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ABSTRACT
Sucéessfu] augmentatibn of bone surfaces has' great clinical
app]ication, particularly to the face and oréi cavity regions. AMore than
- 24 million Americans are edentulous and must depend upon dentures to eat
and to restoré‘ fheir normal 'speech and appearance. Porous polysulfone
(PPSF) is frequently used to fill osseous voids. The purpose of this study
was to test tooth soft tissue and bone response to porous polysulfone
(PPSF), with and without demineralized bone powder (DBP) in Macaca
fascicularis. | |
Six adult female monkeys, 12-15 years of age, were used in this study.

One animal was sacrificed and used as a bone donor and the other five were
recipients. A1l mandibular molar teeth were extrécted and massive
alveolectomies were performed. The wounds were left to heal for 5 to 8 1/2
months postoperatively. At the time of implantation, PPSF with DBP Was
inserted subperiosteally into the left mandibular edentulous areas whi]e
PPSF alone was inserted into the right sides. The animals were sacrificed
at 42, 60, or 90 days following implantation. Each mandible was cut- into.
3mm thick coronal sections which were then examined and photographed with a
~dissecting microscope. Some specimens were then decalcified, embedded in
paraffin and sectioned and stained with H & E. Other specimens were
processed undecalcified in  glycol and  methylmethacrylate for
histomorphometric measurements and tetracycline 1abé111nga Also, some
specimens were processed for scanning electron microscopy. 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 comparing to the PPSF side
(control side). The fibrous tissue also surrounded the imp]aﬁt. 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. 1In contrést, the PPSF—DBP side showed
large amounts of bone formation within the pores of the polysulfone and
almost covered the implant. The hew]y formed bone contained osteocytes and.
was surrounded by osteob]ésts. At 90 days, the PPSF side showed more bone
tormation on the lower half of the_imp]ant, These results suggested that
PPSF is a suitable non-resorbable material that accommodates bone and soft
tissue formation. Also, the use of DBP enhanced both rate and amount of
the new bone. In conclusion, PPSF with and withdut DBP is a suitable

material that can be used successfully for alveolar ridge augmentation.
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I. ‘ INTRODUCTION

A. Statement of thelProb1em and Aims

The main objectives in déntistry are the preservation and restoration
df dental function, speech and esthetics. Regardless of the cause of Tloss
of,‘teeth, .whether it is tr&pma, disease, or surgical resection, many
patients suffer alveolar bdhe 1ossAwhich, in}some cases, is so severe that
conventional prosthetics is nearly impogsibTe (163). | »

More than 24 million Americans are edentulous and they have to depend
on dentures to eat and to restore their normal speech and appearance (36).
Also, it 1; estimated that half of American citizens over age of 50 are
without one or(mdreinatural teeth (137). |

Thoma et al. stated that extreme aTVeoTar»ridgevatfophy makes the
construction offfunctionaTIdehtures diffiéuTt and the wearing of dentures
é1ﬁbst impossible (213). . -

Many edentulous patiehts suffer frdm marked atrophy of their alveolar
ridges and present a pfob]émlfOr"¢onstruction‘of an efficient denture.. The :
deve1opment}of implantable matéria]s that are biocompatible, strong and
relatively ‘simple to use would benefif hundreds of thousands of edentu]ous
patients annually.

" Demineralized bohéupowder (DBP) has been shown to be osteoinductive in l

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

be helpful in combination with alloplastic materials as a bone graft
substitute.
The aim of this study was to investigate the bone and soft tissue

regenerative response following alveolar ridge augmentation using
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macroporous polysulfone implants with and without demineralized bone bowder
(DBP) in Macaca fascicularis.

B. Review of Literature

1. Residual Ridge Overview

The residual ridge is that bone of the alveolar process that rehains '
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 atfophy'eventually.may
involve parts of the basal bodies of fhe’jaWs. In maxilta, there is often .
a narrowing“of the arch relatfve to its pre-extraction dimensions. This is
more pronounced in the pfemo1ar, canine or fncisbr areas. In thé mandible,
there'is‘often a widening of fhe‘arch of the femaining ridge fn the mojér'_
region.whf1e in the anterior region.tﬁe chénges'vary individua11y'(191). ‘

If atrophy-involyes.part of the body of fhe maxilla and mandib]e; the .

ridge may approach bony structures which anatbmica]ly are 1ocated‘far from _

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

the base of the ’anterfor nasal spine, the 10Wer end of ‘the zygomatic
alveolar crest, the hamulus of the pterygoid process or even the floor of ‘
the maxillary sinus. In the mandible, the atrophy may involve the upper
part of the body of the mandible, so the ridge sinks to the Tevel of the
méhta1 protuberance anteriorly and to the 1eveT1of the genial tubéré]es
lingually. In somé cases it may even approéch the level of the internal
oblique Tine, or the mandibular canal and the menta1 foramen. . In exﬁreme-
cases, the ridge may drop bé]ow the level of the Jingual sulcus and the
sublingual glands may protrude on the top of the residué] ridge (191).

After loss of teeth; the residual ridge, under normal conditions, is
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covered by a tissue that is identical in its structure with normal gingiva.
In other words, it 1is covered by a keratinized or parakeratinized
stratified Squamous 'epitheliunl with an uhderlying firm, thick layer of
inelastic dense connective tissue,‘which is also attached to the periosteum
of the ridge (191). | |

The atrophy proceeds toward the line of origin of the muscies which
are attached to the bone or near the bone of the alveolar process. In the:
maxilla, the muscles are the buccinator, upper incisive and nasal muscles.
In the mandible, the muscles are the buccinator, lower irncisive, méntalis,
mylohyoid, geniohyoid and genioglossus muscles. The afrophy may pass below
the line of attachment of one or more of these muscles, in which case the
muscle fibers lose their direct attachment tovthe bone and gain én indirect
fibroué attachment through the remnants of the periosteum (191).

The mandibular ridge kesqrbs 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
alsd varies with respect to the age, hutritionai status and sex of the
patient. The original shape, size, and location of the aiveo]ar process
are all important factors (49)a

In some situations, reductfon of residual ridge (RRR) leaves flabby
mdcoperiosteum, while in others there appears to be well-attached
mucoperiosteum with no -redundant tissue ovér the resorbed ridge.
Similarily, there may or may not be evidence of inflammation in areas of
RRR (9, 10, 99, 100, 101). Dhring the remodeling process, new bone is laid

down internally while resorption occurs externally. 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)° | |

Atwood (11) termed the atrophy af ‘the residual alveolar ridge as
reduction of residua1 ridge (RRR). He described the morphological changes
of RRR in which pre-extraction form is considered (order 1), sharp edges
remaining - after extraction (dkder II) are rounded off by ekterna]
resorption leaving a high wel]-founded ridge (order III). As resorption
continues from the: labial and Tingual aspects, the ridge becomes
incfeasing1y narrow, ultimately becomfng 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). This,
too, resorbs leaving a dawarfed ridge (order VI)o |

The RRR includes both cortical and cancellous bone, no matter how well
bone is calcified (11). Maintenance of a1ve01§r bone is thought to be
dependent on stimulation by the periodontal ligament 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 resorptioﬁ until basilar cortical plates are continuous and less
dense alveolar bone is completely resorbed (12). A random arrangement of
the trabecular pattern of bone following extractions is thougﬁ; 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). When found in the
mandible is usually referred to as atrophied mandible.

The reduction of residual ridges is chronic, progressive, irreversible

and cumulative. The reduction usually proceeds slowly over a long period
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of time. The annual increments of bone loss have a cumulative effect,
leaving less and less residué] ridge (11).

The changes in bone morphology fo110w1ng loss of teeth is better
termed "bone remodeling" instead of-the term bone resorption, which only is
a part of the remodeling prbcess that leads to the development of the
edentulous ridge. Ridge remodeling is also a bgtter term than ridge
atrophy because the latter term implies a passiVe.process (68).

Bone remodeling involves three steps: activation, resorption and
formation, all of which are 'consténtiy occuring with varying rates,
depending upon the specific location, age, metabolic activity and the local
stress on the area. The edentulous jaws present challenges due to the
charactéristic patterns of bone loss without the repetitive stimuli of
.1oadihg stresses (177)° ‘ |

Alveolar bone loss is considered cumulative and irreversible since ‘it -
cannot spontaﬁeous]y regenerate (132). 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 slower pace. Nevertheless, it continues even after twenty-five years
" (207). 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 a1bng the entire length of the edentulous
ridge (177). _

The mechanism of the reduction of the mandfb1e,is showed by a modified
“version of the principle of the "V" seen in long bone. The-residual ridge
show external resorption accompanied by éndostéa] deposition - this can’be

~called the principie of the inverted "V" (11).
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Moses (138) classified the shape of alveolar ridges and associated é
degree of retension with each. Class 1A,}invertéd U-shaped fidge; C]asé
1B, flat inverted U-shaped ridge; C]aSSn]C, U-shaped; Class 2, inverted>-
V-shaped ridge; Class 3A, parallel-walled thin ridge; ,C]ass '38
parallel-walled ridge, broad crested. He stated that Class 2 ridge is the
lTeast retentive while Class 3B is the most retentive. '

Patients who lack a convex ridge of adequate height and surface area
generally have prbb]ems stabilizing and retaining their dentures. 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 resujt'is achieved without the restoration of mastication (173).

Factors 1nf1uencing edentulous bone Tloss (EBL) ake categorized as
general and local factors. The general factors include systemic bone
diseases, endocrine disordefs and nutritional disordersoﬂ The Tocal factofs
include facial mdrpho1ogy, tréuma and alveolectomy technique, .and
prosthetic care (177).

Wical et al. (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 state. They found positive correlation
among low calcium intake, calcium/phosphorous imbalance, and severe ridge
resorption. v

Atwood (9, 11, 12) described the RRR as a multifactorial disease and
thaf the rate of RRR ‘depends not on one single factor but on the

concurrence of two or more factors which may be called cofactors. He
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divided these factors into four categories. The first are anatomic
factors, e.g. size, and shape of the ridge, the type of bone and the type
of mucoperiosteum,l The secohd are}metabo]ic or biological factors, e.g.
age, sex, hormonal balance, osteoporosis. The third are functional
factors, the frequency, direction and amount of force app11ed 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 functional factors
must function through prosthetic factors,‘they may be grouped together as
mechanical 'factofs. It may be that. when many anatomic, biologic and
mechanical factors coexist, the.rate of RRR wiTi‘be high. Whereas, if
certain cofactors are absent, even if some cofactors are present to a large
degree, the rate of RRR may be Tittle or none.

Mercier et al. (133) have evaluated factors contributing to a]Qeo]ar
ridge atrophy. They stated that the atrophy of thé alveolar ridge is a
multicausal disease. Systemic factors (e.g. diet) only compound Tocal
factors (e.g. early tooth loss, 1ong~£erm'and continudus denture weér).
they also found no relationship between bone density and the severity of
atrophy. They further stated that ideal bone augmentation material should
be able to prevent further atrophy and should be non-resorbable.

2. History and Background of Atrophic Ridge Management

Management of residual alveolar ridges depend on several 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).
Generally, there are three ‘different appyoaches for treatment of

resorbed alveolar ridges which include. soft tissue augmentation,
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subperiosteal implant dentures, and hard tissue augmentation. In neither
the soft tissue augmentation (in form of vestibu10p1asty)9 nor the implant
denture procedure is the ridge késtored. These procedures are thought to
permit or.enhance further ridge resorptioh (217),

- 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 form. 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).

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 suTcus~depth if the bone is too
small. Moreoveg, such repositioning is limited by natural structures such
as the mental foramens and the base of the malar process.

Maggiole (76) in 1809, inserted a lead covered platinum root structure
to.replace a missing tooth. Greenfield (76) in 1913, used a cylinder of
iridioplatinum as an artificial root to which a single tooth crown was
attached. Goldberg et al. (74) in 1949, reported the use of a metallic
implant for stabilization of a full denture.

Ashman et al. (3), stated that the subperiosteal impiant for extremely .
atrophied mandible has proven to be an exce]]ent'modality in the hands of
some practitioners and many successes of over twenty years'duration have !
~ been documented. The main drawbacks of the procedure seem to bef early
fai]ures.due to p]acement 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 is sometimes difficult. to perform on
compromised patients, and the potential of bone 1infection due. to
ébmmunication between the implant and the oral cavity.

Kent et al. (114), -evaluated permucosal implants including
transossous, swiss screw, subperiosteal 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 devices.

The hard tissue augmentation of fhe residua]_ridge"?s considered more
physiologic .since the ridge is restored to its original ‘height without
introducing undercuts and without communications between the oral cévity'
and the underlying bone.. 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 augmenfation, conventional
methods of denture construction are ﬁsed so there is no need for special
training of the prosthodontist, the genera1 dentist and the laboratory
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). |

Baker (15) stated the indications of augmentation of alveolar ridge as
fo]]owsﬁ restoration of bulk and strength to an excessively weakened
mandible, inabi]ity’to provide a .stable 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 Tevel than the residual ridge
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and when atrophy has exposed the mandibular neurovascu]ar‘bund1e, patients
are unable to wear a denture comfortably. The qua]%ty‘and vascularity of
overlying soft tissue has an important role on the outcome of augmentation.
Although bony augmentation was performed successfu]]yhin the presence of
extensively scarred oral tissues,.the incidence of comp1ications‘such as
wound déhiscénce and partial sequestration of the.graft has been higher
than in patients with uncomprbmized soft tissues. a |

Seafs (188) stated that augmentation grafting can be used for creating
a ridge relationship in which the maxi]]ary and mandibular ridges are in
.vertical'alignment as well as parallel in a horizontal plane. This not
only enhances stability of the denture but also minimizes trauma on ‘the
grafted ridges. Selection of a corrective procedure should not be
detefmined by any specific ridge height measurement but rather by the
degree and type of anatdmic deficiency (114)° The three requirements for
augmentation are re-establishment of ridge height and width,Astrength of
the jaw and morpho]ogyn

3. Hard Tissue Augmentation

a. Background

Materials used for hard tissue augméntation are broadly divided into
biologic and alloplastic materials. The biologic materials may be an
implant of autogenous or allogenous cortical bone, cartilage,vcance]Tous
bone and marrow, or a combination of all these (217, 15). The alloplastic
‘materials are obtained from outside the human body and are broadly
classified into three categor%es which include metals, medical polymers and

ceramics (217).
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The ideal material for ridge augmentatibn should be non?antigenic,
non-toxic, non-carcinogenic, évai]ab]e in unlimited quantity and easily
fabricated and shaped (87). Also, it should be easily handled at
insertion, strong, resilient, not cause resorption of underlying bone,
allow normal vascularity of overTyfng mucosa subjected to forces
transmitted from dentures, allow attachment of surrounding tissues, be
readily steri]ized;.inexpensive, and replacable with only minor surgical
procedures, preferably with use of local anesthetics (217). In addition,
it should be porous to incorporate boﬁe ingrowth'with subsequent formation
of interlocking bonds with surrounding bone that serve.to stabilize the
jmplant (194). The ideal material for ridge augmentation has not been
found. Advantages can occur from the use of porbus maferia1s which are
biomechanically compatible with bone (194). A number of studies empToying
porous ceramics, metals and poiymérs have demonstrated that bone will form
in porous materials that are biocompatible and have é’minimum 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 bone can be prevented énd
stress on the'ingroWn bone can be minimized, while inferface fit of the
.implént at the time of insertion.can be achieved (194). Studies‘suggest
thaf the shear and tensile strengthvof the *porous materials should be high
enough to broVide for sufficient strength of the porous material-bone
composite interface (195). 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).
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b. Biological Materials
' 1). Bone

The main impetus to the emp]oymenf .of grafting was given- by idohn'
Hunter (95) (1728-1793). In 1875; Nussbau (147) made one of the early
autogenous bone transplants in which he rotated a fragmentvstill éttached
to the lower end so as to bridge a defect in the ulna. Hoﬁever, 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 repairiﬁg 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 tibia.

There have_been extensive trénsp]antations of autogenous, homogenous
and hetrogenous bone.in humans in various forms. CTémentschitsch, in 1553;
(47) was the first to describe augmentation of atrophic mandibuiar‘ridge by
autogenous bone grafts. ,

Thoma (213), Gerry (71) and Lane (124) had.reported the use of iliac
crest bone as a block graft for ridge augmentation. Reitman et al. (174),‘.
tranSplanted iliac crest bone to the inferior border of the mandible for-
augmentation of atrophic mandible. They found clinical and radiographic
'evidence of viability and successful attachment of the bone grafﬁ, thfée_
months postoperatively. : B | |
| Stoelinga et al. (201) used interpositional bone grafts from jliac
crest for augmentation of atrophic mandibles. Vestibu]op]asty-was needed
~in more than ha1f,df the pafients. A 10 to 27% loss of height occurred

between 3 and 12 months postoperatively.
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Egbert et al; (55) augmented atrophic mandibles by using a fhree-piece
osteotomy procedure and interpositiona1~bbﬁe gréfts‘from'iliac crest. 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 résu]ts ‘are very similar to those
obtained when the posterior portion of alVeo]ar ridge was buf]t up with a
composite of hydroxylapatite and autogenoué bone.

Terry et al. (211) augmented_maxfl]a by using,é contoured rib which
was grooved on the medial aspect to allow bending and was supplemented with
cortical chips and'cancéT1ous bone marrow. The same graft materials were
used by Davis et al. (52, 53) for augmentation of atfophic mandibles. When
they evaluated the results after 3 to 6 years, they stated that -the
modality fa?ls short of the ideal aid to the patients. Baker et al. (16)
used -autogenbus onlay rib grafts for augmentation of residual ridge°

Farrell et al. (61) augmented atrophic maxillae by a one stage_tééhnique'of

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

(185) augmented atrophic mandib1es by using fib,grafting to the inferior
,bordér of the mandible so that the graft did not bear the direct pressure
of the prosthesis. Boyne et al. (32) restored atrophic residual ridges by
transposition of the inferior border of the mandibTe to the alveolar bone
crest and the~rgstoration of the donor site by p]acement‘of a metallic mesh
fmpTant lined with a cellulose acetate fi1ter‘aﬁd filled with hemopoetic
marrow. . They found new bone formation“at the donor site. Clinically,
healing WaS éxce11enf andvoﬁ1y 2 of 12 dogs showed dehiscence. Biopsy-
speciméns 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 occ]qsa] graft to alveolar ridge.appeared more mature .
and Tamellated. \ : | | | | _ |
Anderson (2) and Hey (88) found that ground cortical bone undefgoes
resorbsion.  Zeiss (247) found that: lafge pieces .of cortical bone
revascularized poorly. Fonseca et al (67) studied revascu?érization and -
healing of two sizesv of onlay particu]afe autogenous bone grafts in
primates. They found that the small particle Qraft' was quicker to
revascularize, showed more osteoclastic activity and'therefdre resdrbed»
vmuch'more quickly and comp]etely than did the large particie graft. Thus,
'the resultant net gain in alveolar ridge contour was less with’ smél]
particle grafts. Jones et al. (102), compared adto1ogus’marrow,gkafts:with
surface decalcified allogenic grafts, }and surface decalcified a]]ogenic'>
" grafts with autologods marrow fragments;  Findings indicate‘that mandibQTar4 A
bone grafts composed of a combination of surface decalcified aTTogenit'bone
~and autologous marrow may have advantages over grafts composed only_of
autogenous marrow fragmehtsel - | | |
BurweiT‘(38)vfound that cance]Tous‘bone revascularized quiéker fhan
cortical bone and united with underlying bone in a shorter time. Vit»is not :
| as sensitive to infection as cortical bone'and,heaiing,octurs over Shaf1’
»exposedfaréasvwith‘minimal bone Idss; It ddés\tend to resorb §uick1yﬁw1th '
 or without the load of a-denfuré;, | |
Conno]e,(48)\and Marble (130) suécesSfu11y used metal crib-Suﬁpdrted“ t‘
cancellous grafts in d1§cqntuity defects.v - |
| B]acksione et al. (25)'reporfed the use‘df homogenous ffeeze4dried>
bone to reStbre‘thé coht@dr o% the1a1v¢o1ar ridgé~fn dogs. They found that

osteogenesis did occur and that the grafts were replaced by living bone.
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“Boyne et al. (31) used freeze-dried bone withuéoft tissue ridge extension
for augmentation of alveolar ridge. »

Maletta et al. (129) compared the\hea1ing and revascularization of
on]ay}adto]ogous and 1yophilized a11bgenic rib grafts to the edentulous
maxilla jni primates. They found that both have minima] osteogenic
potentiaf and hea]ing-was simi]ah,’but resorption of allografts occured
ébout three months later than that of the autografts. |

Kraut (119) augmented atrobhic mandibles with a composite graft system
consisting of _a]1ogenic freeze dried rib, autogenous"'cance11bus bone,
marrow, and hydroxylapatite. Patients tolerated the surgery well and
showed marked improvement in dénta1 function? with maintenance of 78% of
the augmented height one year later and 67% at two years. Two~thirds of
the patients underwent split-thickness Skinugraft.vestibuloplasties,

Kaban et al. (104) found thét the visor osteotomy.for augméntatipn of
’atrophic ridge did not add mass to aiready'weak afrophic mandibles.

Barth (18), in 1893, described the histologic sequence of cranial
‘restoration with autogenous boﬁe grafts.' He fouhd no difference in hea]fng;
between fresh and dead ca]véria] discs placed into defects in dogs skﬁ1]§.
- He_ therefore concluded thaf a bone graftfacted as a positive scaffo]ding
thfough whiéh host bone grew. He called this proceés "S¢h1eichender
ersatz". Later, this poetic phrase Qas 11tera11y t?ans]ated as "creebiqg
‘substitution".»-AxhauSen (13) extended this idiom to describe thevprb;ess"-'

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

Wang ‘et al. (240), in a follow-up of ridge augmentation with iliac -

crest or rib for periods of 9 months to 3 1/2 years, found almost continual

resorption of bone grafts occurred after sufgery. Also, some were followed
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with vestibulop]asty and some had dentures made. In two cases'tﬁe bohe
grafts seemed to stabi]fze 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 process with iliac crest, found that in all cases a secohd
operation of vestibuloplasty and a f1oor-of-moufh~p1asty4was done; Almost .
complete resorption of the 'bone grafts were obServed and only 1/3 of
patients were satisfied and 2/3 had prob1ems 1ike mental nerve disturbance
or pain at donor and graft sitesf" Kaban et a1.2(104)’§fated that the use
of autogenous rib .or iliac crest grafts.invoived_a harvesting operation
accompanied by'incréased'operating time, blood loss and potential morbidity
in an e1der1y, often compromized patient.

Baker (15) summarized compiicatidns of augmentation rib grafting.as
follows: malposition of the graft, wound ~'dehiscence, “infection,
sequestration of graft fragments,  and donbr site cbmpTications.' Baker et
al. (16) evéTuated long term results of alveolar ridge augmentation for
periods of 4 to 10lyears.USing autogendus on]éy rib gr&fts. ATl patfents
required soft tissue surgery. However, despite the degree of bone change
and remode]ing which-bccurred éarly in the E?inicalAcourse,,the pafients
retained denture function with Tong-term stability. |

‘Boyne (31) evaluated the use of fréeze-drjed~bqhe‘with>soft tissUe'
ridge - extension for augmehfatidq ~of -a]veo]ar.'ridges.' 'C1inica]1y and
radiographfﬁa1]y,[ the grafts tended tdﬂ'become an integral part of the
restored alveolar ridge. Somé,of,the implénfs were lost early, some showed

warpage or curling ear1y and some patients had paresthesia.
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Kelly et al. (i08) found that the complications invdived when using
freeze dfied allogenic bone included infection, dehiscence and‘the need for
vestibuloplasty. However, it has the advantage of avoiding a harvesting
operation.

Koamen et al. (T17) reported follow-up for patients who had
~ augmentation of atrophic mandible by interposed bone grafts° They found
Athat-the rapid pdstoperatively reduction in height appeared tb‘cease after
6 months. The results were not‘satisfactory in all respects. However,
this method haé more to offer from a prosthetic point ‘of view than the
subperiosteal graft techniques. |

2). Cartilage

Konig (116),‘in 1896, was possibly the f%rst.to usé fresh cartilage
transplants in humans. However, Steinhouser et al., European Surgeons,
were among the ffrst to use autogenous and homogenous cartiiage. Kruger
(121), in his survey of the literature, credited Verlotsky and Brochman as
the first to use cartilage grafts for.a]vebTar ridge augmentation. |

Blackstone et al. (25) used freeze dried Homogenous cartilage for
augmentation of alveolar ridge in dogs. They found homogenous cartilage
was a more satisfactory tissue for grafting than bone. Comp]ete
osteogenesis of cartilage. occurred after a grafting‘ procedure, closely
approximating the.héaling time of an autogehous bone gra%t, |

Lye (128) histologically evaluated homogenous‘carti1age 1mp1anfs used
in‘preproéthetic surgery and reported that the healthy state of surrouﬁding :
soft tissues and the absencé of inflammatory cell infiltration suggested ‘
that cartilage homografts. are well tolerated by the host. The grafts

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

s
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minimal and attachment to the basal bone seemed to be by fibrous as well as
by bony union. The homograft differed little from autograft in that
chondroblasts still remained viab1é. The graft was easy to trim and also
stored easily. | | |

In summary, some of the biologic materials that have been used for
alveolar ridge'augmentatidn are iliac crest, rib, freeze-dried a]]dgenic
bone and cartilage, composite a]]ogeniﬁ banked boné, autogenous fresh
cancellous marrow grafts, surface decalcified freeze-dried allogenic bone,
and autogenous cartilages (122). | | |

EVa]uating the biologic materiaTs, it was found they sometimes require
special casting or fabrication of trays with additional cbsf and-$ki1]ed
personnel (217).

Autogenous tissues require a harvesting operation with the associated
morbidity and subsequeﬁt resorption of at Teast some of the implanted
material (217). Also, Kruger (121) concluded that. the use4of autogenous
tissues in elderly patients with cardiac and other medical problems is
impractical due to the hazards of excessive operations.

Non-autogenous materials requires special processing to féduce the
antigenicity that affect survival of the graft. Allogenic bone (frozen or -
freeze-dried) and demineralized bone e]iminates the problem of donor-site
complications, but sometimes infection from dehiScence may occur. Also,
multiple relines for ‘the dentures ‘and varying degree of resorption may
~ occur (108). | - | |

Cartilage undergoes little " Eemoﬂe1ing or resorption. It raré]y
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 Tack of vascularity (25, 128). Complications occurs such as infection,
dehiscence and parethesia. Also, vestibuloplasty are often required. The
difference in the rate of resorption of cartilage and basal bone may cause
the edges of the graft to perforate throdﬁh the mucosa if they are
prominent (128).

3). Demineralized bone

Senn (189), in 1889, reported the efficacy of using antiseptic
decalcified ox-tibia for repairing bony defects in the calvarium.

Ray (161) compared the rate of healing of a trephine defect after
implantation of allogenic frozen intact bone, deproteinized bone and bone
decalcified with EDTA for 12 days. He reported thaf demineralized bone
produced complete bridging in 41.6% of the defects, bridging of two-thirds
in 16.6% 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 grafting. \

Van DE Putte et al. (237) found that cortical bone matrix decalcified
in HC1 or EDTA or formic-citric acids provided the local conditions for
histotypic and organotypié 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 1in
nitric acid did not induce bone formation but disintegrated in the
extkace]]u]ar. fluid and incited a deleterious inflammatory reaction.
Preparations of a complex, prepared from decalcified matrix and
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 their progeney produced an -

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

T

metaplasia of previously formed cell types, but is through a sequence of

cell divisions and requifes new pro]ifefation, modu]atidh and
differentiation.

Sharrad (190).used decalcified bone grafts fn three scoliotic children
to effect”spinai fusion. 'Thé‘iong term evaluaﬁioh of the repair process
was excellent. .' |

In 1965, Urist (223),.repofted fhe,bone induction- principle, - Bone

demineralized with 0.6N HC1 produced more positive results compared to bone

~decalcified with EDTA. He also demonstrated the sequéncé of evénts 1eadfng _ﬂ"

to bone induction and that the bone induction: principle was not freely

diffusible and probab1y« moves for short distances‘ fhfough the ground o
substance é]ong ok;between cell membranes. In additibn, he demonstrated

the importance'of the bone powder shape and size on bone induction, He o

) reportedg that the use of cube .shaped -particles -(1mm3) coincided with

increased bone induction. and fhat matrix particles reduced ‘td ‘a size

smaller than 0.1 to 0.3 cubic millimeters yielded smaf]er'amounts.of new .

bone with gréater amounts of cartiTagé produced especially. within old

marrow vascular channels with smooth walls and blind ends. Also, cartilage

“was dominant in small spaces between opposing surfaces of small particles. =

He falso demonstrated that bone matrix particles méasuring 250 'to: 420

_micrometers in diameter inhibit carti]age and bone induction. Reddi et al. -

(165) aTso'demonstfateq the importance of geometry, surface characteristics

of demineralized matrix and the3§fté10f‘imp1antation for -induction of new

bone.  They. (164) also demonstrated that coarse particles (420-850
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micrometers) were more inductive than fine particles (44-74 micrometers).
In another study, Reddi et al. (167) févored the usé of particles in the
range of 72-450 micrometers. Urist (224) demonstrated that 1mm3 particles
were optimal. The discrepancy between»Uri§t_and Reddi may lie in their .
source of bone and its subsequent treatment. Kaban et al. (103) found that
the smaller the particlé size, thé greater the inductive, ¢apacity, of
demineralized bone powder° Thérefore; they favoredjthe‘use of partié1es
ranging from 72-250 micrometers. -

G]owapki ef a].'(72) found that,bsteogeﬁesis induced by equal masses
~of demineralized bone powder’(DBP)-of various particle sizes ( 75, 75-250,
- 25-450, >450 microns) revéa]éd that the Sma]]érkpaftic1es induced more bone
per field than did the 1arge particles. |

Urist‘(224) demonstrated that there WasLTitt1evuptake of calcium'oh ‘
bhosphate.*by demineralized bone particles until the onset of bone
induction. = He also demoﬁstrated that freezing and thawihg'destroyed bone
1nduction completely ahd the highest bercentagé of'positive-resu1ts was ' 
~obtained | by freezing ‘at -70°C in liqufd nitrogen 'f011owed "by}
1yophi]ization; - Exposures to temperature up to 50%C and 1yophilfzation
promoted bone induction. However, a decline in bone induction resulted
after exposufe ofithe matrix to higher temperatures where bone induction o
was completely aboiiéhed, y | “v |

In addition, he demonstrated that allogenic bohe‘imatrix 'cduld‘_be.
stored for dp to 3 months in a sterile, non-lyophilized state in sealed
containers at room temperature without losing the bone induction propérty.

The possible length of time for storage in a lyophylized state without



t

22
deterioration has not been determined. However samples fixed in alcohol
and stored for as long as 9 months still produced positive results.

Narang (143) demonstréted that there is an initial décrease in calcium
concentration in bone grafts for up t6-4 weeks following transplahtation

Since decalcification of the bone graft cou]d be accomplished in vitro more

rapid]y than in vivo, he recommended the use of demineralized bone.

Urist (224) demonstrated that doses greater than 2 million rads of
radioactive cobalt inhibit bone 1nduct1on _

Urist (224) found that the bone induction was inhibited by
actinomycin-D, whj]e puromycin, a known protein synthesis inhibitor, did
not have the same effect.A Parenteral injection of oxytetracyclin in dbses
of 100 mg/kg and penici]Tin in doses of 90 mg/kg did not inhibit bone
1nduction. . He é]sd found that the time réquired for transfer of the bone
induction principle from the matfix to a competent cell takes less than 3
days. In add1t1on, he found that surface decalcification of bone for 1-2
hours in 0.6 N HC1 removes 9- 10% of its mineral content and resu]ted in
bone induction which is superior to tota11y dgca1c1f1gd.bone treated with
0.6N HC1 for 1 week.

Tuli ef al. (220) reported that surface decalcified bone (4-6 hours)
produced complete healing of a full osseous u]nar‘defect'in 97.2% of fhe
experimental aniﬁa]s,' while completely decalcified (48 hours)' allogenic
boﬁé produced a 81% success rate. They proposed that the success with the
surface decalcified bone was due to its surface osteoinductivity and its
suﬁerior mechanical étabi]itylwhen compared to completely decalcified bone.

Urist (225) Ldéed surface ‘decalcified allogenic bone in humans to

repair large bony defects and demonstrate the effectiveness of the bone
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jnduction system. Urist et al. (228) described the sequence of events
after implantation of 80 samples of demineralized cortical bone in the
anterior abdominal-wall 6f young rats. First, between 0-5 days, ameboid
mesenchymal cells migrated from recipient muscle into the old marrow
vascular channels of the old matrix or formed an envejope 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 tb form multinucleated giant
cells and some differentiate info,choﬁdrob]asts. The mu}tinucleated giant
cells were 3 to 10 times larger than the typical osteoclasts and were
termed matrixclasts because of their association with nonvifa] matrix
rather than with living bone. Thirdly, in 10 days, the matrixclasts had
50-500 nuclei and were jarge .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 matrixc1ast$ were located mainly in newer, deeper areas of in?asion.
The other matrix clast that appéared initially became progressively smaller
in size (100-500 micrometers). The ratio of multinucleated ce]ls_ to
monocleated cells was 1:10. Finally, from 20-30 déys, woven bone started
remodeling with the formation of a central pool of bone marrow.

Urisf (223) démonstrated that wandering hiétocyfes, 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 implantuof decaicified bone. Histocytes are moré,numerous than‘ahy
othervce11 formed and may transfer collagenolytic acfivity to”thé\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 ;e]]s are derived from ingrowing cells of the host bed. The
inductor cell is a descendant of a wandering histocyte; the induced cell is
a fixed histocyte or perivaﬁcU]ar young  connective tissue cell.
Differentiation of the osteoprogenitor cell is -elicited by .local
alterations in cei] metabolic cycles that are as yet dncharacterizedo

Reddi et al. (168) found that the sequence of events during matrix -
induced chondrogeneéis, chondrolysis and osteogenesis are analogous to
those occufing during embryonic deve]oﬁment,> In addition; the early events
in biogenesis of bonermarrow and the morphology of haematapoetic elements .
was found to be similar to those.of developing medullary bone marrow.

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

rat using tritiated thymidine, alkaline phosphatase, 59Fe and 45

Ca. They
found that by the third day fo]]owfng implantation, thymidine incorporation
was increased and that it coinéided with the pro1iferation of in?éding's
fibroblasts. There was a second peak of thymidine incorporation‘before
osteogenesfs and vascular invasioh and a third peak during haematopoeéis
occurring around day 18-2]§ Alkaline phosphatase activity increased prior
to mineralization on day nine. Also on ~day nine, 45Ca incorporation
increased along with vascular invasidn, and peaked on day 12 during

mineralization. On day 12, 59

Fe increased when the first haematopoesis
. colonies were observed, and peaked between day 23-28 when  complete
haematopoesis of ngw]y formed ossicles occuréd. In another study, Reddilet
al. 7(169) reported an excellent correlation between increased a1ka1ihe :
phosphatase activity and calcification as indicated by 45Ca_incor'poration

in the mineralization phase. He pointed’out that the cascade of events 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
‘conc]uded that differentiation of‘bone cells postnatally occurred but from
a competent mesenchymal cell population and not from bTbod-born cells or
vascular tissues. These cells were probably induced by a substratum of
extrace11u1af substances found in'boné matrix. They suggested that some
, mesehchymal ce11$ “should be considered differentiated, or at least
committed to become osteob]asts since they displayed its strictly
prescribed program for further development following transplantation.

Chalmers (44) suggested that for bone induction to occur 11n
extraskeletal sites, three conditions must be met: an osteoprogenitor
cell, an inducing material and a suitable environment. While muscle and
fascia provided a suitable environment for bone induction, the 1iQer,
kidney and spleen were considered inappropriate.

Mulliken et al. (139)'1mp1antéd demineralized boné pfepared according
to Reddi's technique and comparedrit to undeﬁinera]ized bone implants used
for the repair.ofrca1varia1 defects in rats. They fodnd that the former
produced “better healing, presumably because it uncovered 'the bone
morphogentic protein of‘theacalcified 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 béne
produced better heé]jng compared to wundemineralized bone in an
experimentally created full-thickness mahdibu]ar defect. The mineralized
bone powder was completely resorbed by 3 weeks,<whi1e the demineralized
powder induced new bone formation by endochondral ossifications without
being apprecially resorbed‘prior to bone induction.

Lindholm (127) .demonstrated that éilogenic, demineralized ’bone
prodhced more new bbne when combined with bone marrow diluted in culture
media than when used by itself. Howéver, the addition of boné marrow to
allogenic demineralized bone is advantageous only in the first phase of
bone formation, while later stages of imp1anf formation seemed to be
unaffected (245). |

Osbon et al. (151) successfully reconstructed maxillary and mandibu]ar
defects in humans using_composite-grafts coﬁsisting of allogenic cancellous
surface deca]cified bone and autogenous barticu1ate cancellous bone and
marrow. They keported the following advantages of demineralized bone; the
reduced amount of autologous bone required, ease of adaptabi1iiy of the
material at the time of surgery, and  the high bioéompatability and
biodegradibility.

Urist et aT. (227) referred'td the substance responsible for the bone
induction as ‘bone morphogenetic protein (BMP). They demonstrated the
importance 1of temperature, time and concentration of exposufe fo.
deca]cifying’so]ution, in order to prevent'denaturation of the cross-linked .
structure ofAthe‘bdne matrix. They also demonstrated the importance of "
devoting sufficient time for bone demineralization iﬁ order to acid

gelatinize the bone matrix. Also, Urist et al. (228) suggested that the
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BMP is protected from thermal denaturation by the mi"nera]° Bone minerals
in vivo insulate the BMP and prevent the transmissidn of the morphogenétic
property from bone matrix to mesenchymal cells. Urist et al. (230) stated
that the bone induction capacity of BMP changed according to the species of
the experimental animals in the following order: rabbit, guinea pjgs,
mouse, with rabbit being the most favbrab1e;' Also BMP induced borne
| formation in the rat.
Urist et al. (233) noted that BMP is transferred from bone matrix to a
responsive mesenchyma1-lfke population of cells within 24 hours after
implantation. The BMP activity was estimated by the increase of the

35¢

following: hyaluronate within 24 hours, hyaluronidase within 48 hours,
uptake within 7 days; increase in alkaline phosphatase activity-within 10
 days and 45Ca uptake by mineralizationAtissue within 10-14 days. .

Urist, et al. (234) demonstrated that BMP is a glycoprotein and that
mesenchymal response to it is growth hormone-dependent. Bone formation was
partially restored when gfdwth hormone was given to the hypophysectomized
rat. ’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 a]sbipfofund1y inhibits haematopoesis.

Urist (235), in a review article, suggested thaf bone-derived growth
factors and BMP .are coeffective. Also, he indicéted'that bone -induction
starts with a morphogenetic phase followed by a cyto-differentiation phase.
The former consists of mesénchyma1' cells disaggregation, migration and
reaggregation and pro]iferatfcn. He suggested that with the onset of the_

morphogenetic phase, a chondroosteogenetic activation starts and is

éontrol]ed by BMP activity. He postulated that the binding of BMP to
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- membrane receptors on mesenchymal cell surfaces alter cell surface electric -
charges which invturn, may induée”a cascade of cell-to-cell interactions,
transmitting the genetic program of the.fnduced cells to their progeny. At
this point, the human skeletal growth factor (BDGF) comes into play.

Urist (235) reported that BMP-induced bone development is
irreversible, while BDGF bone growth stimu]afion.jis ‘reversible. - In
addition, he feported that the BMP has a md]ecular weight of 17.5K and is
associated with variable quantities of 14K, 24K and 34K proteins. He also
tfound that BMP yie]ds less bone when igolated in the pure state, than when
it is associated with other proteins.- He suggested that bresence of
cof]agen is. not required for BMP activity, which could be transferred
across a distance of 450 Tnicrometgrs through pores aé small as 25
nanometers. In doses of up to 5'milligrams,4the yield of new'bone.was
directly proportional to .the quantity of imp]anted BMP° v This was in
contrast to what he (234) previously reported, that BMP implanted é]one,
diffuses away before inducing the competent mesenchymal cells (Urist 1982).
In addition, he indicated that cortical bone contains more BMP than
cancellous bone. This agrees with the work of Nade and Glowaki (1981), who
- demonstrated superidr osteoinductive ability of cortical over cancellous
bone. _ _

Huggins (94) suggested that a solid state physicochemical alteration '
of cell surface is responsfb1e fof the phenotype transformation caused by
DBP.. - |

Urist et a].'(232).showeﬂ that the~deminera112ation time of 3 hours in
Reddi's system produced 1e§s 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 deminera]ization procedure and the'subsequént washing
with different chemicals used by Reddi, denaturated the boné matrixo. He
stressed again that, unlike demineralized dentin, bone matrix ground 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 alél.(TGS) noted that cartilage persisted in the deeper
regions of the transplant where o*ygen tension was~ presumably Tow.
Acco?ding‘ to Bassett‘ (20), oxygen tension as low as 5% favors
chohdrogenesis while levels of 35% favor osteogenesis.

Reddi et a1.'(167)'f0ﬁnd that DBP prepared from the diaphysis of long
bones was more inductive than- that from flat bone. This was attributed to

the marked‘difference in collagen fibers orientation between weightfbearing

. bone and flat bones.

Reddi et al. (167) noted that the transformation of fibrob]asts to
chondroblasts and osteoblasts was .always restricted to the centervof the
_implant and not the peripery, which indicates a difference between fhese
two locations.

Reddi et al. (170) found Tybe,III coT]agen'dn day 3 around invading
fibroblasts, Type I collagen on .day 5, Type II coT]agen asso¢iated witH
chondrogenesis, Type I collagen associated wifh-ostéoblastiC‘activity on
day 10, and Type III collagen reappearing during Haemopoesis on day 12.

Rath et al. (160) found that glucoronidase, acid phosphatase, ‘énd
~ especially aryl su1fatase,‘were increased during bone remodelling. These

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

Sampath et al. (181) investigated the osteoinductive molecule to
determine its mitogenic activity on human and rat fibroblasts as well as
bovine endofhe]ia] cells. He reported that while human and rat fibroblasts
respohded by with a increase in proliferation of 250 and 300% respectively,
the endothelial ce]]é did not resﬁond,

The bulk of the basic-infbrmation gained from the researth reviewed
-above was applied to solve clinical prbBTemse _ |

Narang ef al. (142) used decalcified a]Togenic bone matrix for
alveolar ridge augmentation in dogs. After 16 weeks, no infection was
found around the wound sites.” The grafts were not rejected and new bone
was formed at the'impTQntation sites and did not evoke any significant
immunologic response. | _

Kaban et al. (104) augmented the rat mandibular ridge' with
demineralized bone implants in submucosal pockets.on the edentulous segment
of the rét mandible. These implants induced osteogenesis- and the mass of
induced bone and implant was united to thé ridge by 2 weeks and there was
litfie or no resorption over a 6 months follow-up period. |

Mulliken et a1._(140) used deminera1izéd allogenic bone to augment,
contour, fill defects or construct bone within soft tissues in‘humans. The
implants were c]inicé]]y so]idkafter 3 months and radiographfcal]y'héaTéd
by 3 to 6 months. Infection occurred in 4 of 44 patients and‘4~patients
showed resdrption of the implant. Thé advantages of allogenic
demineralized implants over conventional bone grafting are: avoidance of

harvesting operation, ease of manipulation and potentially unlimited
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material in banked form. Hea]ing by induced osteogeﬁesis may bypass the
résorption seen with- healing of mineral-containing grafts. Available
autogenous bohe is limited, especially in infants and young children. In -
some instances, the harvesting bperatibn'may be of greater magnitudevthan -
the‘surgica1 procedure for example, the closQre of a bbny oronasal fistula.

Induced osteogenesis with demineralized -implants is‘different from
osseous healing that occurs with conventional  bone gféfts. -Fresh
cancellous grafts are rapidly revascularized and survive to producé new
bone from the transplanted 1living osteoblasts (20, " 81, 162). The
predominant mechanism of healing with fresh, preserved, cortfca] grafts is
"creeping substitution", i.e. coﬁcomitant resorption of the bone graft and
its replacement via ingrowth of vascular and osteoblastic tissue from:
adjacent bone (13, 155). Induced osteogenesis, iﬁ contrast, 15 a
phenotypic change of host p1uripotentia1 cells into osteoblasts. _ Thé
proéess is one of Tocal cellular transformation; in contrast to osseous. 
transb]antation with Tiving cortical or cancellous grafts (140). -

Giowécki' et 'a], (72) - evaluated the fate of mineralized aha
demineralized osseous imp1ants pTaced into cranial defects in rats. By 2
weeks; 100% of the defects that had been fi]ied with demineralized bone
powder (DBP,'?S-éSO microns) showed bony repair as judged by histomorpho-

metric analysis and incorporation{of 45

Ca. The DBP was not resorbed but
" rather was_amalgamated within the new bone. In contrast, mineralized boné :

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

cranial defect. These speciﬁens contained large multinucleated cells and -~

connective tissue. -Implants of bone minerals were also evaluated. Bone
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ash and disorganized bone powder were surrounded by mu1tinuc1eated cells
‘ within 7 déys and completely resorbed by 3 weeks.

Inoue et aL;VK97) showed that outgrowth of. cells from rat muscle,
dermis and.subCUtaneous tissue, bone marrow cells and periodontal ligament

cultured in vitro with demineralized bone matrix for up to 35 days, induced

chondrogenesis..

Glowacki et al. (73); used demineralized bone implants for
_cranio-maxi]]ofacial reconstruction and constrdction in patients “with
| congeﬁita] deformities and acquired defects. Early healing was assessed by
clinical and. radiographic examination$ and sometimes by biopsy. They
concluded that the cliﬁica] advantages_of DBP. are rapid union, healing of
large <defects, avoidance of hafvesting procedures and the potentially
uniimited supply of banked materﬁ'al°

Sampath et al., (]84) implanted DB matrix.subcuténeously.into.rats.

This induced cartilage and bone formationliﬂ vivo. When mice skeletal

muscle was cultured on hemicyclinders of demineralized bone. in vitro,

mesenchymal ce11s:are transformed into chondrocytes.

3ﬁumentha1 et al., (26) tested a combined collagen gel-autolysed
antigen-extracted 'a11ogenic bone implant for its effect on gfowing_ new
attachment in surgically-created defects in dogs. As controls, bone
fmp]ants alone, nonimplanted,.and untreated defeéts were evaluated. The
collagen gel encouraged ingrowth of regenerative tissue fibroblasts in thg
early stages of wound healing, while the allogeneic bone induced new bone .
formation. The g}éft materials wéreTbicompatible,_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
ce1ls‘are made to differentiate and do somethfng they normally wou]dinot
do. 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'boné marrow'or treated bone.

Syftestad et al. (203), assayed urea and guanidine extracfs of

demineralized beef and rabbit bone matrix both in vivo and in.vitro. One
month fo11oWing intramuscular imp]ahtation into mouse thighs, these
extracts induced ectopic cartilage and bone. Seven days fo]]owing
continuous in vitro exposure to the same extracts, mesenchymal cells in
cultures had differentiated into greater numbers of chondrocytes .than
controls. |
Hosny and Sharawy (92) tested the osteoinductivity of demineraljied
bone powder in Rhesus monkeys in subcutaneous tissues. Deca]cified:and
undeca]cified .sections of ~the implants were stddied, Large numbers of
undiffereﬁtiated mesenchymal and fibroblast-like cells were observed around
and ‘within the DBP matrix particles on day 20. Cartilage formation was
also évident at that time énd 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. | }' |
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 to.use DBP in combination with alloplastic
material as a bone graft substitute. | |

¢. Alloplastic Materials
1). Metals, Ceramics and Polymers

A]fhough metals - have beeﬁ used widely as internal prostheses, their
physical chéracteristics discouraged their use for replacement of residual
rfdges. "Holland (89) and Thoma (214) used subperiosteal gauze made of
tantalum to block undercuts of Tower residual ridges. The rolled-up gauze
was fixed in place subperiosteally with fine wires passing through the
bone. The gauze was well tolerated and a denture was constructed 3 months
postoperatively. However, in some cases dehiscence occurred.

Ceramics are generally brittle, have no ductility, low flexture
strength, low impact resistance, freedbm 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. Resorption was rapid with 1ittle permanent augmentation of the
ridge. Although its tissue acceptance is good, its high solubility appéars
to 1imit its value as a scaffold for new bone formation.

Caicium afuminate with interconnecting porés was used for augmentation . -
of dog alveolar ridges (218). Tissue acceptance was good. Fibrous tissue
and bone grew into the implant (83).°

The principle limitation of calcium phosphates are their mechanicai
properties. Like most ceramics calcium phosphates are brittle, have Tow
impact resistance and a re]atively Tow tensi]e_étrength. However, there is

a lack of local or systemic toxicity, Tittle or no inflammatory or foreign
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body response, an absence of intervening fibrous tissue between implant and
bone and its ability 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).
| 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 neéessary (34). The process of bone
replacement of the implant begins with an ‘ingrowth of cellular Toose
connective tissue which is replaced later by dense bone. 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 characteristics of lamellar bone -
with TCP particlés'seen within its lacunae. However, this replacement of
TCP s s]oQ.and takes up to 18 months. Hhen porous TCP was used in
cancellous and cortical bone it was rapidly infiltrated with bohe and
slowly resorbed. There were novuntoward tissue or systemic reactions.

Following TCP implantation in animal experiments; DeGroot (34) found
that tricalcium phosphate was detected in regional lymph nodés._ Krempien
(1985) repbrted an;unéxpTained osteoporosis in animals that received TCP
implants. Fischer (34) suggested that clinical utiiization of the material
be ‘discontinued until the unfavoréb]e results of these observations are
clarified. Réplamineform hydroxylapatite was used “subperiosteally for
augmentation of alveolar ridges in dogs (156). Finn.et al. (64) used
interpositibha] grafting withlautogenous bone and coralline hydroxyjapatite
for augmentation of alveolar ridge on éogs. They found early consolidation

and remodeling of the grafted bone and implant with minimal alterations of
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the morphb1bgic.form and architecture of the repositioned bone. Piecuch et
al. (157), indicated the use 'of block porous HA in cases of severe
"resorption of the mandible to the ]éVél of basal bone, especially when
broad f]at,r{dge contour areas are found. Grossly irregular ridge contours
and knife-edge kidges are better treated with porous non-resorbable
hydroxyapatite' granules.. Hydroxyapatite, with or without ~autogenous
cancellous bone (112), was used for augmentatién of alveolar bone where a
permanent augmenfation was required and where bone regeneration would. not
occur on its own.

Beirne et al. (23) evaluated tissue response to dense HA. They found
minimal inflammation but the implant had not induced néw bone formation and
was instead surrounded by a fibrou§ connective tissue scar and occasionally
epithelial macrophages and multinucleated giant ceTTs.imhediately adjécent
to the imp]ant, | _

Gumaer et al. (78) studied tissue response to dense HA after 6 to 8
years in dogs femurs. They found that the implants Were.totally encased in
dense mature bone and in some cases at the periosteal surface showed
interdigitation of‘connective tissue stalks with Targe multinucleated cells
at the interface with the imp1anta

Hydroxylapatite (HA) used for reconstruction of residual a]veolak
ridges, with or without autogenous cancellous bone, has been evaluated over
a six yeak period. It wés found that the cOmplicatﬁbns that arise 1nvo]yei o
incision dehiscence or erosion of the muCosé from the use of sp]ints,
parasthesia and hyperesthesia of mental nerve, migration and displacement
of particles, nonattachment of HA,to bone, overfill, and hematoma formation

(113). 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 presence or absence of a stent, included
diffusion of HA into adjacent areaggirregu]ar distribution and extrusion of
the material, incorrect position, excessive increase in alveolar ridge
height, paresthesia, and‘sett]ing; migration and resorption (54).

Kent et al. (112) evéluated 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 anesthesia of the lower
"1ip, pain, inflammation, particle migration, ulceration and deheiscence.
Some patients qnderWent fewer subsequent denture re;lines°

Beirne et al. (23) concluded from their studies on augmentation of
alveolar ridge of mandible with hydroxylopétite that HA was biocompatible,
caused minimal inflammatory response and could.increase denture retension.
However, a large number of patients developed 1lip paréthesiavand showed
migration and displacement of HA.

Lew et al. (126) used autogenous rib graft with particulate HA for
augmentation of atrophic mandib}e. 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 mucosa.

Kent, et al. (114) described the important advantages of using HA
which included excellent compatabi]ity, absence of antigenic reactions,
évai]abi1ity of the matériaf, allow surgery under Tlocal anesthesia; Tow
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
hyperethesia of the mental nerve, dehiscence which sometimes leads to loss
'of some materials and pressure nedrosis°

Guerra (77) stated difficu]ties.énCOQntered with HA were overbulking,
malplacement, | paresthesia or  hypersthesia, required secondary
vestibuloplasty and'sometimes skin grafting. A]So, sometimes the mandible
became wider than the max111é; “Sometimes patients need a Tong time for HA :
to stabilize and during_fhis period they would be without their dentures.

There are many polymers used fof ridge augmentatien. Epstein (59)
pTacéd subperiosteal polyvinyl alcohol sponges (Ivalon) into the labial and
lingual undercuts. Histologically, there was fibrosis and giant cé]]
response but no evidence of inflammation. The material was elastic, tough
and of great tensile strength.

Cranin (50) impianted-po1yviny1 sponge subperiosteally in the anterior
maxilla to reconstruct the resorbed ridge in humans.

Gatewood (70) used. silastic covered with a dacron mesh subperiosteally
to augment alveolar ridge. The surroundiﬁg tissue showed normal response.
Boucher (27) augmented the upper anterior region of maxi]]é with medical
grade, liquid silicone rubber. He (28) also used a modified form of
silastic for ridge extension procedures both in animals and humans.

Small et al. (192) evaluated Teflon and silastic fbr replacing
portions of the mandible. Teflon seemed more adaptable to restoration of
large mandibular resections, whereas silastic seemed better for small
mandibular resections. Bohe'wi]] 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 fixatipn. Silicone rubber is more bio-inert
but did not directly attach to bone leading to slippage and extrusion.

Moore et al. (136) blocked the undercut regions by using gelatin
sponge (Gelfoam) subperiosteally which created better alveolar ridges and
- produced more stable and comfortable denture-bearing areas.

Henefer et al. (87) inserted acrylate-amide sponge in undercuts in
primates and humans. New bone which formed in theAspaceS'of the sponge
extended beyond the original contours of the labial cortical p]até. No
evidence of rejection or carcinogenesis of the material was noted.

Laskin (125) injected a sclerosing solution of 5% sodium morrhuate
subperiostea11y for augmentation. of residual ridgesq This treatment
produced fibrosis. in hypermobile edentulous 'ridge without. a need for
surgery. It also maintained alveolar height andvavoidéd:the necessity for
a second vestibuloplasty. |

Kent et al. (109, 110) used porous proplast, which is made of
polytetrafluoroethylene and éarboh fiber, in dogs and humans for ridge
augmentation. It increased denture stability, reduced pressure and
eliminated pain. However, large implants did not improve denture function
and were more 1ikely to develop sépsis.

Proplast showed early stability by connective tissue ingrowth, but if
the‘tissuetdid_not_complete1y'infiftrate fhe matéﬁia], lead to ihfection-of
the vofdst(110).>

Flohr (66)v used acrylic resin  in éubperiostea] tunnels for
augmentation of mahdibu]aru }ésfdﬁé1 ‘ridges} Methy]hethacry]ate is not
completely inert and promotes excessive eﬁcapsu]ation with fibrous

connective tissue which leads to displacement, extrusion and infection.
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Ashman et a].:(3) used an a110p1astic material called hard tissue
replacement (HTR) for augmentafion of alveolar ridge. Problems encountered
include postoperative swelling and eccymosis, plaque accumulation within
the pokes if,nqtvprihary c]osed,'paresthesia, vestibuloplasty sometimes
neéded and the requirement of a special dielectric oven for fabrication.

Generally, a11op1a§tic materials offer an advantage over the biologic
materials for replacement of tissues because they are readily available in
large quantity, are easily fabricated‘and adjusted at the time of surgery
and do not redhire operétion on the donor site (217).

2). Porbus Polysulfone

The a]fphatic polysulfones were originally synthesized in 1898,_by
Russian workers and subséquent1y 1nvestigated.by German, Dutch and English
researchers (145). In 1958, the aromatic polysulfones were synthesized.
The materials were produced from the reaction of P, P' - diha]bdipheny]
sulfone with sodium salt of'an'aromatic dithiol. Subsequent]y, in 1964,
aromatic po]ysu]fones containing ether links were introduced commercially
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
30.000 to 60.000 (145).

The aromatic polysulfones were introduced as molding powders and as an
adhesive system (145). Blocks of polysulfone were produced by sintering
particles of medical grade ﬁoﬁysu]fone (850-1180 mfcrons 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 temperatuke of 190°C. Its chemical
composition satisfies the American Society of Testing and Materials (ASTM)
(145, 194). |

Polysulfone is biocompatable (195, 197) highly resistant to aqueous
mineral acids, and alkalis and salt solutions (145). It has modulus of
elasticity in the range of 2000 to 7000 MN/m2 which fill the gap between
the high moduTus of ceramics and metals and the low modulus ofipo1ymersq
This modulus can be increased to oVer 14,000 MN/m2 by the additfon'of 30%
by weight of carbon fiber reinforcement (194).

The modulus offe]asticity of the polysulfone was low enough to allow
the near normal femode]ing of bone in the pores of the implant, behavigr
not provided by 1mborous ceramics and porous metals. This behavior should
provide for the long-term viability of. the bone-polysulfone composite
interface (194). Also, this Tlow modulus is desirable so that stress

concentration produced in the surrounding bone are‘avoided,(194), However,
the modulus of elasticity and creep resistance of polysulfone is high
enough to prevent distortion of the pore struCture-under initial placement
and functional loading and also does not cause excessive motion, as might
"be the case of lower modulus polymers (196, 198).

It has a high enough shear strength tg allow the highest interfacial
shear strength possible to be developed. Polysulfone has no adverse tiséue
reactions. The size of the pores can be predetermined. It can be éhaped '
as needed and the material is non-radidpaque (145, 194).

The 1ngrowfh of bgne within polysulfone proceeded -at what might be
considered normal rateA of'.osseOUS' repair, thereby suggesting that the

material 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. Pharmcopeia class VI plastics (212, 194,
199). o

Ba1]intyneiet al. (17) tested the mechanical properties of polysulfone
and its performance as é surfacé‘boating-on orthopedic imp]ants in the form
of coated femofa]_prosthesis in dogs}  A]so, as a coated tooth‘roots fn
healed extractioﬁ sockets in Rhésus monkeys. They found that the shear
strength of the polysulfone was compérab]e to that of- trabecular bone.
Bone and fibrous tissue were 1dentified -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 fromvaround the implants.

Spector et,a1-;(194) implanted pellets of sintered polysulfone .into
canine femurs. Bone ingrowth into polysulfone proceeded in such a fashion
as to ﬁimic the normal repair at the site. Mechanical testing of cortical
and cancellous implants revealed that the interfacial shear ;trength'of the
polysulfone bone composite was similar to thét achieved using porous
metals.

Spector et al. (199) dinvestigated polysulfone-coated cobalt-chromium
femoral prosthesis implanted in dogs for up to three yeafs. Radiographic
and scintigraphic features wére demonstrated, bone ingrowth to sohe degree
in 12 of 14 dogs. One of two failed implants was recovered 4 days aftér
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 least 30% of the surface pores of the implants.
The tissue ingrowth filling the pores included marrow and fibrous tissue.
Correlated roentgenographic and histologic observations revealed a
trabecular "lamina dura-l1ike" at the coating bone fnterface and relatively
dense trabeculae distal to the stem tip.

Béhling et al. (22) studied the quantitative and qualitative tissue
and cellular response to PPSF particles implanted Subcutaneous]y in rats
~for 100-118 weeks. The PSF particles were sequestered within a
subcutaneous fibroﬁs capsule. The long term response was a characteristic
foreign-body grahu]oma and consisted of a monolayer of macrophage at -the
surface of the 'implant surrounded by a zone of fibrous: tissue. A]so,
fibroblasts and giant cells were found.

Vandersteenhaven et al. (238) investigated the - subcutaneous
implantation composite of demineralized allogenic bone matrix (DABM) and
PPSF, and PPSF only, whole demineralized allogenic bone matrix, and
particulate demineralized ailogénic bone matrix inv rats.
Microradiographically and histologically the DABM and PPSF cbmposite
revealed chondrogenesis within the pores of the specimens at 10 days
followed by the ossification and fatty marrow production at 21 and 43 days.
This histologic sequence was similar to that seen with DABM controls. The
PPSF did not preveht»the osteoinductive process. |

C. Rationale

We selected Rhesus mohkeys as our animal model because they have jaw
bones similar to the human from the functional and anatomical point of
view. Théy were from 12 to 15 years of age which‘is comparable to humans

of 45-53 years of ége (149). " This age group and older demonstrates an
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increased incidence of edentulous jaws. We selected female monkeys because
ridge resorption affects females more than male in a probortion of 4 to 1
(133). We also selected the lower jaw because resorption is four times
greater invthe mandible than the maxilla (133).

We selected quous material because a thoroughly porous material that
would allow soft tissue and bone infiltration would be desirable (217).
One of the main reasons of fai]uré of alloplastic material is the extrusion
of the implant (192) due to its failure to become structurally united with
the surrodndfng' liviﬁg- tissues. In. addition, prevfous_ studies have
demonstrated that bone ingrowth. into porous materials produces an
”1nteklock1ng composite intérface which is capable of stabilizing orthopedic
and dental prdéthesis (17-194).

We selected porous polysulfone (PPSF) for our experiment because of
its favorable mechanical properties which includes a modulus of elasticity
that fills the gap'between the high-modulus of ceramics and metals and
lower-modulus polymers (194). This is desirable because it is low enough
so that stress concentrations produced in the surrounding bone are avoided.
Ihe‘material also undergoes sufficient elastic defprmation t0‘uniform1y
transmit some portion of the 1oads-app11ed to the 1mé1ant 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 stability of the bone-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). PPSF also has a high enough
shear strength to allow the highest‘interfaciai shear strength possible to
be developed without breaking or tearing. It also has no adverse tissue
reactions, the size of the pores can be predetermined, the modulus 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 identification of bone ingrowth. In addition to its

favorable mechanical properties, PPSF has been found »to have good
hydrolytic stability and has satisfied the biotoxicity tests for U.S.
Pharmcopoeia Class VI plastics (194). |
We selected the demineralized ;bdne ‘powder, (DBP) 1in our experiment
because it had'séveré1 advantages over cohventiona1 bone grafting, such as
avoidance of a harvesting operation, ease‘of manipu1ation and potentially
unlimited supply in banked form. Héaiing by 1ndu¢ed osteogenesis may
bypass the resorption seen with healing of minéralncontaining bone (140).
It was shown that DBP has osteoinductive abiJitiés in both young and old
rats (93), in dogs (142), and in Rhesus monkeys in subcutaneous tissues
(92). We followed Reddi's technﬁque (164) for obtaining DBP except for
increasing the decafcification time from 3 to 18 hours. We did not use
higher concehtrations of acid to déhiner&]ize 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, since it might denature the protein content
and therefore delay or prevent bone induction. We did not pulverize bone

with a liquid nitrogen micromill which might also dénature 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 cells 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 72.

D. Specific Aims

To extract mandibular mplar-teeth bilaterally in five monkeys and to
wait for healing of the onnd‘énd resorption of the alveolar bone.

To obtaiq 1ong bones from one'mdhkex‘and prepare ‘demineralized bone
powder. |

To prepare‘porbus polysulfone implant to conform the shape of residua1'
alveolar ridges.

To insert the porous po1ysu1fone‘implant§.pn one side and the porous
polysulfone with DBP on the other side.

To sacrifice two monkeys after 42 days, two monkeys after 60 days and
one monkey after 90 days by perfusioh fixation;

To process the blocks for 1light microscopy using paraffin, glycol
methacrylate and methyl methacrylate embedding technique.

To quantify boné formation using histomorphometric techniques and
tetracycline label measurements. |

To process specimens for scanning electron microscopy.



IT. MATERIALS AND METHODS

A. Animals

Six adult (12-15 years of age) female Macaca fascicularis were used in
this experiment. The animals were previously 6verectomised by the vendors
and therefore had no ovarian cycles. One animal was s&crificed and used as-
a bone donor and the other five were recipients.

B. 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 honkey chow,
supplemented with fresh fruits and water was available gé_libitum.

€. Materials

1. Demineralized Bone Powder

One monkey was' sacrificéd using pentobarbital sodium (100 mg/kg)
intravenousiy.‘ The diaphysis of 1long bones of the donor animal wére '
dissected out and were freed of musc]es'and bone marrow. These bones were
cut into small pieces (Fig. 1) using autopsy saw and bone cutting rangeur,
washed and stirred in disti]]ed 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 undér a vacuum at 37°C. The fol1oWing
day, fhé'bones were grbund at 20 second intervals at room.fempérature with
‘a water coo]ed'micromill (Bel Art Sﬁpplies, N.J., USA). The resultant
powder was seived to a particle size of approximately 420 micrometers. The
bone powder was*demineralized'in 0.5 N HC1 (25 meg/g) or 50 ml of'acidlém
of bone powder) for 18 hours with continuous stirring. The acid was

changed seven'times during the process of demineralization.
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At the end of demineralizatioﬁ, the solution was centrifuged at 3,000
rpm for ten minutes and acid was separated from the pricipitate. Distilled
- water was added to. the precipitate. and‘ stirred for two hours ,and the
distii]ed 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, demineralized bone powder (Fig. 1) was divided into twelve
portions of 100 mgs\éééh and placed into 1cc.p1astic syringes. Random
samples (100 mgs) of DBP was ‘ﬁixed' with sterile water and Tleft 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 temberature until their use.
2. Porous Polysulfone

Blocks of PPSF implahts (ng. 3) were kindly suppiied by Dr. Myron
Spector, Department of Orthopedics, Emory University School of Medicine.
The porosity of the polysulfone ranged from 25545% with the darker
specimens having the higher strengths and lower porositiescl A1l specimens
were fabricated from medical grade po]ysd]fone (P-1700).
| D. Procedures |

| 1. Preparation of the Alveolar Ridge
(a) The animals were initial]y anesthetized by experienced animal
resources personnei using a combination of Ketamine (20-25mg/kg) aﬁd
acepromazine (.5-1 mg/kg) IM. These were.suppTemented with surital (sodium
thiamylal) IV as needed. Atropine 400 mg subcutanebus]y, wag«given on the

day of surgery.



49
(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 rooms.

(c) The mandibular molars of the right side were infiltrated using 1.8ml
of Xylocaine-epinephrine (1:100, 000).

(d) The mucoperiosteum was reflected with a periosteal elevator on both
buccal and 1ingya1 surface and held back. The molar teeth of the lower jaw
on the right side were extracted. The ridge was kept free of blood by use
of a suction apparatus throughout thé operation. By using a side-edge,
bone-cutting rongeur, bone was removed from buccal and lingual cortical
plates. - The interseptal osseous projections were removed with an
end-cutting rongeur. The buccal and tlingual surfaces of the ridge were
smoothed with a bone file. Any spicules of bone or tooth structure that
may have dropped into the socket were removed and the wounds were then
irrigated with normal saline. The flap was returned to its original -
position and the edges of the‘ soft tissue was approximated. The
overlapping soft tissue was trimmed with scissors and then the cut edges
were approximated again. The mucoperiosteum was sutured With 3-0 vicryle
(made of polyglactin and calcium stearate) resorbable sutures. Both
continuous and interupted suturing techniques were used.

(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 surgery. The animal was returned to its cage
and observed until fully recovered from the anesthesia.

(g) The animals were left for healing and remodeling of the alveolar bone

for periods of 5 to 8 1/2 months after extractions.
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2. Preparation of Porous Polysulfone
(a) One week before ‘the' final surgi¢a1. procedure, the animal was
anesthetized using the same protocol mentioned above.
(b) An a]giﬁate impression was taken of the partially edentulous Tower
ridge using a preformed special tray. The impression was poured using
~mount stone and a cast made and trimmed.
(c) The PPSF was shapéd to fit the edentulous area of the cast. It was
'prepared in a rectangular form 1 x 0.5 x 0.2cm. Six holes, approximately
0.5mm in diameter, at equal distances; were made on each rectangular fdrm
implant (Fig. 4). Polysulfone can be sterilized by autocaving. However, a
hot air oven was used for sterilization. Eéch implant was wrapped and
sterilized in a hot air oven for two hours at 165°C and stored at room
temperature until its use,

3. 'Imp1ahtation Procedures
(a) The animal was anesthetized using thé same protocol as mentioned
before and all procedures were done under aseptic techniques.
(b) On the left side of the partially edentu1ous ridge (Fig. 5), a
1ongitudiﬁa1 incision of 2-5cm was made over the crest of the edentulous
ridge from the. retromolar pads to the second premolar. Another oblique
incision was made at 45° from the second premolar to the mucobuccal fold.
‘{c) A mucoperiosteal flap was réf]ected 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 he]p.the retention of PPSF blocks (Fig. 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 wirihg (Fig. 11). The splint was in a supraocclusion
position. Since the splint caused ulceration of the underlying mucosa, no
more splints weré used in this study.

(e) The wound was irrigated with normal saline. The PPSF and DBP (200mg)
were inserted on the left side, 100mg below the implant and 100mg above the
'imp1ant, 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 ﬁPSF
was inserted Without DBP.
(g) The animals were returned to their cages and observed until fully
recovered from the anesthesia. =
| 4, Animal Sécrifice

Fifteen days before sacrificing of the animal, the first dose of
tetracycline hydrochloride (25mg/kg) was given intramuscularly. 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 sacrificed at 42, 60 and 90 days after 1mp]anta£ion.
The animals were anesthetized with ketamine. A central inci;ion in the
mid]ine 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 Jjugular vein was cleaned of
connective tissue and 00 b]aék silk Tligatures 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



52
segment and a plastic cannula wés introduced into the artery (bilaterally) -
as the clamp was released. The canulae were secured in the artery by tying
the ligatures around the cannulated artery. Both right and left cannulae
were connected to a perfusion pump. In the meantime, the internal jugular
veins were ligated and the external jugular veins incised to allow drainage'
of the blood éndvperfusate. Heparinized saline (10,000 u/L) was pumped:
“into the artéries at a rate of 50-75 ml/min until clear saline drained from
the external jugular veins. The monkey was then perfused with Millong's
phosphate buffered formalin (pH 7.2); Submucosal injections at fhe

partia]jy edentu]pus areas were used to supplement the perfusion procedure.
| Iﬁ one mohkey;>wé'berfused through the heart andnin another one we perfused o
through femoral vessels. | v
Each perfused monkey was decapitatede‘ The head was 'p1aced in
Millong's phosphate buffer for about three weeks. -Then a band saw was used
to make a coronal cut thr@ugh:@he rami of the mandible. Then another cut
Was made sagitfé]]y at the symphysis menti area of the mandible.
Photographs were taken. Both the right and left side of the alveolar
ridges were then cut into 3mm thick sections using a diamond saw. Each
section was photographed using a Zeiss dissecfing microscope equipped with
tibro-optic 1light cables and an automatic camera ‘(Carl ‘Zeiss,; West
Germany). A1l gross topography was recorded. The tissue sections of each
"side were divided into tWo groups. The first group was decalcified in é,:
solution containing 12.7 M.formic acid and 0.0035 M éodium citrate. The
formic acid was prepared by di]uting concentrated formic acid 1 to 1 with
distilled water. 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 mi]d decalcifying solution that requires 6-7 weeks for
decalcification. The second group was left undeba]cified.

5.."E9a1uatihg 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 samb]es were cut into 5 micron thick sections using a
steel blade mounted on a 820 Spencer microtome (American Optical
Corporation, Buffalo, N;Y.) The secfions were stained~wifh‘the Harris
Hematoxylin and Eosin Stain (H & E). | |

This te;hnique was used to demonstrate the general histology of the
alveolar ridge containing the implant. In the H & E sections, the nuclei
appeared blue and cytoplasm and intercéllular fibers stained pink which
allowed different tissue components to be jdentified. The stained sections
were studieq and photographed with a Zeiss photomicroscope (Carl Zeiss,
Inc., Thornwood, N.Y.) The undecalcffied specimen was processed for
plastic embedment in methyl methacrylate. The samples were dehydrated in
ascending grades of ethanol, infiltrated in methyl methy]methacry1ate
monomer for 3 months (3 infi]trations)' and then embedded in
methylmethacrylate under vacuum for po]ymerjzation. The specimens were cut
into 3 and 10 micron-thick sections using a Polycut § microtome.(Reichert
Scientific Instruments, -Buffalo, N.Y.) The 3 micron sections were )
dep1act1§izedvusing xylene and then stained by the modified Masson stain
which colors mineralized tissue 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 tissue. The_images'of the sections were transferred via a camera
mounted on a microscope to a television screen interfaced to an Apple
Microcomputer (App]e Computer, Inc., N.Y., N.Y.) equippéd with a Houston
Hipad digitizing table (Houston Instruments, Austin, Téxas)° |

Three microscopic fields were se]ected‘from each slide from the upper,
midd]e,'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 screéna The number of points that fall over the soft tissue, bone
and osteoid were counted. All cbunts 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
pércentage of the .tqtaT points. The mean values of the control and
‘ experimental sides were compared using_the'Student's t-test. The micron
thick sectidﬁé wéré mounted~unstainéd'for tetracycline identifiéatiop, .The
fluorescent specimensAwére photographed wiﬁh a Zeiss photomicroscope under
ultraviolet 15ght. »

The tétracyETine Tabelling was diffuse and not in lamellar form. This
did not allow the measurement of the appositional rate as we expected.

6. Scanning Electron Microscopy

Scanning e]ectronvmicroscopy, thick sections approximate1y 500 microns
were prepared from bofh PPSF - blocks before imp]anfation and 90 days
foT]owing implantation. The specimens were washed in water to remove any
surface éontaminants and then dehydrated in ascending grades of alcohol.
For final dehydration, we used the critical pbint drying technique. The
- specimens were placed in a pressue vessel containing 100% ethanol. Once

loaded, the pressure vessel is sealed and cooled to a few degrees below
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room temperature by cool wéter. The carbon dioxide is allowed to enter the-
vessel under pressure. This covered the specimen and almost filled the
vessel. While continuing to supply the carbon dioxide under pressure, the
chamber exhaust va]ve‘ was opened slightly to allow the fluid to flush
through the vessel and sample, carrying out the ethanol and moét or all
air. Once ethanol was no longer detectable in 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 the vessel is gradda11y increased during which time the.
pressure of the carbon dioxide also increased. The carbon dioxide thus
passed through or around its critical point, resulting in a gaseous phase
withih the vessel under high pressure. Then, 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 pfessure
reTgase must be very gradual to avoid any condenéation of the carbon
dio#ide. The dried specimens were then mounted on aluminum stub using
double-stick Scotch tape. The specimens were coated with gold for 2.
minutes (Ernest F. Fu]lam.fnc., N.Y.). The specimens were studied and

photographed using an AMR (Model 100A) scanning electron microscope.



ITI. RESULTS

Table I summarizes‘ the records of reéoVefy of implants following
animal sacrifice. .

A. Forty-two days after implantation (Groupll)

In one of the twolmonkeys used in this group (monkey #11446), an
acrylic splint was fabricated and inserted post-operatively (Fig. 10). The
mucosa uﬁder the splint was ulcerated and erosed (Fig. 12) causing
bilateral exposure of the implants two weeks after imp1antatione}

The animal was reschéduled for surgery and'thé mucoéé'wés trimmed and
resutured oﬁ one side, while on the other side, the implant was not found.
At the time of sacrifice, there »weré no signs of infection or fissué
necrosis at the implant site of adjacent areas but'égamination of the
coronal sections of the augmen’ed area of the jaw indicated the loss of the
implants on both sides. We decidedvn‘t to use:acry1ic splint to cover the
areas of the implants in subsequent gnima]sa ’

From the second monkey in this group we could récovered the implénts
on both sides (Table I).

| 1. Polysulfone sidev
a. Gross Appearance

Forty-two days after implantation of porous‘polysulfone on the lower
edentulous area, fhelanimal was sacrificed. The_animal was in QOOd health
throughout the course of the experiment. In general, the animal did not
exhﬁbit any evidence of pain, lameness, or other indications of
intolerance.  No changes ‘iﬁ appearance or behavior of the animal

attributable to the implant was noticed.

56



57

‘The:mucosa covering the implant was intact and smooth (Fig. 13). -On
palpation the implantation site felt firm. There were no signs of
infection, at the‘implantation site or the adjacent areas.

b.  Stereoscopic Examination

Thick corqnal sections of the edentulous lower augmented area 42 days
following implantation with polysulfone were examined under a dissecting
stereomiéroscope; The implant could easily be seen to occupy the outer,
superior surface of the alveolar ridge. The implant was covered with
normal mucosa and was surrounded With nbrma] looking tissues. The
micropores of the implant appeared filled with connective tissues
(Fig. 14). The cortical bone of the alveolar ridge, the»cance]Tdus bone
and bone marrow spaces appeared normal with no sign of untoward reaction.

| | c. Histologic Examination

The examination of histological sectioné of  the augmentéd edentuTous
Tower ridge, at Tlow magnification, comp1emented the results of the
stereoscopic examinations of thick sections which were described in. the
previous section of this thesis.,

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 (Fig. 15 & 16). Both loose and dense cohnective
tissues were found. At high magnification, the tissue contained primarily -
fibroblasts and collagen fibers (Fig. 17).

The loose connective tissue consistéd of 1oosely arranged co]iagen
fibers while tﬁe 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 order]y‘
' parallel orientation or irregularly arranged in an interwoven .or whorled
arrangement. ;

The cellular compdnents consisted mainly of - fibroblasts.
Occasionally, a few multinucleated giant cells, mononuc]ear‘inf]amﬁatory-
cells and macropﬁagesfwerejseen within the fibrous tissue (Fig. 18). This  ’
finding is consistent With» a foreign body reactfon seen wifh other’
synthetic materials. Fibroblasts were recognized - by their fusiform .
spindle-shaped appearance and their. 1ong- cell processes, well-defined
basophilic cytoplasm, and oval or elongated nuclei.

The fibrous layer which surrounded the implant was continuous with the.
- connective tissues that penefrated the pofes of- the implants and .
surrounding the particles of polysulfone (Fig. 19). 4The:fibrous.ffssue
within the pbres of the .implant was also richly Qascularized. A few large \
vessels (ng. 18) penefrated 1hfo,the ]argek opening between polysulfone
parfic]es whereas many smaller veﬁseis.were Bbserved in greater numbérs
sdrrounding the ihp]ant (Fig.. 20). |

Adjacent to the fibrous tissue which‘ surrounded .the implant,
cancellous ane énd mafroQ were found (Fig. 19). Cortical alveolar bone
with typical haversian system surrounded thejéance]]ous.bone andlmérroh.
The gihgiva‘overlying the implant area'shqwedx normal cellular components
with no ‘evidenée of inflammatory reaction in the underlying connective
t1$Sue’(Fi§; 20). The collagen fibers of the Témina'propria blended Wfth’

the fibrous tissues surroundihg the implant.
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2. Polysulfone-Demineralized Bone Pdwder Side
‘a;' Gross Appearance A

Examination‘of the}po]ysu]foqefdemineralized.bone powder implantation
sfte on the lower augmented edentQTbus ridge 42 days following implantation
reveé]ed‘fhe same appearance described on the polysulfone side in: the same
monkey (Fig. 13).

| b. '.Stereoscopic Examinétion

'Stéreoséopic' examination of the polysuTfone-deﬁinera1ized bone
powder-polysulfone (DBP-PPSF) _1mp1antétion site on the Tower augmentedi_.
edentulous ridge revealed the same appearance described on the polysulfone
side of the same animal (Fig. 21).

c. Histologic Examination

The examination of histologicai sections of the‘augmenfed edentu1ous
lower ridge on the DBP;PPSF side, 42 days foTTowiﬁg implantation revealed
the same appearahce as the control side except that the fibrous tissue was
more cellular (Figs. 22, 23 & 24) and showed more b1ood‘Vesse15. Also, DBP
particles were fused, interconnected and contained remnants of osteocytes
(Figs. 24 & 25).

B. Sixty Days Fo1lowing‘Ridge Augmentation (Group II):

Three out 6f' four implants were recovered from two monkeys. One ’
implant was recovered from the polysulfone sidé and two implants from the |
demineralized bone_powder-polysquone side (Table I).

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, lameness, or other indications of
intolerance. No changes in appearance or béhavior attributable to the
Vimp]ant was noticed.

The mucosa of the implant site was firm on palpation. There were no
signs of infection or tissue necros{s at'the implantation site and the
adjacent areas. The wound healed by with primary intention and the implant
was covered with a normal mucosa, both in appearance and texture.

b. Stereoscopic Examination

Sihi]ar to the previous group, coronal sections of the edentulous
lower augmented alveolar ridge area were examined and photographed under a
dissecting étereomicroscope° 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 impTant was incorporated into the
edentulous ridge. Tissue clearly grew through the micropores of' the
implant and into one of the macropores (Fig. 27). The cortical bone of the .-
alveolar fidge and tﬁejcanceiloUS-bone and marrow all appeafed normal with
no sign of untbward reactfdn.'

c. Histologic Examination
The,exémfnation of histo]ogicai sections of fhe augmentéd 10Wer
edentulous alveolar ridge 60 dayngoilowfng fmp]ahtation of PPSF, at lower
A magnification complémented ihe results of the stereoscopic examination of
thick sections whichAQere described previously in this thesis.
The coronal decalcified sections of the implant site stained with

H & E produced blue nuclei, while collagen, bone and cytopTasm were pink.
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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- osteocytés and was covered with osteoblasts
(Figs. 29 & 30). It also contained bone marrow (Fig. 29). Along the
advancing edge of the new1y formed bone (Figs. 31 & 32), osteoblasts were
~ present. The new bone also contained ostéocytes and marrow (Fig. 32). The
implant-bone interface revealed normal bone with active osteoblasts and
vascﬁ]ar 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
intercbnnecting and surrounding polysulfone partic]es (Fig. 34). The
fibrous tissuev around the polysulfone was continuous with the fibrous
tissﬁe within the micropores and that along the contoufs of the polysulfone
particles (Figs. 35 & 36). :

The fibrous tissue Was:we11 vascularized and more organized than that
found in the earlier time periods. The fibrous tissue.consisted of both
dense and Toose cohnectiye tissue. This tissue contained fibroblasts and
collagen fibers (Fig. 37 & 38). The loose connective tissue was formed of
loosely arranged fibers while the dehse connective tissue wa§ formed of
closely packed fibers (Fig. 37). The loose connective tissue contained
more cells than dense connective tissue. The cells 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. 38).
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The fibrous tissue ;urrounded the implant and within the pores ahowed
remodel1ing changes which were evident by the parallel prientation of the
- fibroblasts and collagen fibers to the implant surface and to the
polysulfone particles (Figs. 37 & 38).

A few large vessels penetrated into the TargeA'pores betWeen
poiysu]fone particles whereas many smaller vessels were observed in greater
numbers within the connect1ve tissue which surrounded the implant. The
gingiva overlying the implant area showed a normal cellular architecture
with no evidence of inflammatory reaction in the under]ying'tissué.

The coronal undecalicified sections.of the lower edentulous region’GO
days fo]lpwing implantation with polysulfone were stained with modified
‘Masson. This staining method stain osteoid (undemineralized bone matrix)
red and’mihera1ized matrix blue. The osteoid ahd-mineraiized matrix could
be easily recognized iﬁ these tissues after using this stain. Histologic
examination revealed mostly fibrous tonnective tissue with little osteoid
(red) and very little bone (blue) (Figs. 39 & 40). The surrounding bone
aquired a deep blue stain (Fig. 40). ‘

2,3 Sixty Days Fb]]owing Polysulfone-Demineralized Boné Powder
 a. Gross‘Appearance

" The mﬁéoéa'cd?ering the augmented ridge Tooked norma] and similar in
appearance to the contro] side. . |

"~ b. Stereoscop1c Exam1nat1on
- Stereosc0pic':exam1nat1on? of the coronal sections of - the augmenféd
' ridge 60‘days'folTQW1ng implantation revealed incorporation of polysulfone
into the edentulous ridge.. The implant was at its original insertion afte

i.e, the outer top surface.of the ridge.
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Tissues invaded the micropores of the implant and crossed the whole
length of the polysulfone block. In some areas this tissue had a marble
like appearance of‘bone (Fig. 41). The soft tissues surrounded the whole
implant. The overlying mucosa was intact and -appeared normal. The
polysulfone-tissue interface was intact, smooth and showed no akeas of
separation. The cortical bone of the alveolar ridge, and the cancellous
bone and marrow appeared normal with no sign of untoward reaction.

c. Histologic Examination

The examination of histological sections of the augmented edentulous
alveolar ridge 60 days following implantation at 1low magnification
complimented the results of the stereoscopic examinations of thick sections
which were described in the previous sectlon of this thesis.

vNewiy formed bone grew at the periphery and around the implant and
almost covered the implant (Figs. 42, 43 & 44). The advancing edgeélof
bone surrounding the imb1ant_ were covered with osteoblasts and contain .
osteocytes (Figs. 45 & 46). A layér of what appeéred as undifferentiated
mesenchymal cells (preosteoblasts) was adjacent to active osteoblasts. The
imp1ént7bone interface revealed normal bone with active osteoblasts and
vascular spaces (Figs. 47, 48, 49 & 50). In some areas a direct contact
between the’bone and polysulfone with no intervening connective tissue was
present (Fig. 51). Hdwever, in other areas a thin fibrous layer intervened
between the bone and polysulfone (Fig. 52). Bone and fibrous tissue were
seen within the micropores of the polysulfone (Fig. 44). Some pores
contained only bone (Fig. 53), 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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partic]és were continuous with each othér and followed the contours of the
polysulfone particles. The bone within the micropbres were covered with
osteoblasts. A layer of'preosteobjasts were also seen adjacent to active
ostéoblasts. The bone containéd lacunae which, 1in turn, contained
osteocyes. The osteoblasts were found in juxfaposition to the bone sufface«
where osteoid matrix was being deposited (Fig. 54). The cells varied in
shape some béing cuboidal and others pyramidal, and were frequently
organized in a continuous layer. The cells usually contained large nuclei
and basophilic cytoplasm. The osteocytes contained darkly stained nuclei
and a faintly bésophi] cytoplasm (Fig. 53).

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 véécu1arized and more orQanized than that
found in the earlier -time peridds; The fibrous tissue consisted of thick
collagenous bundles and fibroblasts. Loose connective tissue, which was
also found in the pores of polysulfone 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 imp]ant_or
around the ' indjvidual partic]eé of po]ysu'ifone° | The streaming of
fibroblast-like cells into polysulfone micropores was noticed. Some of
‘these cells, pékticularly near the implant. appeared as if they were more
differentiatéd.-'A'few large vesse]s‘pgnétrated into the large openings
between po]yéulfone particjeE'(Fig; §5) whereas many small vessels were
‘observed in greatér numbers just outside the fibrous layer (Fig. 56).

Vascular penetratidn was also common adjacent to the dense fibrous layer
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which surrounded the po1ysu1fone particles (Fig. 57). The gingiva
‘overlying the implant area éhowed 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
-forcés, The col]agen fibers of the lamina propria ran parallel to the
surface and blended with the fibrous tissdes which surrouﬁded‘the imp]ént.

Examination ofvthe coronal sections of undecalcified sections stained
with modified Masson comb]emented the ‘re$u1ts 'of the H & E stained
decalcified histologic sections described above.

Modified Masson stained osteoid (unminera1ized bone matrix) red and
mineralized mafrix. (bone) blue. In contrast to the control side, the
osteoid and mineralized matrix was easily recognized in these tissues after
using this stain. 'Some areas acqufred 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 suggestiﬁg
active bone depositipn by the osteobiasts (Figs. 59, 60 & 61).

The amount of bbhe and osteoid appeared to be more than that found in
the control side (poiysu1f0ne side). |

| d. Histomorbhometric Results

The results of the histomorphometric measurements 60 days fo]]owing
implantation of polysulfone with and without deminera]izéd bone pqwdef are
presented in Tables II and III.

The quantitative data tend to support our qualitative histological
findings. Sixty-days following implantation, the DBP-PPSF side had

significantly more bone and osteoid than the PSF side.
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The percentaée of points overlying bbne and osteoid which was
proportional to the>re1ative surface area of bone on the DBP-PPSF side
(44.57%) was significantly higher than the PSF side (6.90%). In contrast,
the percentagg of points overlying fibrods tissue of the DBP-PPSF side
(35.56%) was less than the PPSF side (59.4%). Although the number of the
specimens recovered from our study was .not as large as we would have 1iked,
the épecimens used for the histomorphometric analysis may‘be enough to‘givé
us at least an idea about the amount and difference in bone formation
between the control and experimental sides. The histomorphometric resu1fs
supported the histo]ogica1, tetracycline 1abe11ing and scanning electron
microscopic resu]té;
e. Tetracycline Labeling
Examination of undeca]cified unstaihed histologic sections: of the
edentu]dus Tower ridge 60 days following imp]antation'of polysulfone and
demineralized bone powder under ultraviolet 1ight complemented the
histologic and histomorphometric results of the previous sections.
| Tetracyc]ine-doub1e-1abe11ih§ fluoreséence With reflected ultravibjet
light was used. Tetracycline f1u6rescence gives an indicafion,of recentiy»\

formed bone. The observed fluorescence of tetracycline showed a distinct

yellow color on recently formed bone. The fluorescence was noticed within

,the‘ pores of the polysujfohev (Figs. 62, 63 & 64) and at the
bone-poiysu]foﬁe interfaﬁe (Fig; 63). This fluorescence almost surrounded
the implant. =~ |
The f]Ubfégcéﬁt yellow color of théﬂ double Tlabelling tetracyﬁ]ine
occasionally showed two-distinct layers. HoWéver; in many areas these two

layers werejindistﬁnguishab1e and -appeared diffuse (Fig. 64).
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C. Nihety Days Fo]]dwing Implantation (Group III)
This group contained only one monkey. Only one implant was recovered
trom this monkey (Table I).
1. Polysulfone Side
a. Gross Appearance
The animal was in gpbd health throughout the course of the experiment.
In‘general, the animal did not exhibit ahy‘evidence of pain, lameness or
other indictions of intolerance. No changes in appearance or behavior
attributable to the impiant was nbticed.' |
Examination of the lower augmented edentulous ridgé 90 days following
implantation of poTysuifone showed normal mucosa,>both'in appéarance éhd
texture, covering the implant (Figs. 65, 66 & 67). The mucosa was smooth
and slightly elevated. On palpation, the augmehted area felt firm and "~
elevated. There was no sign of - infection, or tissue necronS at "the :
1mp1antatioh site and the adjacent areas. The wound closed witﬁ a
well-healed soft tissue covering. There was no sign of deheiscence.
b. Stereoscopic Examination
“ The implant Was found on the outer superior surface of the alveolar
ridge ‘and was surroundéd with tissues of normal appearance .and the
overlying mucosa was intact and appeared normal. - Tissue grewthrough the
micropores of the implant (Fig. 68). The cortical bone of the alveolar
ridge and the cancellous bone and marfow appeared normal with no sign of
untoward reaction.
c. Scanning Electron Microscopy Results

Scanning electron microscopy examination of the porous polysulfone
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block showed the polysulfone particles and the micropores (Fig. 69). Also,
it showed thé size, arrangement, and the contour of the polyéulfone
particles (Figs. 70 & 72). In addition, it showed the interconnecting
macropores and tunne]é‘between the polysulfone particles (Figs. 71 & 72).

Ninety days following implantation, examinétion of the PPSF block |
showed inc0rporétion of the polysulfone into the mandibular augmented
ridge. The po1ysu1fone was comp]ete]y surrounded and invaded with
connective.tissue'and bone (Fig. 73). Fibrous tissue was seen within the
pores and around the po]yéu]fone particle (Figs° 74 & 75}, Fibrous tissue
within the macfopores shoWéd‘para11e1-afranged collagen fibers (Fig. 76);:
Bund]eé‘of collagen fibéks‘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

po]ysu]fone 'SUrface_‘(Fig.‘80). Bone; invaded the 'microporés pf- the
polysulfone (Figs. 81 & 82) and surrounded part of the implant (Fig; 83);
Nuﬁerous Howship's:1acunae were observed on the surfaces of the thick, bony
trabeculae. Lacunae, representing the spaces in~whiéh osteocytes reside in
the living tissue, appeared as oval depressions (Fig. 82). The muédsa]
tissue covéring the.imp]ant showed an epithelial layer and submucosal 1ayer
(Fig. 84). This mucosal covéring was in close adaptation and continuous
-~ with the f{brous tissue within the polysulfone (Fig. 85). |
’ P d. Histo1ogic Exémination

The cohona]l decalcified sections of the implant site stained with

H & E show the same 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 the bone showed evidence of remodelling (Fig. 93).

Examination of the coronal sections of undecalcified sections stained
with modified Maséon complemented the results of the decalcified histologic
sections stained with H & E. In contrast,to'the polysulfone side after'GOf
days, the osfeoid and mineralized matrix was easily recdgnized (Figs. 94, H
95, 96 & 97). | |

e. Histomorphometric Results

The quantative data tended to support our qualitative histologic
findings. Ninety days following 1mpTantatiqn, the PSF side showed
significanf]y more formed amount of bone and dsteoid (Table IV) than the"
same side (PSF side) after 60 days (Table II). In contrast, the amount of
fibrous tissue 90 days fo]1owihg implantation was']ess than that formed
~after 60 days. |

_ f. Tetracycline Labelling

Examination of undecalcified histologic unstaihed' sections of the
edentulous lower ridge 90 days following implantation of polysulfone under |
ultraviolet ‘1ight complemented the histologic and histomorphometric results
of the(brevious sections,

Tetracycline uptaké 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 fofmed bone within the pores of
polysulfone - (Figs. 98 & 99) and around it (Figs. 100 & 101). The
fluorescence of the double 7Tabelling tetracycline within the micropores

showed indistinguished layers and appeared diffuse (Fig. 99).
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| The purpose of this study was to determine the soft tissue and bone
response following edentulous r1dge augmentat1on us1ng porous polysu]fone
(PPSF) with and without demineralized bone powder (DBP) in non-human
primates. ‘We used DBP to induce bone formation and bone ingrowth into the
polysulfone micropores. The soft ‘tissue and bone fngrowth‘ into. the
micropores produce an interlocking that serves to stabilize the‘
polysulfone. A]though many ~experimental andA c]inicai"studies using

autogenous, allogenous and alloplastic grafting"materia1s ‘with' vanyingn

success had been done, the 1dea1 method and material of augmentat1on of an:: o

edentulous r1dge has not yet been discovered. We selected PPSF as oura‘“'

‘ exper1menta1 mater1a] because it accommodates bone and soft tissue 1ngrowth’
(194, 197). In add1t1on its favorable mechan1ca1 propert1es encourage its
use as'a bone subst1tute mater1a1 An1ma] research is an 1mportant part of -
1mp1ant development and is prerequ1s1te before human clinical trials. Wefﬂ
used thevnmnkey.as an animal model 1n th1s study because their dentaT

arches and.teeth‘morpho1ogy c]oseTy'resemb1e human. }Also;vmonkeys”are
'similar to humans in bone metabolism and the function of the orofacial

'comp1ex (58), which should make our results appTicab]e‘to future clinical

trials using the same materials. We used animals from 12 to 15 years of

_ age which is comparable to humans of 42-53 years of age (149). This age

group and older have increaSed incidence of edentulous j’aws° We selected

_ female monkeys in our study because ridge resorption affects fema]es more o

than male in a proport1on of 4 to 1 (177). The rate and amount of residual
'bone resorption varies between maxillary and mandibular arches and within a

single arch. However, the amount of resorption in the mandible of complete

70
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denture patients were at 1east 4 times'greater‘in the mandible than the
maxilla (204, 205). This variability .befween maxi]iéry and mandibular
arches was also found in other studies'(98) in-which the mandible exhibited
between 4% to 45% greater béne loss than the maxilla. Mindful of these
facts, we sé]éctgd the Tower jaw as the site‘ofkimp1antationn wevélso
selected the Tlower molar region as the site of‘Aimp1antation and
&ugmentatibn be¢éuée previous studies of ridge resorption in Rhesus' monkeys
(158) and humans (244, 98) indicated that the iargest amount of bone loss
- of the alveolar ridge occurred in the posterior ridge area. This is also
. evidenced by thevhésu]ts of.other studies (98) in,which.the area mesia]*to
the canine shdwed'4% bone loss and the posterior area, 45%. Howevér; the
posterior area was not uniform in 1osin§>bone in that the area distal to: o
the secbnd mo1ar}éxhibited less bone 1bss than'the;area'just d%sfa] to the -
first molar. | |

We extrécted-the Tower mo]érlteeth and made a massive a]Veo]ectomy to
create the human‘COnditibn of atrophied residual alveolar ridge. The timé
-of‘augmentation wasrselected at 5 to 8 1/2 months following eXtraéfion, fd
allow time.for.hééiing and remodeling of the residual ridge. After tooth
.éxtréction, resorption of alveolar crest occurred shortly (158). Howéyér,‘
it - has been shown in humans and‘pigs (4, 5) that the remodel]ing»pk0cess,.
occurs'in boﬁe structurévthkOughOUt life and even aging human -edentulous
mandibles were sti]] befng remode11ed {(6). This was supported by a'4 1/21’
year éfudy;that reported that 50% of the total amount of alveolar bdhe'1oss
occurred during the first year (98). In another étudy (6) over a 2 year
period, monkeys showed 70% to 80% loss of alveolar bone in’thé-first-year.

These two studies indicated there is an initial rapid rate of alveolar bone 5"
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1os§ followed by a slower, more gradual rate of loss. In the monkey (6),
"the plexiform bone forms first showing the tendency towards haversian
remodelling.

The polysulfone blocks were implanted on the buccal superior aspect of
the residual ridge as it is known that (6) remodelling influences bone
texture and that the buccal a1veo]ar cortex. is more affected than the
1ingual alveolar‘cortex.

The implants could not be found on one side in two animals. - Since the
implants were retafned in one side, the loss of the imptants could not be
due to immunologic rejection. It may be the animal gained access to the
implant site and removed the polysulfone block. However, this occurred
only on one side in which fhe number of sutures may have not beén adequate.
A prefabricated splint was used to cover the implant site of the first
monkey. The splint was;in supraocclusion and caused ulceration of the
under1yingv mucosa. It was noticed that the monkey was continuously
opening, ciosing and biting on the splint and one could easily hear the
sound of bﬁting the splint. The excess biting‘force on the splint may have '
been due to the presence_of opposing natufa] teeth. It was estimatéd that
the biting force using nétura] teeth is about 5 to 6 times greater than ih
denture wearers (86). Also, the presence of the splint must have
abnormally influenced the ora]‘masticatbry 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’v
musculature. The presence Q? the prostheses in an edentulous mouth also

produced different stimuli of the sensory-motor system, which in turn

A
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affected‘oral motor behavior (246). Regardless of the cause ofAthe implant
loss it seems thet future researchers in this field .shohed Arefrafh
- from coVeringvthefr implants with a splint particularly if it hou]d be
opposed by natura] teeth;‘ The excessive occ]usaT forces probably produced
- local mucosal ischemia leading to pressure necrosis. A
The impohtence 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 triangolar cross sections showed the'highest tissue reactions -

while those circular cross sections showed the lowest reaction. In our

study, we used rectang]ar shaped blocks of PPSF for ridge augmentat1on In

our study. the rectang]ar cross section did not h1nder a favorable bone' '

and soft tfssue-reSponse However, it may be of 1nterest in the future to

compare the response of d1fferent shapes of - the 1mp1ant in order to .

standard1ze and evaluate the effect of the shape of the 1mp1ant on t1ssue*
react1on
We used b]ocks of PSF w1th 30? to 40% porosity and with pore sizes ]50 :
to 250 m1crons. Th1s amount_and-s1ze of pores accommodated soft t1ssue end‘
bone inghowth. Our resu]ts support the idea that the ideal pore'sizes
rahge'that'enéourage'bony ingrowth should be 150 to 200 microns (243).
A1so th1s agrees w1th other studies show1ng that PPSF with 33% poros1ty and‘ “
150 to 250 microns pore sizes accommodates bone and soft ‘tissue growth (1
197). It is known that var1at1ons in pore sizes cou]d produce: d1fferences
in ‘the tota] pore open1ng area ava11ab1e to- 1ngrow1ng bone and cou]d_'

produce structura] d1fferences in the invading bone (146).
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In this’study; the fibrous connecttve tissue ahd-bdne'penetrated:the'
pores of PPSF and also surrounded the«inplant., However, the‘thiokness~of
the fihrous capsule andsthe number’ot certain types of cells were not
homogenous throUghout.therimplant' This nay‘be due to the difference in-
) part1c1e morpho]ogy and surface texture of the po]ysu]fone It was shown.
that the surface texture of the 1mp1ant material affects the fore1gn bodysh
| response,*the interfacial ce1]‘responsetand the kinetics of the fibrous
capsu1e formation:(ZOQ),' It was found that a textured inp1ant surfaceh

promotesvan,increased adhesion of cells. The cells were maerophages and

foreign,body giant<ce115Q 'In'the‘same_studyquing thick speeimens,ithe,,tv.f

-fibrous capsu]e'was thinner around a textured Specimen than around a smooth

- one.. However, at a ]ater t1me period the th1ckness of the fibrous capsulei o

’aredstm11ar These resu]ts demonstrate that surface texture of the 1mp1ant,

-;'1s;‘a_ critical var1ab]e in determ1n1ng " the soft’ t1ssue response to .

: a110o1astic-mater1a1 In our study, the var1at1on we noted 1n-the quant1tyv‘_‘
and quality- of ce]]s at different sites of the 1mp1ant may be due to the
7d1fference 1n surface texture of the po1ysu1fone probab1y created dur1ng |

preparat1on of the specimens pr1or to surgery and .may a]so be due to

d1fferences in po]ysu]fone part1c1e morphoiogy The dtfferencevln surface.-"

texture may also accountffor the areas in which bone was in direct contact

with the implant (osseous integration) and ‘the areas where'fibrous‘tissue

:intervened between the implant and surrounding bone. Tt has‘beenfshown c

. that roughened surface implants exhibit direct bone apposition whi1e7smooth
surface implants exhibit1 various degrees of fibrous tissue \encasement;
This may account for the observation that roughened surface implants

N

" demonstrated greater'strength'than.smooth’ones°
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In our Study, multinucleated giant_ce]ls and a moderate number of.
macrophages were obserVed close to the po1ysu]fone which is consistent with
a foreign body reaction seen with other synthetic materials. vHowever, the
number of these cells vary with different materiaisl(17, 23, 196, 210,
238). A1l implants produce a giant ce]] response in the surroundino
-tissdes Such a response is considered to be an acceptabie part of tissue
© repair in the presence of any fore1gn body The forelgn body response may
be present for years after implantation wtth no detrimentai efteét»on.the ,
implant and surrounding tissue (46). | |
In previous-studies'using PSF particles, it was found that the rough
surface of the polysulfone was covered moSt1y with foreign body giant cells
while its smooth particles had more macrophages and fibrous tissue (17). ‘
| Taylor (209) suggested that the presence ot macrophageS" and
multinucleated giant.ceTTs may be‘dne to the direct’5ction of absorbed,fv
eXudate proteins, the physical nature of the texture Sptkes of the imp1ant
or humoral components of unknown nature re]eased by the 1nterfac1a1 cells
themselves. In another study (180) they. showed that, with a rough 1mp1ant
surface, macrophages and giant cells persisted for many_months with the
formation ot,chrontc granulomatous reaction. Superior tissue compatibi1ity .i

wés;found td-be'associated with'smooth- we]]-contoured implants that'had no

acute - angles. In the present study the fore1gn body react1on d1d not -

appear to- be detr1menta1 to the .retention of the implant or to t1ssue'
_growthl within its pores. »Thts reaction also did not ‘affect the
osteoinduction in the ‘experimental 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 indicate that the
- PSF did not elicit an immune response. | | o

- Qur histo]ogic results provide strong evidence that po]ysulfone'is a
b1ocompat1b1e 1mp1ant mater1a1 in non- human pr1mates. The fibrous ttssue
conta1ned abundant co11agen fibres and f1brob1asts, Such a reparattVe.
response may be caused, in part, by secret1on of macrOphages“orggrowth,
agents secreted by‘other cells which stimulatedbthe productiOn‘of co]1agen‘
by fibroblasts ' It ‘has been shown that (180)- the- presence of. macrophages
was essent1a1 for the: act1vat10n of co11agen synthes1s by~ f1brob1asts Theh\
f1brob1asts and col]agen fibers were arranged para]]e] to the 1mp1ant
surface suggest1ng the1r adaptat1on to the applied stress ,,Usua]]y
fibrob]asts and‘fqbers 11e para]Te] with the forces of'mechan1ca1'stress.
_ (]34) This was cons1dered one of the most 1mportant factors in successfu]~
retent1on of an 1mp1ant (7) ‘ The f1brous tissue around the 1mp1ant was -
cont1nuous with the surround1ng bone and the'micropores of the imp]anth
This may transm1t some of the applied forces dur1ng mast1cat1on of food to

the under1y1ng bone Also, the pores may 1ncrease the.surface area of

regeneratedn_a]veo1ar bone ‘which, in. turn will tranSmit 'fdrces to' the‘ |

underlying. ibasalfvbOneo»‘ It was- found that the Toss: of teeth cause a

3. 5 fold decrease in mand1bu1ar basa] seat as compared to natura]ly present__ X

teeth (246) The or1entat1on of the f1brous t1ssue within the pores of .
PPSF var1ed suggest1ng remode111ng changes The fibrous connect1ve t1ssue,
bone and b]ood vesse]s penetrated the pores of PSF in both the exper1menta1‘
and control sides which agrees w1th other studies (199, 238). However, the

experimental side was more cellular and vascular than the contro1,side§
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Both biocompatibility and strength are important properties of avny
biomaterial-bone interface and the zone a few hundred microns deep into the
pdres of the imp'lant.,} 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 bpne-pbrous implant region act as a dynamic composite
material whfch, 'if closer-matching of the implant and parent bone moduli
reduce stress concentration at the_imp]ant surfaces (146). |
In our 'study', osseous integration was found in some areas of the
imp]ant-ti;sde interface while fibrous tissue of variable thickness was
interposed ‘betw'ee'n, the implant and bone at other areas. Because of the
high shear strength of PSF, osseous integration will help .i‘n thé_
transmission of forces to bone, therefore enhance the viabi]ity,of' the
surrounding tissue. This is consistent with results.of another study (194)
that shoWed the interfacial shear strength of PPSF-bone i'nter:face was
similar to that of some metals. |
The bone observed within the pores of the PSFvshowedv.requéﬂ_ing'
changes indicating ‘that some of applied forces may be tranﬂsmi'tted fo the
bone within the pores. It has beenl reported (194, ~]99) that the modulus of
elasticity of PSF was low enough to transnﬁt part of the applied forces to
“the bone within t.he, pores which, in turn, affect '1‘“ts remodéHn‘g' 1n the
corti;a] region 6f‘thé implant. This important property was not found in
high modulus metals and ceramics. In porous metals, the remodelling of
'bone'i within the pores does'nojt"jaffectthe interfacial shear 'strength..

However, the remodelling -and viabiA'th of bone within the pores of an
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implant mdy'beian ﬁmgortant'factor particularly when a Joéd is applied for
a long time. | - -

In our study with one exception (using $p1int in one animal), no
external fixation of the .implant was done. We depended on a shallow
Adepression £hat was Created‘as the only method of fixation. We predicted
that the ingrowth of tissue around and into the pores of the implant woﬁld
serve to stabi]ize'ft.

Since the majority of the»implants were recovered, we think that the
surgical_technique;émp1oyed i§ §Uffiéient and that there is no need for
exterhal fixation wusing a splint. It is safe to assume that the
polysulfone blocks- Were Toose at ‘the initial périod of the experiment.
Whether or.not.the.vjbratory‘motiqh'has‘cohtrfbuted to' the bdne Qrowth}at;_
the base of the impiants or at the control side it is hard toldeterminé.
The initial fit of the prosthesis through the period of boné healing was .
found to be requikédAfor bone to adapt to and form within the pores of an
implant (40, 159, 199). Mobi]e implants witﬁ small pore sizes were'found
to be more Tikely fo develop fibrous tissue 1nsteéd oflbone (40, 199). “In
other studies, however, many implant failures resulted from ]ooﬁéning‘of

the implant caused by inadequate postoperative fixation and’infection (7).A

The po]ysu]fone side (control) showed penetfation of. the pores with,“_ 

fibrous tissue andi]ittle'bone at .60 days following impiantation; HoWeyer,'j_
at 90 days the amount of bone increased. This pko]iferativefbohe growth

suggest that the implant material was ac;epted by the body'and that PPSE,'
with its favorable mechanical -and ‘phySica]i properties and §uff1cient
porosity accommodated soft tissue ingrowth and bone fdrmatipn 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 disadvantaoe of some porous alloplastic materials (153). The
bone formed within the pores of po]ysu]fone‘:on the control side had
Vprobably originated from the. underiying bone. This is supported by other
studies where bone migrated from the basa1 bone to the superior aspect of
the implant rather than from the periosteum (43) In our study, it may be
that if we allowed more time for bone regeneration (beyond the 90 daysl'
observation period), bone may have filled all of the pores and reached the
superior border of the imp]ant;

The addition of'DBP’to‘polysuifonefinduced'bone formation within and
around the polyeuifone in.larger'amounts when coﬁpared-with the polysulfone
eione; This is consistent with'enother Study-on rats in which.bone was_A;
1nduced w1th1n the poiysuifone using DBP at subcutaneous 51tes _(238)

Aithough the . end resu]ts were ‘the same in both studies, the sequence ofu.

events 1eading to bone 1nduction was different In our study, the_"

undifferentiated me§enchyma] cells (UMC) which 1nf11trated'the pores'of'the '
implant were apparently ‘induced - to differentiate into osteoblast that
formed bone'matrix In anotherustudy by Vandersteenhaven et al. (238), the

undifferentiated mesenchymai cells were induced to differentiate into

chondroblasts that formed cartiiage which was. subsequentiy resorbed and o

rep]aced by bone. In both studies; _DBP- served as a st1mu1u5‘ for ‘
'_oste01nduction However, under our,experimentai conditions, the induotion.
was through 1ntramembranous ossification while ini the other study ues
through endochondral ossification. It has been shown that osteOinduction
cen ;0ccur' by both mechanisms, .namely intramembranous and endochondra]

oésificationq (35, 93, 79, 164, 165, 220, 222, 227). The source of



» 80
frespond1ng UMC at the exper1menta1 sides may be the fibrous t1ssue within
" and around the PSF wh1ch may have prov1ded a pool of osteoprogen1tor cells,
or it cou]d have been derived from perlostea1 pnogen1tor ce]ls from
‘adJacent bone These ce]]s were attracted to DBP‘probably through the
action of a bone der1ved .chemotactic factor known to be found within bone
matrix (235).° The difference‘between the~resu1ts of Vandersteenhaven et
al. (238) and ourfstudy may be due to‘thekfact thatﬂweAUSed PPSF-DBP at
osseous sites while they p]aceq thefr implants subéutaneobsly; 'we.also
used ZOOmg of DBP while they added only a few partic]es;of DBP. Also, we
did‘oun_experimentgin monkeys and they did it tn rétst These differences
may also account fon'the,1arge amount of induced;bone and its extenSion’
into the pores:of'the PSF in our study while it'remained 1oca1ized'akoond
the DBP porticleS'ano did not-extend into the:pores of PSF in the other |
‘study (238) ' -

The newly formed bone at the exper1menta1 s1tes conta1ned osteocytes:

and were coyered with a layer of osteob]asts,v In add1t1on marrow cav1t1es

were seen;‘;The,DBP partio]e size used in this study ranged from 75 to.425_ Co

microns which is ‘sUpposed_ to be the optimum range that produee Tlarge
masSes of new bonevand.merrow (170)% This is'consistent with Other studies
that used the same'range of partjc]é size and induced Targe amounts\of~new

: bone (72) However, this is in disagreement with Urist, et 51 (224) who

stated that small particles , O. 1 to 0. 3 cu. mm induce small amounts of newA

bone in contrast to 1arger particles. It has been shown,that the extent of =~

bone induction is a function of the surface area of the implanted powders
(72). 1t was also shown that osteogenesis proceed more Slow1y_in-response

to demineralized bone blocks than to poWders (73).
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The new bone at_lthe augmented ridge ‘was apparently induced by
intramembranous ossification which may be due to the abundant.Vascu1arity
of the connective tissue in the vicinity of polysulfone. Urist et aT.
(224) stated that, in ‘areas of sprouting capillaries, the responding
undifferentiated mesenchymal cells differentiate directly into osteob]asfs
whereas in  nonvascularized - areas the;‘ cells: differentiate jfnto
chondroblasts. It is generally accepted that the’cellé 1nfthe preéenée of -

cap111aries_ would differentiate into osteoblasts, while they would

differentiate into chondroblasts in the:absehce of capillaries. This is

| supported' by the work of Bassett (20) who concTuded ‘that‘ ane.02‘
concentration of 35%efavors'osteogenESiswai1e concentkations as low as 5%
would favor‘chondrogenesis.} This isffurther supported by anothef study

using tissue cuTtUre (19),7in which they concluded that 02 conceﬁtratfoﬁ

was the determining factor with regard to whether certain cells fO\r‘m-b'onev_»‘~

or cartilage. _ |
-‘The rich capillary blood supply noted around thefpolysulfonekfh'ohr
study would imply that there was an adequate supply qf'02 and,which'wbuld-:eu
therefore favor boﬁe'formation; ‘The new bone wfthin the»pb]ysu]fone is.ani
indication that capillary growth kept up with the invading osteogenic‘
ce]1s. | -
We bejieve,that the new bone formed in the experiméntél site wés due
to osteoinduction by DBPvfor‘more than one reason. First; it ha§_been;A
.showh that'DBP induceS»bone formation in soft tissue end osseouérsites (92;'
']64, 167, 238). Second, more bone was formed in DBP-PPSF side and in
considerably less time 1h.comparison_to the PPSF side. ‘Third, the bone was

formed uniformly within the poies and around the implant, which suggest
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that its formation was not 1limited to-creepA3ubstitution from the edges of
bone underneath. the PPSF. This is in cont?ast to the PPSF side, in which
bone grew only from fhe_basilar bone side in areas of contact with the PPSF
and failed to reach fhe surface of the PPSF. Fourth, the 'histo1ogic
evidence that, in some areas, one could identify the old DBM being
1ncorporated into the newly 1nduced bone. |

This observation is in disagreement with the work of Narang, et al.
(142) who used demineralized allogenic bone matrix (DABM) for ridge
augmentation in dogs. They found that DABM was removed by-osteoc1astic :
resbrption and that it had been replaced by new bone and~marrow. This is
also consistent with the work of Kaban and G1owécki (104) who uséd DBP for -
ridée augmentation'in rats. They found that DBP was not resorbed dprihg_
induction of new bone and that it-remainéd ama1gémated in the massbdf the
‘induced new bone. However, later in the course of their investigation, DBP
showed evidence of remodelling into dense bone with cement 1ines and marrow
spaces and it was difficult at this stage to distinguish the DBP‘in random
séctions made through the bone defect. _ |

It has been éhown that minera1-conta€ning, powder - (104) used for
augmentation of alveolar ridge in rats was resorbed and did not induce new
bone formation. We increased the demineralization time from 3- hours in
Reddi's method (164), to 18 hours which may have enhanced fhe_jnduct%Ve
process and delayed the DBP resorption.v. |

It has been shown in in vitro studies thét DBM has the préperty of
attracting calcium to its surface which may also play a ro]e in its-'

‘mineralization in vivo (221). Th1s 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 minera]ization of DBP to osteonectin. 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. vThis difference may
be attributed to the absence of chondroblasts in the alveolar ridge
response which would have been responsible for forming chondrbid-type bone.
Woven bone is believed to undergo remodeling changes to mature, 1ame]1dr.
bone (150). This is‘supported by the presence of remodelling and cement
1ines in the newly formed bone in our study. HoweVer, we do not know if -
this woven bone will ¢hange to lamellar bone or not. In our study we used
the diaphysis of long bones to prepare the DBP. This bone is known to
develop in the embryo by enchondral ossification. However, using this DBP
in the alveolar ridge which is intramembranous in origin, yie]ded typical’
membranous ossification without an interveniné sfage of cartilage. This is
in contrast to the study of Mulliken et al (115) who uséd DBP - from long
bones for the repair of calverial defects and showed that bone was induced
by'endbchondra] ossification. |

In our study, the new bone was observed 60 days fo]]owing imp]éntation
- 1n monkeys. This is in contrast to the work of Hosny and Sharawy (92) in
which bone was éhown at 72 days following 1mp]antation of .DBP in
subcutaneous sites in male monkeys. This differénce may be due to thé fact
that our implantation  site was on bone which‘ may have enhanced the

recruitment of osteoprogenitor cells. It has also been shown that the
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physical and chemicél microenvironment in different locations may differ fn
its inf]uehce on the genetic machinery‘of fhe undifferentjated'meéenchymal
cells (171). The time for bone induction in rodents is faster than in
monkeys. This has been attribﬁte& by Hosny and Sharawy (92) to the species
differences or the pfesence'of inhibitory protein in monkey bone or the
possible remineralization of some of the DBP in monkeys. Sampath and Reddi
(182) found that guanidine-HC1 bone matrix extract of monkey bone produced
little or no bone induction when implanted in rats. However, partial
purificatfon- of this matrix pkotein and its ‘recqnstitution _with' the_
inactive rat residue restored the‘ bone indUction property of DBP,
suggesting that the purificatipn may have removed the inhibitory
components. | |

- The monkeys used in this study were comparab]e iﬁ age to middle aged
human adults. | Urist (224) reported that the age of the recipient
influences the time of appearance of the bone induted by DBM. In another .
study (167), a two year old rabbit prdduced. less new bone 6-8 weeks
fdi]owing 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 héa]ing
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. .In‘our study, we incréased the  demineralization time to 18
hours 1nstead of the 16 hours used in the work»of Hosny and SharaWy (92).
This may have enhanced the process of bone 1ndﬁction and agrees with fhe
results of Urist (228) who stressed the importance of devoting more time

for demineralizatioh. The presence of minerals inhibits the
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osteoinductivity of bone matrixo Sampath and Reddi (183) reported that the
mineral phase was associated 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 .
histomorphometric ana]ySis, that the process of'osteogenesis continues for
a long period following the initial induction. 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, 235). The histological study of the
undecé]cified sections using the modified Mésson stain which stains
unmineralized bone (osteoid) red and the ~mfnera'lized bone  blue,
complemented the histologic examination wusing H & E stain. The
quantitative and Iqua1itative impression of the soft tissue and bone
ingrowth around and within the PPSF, in both the control and‘experimentd]
sides, waé confirmed by the histomorphometric .analysis and tetracyc]ine.v
labelling findings,i The relative surface area of bone/unit area was '
statistically significantly higher in the experimenta1 side than in the
control side after the same period of implantation. The increase in the
amount of bone formation in the experimenta1 side should be due td the
presence of DBP, since the controi and experimental implant occurred in the
same animal. The presence of the osteoid provides unequivocal evidence of
the continuing process of bone deposition. The histomorphometric results

correlated well with the tetracycline 1labelling study in which the
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exberimentai side exhibited more flourescent bone than fhe control side ét
comparable times -of implantation.

It is knownvthat tetracycline molecule has the capacity to chelate
with sevefa] biologically active ions inéTuding calcium (67).  This
antibiotic (41) tends toidepogiiAin.areas where new bohe is mineralized
fo]]owing“the saﬁe_pattern of calcium. According fd frdst et al (69),
tetracycline incofporated into bone matrix during bone formation becomes
fluorescent under ultraviolet light.

_We useditetrécyc]ine double 1abe11ihg for measuring the appositional
rate of bone. We depended on the_density of the tetracycline labelling
rather than the percentage, since both bone and matrix take up
tetracycline. ,We | used  25mg/kg  of tetracyc]ine hydrqchlokide,‘
intrémuscularly; 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 minekaTization (148).

We wanted to measure the appositional raté of bone over a 10 day
period which may include active and.inéctive appositiona1 time. It has
been shown in rats (208) that the measured bone apposition rate depends on
the dose interval. At intervals of 24, 48 and 72 hours, the rates are the
same. At larger intervals (96 and 192 hours) the rates fall significantly
due to periods of cellular inactivity. We used double ]abe]]ing as. an

indication of bone formation and to measure the rate of bone formation.

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 supply.

Although we used small numbers of the experimental animals, the data
provided valuable inforﬁation‘ on the histologic sequences of healing
following implantation of a new implant material. ‘At the same time, we 
used DBP td enhance the healing pattern of the reconstructed hesidua] ridge
through the biological principle of bone induction. The mahdib]e is a
unique bone in the craniofacial complex and is subject to continuous motion
and significant compression and shéaf forceﬁ. In our ‘study, it was not
possible to determine how much forces was applied on the implant du?ing
function. Furthermore, the animals were parfia]iy edentu]ous‘ and the
'_masticatory forces may be different in totally edentulous animals.
However, there was no doubt that there were some forces on the implant
during mastication. It is also encouraging, that in another study (199)
using PPSF as a coated tooth root for dental implants in monkeys, the
clinical examination revealed zero mobility after 2 months and radiographic
examinationAand pocket depth measurements revealed no loss of bdne from
around the implants.

In ouf study, the porous polysulfone with its excellent mechanical and
physical properties and sufficient porosity with and without demineralized
bone powder, accommodated soft tissue and’bone formation around and within -
the pofese The implantation of PPSF with and without DBP caused no adverse
tissue reaction. The complications encountered with other allogenous
autogenous and alloplastic materials (15, 24, 34, 54, 62, 77, 111, 1i2,
240) were not encountered in this study with the exception of loss of few

implants due to the reasons that were discussed above. The publiéhed
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complications 1nc1ude ‘migration of the implant, inflammation, deh1scence,
diffusion tp surround1ng areas, irregular distribution, extrusion,
incorrect position, settling, resorption, pain, and .eXcessive increase
alveolar ridge hetéht. The results ofyoun study agrees with most clinical
criteria for a successful ~angmentat'ionfof the. alveolar ridge (34),‘
~ However, other.critetia still to be investigated include normal eensibi11ty'
of the mentaI nerve, and a well f1tt1ng denture with good funct1on ’ The
-ultimate goal of the implant is .to withstand da11yv oral mast1catory
function and the unique environment of the ora]lcavityo“iln addition, the
implant should be phys1o]og1ca11y acceptable and should not be altered by
bone resorpt1on and the variables of prosthetic function.

The augmentat1on of residual alveolar ridge with PPSF w1th and w1thout
DBP has advantages that include excei]ent b1ocompatab1]1ty,} absence of
antigenic reactions, availability of the material, lack of inflammation,
non-degradability, surgery under 1o¢a1 anesthesia and good mechanical and
physical properties. _ |

With the use of DBP, mdre rapid bone induction will océur B In
addition, the DBP will perm1t the operator to avo1d using autogenous and
allogenous bone . as 1s commonly the practice w1th alloplastic matema]s
'~ DBP has many advantages that include (73, 142) avoidance of harvesting
operations, potentiajiy readily avai]ab1e,” can be stored, little onA no
immune nesponse, easi]y shaped and excellent inductive propertieé. |

More investigations need to be performed on PPSF for evaluation of its
ability to withstand stresslin 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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kidges is a problem of lnqltifactoria1 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 w511
prevent their need for treatment. However, until this happens; an ideal
method of treatment should be provided for them. Our resu]ts, 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 humans.
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CONCLUSIONS

Porous polysulfone is a _biocompatablé alloplastic material that
accommodates bone and soft tissue ingrowth.

Healthy fibroblasts, osteoblasts, collagen and blood Avessels were
found w1th1n and around the pores of the po]ysuifone at the light and.

electron microscopic leveI° .

_ Imp]antat1on of the dem1neral1zed bone powder with the po]ysu]fone:

induced new hone ‘format1on within the m1cropores and around
polysulfone. . | _

The histologic, histomorphométric measurements, and - tetracycline
labelling éupportedtfhe conclusion thét more bone formed more quickly
when using the demineralized bone powder.

The demineralized bone powder may serve to create an osteoihductive
environment fhat may enhance bone éoveragerOf po]ySu]fone,augmented"‘

ridges in humans.

.~ Porous polysulfone with and without demineralized bone powder - °

successfully augmented the mandibular,edentu]ous molar areas with no
evidence of resorption of the imp1ant or untoward reactions of the
surrounding tissues,

Porous polysulfone is é suitable material that can be used

successfully for bone augmentation for future study in humans.

90
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Téb]e 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 1/2 . 42 Intact Intact
11 11443 5 60 Missing Intact
11436 -5 60 Intac£ Intact

IIr , 11434 8 1/2 90 Intact ‘Missing



Tabie II

Control Site 60 Days Following Impiantation of PPSF*

Total Number

Structure of Points
Bone and Osteoid 674

Fibrous Tissue 5802

* Calculated from one animal

Mean of Number - Standard
of Points Deviation
44.9 1 69.4
38.7 109.6

Standard

Error

17.9.
28.3

Percentage

of Points

6.9
59.4

26



Table III-

Experimental Site 60 Days Following Implantation of DBP + PPSF

. Total Number] Mean of Number2 Standard Standard Percentagé
Structure of Points of Points Deviation ~ _Error of Points
Bone and osteoid 4352 290.1 138.4 44.6 446
Fibrous tissue 3473 231.1 104.6 35.6 . 35.6

1
2

15 readings were made/5 slides/animal
Means were calculated by dividing total number -of points by 15 (readings)

*Statistical comparison of bone ahd osteoid (Student's t-test)
Control (Table II) vs experimental (Table III) - t value = 6.140 n=2 P<0.05

€6



Control

Total Number

Structure of Points
Bone and osteoid 3117

- Fibrous Tissue 4032

*
Calculated from one animal

Table IV

Site 90 Days Following Implantation

Mean of Number Standard

of Points Deviation
207.8 157.7
268.8 128.1

*
of PPSF

Standard

Error

40.7
33.1

Percentage

of Points

31.9
0.3

76



FIGURE 1: -

FIGURE 2:

FIGURE 3:

FIGURE 4:

PLATE 1

Photomicrograph showing a piece of long bone (arrow) and the

demfnéra1ized bone . powder (arrowhead) ready for

implantation,

Photomicrograph showing a negative culture of the
demineralized bone powder on agar plate, incubated for 48

hours at 37°C.

Photomicrograph éhowing a porous polysulfone bar before

preparation of -a block similar to the one seen in Fig. 4.

Phofomicrograph of the porous polysulfone block with six

hoies prior to implantation.

i






FIGURE 5:

FIGURE 6:

FIGURE 7:

FIGURE 8:

PLATE 2

Photograph showing the mandibular edentulous molar area
(arrow) five months following extraction of Tower molar

teeth.
Photograph showing the position of polysulfone block (arrow)
immediately after insertion on the outer top surface of the

edentulous area.

Photograph of the stone cast of the monkey partially

edentulous mandibie (arrows).

Photograph of the acrylic splint placed on its stone cast.
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FIGURE 9:

FIGURE 10:

FIGURE 11:

FIGURE 12:

PLATE 3

" Photograph showing the wound following closure with sutures.

Photograph -of the acrylic sp1iht used for fixation of the -

polysulfone implants.

Photograph showing the acryiic splint (asterisk) fixed with

circumferential wiring postoperatively.

Photograph showing errosion. and ulceration (arrow) of “the
mucosa covering the 1implant (arrowhéad) 15 days fo]Towiﬁg

the placement of supraocc]usidn acrylic splint.
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FIGURE 13:

FIGURE 14:

FIGURE 15:

FIGURE 16:

PLATE 4

Photoéréph of the partially edentulous mandible 42 days
following implantation. Note that the ridges were obviously

augmented (arrows).

Photomicrograph of a coronal section of the edentulous
mandible 42 days following dimplantation of- polysulfone.
Note the connective tissue within the pores (arrows) and

also surrounding the implant (arrowhead).

APhotomicrograph of a histologic section 42 days following

1mp1antation"of PPSF showing fibrous tissue (arrows) within

the micropores of the polysulfone (PS) (H & E). (34 X)

Photomicrograph of a histologic section 42 days following
implantation of PPSF shdwing the continuation of the fibrous
tissue from one pore to the other (arrows) and around the

PPSF particles (PS) (H & E). (34 X)






FIGURE 17:

FIGURE 18:

FIGURE 19:

FIGURE 20:

PLATE 5

Photomicrograph of a histologic section 42 days following
implantation of PPSF showing the collagen fibers (arrows)
and fibroblasts (arfowhead) within the pores of polysulfone

(H & E). (481 X)

Photbmicrograph of a histologic section 42 days following

implantation of PPSF showing fibrous tissue containing

fibroblasts (FB-arrow), collagen fibers (CC), multinucleated

‘giant cells (arrowhead) and blood vessels (asterisk)

(H & E). (481 X)

Photomicrograph of a histologic section 42 days following
implantation of PPSF showing bone-PPSF interface (asterisk).
Note osteocytes (afrowhead), bone marrow (arrow) and the
fibrous capsule (C). Note that fibrous tissue around the
implant continued Within ‘the pores of polysulfone (PS)

(H&E). (138 X)

Photomicrograph of a histologic section 42 days following
implantation of PPSF. Note: the gingiva (arrow) and
submucosal tissues (asterisk) covering PPSF (PS). Also note
the absence of TﬁfTammatory reaction and the presence of

blood vessels (arrowhead) close to the implant surface

(H&E). (34X)
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FIGURE 21:

FIGURE 22:

FIGURE 23:

FIGURE 24:

PLATE 6

Photomicrograph of a coronal section of the edentulous

" mandibule 42 days following implantation of PPSF+DBP. Note

the connective tissue within the micropores (arrow) and

surrounding the implant (arrowhead).

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). (34 X)

Photomicrograph of a histologic section 42 days following
imp]antation' of PPSF+DBP showing the fibrous tissue
(asterisk) at higher magnification surrounded by polysulfone

particles (PS) (H & E). (138 X)

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 nd bone  formation at this stage

(H&E). (481 X)
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FIGURE 25:

FIGURE 26:

FIGURE 27:

FIGURE 28:

Pl

PLATE 7
Photomicrograph of a histologic section 42 days following
implantation of PPSF-DBP showing interconnection and fusion

of the DBP particles (arrows) (H & E). (138 X)

Photomicrograph of a histologic section 42 days following

»imp]antation of PPSF%DBP showing the DBP particles (arrow)

with remnants of osteocytes (arrdwhead) in their Tlacunae

(H & E). (138 X)

Photomicrograph of a coronal section of the edentuTous -

“mandible 60 days . following PPSF implantation. Note the

connective tissue within the micropores (arrow), one of the
drilled holes (asterisk) and surroundjng' the: implant

(arrowhead).

Photomicrograph of a histo]bgfc section 60 days following
implantation of PPSF showing the fibrous tissue within the .
pores (érrowhead); Note that the newly formed bone (arrow)
grew for a short distance within the pores of PPSF (H &'E).-
(55 X) - “ :
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FIGURE 29:

FIGURE 30:

FIGURE 31:

FIGURE 32:

PLATE 8

Photomicrograph of a histologic section 60 days following
implantation of PPSF showing the newly formed bone (arrow)
surrounded with fibrous tissue {(asterisk). Also note the

presence of bone marrow (arrowhead) (H & E). (70 X)

Photomicrograph of a histologic section 60 days following
implantation of PPSF showing the newly - formed bone
containing osteocytes (arrowhead) and covered with

osteoblasts (arrow) (H & E). (86 X)

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)

Photomicrograph of a histologic section 60 days following
implantation of PPSF showing the advancing edge of bone
contained osteocytes (arrowhead), marrow (astérisk) and

covered with osteoblasts (arrow) (H & E). (220 X)
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FIGURE 33:

FIGURE 34:

FIGURE 35:

FIGURE 36:

PLATE 9

Photomicrograph of a histologic -section 60 days following
implantation of PPSF showing bone-PPSF interface (arrow)

(H&E). (34X)

Photomicrograph of a histo]ogic section 60 days following
implantation of PPSF showing the fibrous tissue (arrows)
within the micropores of the implant - interconnecting and

surrounding the po]ysﬁ]fone.partiCTes (PS) (H-& E). (34 X)

Photomiéroghaph of .a histologic section 60 days following
implantation of PPSF _shoWing_ the fibrous tissue around
(arrow) the po]ysd]fonev was' continuous with the fibrous
tissué (érrowhead) within the micropores of polysulfone (PS)

(H&E). (55 X)

Photomicrograph of a histd]ogic section 60 days following
implantation of PPSF showing the organization of the fibrous
tissue (arrow) along the contours of the polysulfone (PS)

particles (H & E). (138 X)

e
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FIGURE 37:

FIGURE 38:

FIGURE 39:

FIGURE 40:

PLATE 10

Photomicrograph of a histologic section 60 days following

implantation of PPSF showing the Toose (arroW) and dense

. (asterisk) .connective tissue within the pores of the

polysulfone (H & E). (55 X)

Photomicrograph of a histologic Seétion 60 dayskf011owing

implantation of PPSF showing the collagen fibérs, (asterisk)

fibroblasts (arrow) ~ and mu]tinuc]eated - giant cells

(arrowhead) within the pores of the polysulfone. (H & E). .

- (55 X)

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)

Photomicrograph of an undeéaicified 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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FIGURE 41:

FIGURE 42:

FIGURE 43:

- FIGURE - 44:

PLATE 11

Photomicrograph of a coronal section of the %dentulous
mandible 60 days following 5mp1antation of DéP + PPSF
showing the connective tissue within the micropores (arrows)
énd around (arrowhead) the 1mp1énta " Note the marble-like

bone appearance within one of the macropores (asterisk).

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). (34 X)~

-

, Phofomicrograph of a histologic section 60 days following

implantation of DBP + PPSF showing the polysulfone (PS)
completely covered by bone (arrow). Note bone (arrowhead).

and fibrous tissue (asterisk) within the pores of PPSF

(H &E). (55X)

Photomicrograph Qfla histologic section 60 days following
implantation of DBP ; PPSF showing the polysulfone (PS)
covered with boné (arroW) except a very small aEea»
(arrowhead). Note the presence of fibrous tissue (asterisk)

and bone (arrow) in the pores of polysulfone (H & E). (55 X)






FIGURE 45:

FIGURE 46:

FIGURE 47:

FIGURE 48:

PLATE 12

Photomicrograph of a histologic section 60 days following
implantation of DBP + PPSF showing‘the advancing edge of the
newly formed‘bone (akrow) adjacent to the polysulfone (PS)

(H & E). _(34 X)

Photomicrograph of a histologic section 60 days following

implantation of DBP + PPSF showing that ‘the advancing edgé

of the newly formed bone contained oSteocytes (arrowhead)

and was covered with osteoblasts (arrow) (H & E). (220 X)

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 bdne the apparent osseous 1ntegrdtion of the

polysulfone and bone (H & E). (55 X)

Photomicrograph of a histologic section 60 days following .
implantation of DBP + PPSF showing the newly formed bone and

fibrous tissue (arrow) blend together within and - around

~ polysulfone (PS) (H & E). (41 X)
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FIGURE 49:

FIGURE 50:

FIGURE 51:

FIGURE 52:

PLATE 13

Photomicrograph of a.hiéto]ogic section 60 days‘fo110wing

imp]antafion of DBP + PPSF showing that the newly formed

bone adjacent to the implant contained osteocytes (arrow)

and was covered with osteoblasts (arrowhead) (H & E). (55 X)

.Photomicrograph of a histologic section 60 days following

imptantation Qf DBP + PPSF showing that a bone-polysulfone
interface contained marrow (arrow) and was in close

association with the polysulfone (PS) surfacé (H & E).

’ (41 X)

Photomicrograph of a histologic section 60 days following

- implantation of DBP + PPSF showing direct contact (arrow)

~between the bone (éfrdwhead)'and polysulfone (PS) with no

intervening connective tissué (H&E). (55 X)

-Phptomicrograph of a histoTogic’se;tion 60' days following

impTahtation of DBP + PPSF showing a thin fibrous layer

" (arrow) intervens between the bone (arrowhead) and

polysulfone (PS) (H & E). (55 X)
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FIGURE 53:

FIGURE 54:

FIGURE 55:

FIGURE 56:

PLATE 14

Photomicrbgraph of a histologic section 60 days following
implantation of DBP + PPSF showing a miéropore that contain
bone only. Note the oSteocytes (arrow) in their Tlacunae
(H&E). (344 X)

Photomicrograph of a histologic section 60 days following
implantation of DBP + PPSF showing the osteoblasts (arrow).
in Jjuxtaposition to the bone surface within the micropores

of polysulfone (PS) (H & E). (86 X)

Photomicrograph of a histologic section 60 days following
implantation of DBP + PPSF showing blood vessels (arrow)

within the pores of the polysulfone (H & E). (138 X)

Photomicrograph of a histologic section 60 days following
implantation of DBP + PPSF. showing a Tlarge blood vessel
(arrow) just outside}the fibrous layer which surrounded the

polysulfone (H & E). (138 X)
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FIGURE 57:

FIGURE 58:

FIGURE 59:

FIGURE 60:

PLATE 15

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)

Photomicrograph of a histologic section 60 days following
implantation of DBP + PPSF showing the gingiva (arrow)
overlying the implant area with no evidence of inflammatory

reaction (H & E). (55 X)

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)

Photomicrograph of a histologic section 60 days following
implantation of PPSF - DBP showing bone (asterisk) and
osteoid (arrow) at the polysulfone surface (PS) and within

the micropores (arrowhead) (Modified Masson stain). (138 X)
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FIGURE 61:

FIGURE 62:

FIGURE 63:

FIGURE 64:

PLATE 16

Photomicrograph of a‘histologic section 60 days following
jmplantation of DBP + PPSF showing bone-polysulfone

interface (arrow) (M. Masson). (138 X)

Photomicrograph of a fiburescent histo]d@ic 'unStained
section from an animal which received double tetracyc]ihe
injection and sacrﬁficed 60 days following implantation of
DBP + PPSF, showing the newly formed bone {arrow) within the

micropores of the poiysquone (PS). (41 X)

Photomicrograph of the previous section at higher
magnification showing the the intense flourescence of the
newly formed bone (arrow) within the micropores of the

polysulfone (PS). (55 X)

Photomicrograph of a flourescent histo1o§ic 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

micropores of polysulfone (PS). (86 X)
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FIGURE 65:

FIGURE 66:

FIGURE 67:

FIGURE 68:

B e P

PLATE 17

Photograph showing the partially edentulous  augmented
(arrow) mandible 90 days following implantation of

polysulfone.

_Photograph showing "the partially edentuTOus”‘augmentéd

mandible 90 days following implantation of polysulfone

showing the impIAht‘on the outer fop surface (arrow) of the

edentulous ridge.

Higher magnification photomicrograph of' the partially

“edentulous augmented mandible 90 days following implantation

of polysulfone, showing normal pbyering,mucosé.(astérisk)

overlying the_imb]ant.

Photomicrograph of a coronal secFion of the  edentulous
mandible 90 days fo]1owing'impTantationvof PPSF showing the
connective tissue within tﬁe; micropores (asterisk) and
around the implant .(arrowhead). Note the normal mucosa

(arrow) overlying'the:imp1ant.
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FIGURE 69:

FIGURE 70:

FIGURE 71:

PLATE 18

Scanning electron micrograph of PPSF block showing the
polysulfone particles (asterisk) and the micropores

(arrowhead). (20 X)

Scanning electron micrograph of PPSF block showing the size

and arrangement of the polysulfone particles (asterisk)

(49 X).

Scanning “electron micrograph of PPSF block showing the
interconnecting micropores (arrowhead) and tunnels between

the polysulfone particles (asterisk). (100 X)
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FIGURE 72:

FIGURE 73:

FIGURE 74:

PLATE 19

Scanning electron micrograph of PPSF block showing the

smooth contour and shape of poiysuifoné particles

(asterisk). (200 X)

Scanning electron micrograph- of PPSF 90 days following

~implantation showing the polysulfone (asterisk) completely

surrounded and penetrated with connective tissue (arrowhead)

and bone (arrow). (15 X) . N

Scanning »e1ectron .micrograph of PPSF 90 days following
implantation showiﬁg the fibrous tissue (asterisk) within
the pores and around the polysulfone particles (arrowhead).

(90 X)
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PLATE 20

FIGURE 75: Scanning electron micrograph of PPSF 90 days following
implantation shqwing the interconnecting fibrous tissue
(asterisk) in between the polysulfone particles (arrowhead).

(100 X)

.o

FIGURE 76:  Scanning electron micrograph of PPSF 90 days following
'implantatfon shdwing the par§11e1 arrahgemeht of coliagen

fibers'(arrow§) within the pores of the polysulfone. (620 X)

FIGURE 77: Sténning electron micrograph of _PPSF 90 days following
imp]antétioh showing bundles of. éo]iagen fibers (arrow)

within the pores of the polysulfone, (580 X)
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FIGURE 78:

FIGURE 79:

FIGURE 80:

PLATE 21

Scanning electron micrograph of PPSF 90 days following
implantation showing the network arrangement of collagen

fibers (arrow). (5,800 X)

Scanning electron micrograph of PPSF 90 days following
implantation showing the collagen fibers (arrowhead) and
fibroblasts (arrow). within the pores of the polysulfone.

(10,000 X)

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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FIGURE 81:

FIGURE 82:

FIGURE 83:

PLATE 22

Scanning electron -micrograph of PPSF 90 days following
implantation showing pénetration of bone (asterisk) into the

micropores of polysulfone (arrow). (70 X)

Scanning electron mickograph of PPSF 90 days following
implantation at higher magnification showing bone within the
micropores - of the polysulfone (asterisk). Note the

Haversian system (arrow) on the bone surface. (160 X)

Scanning e]éctron__miérograph'-of. PPSF 90 days following

implantation showing bone (arrow) surrounding polysulfone

(astefisk). (61 X) -
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FIGURE 84:

FIGURE 85:

PLATE 23

Scanning electron micrograph of PPSF 90 days following
implantation showing the epithe1ia1 (arrow) and submucosal

(arrowhead) tissues covering the polysulfone (asterisk).

(90 X)

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). (140 X)
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FIGURE 86:

FIGURE 87:

FIGURE 88:

FIGURE 89:

PLATE 24

Photdmicrograph of a histologic section 90- days - following
imp]antation of PPSF showing " the 1nterconnecting fibrous
tissue (arrow) within the micropores of the polysulfone (PS)

(H&E). (44 X)

Photomicrograph - of a histologic section 90 days following
implantation of PPSF»showing the collagen fibers (arrowhead)
andrfibroblaéts (arrow) within thevpores of polysulfone (PS)

(H & E)° (44 X)

Photomicrograph of a histo1ogic.section 90 days-f011owihg

implantation of PPSF showing the blood vessels (arrowhead)

and arrangement of c¢11agen fibers (arrow) within the pores

of the polysulfone (PS) (H & 'E). (44 X)

Photomicrograph of a histoiogic section 90 days following
implantation - of ~ PPSF - showing - the presence of bone.

(arrowhead) and fibrous‘ tissue " (arrow) within the same

micropore of the polysulfone (PS)'(H & E). (44 X)
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FIGURE 90:

FIGURE 91:

FIGURE 92:

FIGURE 93:

PLATE 25

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).
(34 X) |

Photomicrograph of a histologic section 90 days following
implantation of PPSF showing the newly formed bone (arrow)
within the micropores and around the polysulfone particles

(PS) (H & E). (34.X)

"Photomicrograph of a hiéto]ogic section 90 days following

implantation of PPSF showing osteoblasts (arrow) covering
the newly formed bone (arrowhead) within the micropores of

the polysulfone (PS) (H & E)', (352 X)

Photomicrograph of a histologic section 90 days following
jmplantation of PPSF shéwing osteocytes (arrowhead) and
evidence of remodelling (arrow) of the newly formed, bone

within the micropores of polysulfone (H & E). (344 X)
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FIGURE 94:

FIGURE 95:

FIGURE 96:

FIGURE 97:

PLATE 26

Photomicrograph of an undecalcified histologic section 90
days following implantation of PPSF showing interconnecting
bone (blue) arrowhead) and osteoid (red) arrow) within the
pores of the polysulfone (PS) (Modified Masson stain).
(55 X) |

Photomicrograph of an undecalcified histologic section 90
days following implantation of PPSF showing the newly formed
bone (arrow) and osteoid (arrowhead) within the micropores

of the polysulfone (PS) (Modified Masson stain). (55 X)

Photomicrograph of an undecalcified histologic section 90
days following implantation of PPSF showing bone-polysulfone
interface (asterisk). Note that bone contains marrow (M)
and osteocytes (arrowhead) and was covered with osteoblasts

(arrow) (Modified Masson stain). (86 X)

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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FIGURE 98:

FIGURE 99:

FIGURE 100:

FIGURE 101:

PLATE 27

Photomicrograph of a fiuorescent undecalcified histologic
unstained section with the &bub]e tetracycline label 90 days
following implantation of PPSF showing the newly formed bone
(arrow) within the micrdpores' of the polysulfone (PS).
(32 X)" . ,

Photomicrograph of a ,f]uOrescent"undeca1éjf1ed ‘histologic
unstained section Withrthe double fetracyc]ine 1abe1 90 days
fb]]owing implantation of PPSF showing diffuse (&rrow),
fluorescence  with: the ‘micropores ‘of polysulfone (PS).

(34 X)

Photomicﬁograph’ of ~a fluorescent histologic = unstained
section with the doubTe‘tetracyc]ine 1abe]‘90 days following
implantation of PPSF showing a distinct double layer (arrow)
of fluorescence in the. é1yeolar bone surrounding the

polysulfone. -(69 X)

Photomicrograph of a fluorescent histologic unstained
section with the double tetracycline label 90 days following

implantation of PPSF showing the distinct double layer

~(arrow) fluorescence at higher magnifitgffon, (138 X)
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