfaci a 1 ce.ll res pons~. and the kinetics of the fibrous 

capsule formation (209.).. It was found· that a textured implant surface 

promotes an . increased adhesion of ce 11 s.. The ce 11 s were macrophages and 

foreign .body giant cells.· In· the. sa~e .. study using thick specimens-, ·the·· 

·fibrous capsule was. thinner around ·a textured speciinen.than around·a smooth 

. one. However~.at.a later time period th~ thickness of·the fibrous capsule 

are similar .. ·. These results demonStrate that surface texture of the fmpl~nt. 
is.· a. critical ·variable·. in. determi.ning ·.the . soft· ti.ssue :response to· 

. . 

alloplastic: material. In our study, the variation. we_ noted in the quan,tity 

and quality ·of cells at different sites of the implant inay be due. to the 
' . . 

difference in s~rface texture of the polysulfon~ probably cre~ted during 

preparation of the· sp~cimens prior to surgery and _·may also be due· to 

differences iri. polysulforye particle mor~~ology.. The difference in surface.· 

texture may a 1 so account, for the· _areas in which bone was in_ di r~ct contact 

with the fmplant ·(osseous integration) and ·the areas where fibrous tissue 

·intervened between the implant and surrounding boneG It has 'been -shown 
' -

. ' . . . ·_ . . . 

that roughened surface implants exhibit.direct bone apposition wh~l~:sm~oth 

surface implants exhibit: va~ious degrees of fibrous tissue .encasement. 

This may · account for the observation that roughened. surface imp 1 ants · 

demonstrated g~eater s~ren$th th~n.smooth oneso 
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In our study, multinucleated giant cells and a moderate number of 

macrophages were observed close to the polysulfone which is consistent with 

a foreign body reaction seen with other synthetic materials. However, the 

number of these cells vary with different materials (17, 23, 196 51 210, 

238)o All implants produce a giant cell response in the su~rounding 

·tissues. Such a response is considered to be an acceptable part of 'tissue 

repair in the presence of any foreign body. The foreign body response may 
I 

be present for years after implantation with no detrimental effect on the 

implant and surrounding tissue (46). 

In previous studies using PSF particles, ft was found that the rough 
. . . 

surface of ~he polysulfone was covered mostlY with foreign body giant cells 

while its smooth _particles had more macrophages and fibrous tissue (17)· .. 

. Taylor (209) suggested that the presence of macr6phages · and 

multinucleated giant. cells may be due to the direct action of absorbed. 

exudate proteins, the phys i ca 1 nature of the texture spikes of the implant 

or humoral components of unknown nature released by the interfacial cells 

themselves. In another study {180) they. showed that, with a ·roug·h implant 

surface, macrophages and giant cells persisted for many months with the 

formation of chronic granulomatous· reaction .. Superior tissue compatibility. 

was found to:· be associated with smooth, well-contoured i111plants that.had no. 

acute .angles. In the present study the foreign body reaction did not 
. . 

appear to· be det ri menta 1 to the . retention of the imp 1 a.nt or to tissue · 

growth. within its pores. This· reaction al.so did not affect the 

osteoinduction in the ·exp~'rimental side which is consistent with other 

studies. (238). The absence of lymphocytes and plasma cells at the 
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interface of PPSF and the surrounding perivascular area indfcate that the· 

PSF did not elicit an inunune response • 

. Our histologic results provide strong evidence that polysulfone is a 

biocompatible implant material ·in _non-human primates. The fibrous tissue 

contained abundant collagen fibres and fibroblasts ... · Such a reparative. 

response· may be caused, in part, by secr~t ion of macrop~ages .. or growth . 

agent~ secreted by other cells which stimulated the productirin of collagen· 

by fibroblasts. It .has been shown that (180)· the presence of macrophages· 

was ess~ntial for the· activation of collagen synth_esis by·_-fibroblasts. The 

fibroblasts and 'collagen fibers were arranged parallel to the implant 

surface suggesting their ~dapta~ion to the.· appl1ed stress~ _Usyally 

fibroblasts· a_nd ·fibers. 1 ie· parallel with the forces of. mechanic-al stress 

( 134).. Thi's was considered one of the· most important factors in successful 

retention. of· an implant (7). The fibrous tissue arou-nd· the implant was·· 

con.ti nuous with the surrounding bon~ and the ·mi cropores of the implant~ 

This may· transmit some of the applied forces dur.ing mastication- of food to 

the underlying bone.· A 1 so, · the pores may increase the . surface area of 

regenerated . _al veo 1 a r bone ·which s ·· in turn will transm1t _forces to the. 

underlying · basa 1 · boneo · It. was· found that · the 1 oss of te.eth cause a · · 
. . ' . . 

'· . ' ' . . 

3.5-fold decrea~e in mandib~lar basal seat. as compared to naturally present 

te.eth (246)... · Th_e· orientation. of the fibrous t'issue within the· pores of 

PPSF varied suggesting remodellirig changes. The ffbrous connectiv~ tissue, 

bone and blood vessels ·penetrated the pores of PSF in ·both the _experimenta·l 

and control sidei which a~ree~ with other studies (199, ~38). However~ the 

.experimental side.was more cellular and vascular than the control. s-ide·. 
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Both biocompatibility and strength are important properties of any 

biomaterial-bone interface and the zone a few hundred microns deep into the 

pores of the implant.. The type and maturity of tissue which penetrates an 

implant determine the mechanical properties of the interfacial complex 

( 146) .. Observations of microstructural and· biomechanical behavior 

suggested that the bone-porous implant region act as a dynamic composite 

material which, if closer-matching of the implant and parent bone moduli 

reduce stress concentration at the implant surfaces (146). 

In our study, osseous integration was found in s·ome areas of the 

implant-tissue inte~face while fibrous tissue of variable thickness was 

interposed between the implant and bone at other areas. Because of the 

high shear strength of PSF, osseous integration will help in the 

transmission of forces to bone, therefore enhance the vi abi 1 i ty . of the 

surrounding tissue. This is consistent with results-of another study (194) 

that showed the interfacial shear strength of PPSF-bone interface was 

similar to that of some metals. 

The bone observed within the pores of the PSF showed . remade 11 i ng 

changes i ndi cati ng that some of app 1 i ed forces may be transmitted to the 

bone within the pores. It has been reported (194, 199) that the modulus of 

_elasticity of PSF was low~ enough to transm.it part of the applied forces to 

·the bone within the pores which, in turn, affect its remodeling in the 

cortical region of the implant. This important property was not found in 

high modulus metals and ceramics.. In poro·us metals, the remodelling of 

bone within the pores does 'no;t affect· the interfacial shear strength. 

However, the remade ll i ng and vi abi 1 i ty of bone within the pores of an 
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implant may be an important factor particularly when a load is.applied for 

a 'long time. 

In our study with one except1on (using splint in one ·animal), no 

externa 1 fixation of the imp 1 ant was done c We depended on a· sha 11 ow 

. depression ·that was 6reated· as the only method of. fixation. We pred1cted 

that the ingrowth Of tissue around and into the pores of the implant wbuld

serve to stabilize it. 

Since the majority of th~ implants were recovered, we think that the 

surgical technique· employed is sufficient and that the-re is no need for 

external fixation using a sp~int. It is safe ·to assume that the 

polysulfone blocks- were loose at the initial period of the experiment. 

Whether or not the vi bra tory motion has contributed to the bone ·gro~th at · 

the base of the implants or at the control side .it is hard to determine. 

The initial fit of the prosthesis through the period of pone healing .was 

foOnd to be requir~d for bone to adapt to and form within the p6res of an 

implant (40, 159~ 199). Mobile implants with small pore sizes were found 

to be more likely to develop fibrous tissue instead of_bone (40, 199). ·-rn 

other studies, however, many imp 1 ant fa i 1 ures resulted from 1 ooseni ng· of 

the implant caused by inadequate· postoperative fixation and. infection (7)~. 

The po.lysulfon.e sid~ (control) showed penet~ation of. .the po.res with. 

fibrous tissue and little'bone at.60days following implantation~ However, 

at 90 days the amount of bone increased. This proliferative·· bone growth 

suggest that the implant material was accepted by the body and that PPSF,· 

with its favorable mechani6al and ·phy~ical properties and sufficient 

porosity accorrmodated soft tissue ingrowth and bone formation around and 

within the pores of the implant did not prevent or hinder these responses. 
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In addition, the polysulfone does not·distort under mechanical compression 

which is a disadvantage of some porous alloplastic materials (153)o · The 

bon~ formed within the pores of· polysulfone ··on the . control side· had 

probably originated from the underlying bone. This is supported by other 

studies where bone migrated from the basal bone to the superior aspect of 

_the implant rather tha.n from the periosteum (43). In our study, it may· be 

that if we allowed more time for bone regeneration (beyond the 90 days 

observation period), bone may have filled all df the pores and reached the 

superior border of the implant. 
. . 

The ~ddition of DBP to polysulfone. ·induced ·bone formation within and 

around the polysulfone in larger amounts when compared·with the· polysulfone 

alone. ·This is consistent with another study· on rats in which .bone was 

induced ·within th~ polysulfone using DBP at subcutaneous sites (238}e 

Although. the. end results were the same in both studies, the sequence of 

events· leading to bone·· induction was different. In our study, the 

un~ifferentiated mesenchymal cells (UMC) which infiltr.ated.the pores of the 

implant were apparently induced to differentiate into osteoblast that 

formed bone matrix. In another.study by Vandersteenhaven et ale (238), the 

undifferentiated mesenchymal cells were induced to· differentiate .. into 

chondroblasts that formed cartilage which was subsequently resorbe·d and 

replaced by bone. In .both. studies~ , DBP· served as a stimulus· for 

osteoinduction. However,· under o~~ exper1mental conditions, the induction. 
. . . 

was through fntramembranous ossification while in. the other study was 

through endochondral ossification. It has ·been shown that osteoinduction 

can dccur by both mechanisms, namely intramembranous and endochondral 

ossification (35, 93, 79, · 164, · 165, 220, 222, 227). The source of 
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. res-ponding UMC at the experimental sides may be the fibrous tissue within 

and around the PSf wh,ch may have provided a pool of osteoprogenitor cells, 

or it could have been derived from periostea.l progenitor cells from 

adjacent bone. These cells were attracted to . DBP probably through the 

action of a bone-derived _chemot~ctic factor known to be·· found within bone 

matrix (235). · The difference between the· results of Vandersteenhaveri et 

al._ (238) and our. study may be due to the fact that .we used PPSF-DBP at 

osseous sites while they placed their implants subcutaneously. We also 

used 200mg of DBP while they added only a few particles··of DBP. · Also, we 

did our experiment _in monkeys and they did it in rats.· These differences 

may also account for the _large amount of induced. bone and its extension. 

into the pores. of the PSF in our study while it remained localized around 
. . 

the DBP ~articl~s and did not·exte~d into the pores of PSF in the 6ther 

--study (238). 

The. newly formed bone at the · experimenta 1 sites conta i n·ed osteocytes . 

and were covered with a layer of osteoblasts ... In addition, marrow cavities_ 

were seen. The. DBP partic.le size: used in this study ranged from 75 to 425 _ . 

microns which is ·supposed to be the optimum range that produce la'rge 
. -

masses of n~w bon~ ~nd marrow (170). This is consistent with other studies 

that used the same r-ange of partic·le size ~nd· i_nduced large amounts of·new 

bone (72). Howev~r, this is in disagreem~nt with.Urist, et al. (2~4)_who 

stated that small particles , 0.1 to 0.3 cu .. mm induce small amounts of new 

bone in contrast to larger particles. It has been shown that the extent of 
' -

bone 'induction is a -furicti on I of the surface area of the imp 1 anted powders 

(72). It was also shown that osteogenesis proceed more slowly_ in response 

to demineralized· bone blocks than to po~ders (73). 
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The new bone at ·the augmented ridge was apparently induced by 

intramembranous ossification which may be due to the abundant vascularity 

of the connective tissue in the vicinity of polysulfone.. ·urist et al. 

(224) stated that, in a~eas of sprouting capillaries~ the res~onding 

undifferentiated mesenchymal cells differentiat~ directly into osteoblasts 

whereas in nonvascularized. areas the· cells· differentiate into 

chondroblasts. It is generally accepted· that the cells in the presence of 

capillaries. would differentiate into osteoblasts, while they would 

differentiate into chondroblasts in the absence of capi-llaries. This is 

supported by the work of Bassett ( 20) who concluded that an .02 
concentration of 35% favors osteogenesi~:while concentrations as low a~ 5% 

wou 1 d favor · chondrogenesis.. This is·. further supported . by another study 

using tissue culture (19)!j. in which they concluded that o2 concentrati~n 

was the determining factor with regard to whether certain cells form bone. 

or cartilageo 

The r.ich capillary ·blood supply noted around the polysulfone in· .our 

study ~auld imply ·that there was ~n adequate ~upply of o2 and which would· 

therefore favor bo~e formationo The new bone within the·polysulfone is.an 

indication that capillary growth kept. up .with the invading osteogenic 

ce·ll s. 

We be 1 i eve .. that the new bone. formed in the ex peri menta 1 s i. te was due 

to osteoi nduct ion by DBP. for more than one reason. First; it has been · 

. shown that DBP induces·bone formation in soft tissue and osseous-sites (92, · 

164, 167, 23.8). Second, more bone was formed in DBP-PPSF s'ide and in 

consid~rably less tfme in comparison to the PPSF side. Third, the bone was 

fo.rmed uni-formly within the ·pores and around the implant, which suggest 
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that its formation was not limited to creep ·substitution from the edges of 

bone underneath the PPSF. This. ·is in confrast to the PPSF side, -in which 

bone grew only from the basilar bone side in area~ of contact with the PPSF 

and failed to reach the surface of the PPSFo Fourths the histologic 

evidence that, in. some areas, one could identify the old DBM being 

incorporated into the newly induced bone. 

This observation is in disagreement wi~h the work of Narangs ~t alo, 

(142) who used demineralized allogenic bone matrix (DABM) for. ridge 

augmentation in dogs. They found that DABM was removed by osteoclastic 

resorption and that it had been replaced by new bone and- marrow. This is 

also consistent with the work of Kaban and Glowacki (104) who used DBP for 

ridge augmentation in ratso They found that DBP was not resorbed during_ 

induction of new bone and that it- remained amalgamated in the ma~s of the 

induced new bone. Howe~er, later in th& course of their investigation,. DBP 

showed evidence of remodelling into dense bone with cement lines and marrow 

spaces and it was· difficult at this stage to distinguish the DBP in random 

sections made through the bone defect . 

. It has been. shown that mineral-containing powder. (104) used for 

augmentation of alveolar ridge i~ rats was resorbed .and· did not induce new 

bone formation. We incre.ased the demineralization time from J. hours in 

Reddi • s method ( 164), to 18 hours which may have enhanced the i nductfve 

process and delayed the DBP resorption. 
'· 

It has been shown in in vitro studies that DBM has the property of 

attracting calcium. to its surface which may also play a role in its. 

mineralization in vivo (221). This is also supported by the observation of 
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mineral deposits within the DBP two weeks after implantation (238)., -This 

notion is also supported by the work of Hosny and Sharawy (93) on old rats · 

in which they attributed the mineralization of DBP to osteonectino It has 

also been reported that there is a non-cell~mediated mineralization of 

human and rabbit bone matrix (221 )., In our study we observed both woven 

and lamellar bone. This is in contrast to the work of Hosny and Sharawy 

(92), who observed woven, lamellar and chondroid bone., This difference may 

be attributed to the absence of chondroblasts in the alveolar ridge 

response which would have been responsible for forming chondroid-type bone. 

Woven bone is believed to undergo remodeling changes to mature, lamellar 

bone ( 150), This is supported by the presence of remade 11 i ng and cement 

lines in the newly formed bone in our studyo However, we do not know if 

this woven bone will change ·to lamellar bone or not., In our study we used 

the diaphysis of long bo-nes to prepare the DBP.. This bone is known to 

develop in the embryo by enchondral ossification.,- However, using this DBP 

in the alveolar ridge whith is intramembranous in origin, yielded typical · 

membranous ossification without an intervening stage of ca_rti-lage. This is 

in contrast ~o the study of Mulli-ken et al (115) who used DBP·from long 

bones for the repair of calverial defects. and showed that bone was induced 

by endochondral ossification. 

In our study, the new bone was observed 60 days following implantation 

1n monkeys. This is in contrast to the work of Hosny·and Sharawy (92) in 

which bone was shown at 72 days following implantation of DBP in 

,,_ subcutaneous sites in rna 1 e monkeys. This difference may be due to the fact 

that our implantation- site was on bone which may have enhanced the · 

recruitment of osteoprogenitor celJsg It has also been shown that the 
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physical and chemi~al microenvironment in different locations may differ in 

. its influence on· the genetic machinery of the· undifferentiated mesenchymal 

cells (171) .. -The time for bon~ induction in rodents is faster than in 

monkeys.. This has been attributed by Hosny and Sharawy (92) to the species 

differences or the presence ·of inhibitory protein in monkey bone- or the 

possible remineralization of some of the DBP in monkeys.. Sampath and Reddi 

(182) found that guanidine-HCl bone matrix extract of monkey bone produced 

little or no bone induction when implanted in rats., However, partial 

purification of this matrix protein and its reconstitution with the 

inactive rat residue restored the· bone induction property of DBP, 

suggesting that the purification may have removed the inhibitory 

components., 

·The monkeys used in this study were comparable in age to middle aged 

human adults.. Urist (224) reported that the age of the recipient 

influences the time of appearance of the bone induced by DBMo In another 

study (167), a tw·o year old. rabbit produced. less new bone 6-8 weeks 

following implantation than that found in young animals~ Young rabbits and 

rats produced_new bone about 25 days after implantation. It is also known 

that old animals show a decrease in their regenerative ability in healing 

fractures.. This .agrees with the work of Hosny and Sharawy (93), who 

reported that the rate and amount_ of induced bone and marrow were reduced 

in old age.. ln ·our study, we increased the· demineralization time to 18 

hours instead of the 16 hours used in the work of Hosny and Sharawy (92). 

This may have· enhanced the p'rocess of bone induction and agrees with the 

results of Urist (228) who stressed the importance of devoting more time 

for demineralization. The presence of minerals inhibits the 



85 

osteoinductivity of bone matrixo Sampath and Reddi (183) reported that the 

mineral phase was associat~d with 15% of the total biological activity of 

bone induction, while 85% of the activity was associated with the bone 

matrix. It was also shown (224) that adequate removal of the mineral was 

important to unmask the osteoinductive proteins and to reduce or remove the 

antigen expression of the bone matrix. 

It has been suggested by Hosny and Sharawy (92) using . 

histom.orphometric analysi.s, that the process of osteogenesis continues for 

a long period following the initial inductiono It has also been shown that. 

the quantity of new bone is- proportional to the mass. of the matrix 

implanted or the dose of the BMP (229 5 235)o The histological study of the 

undecalcified sections using the modified Masson stain. which stains 

unmineralized bone (osteo.id) ·red and the .mineralized bone· blue, 

complemented the histologic examination using H & E stain. The 

quantitative and qualitative impression of the soft tissue and bone 

ingrowth around and within the PPSF; in both the control and experimental 

sides, was confirmed by the histomorphometric analysis and tetracycline 

labelling findingse The relative surface area of bone/unit area was 

statistically significantly higher in the experimental side than in the 

control side after the same period of implantation. The increase in the 

amount of .bone formation in the experimental side should be _9ue to the 

presence of DBP, since the control and experimental implant occurred in the 

same animalo The presence of the osteoid provides unequivocal evidence of 

the continuing process of bo~e deposition. The histomdrphometric results 

correlated well with the tetracycline labelling study in which the 
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experimental side exhibited· more flourescent bone than the control side at 

comparable times ·of implantation. 

It is known that tetracycline molecule_ has the capacity to chelate 

with several biologically active ions including calcium (67)o This 

antibiotic {41). tends to;_ deposit in a~eas where new bone is mineralized 

fo 11 owing·- the same pattern of ca 1 ci urn. Accardi ng to Frost et a 1 ( 69), 

tetracycline incorporated into bone matrix during bone formation becomes 

fluorescent under ultraviolet light. 

We us·ed_ tetracycline double labelling for· measuring- the appositional 

rate of bone. We depended on the . density of the tetracyc 1 i ne 1 abe 11 i ng 

rather than the percentage, since· both bone and matrix take up 

tetracycline. We used 25mg/kg of tetracycline hyarochloride,. 

tntramuscularly~ This dose has been used in monkey (187) and has no ·effect 

on bone formation. The use of low doses is important since it has been 

shown that large doses of tetracycline may inhibit mineralization (148). 

We wanted to measure the apposition a 1 rate of bone over a 10 day 

period which may include active_ and inactive appos·itional time. It has· 

been shown in rats (208) that the measured bone apposition rate depends on 

the dose intervalD At intervals of 24, 48 and 72 houis, the rates are the 
'-

same. At larger intervals .(96 ahd 1~2 hours) the rates fall significantly 

due to periods of cellular inactivity. We used_ double labelling as. an 

indication of bone formation and .to measure the rate of bone formationo 

The use of the ·technique was recommended by another study ( 219) that 

emphasized using a double labelling particularly in determining the rate of 

bone formation. Single doses of tetracycline may not confirm the results 
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and may only be an indication of accessibility of the tetracycline to bone 

by the blood supplyc 

Although we used small numbers of the experimental animals 5 the data 

provided valuable information on the histologic sequences of he_aling 

following implantation of a new implant materialo At the same time~ we

used DBP to enhance the healing pattern of the reconstructed residual ridge 

through the biological principle of bone induction. The mandible is a 

unique bone in the craniofacial complex and is subject to continuous motion 

and significant compression and shear forceso In our ·study, it was not 
--

possible to determine how much forces was applied on the im~lant during 

functiono Furthermore, the animals were partially edentulous and the 

masticatory forces_ may be different in totally edentulous animalsc 

However, there was- no doubt that there were s_ome forces on the imp 1 ant 

during mastication·. It is also encouraging, that in another study (1~9) 

using PPSF as a coated tooth root for dental implants in monkeys, the 

clinical examination-revealed zero mobility after 2 months and radiographic 

examination and pocket depth measurements revea 1 ed no 1 ass of bone from 

around the implants. 

In our study, the porous polysulfone with its excelle-nt mechanical and 

physical properties and sufftcient por9sity with and without demineralized 

bone powder, accommodated soft tissue and bone formation around and within 

the pores-e The implantation of PPSF ~ith and without DBP caused no adverse 

tissue reaction$ The complications encountered with other allogenous 

autogenous and alloplastic m'aterials (15, 24, 34,' 54, 62, 77, 111, 112, 

240) were not encountered in this study with the exception of loss of few 

implants due to the reasons that we~e discussed above. The published 
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camp 1 i cati ens inc 1 ude · migration · of· the imp 1 ant, i nfl ammati on, dehiscence, 

diffusion to surrounding areas, irregular distribution, extrusion, 

incorrect ~ositibn~ settling, resorption, pain, and exc~ssive increase 

alveolar ridge height.. The results of our study agrees with most clinical 

criteria for a successful .augmen~ation- bf the- alveolar ridge {34) .. 

However, other c-rite.ria still to be investigated include normal sensibility 

of the mental_ nerve, and a well fitting denture with good function. The 

. ultimate goal of· the implant is to withstand daily_ oral masticatory 

function and t-he unique environment of the oral cavity .. ···. In addition, the 

implant should be physiologically acceptable and should not be altered by 

bone resorption and the variables _of prosthetic function. 

The augmentation of residual alveolar ridg~ with PPSF with. and without 

DBP has advantages· that include excellent" biocompatability,. absence of· 

antigenic reactions, availability of the. material, lack ·of inflammation, . 

non~degradabi 1 i ty, surgery under 1 oca 1 anesthesia and good mechani ca 1 and 

physical properties. 

With the use of DBP, more rapid bone induction will occur. - In 

addition, the DBP wi 11 permit the opera tor to avoid using autogenous · and 

allogenous bone. as is commonly the practice with all aplastic materials .. 

DBP has- many· advantages that include {73, 142) avoi_dance of harvesting 

operations, potentially readily available, can be stored, little or no 

immune response, easily shaped and.excellent inductive properties. 

More investigations need to be performed on PPSF for evaluation of its 
I 

ability to withstand s~ress in the oral cavity, the effect of particles. 

morphology and the shape of the implant on the tissue response, and its use 

for longer time periods for ridge augmentation.. The reduction of residual 
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ridges is a problem of multifactorial origin which cause psychological, 

economic and physical problems for millions of people all over the world 

(11) .. We hope that prevention or at least control of 'this problem will 

prevent their need for treatmento However, until this happens, an ideal 

method of treatment should be provided for them.. Our results, and .the 

tolerance of the PPSF with and without DBP _by the soft tissue and bone are 

strongly encouraging and allow us to recommend the use of DBP·and PPSF for 

clinical trials for ridge augmentation in humanso 



CONCLUSIONS 

lo Porous po·lysulfo~_e is a _biocompatable alloplastic material that 

accornnodates bone and soft tissue ingrowtho 

2. Healthy· fi-broblasts, osteoblasts, collagen and· blood vessels were 

found. within and· around the pores of the po.lysulfone at the 1 i ght and. 

electron microscopic levelo 

3l' Implantation of the deminera 1 i zed bone powder with the po lysulfone 

induced new bo··ne formation within the micropores and around· 

polysulfone • 

.4. The histologic, · histomorphometric measurements, and ·tetracycline 

labelling supported the conclusion that more bone formed more quickly 

when using the·demi~eralized bone powderG 

5. The demineralized ·bone powder may serve to create an osteoinductive 

environment that may enhance bone coverage of po lysu 1 fane augmented 

ridges in humanse 

6. Porous polysulfone with and without demineralized bone powder 

·successfully augmented the mandi'bular edentulous molar areas with no 

evidence of. resorption of the tmpl_ant ·or untoward reactions of the 

surrounding tissuesQ 

7. Porous polysulfone is a suitable material that can be used 

successfully for bone augmentation for future study in humans. 

90 
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Table I 

The Following Table Shows the Summary of the 
Records of Recovery of Implants Following Animal Sacrifice 

Group Monkey Edentulous Implantation PPSF and DBP 
( Number Number Period-Mos. Period-Days PPSF Side Side 

I 11446 5 42 Missing Missing 

11438 8 l/2 42 Intact Intact 

II 11443 5 60 Missing Intact 

11436 5 60 Intact Intact 

III 11434 8 1/2 90 Intact Missing 



Table II 

Control Site 60 Days following Implantation of PPSF* 

Total Number Mean of Number -Standard Standard 
Structure of .Points of Points Deviation Error 

Bone and Osteoid 674 44.9 69.4 17. g. 

Fibrous Tissue 5802 38.7 109o6 28.3 

* Calculated from one animal 

Percentage 
of Points 

6.9 

59.4 

\.0 
N 



Table III· 

Experimental Site 60 Days following Implantation of DBP + PPSF 

. Tota 1 Number 1 Mean of Number2 Standard 
Structure of Points of Points Deviation 

Bone and osteoid 4352 290al 1J8c4 

Fibrous tissue 3473 2Jlel 104e6 
1 15 readings were made/5 slides/animal 
2Means were calculated by dividing total number·of points by 15 .{readings) 
* . Statistical comparison of bone and osteoid (Student 1 s t-test) 

Standard 
Error 

44.6 

35 .. 6 

Control {Table II) vs experimental (Table III)- t value= 6.140 n=2 P<O.OS 

Percentage 
of Points 

44.6 

35.6 

\0 
w 



Table IV 

* Control Site 90 Days Following Implantation of PPSF 

Total Number Mean of Number Standard Standard 
Structure of Points of Points Deviation Error 

Bone and osteoid 3117 207o8 157.7 40.7 

- Fibrous Tissue 4032 268.8 128o 1 33.1 

* Calculated from one animal 

Percentage 
of Points 

31 ~9 

41.3 

\.0 
~ 



PLATE 1 

FIGURE 1: · Photomic.rogra·ph showing a piece of long bone {arrow.) and .the 

FIGURE 2: 

FIGURE 3: 

FIGURE 4: 

demineralized bone . powder (arrowhead) ready for 

implantation. 

Photomicrograph showing a negative culture of the 

demineralized bone powder .on agar plate, inctJbated for 48 

hours at 37°C., 

Photomicrograph showing a porous polysulfone bar before 

preparation of·a block similar to the one seen in Figo 4~ 

Photomicrograph of the porous po lysu 1 fone b 1 ock with six 

holes prfor to implantation& 

:: .. 
t. 

}~ 
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FIGURE 5: 

FIGURE 6: 

FIGURE 7: 

FIGURE 8: 

PLATE 2 

Photograph showing the mandibular edentulous molar area 

(arrow) five months following extraction of lower molar 

teethu 

Photograph showing the position of polysulfone block (arrow) 

immediately after insertion on the outer top surface of the 

edentulous ~reaQ 

Photograph of the stone cast of the monkey partially . 

edentulous mandible (arrows)e 

Photograph of the acrylic splint p.laced on its stone caste 
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PLATE 3 

~IGURE 9: · Photograph showing the wound following closure with sutures., 

FIGURE 10: Photograph of the acrylic splint used for fixation of the 

polysulfone implants.o. 

FIGURE 11: Photograph showing the acrylic splin~ (astertsk) fixed with 

circumferential wiring postoperativelyo 

FIGURE 12: I Photograph showing errosion and ulceration. (arrow) of •the 

mucosa c'overing the implant (arrowhe-ad) 15 days following 

the placement of supraocclusion acrylic splint., 
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PLATE 4 

FIGURE 13: Photograph of the partially edentulous mandible 42 days 

following implantation. Note that the ridges were obviously 

augmented (arrows). 

FIGURE 14: Photomicrograph of a coronal section of the edentulous 

mandible 42 days following implantation of- polysulfone~ 

Note the connective tissue within the pores (arrows) and 

also surrounding the implant (arrowhead)~ 

FIGURE 15: Photomicrograph of a histologic section 42 days following 

implantation of PPSF showing fibrous tissue (arrows) within 

the micropores of the polysulfone (PS) (H & E)o (34 X) 

FIGURE 16: Photomicrograph of a histologic section 42 days following 

implantation of PPSF showing the continuation of the fibrous 

tissue from one pore to the other (arrows) and around the 

PPSF particles (PS) (H & E) o (34 X) 
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PLATE 5 

FIGURE 17: Photomicrograph of a histologic section 42 days following 

implantation of PPSF showing the collagen fibe·rs (arrows) 

and fibroblasts (ar.rowhead) within the pores of polysulfone 

( H & E) e ( 481. X) · , 

FIGURE 18: Photomicrograph of a histologic section 42 days following 

implaritat1on of PPSF showing fibrous tissue containing 

fibroblasts (FB~arrow); c6llagen fibers (CC), multinucleated 

giant cells (arrowhead) and blood vessels (asterisk) 

( H & E ) G ( 481 X ) 

FIGURE 19: Photomicrograph of a histologic secti.on 42 days following 

;~plantation of PPSF showing bone-PPSF interface (asterisk)G 

Note osteocytes (arrowhead), bone marrow (arrow) and the 

fibrous capsule (.C). Note that fibrous tissue around the 

implant continued within the pores of pblysulfone. (PS) 

(H & E)~ (138 X) 

FIGURE 20: Photomicrograph of a histologic section 42 days following 

implantatio·n· of PPSF. Note· the gingiva (arrow) and 

submucosal tissues (asterisk) covering PPSF (PS)Q Also note 

the absence of inflammatory reaction and the presence of 

blood vessels (arrowhead) close · to the implant surface 

(H & E)G (34 X) 
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PLATE 6 
. ·~ . 

FIGURE 21: Photomicrograph of a coronal section of the edentulous 

· mandibule 42 days following implantation of PPSF+DBPo Note 

the connective tissue within the micropores (arrow) and 

surroundi~g the im~lant (arrowhead). 

FIGURE 22: Photomicrograph of a histologic section 42 days following 

implantation of PPSF+DBP showing the interconnecting fibrous 

connective tissue (arrow) within the pores of the 

polysulfone (PS) (H & E)o (34 X) 

FIGURE 23: Photomicrograph ·of a histologic section 42 days following 

implantation of PPSF+DBP showing the fibrous tissue 

(asterisk) at higher magnification surrounded by polysulfon~ 

particles (PS) (H & E)~ (138 X) 

FIGURE 24: Photomicrograph of a histologic section 42 days following 

implantation of PPSF+DBP showing the collagen fibers (arrow) 

and fibroblasts (arrowhead) within the pores of the 

polysulfone. There was no bone· formation at this stage 

( H & E ) Q ( 481 X ) 
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PLATE 7 

FIGURE 25: Photomicrograph of a histologic section 42 days following 

implantation of PPSF-DBP ~hawing interconnection and fusion 

of the DBP particles {arrows) (H. & E)o (138 X) 

~IGURE 26: · Photomicrograph of a histologic section 42 days following 

.implantation of PPSF+DBP showing the DBP particles .(arrow) 

with remnants of osteocytes (arrowhead) in -·their 1 acunae 

( H & E ) ~ ( 1 38 X ) 

FIGURE 27: Photomicrograph of .a cororial section of· the edentulous: 

. · mandi b 1 e 60 .·,days . fo J 1 owing PPSF imp 1 antati on., ·Note the 

connective tissue within the micropores (arrow), one of the 

drilled holes (asterisk) and surrounding ·the implant 

{arrowhead) D 

FIGURE 28: Photomicrograph of a histologic section 60 days following 

implantation of PPSF showing the fibrous tissu~ within the. 

pores (arrowhead). Note that the newly fanned bone ( arr()W) 

grew for a short distance within the pores of PPSF (H &·~). 

(55 X) 
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PLATE 8 

FIGURE 29: Photomicrograph of a histologic section 60 days following 

implantation of PPSF showing the newly formed bone (arrow) 

surrounded with fibrous tissue {asterisk) c Also note the 

presence of bone marrow (arrowhead) (H & E). (70 X) 

FIGURE 30: Photomicrograph of a histologic section 60 days following 

imp 1 an tat ion of PPSF showing the newly-·- formed bone 

containing osteocytes (arrowhead) and covered with 

osteoblasts (arrow) (H & E)o (86 X) 

FIGURE 31: Photomicrograph of a histologic section 60 days following 

implantation of PPSF showing 'the advancing edge of bone 

(arrow) adjacent to polysulfone (PS) (H & E). (34 X) 

FIGURE 32~ Photomicrograph of a histologic section 60 days following 

implantation of PPSF snowing. the advancing edge of bone 

contained osteocytes (arrowhead), marrow (asterisk) and 

covered with osteoblasts (arrow) (H & E). (220 X) 
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PLATE 9 

FIGURE 33: · Photomicrograph of a histologic ·section 60 days following 

implantation of PPSF showing bone-PPSF interface {arrow) 

( H & E ) ., ( 34 X ) 

FIGURE 34: Photomicrograph of a histologic section ~0 days following 

implantation of PPSF showing the fibrous tissue (arrows) 

within the mi cropores of the imp 1 ant · interconnecting and 

surrounding the polysulfone particles (PS) (H-& E)c· {34 X) 

FIGURE 35: Photomicrogr.aph of ._a_ histologic section. 60 days. following 

implantation of PPSF sho~ing the fibrous tissue around 

(arrow) the polysulfone was continuous with the . fibrous 

tissue (arrowhead) within the micropores of polysulfone (PS) 

(H & E)., (55 X) 

FIGURE 36: Photomicrograph of a histologic section 60 days following 

implantation of PPSF showing the organization of the fibrous 

ti-ssue (arrow) along the contours of the polysulfone (PS) 

particles (H & E)., (138 X) 
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PLATE 10 

FIGURE 37: Photomicrograph of a histologic section 60 days follo~ing. 

implantation of PPSF showing the loose (arrow) and dense 

. (asterisk) :.connective ·tissue within the pores of the 

polysulfone (H & E). (55~) 

FIGURE 38: Photomicrograph of a histologic section 60 days following 

implantatiqn of PPSF showing the collagen fibers, (asterisk) 

fibroblasts (arrow) · and multinucleated giant cells 

(arrowhead) within the pores of the polysulfoneo (H & E)., . 

· (55 X) 

FIGURE 39: Photomicrograph of a undecalcified histologic section 60· 

days following implantation of PPSF showing bone (blue) and 

osteoid (red) within the pores of the polysulfone (PS) (M. 

Masson). (344 X) 

FIGURE 40: Photomicrograph of an undecalcified histologic section 60 

days following implantation of PPSF showing bone (blue) and 

osteoid (red) adjacent to the polysulfone (PS) (M. Masson). 

(344 X) 
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PLATE 11 

FIGURE 41: Photomicrograph of a coronal section of the ~dentulous . 
mandible 60 days following implantation of DBP + PPSF 

showing the connective tissue within the micropores (arrows) 

and around (arrowhead) the implant~ ·Note the marble-like 

bone appearance within one of the macropores (asterisk)o 

~IGURE 42: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing the newly formed bone 

within the pores (arrow) and around the polysulfone 

(arrowhead) (H & E)u (34 X) 

FIGURE 43: Photomicrograph of a histologic section 60 days following.· 

implantation of DBP·+ PPSF showing the ptilysulfone (PS) 

completely covered by· bone (arrow)., Note bone (arrowhead) 

and fibrous tissue (asterisk) within the pores of· PPSF 

( H & ·E) o (55 X) 

· FIGURE44: Photomicrograph of· a histologic section 60 days following 
. . 

implantation of DBP + PPSF showing the polysulfone (PS) 

covered with bone (arrow) except a very sma 11 a rea 

(arrowhead). Note·the presence of fibrous tissue (asterisk) 

and bone (arrow) in the pores of polysulfone (H &.E). (55 X) 
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PLATE 12 

FIGURE 45: Photomicrograph of a histologic section 60 days following 

impla~tation of DBP' + PPSF showing the advancing edge of the 

newly formed bone (arrow) adjacent to the polysulfone (PS) 

( H & E) .. . ( 34 X) 

FIGURE 46: Photomicrograph of a histologic section 60. ·days following 

implantation of DBP + PPSF showing that ·the advancing edge 

of the newly formed bone contained osteocytes (arrowhead) 

and was covered with osteoblasts (arrow) (H & E).. (220 X) 

FIGURE 47: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing the bone-polysulfone 

interface (arrow). Note the vascular marrow (arrowhead) 

within the bone the apparent osseous integration of the 

polysulfone and bone (H & E). (55 X) 

FIGURE 48: Photomicrograph of a his·tologic section 60 days following 

implantation of DBP + PPSF showing the n~wly formed bone and 

fibrous tissue (arrow) blend together within and ·around 

polysulfone (PS) (H & E). (41 X) 
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PLATE· 13 

f-IGURE 49: Photomicrograph of a. histologic section 60 days following 

implantation of DBP- + PPSF showing that the· newly formed 

'bone adjacent to the imp 1 ant contained osteocytes (arrow) 

and was covered with osteoblasts (arrowhead) (H & E)~ (55 X) 

FIGURE 50: .Photomicrograph of a histologic section 60 ·days following 

implantation of DBP + PPSF showing that a bone-polysulfone 

interface contained marrow (arrow) and was in close 

association with the polysulfone (PS) surface (H & E). 

(41 X) 

FIGURE 51: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing direct· contact (arrow) 

·between. th_e bone (arrowhead) and polysulfone (PS) with no· 

intervening connective tissue (H & E)g (55 X) 

FIGURE 52: .Photo~icrograph of a histologic· section 60' days following 

implantation of DB~+ PPSF showing a thin fibrous layer 

· (arrow) int~rvens between the bone (arrowhead) and 

polysulfone (PS) (H & E)o (55 X) 
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PLATE 14 

FIGURE 53: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing a micropore that contain 

bone onlyc Note the osteocytes (arrow) in their lacunae 

(H & E)o . (344 X) 

FIGURE 54: Photomicrograph of a· histologic section 60 days following 

implantation of DBP + PPSF showing the osteoblasts (arrow). 

in juxtaposition to the bone surface within the micropores 

of polysulfone (PS) (H & E)o (86 X) 

FIGURE 55: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing blood vessels (arrow) 

within the pores of the polysulfone (H & E)o (138 X) 

FIGURE 56: Photomicrograph of a his to 1 ogi c section 60 days fo 11 owing 

implantation of DBP + PPSF. showing a large blood vessel. 

(arrow) just outside the fibrous layer which surrounded the 

polysulfone (H & E). (138 X) 
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PLATE 15 

FIGURE 57: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing blood vessels (arrow) on 

the mucosal tissue covering the polysulfone (H & E). (34 X) 

FIGURE 58: Photomicrograph of a histologic section 60 days following 

implantation of DBP + PPSF showing the gfngiva (arrow) 

overlying the implant area with no evidence of inflammatory 

reaction (H & E)., (55 X) 

FIGURE 59~ Photomicrograph of a histologic undecalcified section 60 

days following implantation of PPSF + DBP showing bone 

(blue), arrow) and osteoid (red, arrowhead) within the pores 

of the polysulfone (PS) (Modified Masson stain). (344 X) 

FIGURE 60: Photomicrograph of a histologic section 60 days following 

implantation of PPSF - DBP show1ng bone (asterisk) and 

osteoid (arrow)· at the polysulfone surface (PS) and within 

the micropores (arrowhead) (Modified Masson stain). (138 X) 
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PLATE 16 

FIGURE 61: Photomicrograph of a histologic section 60 days following 

implantation of DBP · + PPSF showing bone-polysulfone 

interface (arrow) (Mo Masson)5 (138 X) 

FIGURE 62: Photomicrograph of a flourescent histolo-g'ic unstained 

section from an ·animal which received aouble tetracycline 

injection .and sacrificed 60 days following implantation of 

DBP + PPSF, showing the newly formed bone .(arrow) within the 

micropores of the polysulfone (PS)o (41 X) 

FIGURE 63: Photomicrograph of the previous section at higher 

magni fi cation . showing the the intense fl ourescence of the 

newly formed bone (arrow) within the micropores of the 

polysulfone (PS). (55 X) 

FIGURE 64: Photomicrograph of a flourescent histologic unstained 

. section :·from an animal which received the double 

tetracycline label 60 days following implantation of DBP + 

PPSF. The ~fluorescence was diffuse (arrow) within the 
I 

micropores of polysulfone (PS). (86 X) 
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PLATE 17 

FIGURE 65: Photograph showing the partially edentulous - augmented 

(arrow) mandi b 1 e -.90 days following implantation of 

polysulfone., 

FIGURE 66: Photograph showing -the partially edentulous·· augmented 

mandible 90 · days following implantation of polysulfone 

showin~ the implan~ ··on the outer. top surface_ (arrow) of the 

edentulous ridge~ 

FIGURE 67: Higher magnifi.cation photom~crograph of the partially 

·edentulous augmented mandible 90 days following implantation 

of polysulfone, showing_ normal covering mucos·a (asterisk) 

overlying the. implant. 

FIGURE 68: Photomicrograph of a coronal section bf the edentulous 

mandible 90 days following implantation _of PPSF showing the 

connective tissue within the micropores (asterisk) and 

around the ifuplant (arrowhead)e Note the no~mal mucosa 

(arrow) overlying the implant. 
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PLATE 18 

FIGURE 69: Scanning electron micrograph of PPSF block showing the 

polysulfone particles (asterisk) and the micropores 

(arrowhead). ( 20 X) 

FIGURE 70: Scanning electron micrograph of PPSF block showing the size 

and arrangement of the polysulfone particles (asterisk). 

( 49 X) .. 

FIGURE 71: Scanning electron micrograph of PPSF block showing the 

interconnecting micropores (arrowhead) and tunnels between 

the polysulfone particles (asterisk)c (100 X) 
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PLATE 19 

fiGURE 72: Scanning electron micrograph of PPSF block showing_ the· 

smooth contour and shape of polysulfone particles 

(asterisk). (200 X) 

FIGURE 73: Scanning electron micrograph of PPSF 90 days following 

. implantation showing the polysulfone (asterisk) complete_ly 

surrounded and penetrated with. connective tissue (arrowhead) 

and. bone (arrow) o (15 ·X) . 

FIGURE 74: Scanning electron micrograph of PPSF 90 days following 

implantation showing the fibrous tissue. (asterisk) within 

the pores and around the polysulfone partic1es (arrowhead). 

(90 X) 

·( 
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PLATE 20 

FIGURE 75: Scanning electron micrograph ·of PPSF 90· days following 

implantation sh~wing the interconnecti~g fibrous tissue 

(asterisk) in between the polysulfone particles (arrowhead). 

(100 X) 

FIGURE 76: Scanning electron micrograph of PPSF ·90 days following 

implantation showing the par~llel arrangement of collagen 

fibers (arro~~) within the ·pores of the polysulfone~ (620 X) 

FIGURE 77: Sc~nning electron microg~aph of PPSF 90 days following 

implantation showing bundles of collagen fibers (arrow)· 

within the pores of the polysulfone~ (580 X) 



134 



PLATE 21 

FIGURE 78: Scanning electron micrograph of PPSF 90 days following 

implantation showing the network arrangement of collagen 

fibers (arrow). (5,800 X) 

FIGURE 79: Scanning electron micrograph of PPSF 90 days following 

implantation showing the collagen fibers (arrowhead) and 

fibroblasts (arrow)'. within the pores of the polysulfonee 

(10,000 X) 

FIGURE 80: Scanning electron micrograph of PPSF 90 days following 

implantation showing the close adaptation of the connective 

tissue (asterisk) . to the polysulfone surface (arrowhead). 

(110 X) 
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PLATE 22 

FIGURE 81: Scanning electron micrograph of PPSF 90 days following 

implantation showing pe~etration of bone (asterisk) into the 

micropores of polysulfone (arrow)o -(70 X) 

FIGURE 82: Scanning electron micrograph of PPSF 90 days following _ 

implantation at higher magnification showing bone within the 

micropores _of the polysulfone (asterisk) o Note the 

Haversian syst~m (arrow) ori the bone surface. (160 X) 

FIGURE 83: Scanning electron . micrograph .of. PPSF 90 days following 

implantation showing_· bone (arrow) surrounding polysulfone 

(asterisk)e (61. X) 



132 



PLATE 23 

FIGURE 84: Scanning electron ·micrograph of PPSF 90 days following 

imp 1 antati on showing the epi the 1 i a 1 (arrow) and submucosa 1 

(arrowhead) tissues covering the polysulfone (asterisk)a 

(90 X) 

FIGURE 85: Scanning electron micrograph of PPSF 90 days following 

implantation showing the mucosal covering (arrow) in close 

adaptation with the fibrous tissue (arrowhead) within the 

polysulfone (asterisk)e (140 X) 
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PLATE 24" 

FIGURE 86: Photomicrograph of a histologic section 90· days· following 

implantation of PPSF showing· the interconnecting fibrous 

tissue (arrow) within the micropores of the polysulfone (PS) 

( H & E } o ( 4 4 X }. 

FIGURE 87: Photomicrograph- of a 'histologic section 90 ·days following 

implantation of PPSF showing the·collag~n fibers (artowhead) 

and -fibroblasts (arrow) within the pores of polysulfone (PS) 

( H & E) ., ( 44 X) 

FIGURE 88: Photomicrograph of a histologic section 90 days. following 

implantation of PPSF showing the blood vessels (arrowhead). 

and arrangement of coi i agen fibers ·(arrow) within the pores 

of the polysulfone ·(PS} (H &'E)., (44 X) 

FIGURE 89: ~hotomi crograph of a histologic section 90 days following 

imp 1 anta ti on_ - of PPSF . showing the presence of bo-ne. 

(arrowhead) and fibrous tissue · (arrow) within the same 

micropore of the po lysu·l fane (-PS) (H & E). . ( 44 X) 
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PLATE 25 

FIGURE 90: Photomicrograph of a. histologic section 90 days following 

implantation of · PPSF showing the newly formed bone 

(arrowhead-) blended and continuous with the fibrous tissue 

(arrow) within the micropores of polysulfone (PS) (H & E)o 

(44 X) 

FIGURE 91: Photomicrograph of a histologic section 90 days following 

imp 1 antati on of PPSF showing the newly formed bone (arrow) 

within the micropores and around the polysulfone particles 

( PS) ( H & E) o ( 34. X) 

FIG~RE 92: ·Photomicrograph of a histologic section 90 days following 

implantation of PPSF showing osteoblasts (arrow) covering 

the newly formed bone (arrowhead) within the mi cropores of 

the polysulfone (PS) (H & E). (352 X) 

FIGURE 93: Photomicrograph of a histologic section 90 days following 

implantation of PPSF showing osteocytes (arrowhead) and 

evidence of remodelling (arrow) of the newly formed bone 

within the micropores of polysulfone (H & E). (344 X) 

.r 



144 



PLATE 26 

FIGURE 94: Photomicrograph of an undecalcified histologic section 90 

days following implant~tion of PPSF showing interconnecting 

bone (blue) arrowhead) and osteoid (red) arrow) within the 

pores of the polysulfone (PS) (Modified Masson stain)o 

(55 X) 

FIGURE 95: Photomicrograph of an undecalcified histologic section 9.0 

days following implantation of PPSF showing the newly formed 
I 

bone (arrow) and osteoid (arrowhead) within the micropores 

of the polysulfone (PS) (Modified Masson stain). (55 X) 

FIGURE 96: Photomicrograph of an undecalcified histologic section 90 

days following implantation of PPSF showing bone-polysulfone 

interface (asterisk)e Note that bone contains marrow (M) 

and osteocytes (arrowhead) and was covered with osteoblasts 

(arrow) (Modified Masson stain). (86 X) 

riGURE 97: Photomicrograph of an histologic section 90 days following 

implantation of PPSF showing bone (asterisk) and osteoid 

(arrow) at the polysulfone surface (PS). Note the 

arangement of osteoblasts (arrowhead) on the surface of the 

newly formed bone (Modified Masson stain). (138 X) 
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PLATE 27 

FIGURE 98: Photomicrograph of a fluorescent undeca 1 ci fied hi sto 1 ogi c 

unstained section with the double tetracycline label 90 days 

following implantation of. PPSF showing the newly formed bone 

(arrow) within the micropores · of the polysulfone (PS) 0 

(34 X) 

FIGURE 99: Photomicrograph of a f,luorescent undecalc~ified -histologic 

unstained section with the double tetracycline label 90 days 

following implantation of PPSF showing diffuse (arrow), 

fluorescence· with·. the micropores of polysulfone (PS)o 

(34 X) 

FIGURE 100: Photomicrograph · of · a fluorescent histci1ogic · unstained 

section with the double tetracycline label .90 days following 

implantation of PPSF showing a distinct double layer (arrow) 

of fluoresce.nce in the·. alveolar bone s·urrounding. ·the 

polysulfone. (69 X) 

FIGURE 101: Photomicrograph of.·. a fluorescent histologic unstained 

section with. the do up 1 e tetracyc 1 i ne 1 abe 1 90 days fo 11 owing 

implantation of PPSF showing the distinct double layer 
. ... ·;.::-~ .... ~ ·. 

·(arrow) fluorescence at higher magnific~tion. (138 X) 
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