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INTRODUCTION

Statement of the Problem

The purpose of this_investigation was to determine whether the initial healing
response to single stage endosseous d~ntal implants differed from a periodontal
surgical procedure of known healing sequelae.

Literature Review
.

.

Dental disease and subsequent loss· of teeth have plagued mankind for several
centuries resulting in the quest for a replacement for natural· teeth. Although many
designs for the replacement of human teeth through the use of crowns and fixed
partial dentures have been utilized with much success, the ability to replace the
support provided by a natural tooth root has been elusive until the recent past.
The Egyptians made frequent historical ·references to the replacement of lost
teeth by replantation or the insertion of teeth from other individuals. (1) More
recently G. V. Black, often referred to as the father of modern dentistry, described
implantation in his book entitled Special Dental Pathology. (2) He stated, "When the

1
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teeth have been removed at some former time, and a new socket is cut in the residual
processor ridge and a stranger tooth is planted in it ... these teeth, which seem to be
'

'

the most perfect condition, are usually lost within one, two, or three years by
resorption of the root." Bfac_k further noted that "If such a tooth remained useful for
five years, it could be. regarded as a first-class _result." Thus it seems that for. as long
as man has been edentulous he has been, and will· be, desirous of finding a means
of artificially replacing those missing teeth.
- Implant materials us~d by early p~actitioners of implant dentistry were varied
and ·included gold, precious ~tones, ivory, porcelain,· platinum, lead, silver, iridium,
iridoplatinum, vanadium and many combinations of other materials.(3) · It was
determined conclusively that certain metals, when contacted with tissue fluids, produce
a galvanic action that ultimately corrodes the metal. Those studies indicated that
cobalt-chromium-molybdenum alloy (Vitallium) was the only metal utilized at that time
that produced no electrolytic actions when placed in tissues. ( 4) The first screw-type
root-form implants were made from this alloy and placed as replacements for lost
teeth. (5)

It was during this time that researchers and clinicians realized the

importance of material interactions with tissues and thus introduced the study of
biocompatibility of materials used in implant dentistry.
Non-metals in the form of high density aluminum oxide ceramic (alumina),

~-

sapphire (alpha alumina), bioglass, carbon, polymers, and combinations and composites
of these substances have all been considered as biomaterials for dental implants.

3

Designs have included root forms, blades, subperiosteals, ramus frames, transosteals
and staples, endodontic stabilizers and pins, mucosa! inserts, and many custom systems.
New biomaterials, designs, surgical placement procedures, and restorative
methodologies continue to be introduced and an extensive series of new root form
devices has been developed within the· past five years. (6)
The areas of bioma.terial and .biomechanical properties and their relationships
to biocompatibility ·have followed a theme of tissue interface analyses of retrieved
human dental devices.

These studies have included comparisons of laboratory,

laboratory animal, and human retrieved specimens. Throughout these studies attempts
have been made to separate the phenomena associated with two basic· science areas:
(1) the mechanical-biomechanical property aspects of force transfer, and (2) the
chemical-biochemical aspects of elements transferred across the biomaterial-to-tissue
interfaces. A complex synergism of tissue and biomaterial responses has caused this
separation of the two science areas to be a significant challenge.

One critical

hypothesis is that dental implant tissue interface stabilities are controlled by
biomaterial and biomechanical properties. This hypothesis is supported by laboratory
and laboratory animal investigations. However, clinical retrievals show a combination
of factors and a strong need for expanded multidisciplinary studies under prospective
protocols. (7) Future studies are necessary to provide information concerning the
ll.,

influence of biomechanics on both soft tissue response and repair and the remodeling
of osseous components.

4
The hard tissue- interface has been dealt with in various animal studies that
have sought to characterize the repair and regeneration of cortical and marrow zones
of the· implant crypt. Bruri_~ki (8,9) has attempted to classify the different interfacial
zones around endosseous implants. Implants are often classified microscopically by
.

.

-

.
'

.

interfacial components that include: (1) "direct" bone contact with small amounts of
inteivening, potentially ostedgenic soft tissue; (2) a dense fibrous connective tissue with
- some fiber orientation in a functional ',;periodcintal-like" configuration; and (3) a fibrous
tissue lined by epithelium. (10)
Osseointegration, a phenomenon first introduced by Dr. Per-Ingvar Branemark, is described as a dynamic osseous healing process whereby vital bone tissue achieves
intimate contact with the surface of a fixture without any other inteivening or
intermediate tissue. The technique rationale is based upon a mechanical and perhaps
even structural interlocking of a functional implant with loaded bone such that optimal
forces and stress distribution occurs from fixture to the surrounding bone.
The concept of possible long-term osseointegration or osteointegration has
been largely documented by light microscopic studies of animal tissues. Several studies
have been undertaken to support the concept that implants can be "anchored" or
"glued" by continued remodeling of ~he host bone. (11) This type of interface has
been reported for many types of implants, including titanium fixtures, (12,13) implants
of aluminum oxide, (14, 15) single-crystal implants, (16) surface-active ceramics, ( 17)
and bioglass. (18)
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The clinical and scientific evidence of direct bone anchorage of dental implants
is based on ultrastructural documentation of direct bone-to-implant contact.
Albrektsson et al (19) examined the interfacial zone between tissues and titanium
surfaces of clinically implanted fixtures. Transmission electron microscopy (TEM)
.

-

.

. resolved this direct, bone~fixture contact. Auger electron spectroscopy showed that the
oxide layer of the titan•i,um implants had increased in thickness from fifty (50)
angstroms to approximately two thousand (2000) angstroms after a sixyear prosthetic
loading period. The oxide incorporation of phosphorus, calcium and sulfur was
'

.. •

.

interpreted -as a biol9gic interactionwith the bony tissues. (20)
In contrast, animal studies dealing with other types of implants, predominately
blade forms, have demonstrated a basically soft connective tissue interface. Brunski
(7) showed, in dogs, the formation of increasing amounts of fibrous connective tissue
against metal blade implants as a factor of increased function. Hashimoto (21)
demonstrated that initially osseointegrated surfaces of single-crystal sapphire
endosseous dental implants developed a thin fibrous tissue interface when functional
stress distribution was altered. Fibrous tissue -around blade implants with fiber
orientation simulating the periodontal membrane has also been identified. (22)
This "fibro-osseous" or "fibro-osteal" integration as described by Weiss occurs
_when an "osteogenic peri-implant ligament" is interposed between the implant and
the bone closest to it, which anatomically is an~logous to the bone forming the socket
of a natural tooth. (23-27) This mode of tissue integration is largely documented by
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studies involving the ~.clinical, trials .of blade implants. (28-31) This concept of a
connective tissue suspensory ligament between: endosseous implants and their bony
crypt that acts as a susp~nsory ligament involved in load transfer between implant and
bone (32-35) is in conflict with the theory that dental implants can only function for
prolonged periods of time with an intimately adapted osseous interface. (36,37) Thus,
following the rationale of osseointegration, when a connective tissue interface develops
it is evidence of failure of the surrounding tissue to adapt to the implant and loss of
the structure is inevitable.
The ligament surrounding implants has been shown to be made up of a
principal fiber system which inserts into the bone medial and lateral to the implant
and passes apically to the infrastructural elements, thus transferring the load from the
implant to tensile stress on the bone through a hammock-like arrangement. This has
been interpreted as a dynamic, functional ligament whose architecture is determined
by the forces acting upon the implant. (38)
Both scenarios of osseous· tissue integration involve dynamic bone which is
being continually remodeled and replaced in response to the direction, magnitude and
duration of functional forces applied to the implant. As research continues in this
discipline possibly one mode or a combination of the two will be revealed to be a
more accurate representation of the histology at the tissue-implant interface.
The predominant focus of research involving the implant and supporting tissue
interface has been concerned with osseous interactions. More recently research has
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emphasized the soft tissue interface and its f~nctions, implications and contributions
to implant service and longevity. Many in vitro and in vivo animal and human studies
have been utilized to demonstrate the presence of an epithelial attachment to the
implant surface.

Transmission electro1:1 microscopic (TEM) studies have shown

epithelial cells with a hemidesmosomal organelle "attachment"
in apposition to dental
)
implants of titanium and titanium alloy, (39) epoxy resin, (40) hydroxyapatite, (41)
aluminum oxide, (42,43) and chrome-cobalt. (44,45)
,.

These latter studies have

,-

described the epith~lial cellular comp.onents to be similar in function to the junctional
epithelium, basal lamina and hemidesmosomes of tissues adjoining· natural teeth.

McKinney et al (46) have demonstrated evidence for a true junctional epithelial
attachment to ceramic implants using a canine model. Gould et_ al (47) conducted
human clinical studies where they placed titanium-surfaced implants in tissue scheduled
for surgical removal and demonstrated a hemidesmosomal-basal lamina attach!Ilent
apparatus. The interest in this particular interface has been heightened by the
realization and demonstration that implants exist and fail in an environment very
similar to that of natural teeth. The attachment or adherence of the epithelium to
the implant surface forms a "biologic seal" which serves as a barrier against invasion
by bacteria and bacterial components. In contrast, the underlying connective tissue
may offer less protection because a biologic attachment, such as that found between
a natural tooth root and the gingival connective tissue, cannot occur with an implant.
The connective tissue. at this interface must form a dense band of circumferential

8

fibers around the i,mplant which is essential fo! maintaining the gingival integrity. (48)
This apposition can only occur if the connective tissue is in a state of health and not
inflamed which dep.ends on the effectiveness of the overlying epithelium to provide a
. "seal" against antagonistic ·substances.
Research efforts have demonstrated the resistance of this junctional epithelial
seal to penetration by various dyes and enzymes, (49) radio-labeled bacteria, (50) and
bacterial plaque. (51) The importance of this resistance is emphasized when the
etiologies of implant failures are evaluated. Presently it is believed that implant
failures after primary healing and osseointegration are due to bacterial infection and/or
-extensive occlusal loading. Early failures were thought to be related to the clinical
signs seen in periodontally involved gingiva including gingivitis, suppuration, soft tissue
edema and deepened pockets.

These failures tended to occur prior to

osseointegration. (35,52,53) Indeed there is more than a passing resemblance to
periodontal disease as manifested in natural teeth and failing implants. This is
reinforced by research demonstrating a supragingival and subgingival bacterial plaque
composition which is remarkably similar between implants and control teeth. ( 54-56)
As tissue breakdown and increasing depth of peri-implant pockets occurs, the
r

bacterial flora changes to a more gram-negative and anaerobic composition. (57)
Subgingival plaque in failing implants has been shown to have increased proporti~ns
of spirochetes, Fuso1?acterium spp., black-pigmented Bacteroides spp., and surface
translocating bacteria (STB) and others. (58-60) The microbiota around stable versus
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failing implants parallels the patterns observed around healthy versus diseased natural
periodontal sites, thus in9icating a possibl_e· role for pathogenic bacterial plaque in the
etiology of implant failure.
.

.

The integrity of the junctional epithelium is then critical in the maintenance of
an implant without inflammation, pocket formation and apical migration of epithelium
between the fixture and the supporting_gingival connective tissues._ The inflammatory
responses resulting from the actions of pathogenic microorganisms will cause a
breakdown of the tissue interface between implant and epithelium. This response, if
left unchecked, will progress until tissue destruction occurs sufficient to undermine
support for the implant and subsequent explanation or exfoliation becomes a certainty.
The host defense mechanism plays a significantrole in tissue destruction when
bacterial plaque or foreign substances elicit an inflammatory response. A delicate
balance exists between dental plaque organisms and host response. In health, the
immunologic mechanism provides a well-regulated specific defense against infiltration
by bacterial plaque. The tissue-destructive mechanisms thought to be involved in
periodontal diseases include direct effects of plaque bacterial byproducts,
polymorphonuclear leukocyte-induced damage, complement-mediated damage initiated
by both antibody and alternate pathway activation and cell-mediated tissue damage.
The release of proteolytic enzymes by host and bacterial cells is believed to damage
tissue and when the immunologic response is unable to control the bacteria the
proteolytic and cytotoxic activity of the plaque together with the poorly directed

v
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immunopathologic respcmse causes disruption and apical migration of the epithelial
attachment.(61)
A similar process is seen at implantation sites where wound healing occurs.
With the insertion of the implant, blood and exudate contact the implant surface and
· form a blood clot containing cellular elements of blood and other noncellular
, constituents in the fibrin network. Absorption and desorption phenomena take place.
At present, the basic mechanisms of these phenomena are not yet clearly known.
After only a few hours, cells such as polymorphonuclear leukocytes and monocytes
invade the site, adhere to and influence the implant surface.
After approximately forty-eight hours, an organized. tissue develops in which
fibroblasts produce collagens, noncollagenous proteins and other substances in the
extracellular matrix. Capillaries sprout and macrophages and polymorphonuclear
leukocytes appear and begin to dissolve and replace the· clot. The duration of this
phase depends on the space between the implant and the implantation bed and the
irritation associated with the overall process.
After less than one week regeneration of typical cells and tissues become
established. Osteoblasts, chondroblasts, osteoclasts, hemopoietic tissue and new bone
develop. Epithelial regeneration and proliferation seal the mucosa! wound.
The endpoint of osseous healing adjacent to an implant is an encasement by
lamellar bone. This phase persists for a lifetime. Systemic effects may play a
considerable role when allergic reactions develop against components of the
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implant.(62)
It is evident that the host response. to noxious, stimuli in the form of
inflammation ·and the events that occur in the wound healing sequence share a
number of common components.

If these processes were left to progress an

inflammatory gingivitis. would develop ·which would advance to periodontitis or periimplantitis due to the breakdown of the epitheli~l barrier. The question then arises
as to whether or not the wound healing response to a dental implant is damaging
enough to the surrounding tissues to cause the progressive epithelial breakdown and
its sequelae which could possibly lead to early failure of the fixture.

Specific Aims

Using the canine model, the -specific aims of this investigation were to:
.1. Compare the gingival connective tissue inflammatory responses adjacent to a
ceramic endosseous dental implant to that of a sham-operated natural tooth at
selected time intervals of one, seven, fourteen and thirty days, post-operatively.
2. Identify and quantitate the types of connective tissue an~ the types of inflammatory
cells involved in the healing process.
3.

Measure the apical epithelial migration adjacent to a single-stage ceramic

endosseous dental implant.
4. Measure the status and progress of gingiva and connective tissue healing using the
clinical parameters of gingival index, plaque index, gingival crevicular fluid volume and
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mobility and correlating th~ clinical data with histologic findings.
5. Measure the changes in alveolar bone height adjacent ·to an endosseous dental
implant following insertion procedures.
This information will be used ~o help understand the immediate host tissue
responses to an implant biomaterial within an in vivo mammalian ·system. If is
apparent that the physical properties and surface configuration of the implant have
a direct influence on the biological tissue responses and extended serviceability of the
fixture.
From this evaluation of the wound healing responses in the initial stages of
healing following implantation we would hope to achieve a greater understanding of
vital information regarding the healing sequence adjacent to an implant, the effects of
the surgical protocol and post-operative care on the healing response and effects of
the oral environment on the healing response. All this information should provide
valuable data that.can be used to better understand the healing reaction around dental
implants used in edentulous restoration in humans.

13

MATERIALS AND METHODS

Animals

Four adult mongrel dogs with normal dentitions and no naturally occurring
periodontal disease were used in this study. The animals obtained had, on initial
presentation, minimal bodyweights of fifty-five (55) to sixty-five (65) pounds. Animals
of this size were necessary in order for the jaws to accommodate the large size of the
dental implants used. The dogs were vaccinated for distemper, hepatitis and rabies
and housed in separate fenced runs with regular inspection and care by the veteri~ary
staff. The ani~als were fed.a standard hard pellet dog food (Puri~a Dog Chow) and
given water ad libitum.

At the beginning of the program the animals were

approximately one to two years of age.
The initial preparation of each animal for the study consisted of extraction of
the second and third premolars in each quadrant to prepare an edentulous site for
placement of the dental implants (Figure 1). This procedure was performed while
the animals were under general anesthesia produced by an initial intravenous injection
of sodium pentobarbital, thirty milligrams per kilogram (30 mg/kg), titrated to effect,
and maintained with inhalation anesthesia with Ethrane and oxygen via an
endotracheal tube. Thirty-six milligrams (1.8 milliliters) of lidocaine epinephrine
I

(1:100,000) were
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were infiltrated locally around the proposed extraction sites to control local
hemorrhage. The dosage was limited to one thirty-six milligram carpule per animal.
The second and third premolars were sectioned bucco-lingually with a highspeed surgical handpiece and straight fissure surgical bur using copious normal saline
1

irrigation (Figure 2). After sectioning the tooth, fragments were elevated with small
and large straight elevators and removed with #150 and #151 forc,eps. The extraction
sites were then sutured with 3-0 chromic gut interrupted sutures. Concurrently, a
thorough oral prophylaxis using ha~d instrumentation was performed in an effort to
establish a baseline state of health in the oral tissues (Figure 3). Post-operatively
the animals were maintained on a soft diet (water-softened pellets) for two days and
then allowed to resume their regular hard pellet diet. (63) Antibiotics were not given
-unless clinical indications of abscess formation or other infections were noted and postoperative analgesics were administered at the discretion of the veterinary staff. The
extraction sites were allowed two weeks for healing and then oral hygiene procedures
were initiated which consisted of three times weekly toothbrushing with a Butler 411
Adult toothbrush and a common dentifrice (64,65) (Figure 4). When necessary the
-animals were administered xylazine (Rompun) one milligram per kilogram (1 mg/k~)
of body weight for compliance with these procedures.
The animals were allowed eight weeks for complete osseous healing of the
edentulous areas before surgical placement of the dental implants was -performed
(Figure 5). '
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Figure 1: Treatment quadrant of dog prior to extraction
of second and third premolars
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Figure 2: Bucco-lingual sectioning of second and third
premolar teeth with high speed handpiece.

17

Figure 3: Oral prophylaxis was performed on each animal
at the beginning of the study to establish a
baseline condition of oral health.
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Figure 4: After extraction sites had healed oral hygiene
procedures consisting of three times weekly
toothbrushing were performed to maintain a state
of oral health.
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Figure 5: Implantation site eight weeks post-extractions.
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The implants used in · the study were · of the -single.;stage, screw type
configuration composed of as~ngle crystalline alpha~al,u~ina ~xide (Al203) core with
a porous polycrystalline. alumina oxid~ ,coated tadicular portion- (Cerapore, Kyocera
Corp., Japan) (Figure 6). · The, implants· were 21.5 _, millimeters . i:t;i length and, 4.2
millimet~rs _~ diameter. The surgical armameritarium -consisted of a: .surgical _#8 round
.bur, pilot drill, 3,.5 and 4.0 millimeter cannon drills, hand reamer and a_ finge;r .twi~t
drill (Kyocera Corp.)(Figure 7).
Each animal had four treatment .quadra~ts which consisted of an. imp\ant, a
comparison· sh~m-operated tooth aJnd

EJ.1

unoperated control tooth. Each quadrant
·,
.

.

'

corresponded to one of the four time periods of one, seven, fourteen or thirty days
thus providing all four, time periods within each animal. The dispersion 9f the time
I

•

I

•

periods with respect to quadrants was assigned randomly.

Implant Insertion Procedure

The rotary instrument used for surgical preparation of the receptor sites
consisted of a slow-speed (20,000 rpm), high-torque electric handpiece (Core-Vent
Corp.) fitted with an internal irrigation system (Figure 8). A twelve to orie (12:1)
reduction gear hear was added to the hanqpiece to achieve the lower speeds necessary
for the procedure. Additi~nally, the handpiece had a variable'rheostat to further
control motor speed. _The handpiece, electric cord, armamentarium and dental
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Figure 6: Cerapore single-stage, ceramic endosseous dental implant.

(Kyocera Corp., Japan)
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Figure 7: Surgical armamentarium for placement of Cerapore implant.

(3.5mm cannon drill, 4.0mm cannon drill, pilot drills)
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Figure 8: Slow-speed, high torque electric handpiece with
internal irrigation system. (Core Vent Corp.)
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· implants were all steam autoclaved prior to the procedures.
The implantation procedures were perfor_med with the animals under general
anesthesia which was obtained.as d¢scribed previously.. The oral ~issues in the surgical
'

,

ar.~a were subjected to pre-operative preparation with a povidone io,dine· solution
(Figure 9) to reduce the local oral flora by bacteriostatic and bacteriocidal actions.
J

(66,67). A straight line incision along the crest of the alveolar.ridge was m~de with
,. r

-

'.

'

'

•

•

\

!

'

...

•

~

•

'

.

•

.

a #15 s¢alpel taking care to keep the incision line within· the narrow band of
keratinized gingiva (68,69) (Figure 10). Full thickness mucoperioste~l flaps were
reflected buccally and lingually with a periosteal elevator (Figure 11). Every effort was
made· to locate a site on the alveolar ridge that was relatively flat. All knife-e~ge or
-

'

bulbous osseous ·projections were reduced with a high-speed handpiece and h~nd
instruments to provide an even alveolar surface.
An initial penetration of the cortical bone at the ·imp~ant- site wa_s made with

a #8 stainless steel surgical b1:1r in a high-speed ·handpiece (Figur~. ·12)., Using the
slow speed--electric handpiece with a chilled sterile saline irrigation solution, a 2.5
millimeter pilot drill (Figu·re 13) was the:n .used to make the initial orientation channel
to the desired depth as measured by both a depth gauge and a periodontal probe
(Figure 14). The handpiece speed was limited to a maximum of two thousand
revolutions per minute (2000 rpm) to prevent frictional heat generation within the
bone around the implantation site (70-.71)~ A guide pin was placed in the channel to
assess the alignment of the channel with the adjacent dentition. Further site
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Figure 9: Presurgical tissue preparation with povidone iodine.
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Figure 10: Straight-line incision along crest of alveolar ridge.
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Figure 11: Reflection of buccal and lingual full-thickness
mucoperiosteal flaps.
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Figure 12: Initial penetration of cortical bone at implant site
with high speed handpiece and #8 surgical bur.
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Figure 13: Initial channel prepared with pilot drill
on low speed handpiece.

30

Figure 14: Assessment of channel depth with periodontal probe.
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preparation was performed by enlarging the channel with the internally cooled cannon
drills.
One problem encountered with cannon drills was skipping or "chattering".
While attempting to penetrate the dense cortical bone the cannon drills would fail to
"bite" sufficiently and cause chipping of the bone around the implant site margins.
While the could-have been overcome by increasing the rotational speed of the drills,
the possibility of overheating the bone precluded such actions. The ·solution· to the
problem was to use an alternate armamentarium which substituted a treplu~e bur for
the cannon drills (Kyocera Corp.) (Figure 15). This_trephine wa,s more efficient in
bone cutting and the method had ·H11': 1Eu:}d~d advantage of being used in conjunction
1

with the guide pins to stabilize the bur during the initial cortical bone contact (Figure
16). The cannon drills were subsequently used to perform the final gross .enlargement
of the site without the problems previously encountered.
An end-cutting bur was placed in the channel to flatten any remaining core of
bone and smooth the bottom· of the preparation site (Figure 17). The final step in
the preparation was the smoothing of the cortical _bone at the mouth of the site with
a hand reamer (Figvre 18). The finished implant· site was then irrigated with sterile
normal saline to :remove any osseous debris which might impede the placement of the
implant.
The sterile dental implants were then placed in a dilute antibiotic solution
prepared by mixing two hundred fifty (250) milligrams of tetracycline hydrochloride in
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Figure 15: Trephine bur used in place of cannon drills to
penetrate the cortical bone.
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Figure 16: Implant site after preparation with trephine bur.
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Figure 17: Floor of implant site was instrumented with an
end-cutting bur to flatten remaining bone.

35

Figure 18: A hand reamer was utilized to smooth the mouth
of the implant site prior to placement.

36
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one thousand (1000) milliliters of sterile water as recommended by the manufacturer.
After fifteen minutes of immersion in t~is solution the implants were placed in the
finger driver using a sterile forcep and taking precautions not to contaminate the
radicular portion of the implant. The implants were then 'slowly threaded into the
preparation sites until the shoulder of the implant was at the. level of the alveolar
· crestal bone (Figure 19). The implants were then manipulated ·manually to detect any
obvious clinical mobility.
Although no attempt was made to- restore the implants prosthetically ·into
occlusion the coronal portion of the implants extended six to seven millimeters into
the oral cavity and therefore were at least partially in function.
Immediately following smgica~ place111ent of the implant a sham operation was
performed on the first molar tooth distal to the implant site (Figure 2Q). . Full
thickness mucoperiosteal flaps we~e reflected buccally and lingually adjacent to the
'

"

molar. No root instrumentation or bone alteration was performed. The· flaps on both
the sham operated tooth and the imp~ant were adapted and secured with 3-0 chromic
gut interrupted sutures (Figure 21 ). No surgical pack or dressing was placed on any
of the surgical sites.
The animals were then placed on a soft diet (water-softened pellets) postoperatively for one week and then allowed to resume a regular diet as noted
previously. No antibiotics were administered to allow an unaltered healing response.
Analgesics such as aspirin were given at the discretion of the veterinary staff. None
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Figure 19: Implants were placed in finger driver and slowly

threaded into place. The shoulder of the implant
was placed level with the adjacent crestal bone.
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Figure 20: Following placement of the implant, a sham surgery
was performed on the first molar teeth in each
quadrant.
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Figure 21: Implant and sham-operated sites were sutured
with 3-0 chromic gut interpreted sutures.
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of the animals presented with any clinical signs of symptoms of infection of postoperative complications during the course of the study.

Evaluation of Clinical Parameters

The implant surgeries were temporally arranged so that all animals reached the
study end-point concurrently. At this point each animal .was anesthetized using the
)

previously noted prot~co~ and prepared for clinical evaluation and· sacrifi~e.
The animals were evaluated at the time of sacrifice for the following clinical
parameters: (1) gingival index,.(2) plaque index, (3) mobility index,-and (4) gingival
crevicular fluid volume index. These parameters were scored by two independent
evaluators and interpreted according to the protocol and standards as proposed by
McKinney et al. (76) who utilized a modification of the idices of Si~ness and Loe (7779).
Inter-examiner correlation and reliability were maintained by calibrating the
examiners during scoring trials at sites within the animals but distant to the
experimental sites measured.
The plaque index (Table I) was measured using both visual assessment and
removal of plaque with an explorer. No disclosant was utilized.
The mobility index (Table II)

was measured by evaluating the three-

dimensional movement of the implants and teeth upon lateral pressure from the
handle of a dental hand mirror.
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The gingival crevicular fluid volume (GCFV) index (Table III) was measured
using the Periotron 6000 (Harco Electronics LTD., Winnipeg, Canada) (80). The
procedure utilized a Periotron 6000 which was calibrated by the manufacturer. All
data for each animal was obtained in a surgical suite with room temperature and
humidity maintained at approximately 69° F and 30%, respectively. The jaws of the
Periotron were cleaned with 70% isoproprl alcohol and allowed to air dry ·before each
filter paper strip was inserted. The animal tissues to be evaluated were isolated with
)

dry cotton gauze and air-dried with a gentle ten second stream of air. The filter strips
were then placed in the gingival sulcus at the direct midpoint of the_ implant or tooth
for ten seconds and then removed and immediately placed in the jaws of the Periotron
and measured (Figure 22). This procedure was performed.twice at each site and the
results of the two readings averag;ed.(81) Measurements were obtained on the buccal
and lingual of each site.
Following the gingival crevicular fluid volume measurements the gingival index
(Table IV) was measured using a 0. 7 millimeter diameter periodontal probe to gently
stimulate the gingival margin intrasulcularly and then evaluating the response after ten
seconds (Figure 23).
After the clinical parameters were measured the animals were prepared for
•

sacrifice and perfusion fixation.

I
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'. PLAQUE INDEX

Grade

Clinical Impression

0

No plaque can be removed or is visible

1

Plaque can be removed but is not visible

2

Visible plaque

3

Heavy accumulation of plaque _

TABLE I:
Modified .Plaque Index of Silness and Loe as utilized by McKinney et al
(76) for clinical evaluation
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MOBILI1Y INDEX
Grade

Clinical Impression

0

No mobility

1

Buccolingual mobility < 0.5 mm

2

Buccolingual mobility >0.5 mm

3

Buccolingual & mesiodistal
mobility >0.5 mm

4

Depressible

I

Table II: Mobility Index as utilized by McKinney et al (76) for.
implant clinical evaluation
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GINGIVAL CREVICULAR FLUID VOLUME

Grade

Clinical Impression

0-20

Normal

21-40

Minimal inflammation

41-80

Moderate inflammation

81-100

Severe inflammation ,

Table III: Gingival Crevicular Fluid Volume Index as measured

·with the· Periotron 6000

·
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GINGIVAL INDEX

Grade

·ciinical Impression

0

Gingiva of normal color and stippling with no bleeding on probing

1

Gingiva of normal color and stippling with slight hyperemia, no
bleeding on probing

2

Gingiva hyperemic with redness and loss of stippling, bleeding on
probing

3

Gingiva markedly red, edematous, with spontaneous bleeding on
finger pressure

TABLE IV:

Modified Gingival Index of Silness and Loe as utilized by McKinney et al (76)
for implant clinical evaluation.
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Figure 22: Filter paper strip placed in sulcus for measurement
of gingival crevicular fluid volume with Periotron 6000.
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Figure 23: Tip of periodontal probe in sulcus with gentle
stimulation to test gingival index.
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Perfusion Fixation Procedures and Mechanics:

Tissue fixation utilized a carotid cannulation perfusion fixation procedure.
Fixation was performed utilizing a ten percent (10%) neutral phosphate-buffered
formalin solution. The fixative solution was prepared by dissolving twelve (12.0) grams
-of monobasic sodiu~ phosphate and nineteen and one-half (19.5) grams of dibasic
sodium phosphate in two: and seven-tenths (2.7) liters of distilled. water.. Three
hundred (300) milliliters of formaldehyde were added to complete .the solution.
,

C

The mechanics of the proc,edure ·were as follows:
1.

The animal was anesthetized with pentobarbital sodium (,1Z3 milligrams per
milliter per kilogram of body weight).

2.

The perfusion pump, tubing and cannulas were flushed with sterile saline. The
manometer tubing was placed approximately sixteen inches above the animal.
\

3.

'

The animal was situated in a supine position with a w~md~n block placed under
the- shoulders to hyperextend the neck and allow access to the surgical area.
Stabilization straps were attached to maintain the animal in this position.

4.

The anterior neck of the animal was shaved from the inferior border of the
mandible to the shoulder area. A spring-loaded mouth prop was placed to
hold the jaws open.

5.

Using an electric c~u~e~ scalpel, bilateral incisions were m~de in the anterior
neck to expose the fascia overlying the carotid sheath.

49

6.

The tissues were dissected to expose and isolate the external jugular veins.
These vessels were tagged with suture.

7.

Continued dissection located the carotid sheath which was entered whereupon
the common carotid arteries were isolated with suture material.

8.

The common carotid arteries were loosely ligated with suture along the distal
/

length of the v~ssel and closed off with a vascular clamp at th~ proximal end.
.

9.

.

.

.

.

./

.

A small incision. was made in the arteries with scissors and a cannula was
inserted approximately one and one-half inches. The cannulas were then
ligated into place with the previously placed suture.

The remaining

extravascular cannula was secured to the surrounding niusculatijre with suture
(Figure 24).
10.

The vascular clamps were then removed and five (5) milliliters of pentobarbital
sodium (325 milligrams per milliliter) was injected intracardially. A peristaltic
perfusion pump was started with a perfusate composed .of one liter of sterile
'

'

saline with one thousand (1000) units of sodium heparin.
11.

The perfusion pump was adjusted to a pressure of approximately one hundred
(100) millimeters Hg.

12.

The external jugular veins were then incised to allow the returning perfusate
to exit the animal and thus be ~xamin.ed for the thoroughness of the perfusion.
The outflow fluid was visibly clear after approximately five ·hundred (500)
milliliters of perfusate had been delivered.
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13.

The perfusate was then changed to ten (10) percent neutral phosphatebuffered formalin. The perfusion pressure was maintained and four ( 4) liters of
fixative were perfused through the animal's head and neck.
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Figure 24: Bilateral common carotid artery cut-down procedure with
both arteries isolated and cannulated.
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Biopsy Procedure
Following the perfusion procedure the pump and tubing/cannula apparatus was
disconnected from the animal.

The jaw sections containing the implants and

companion teeth were block resected with a stryker bone saw and immediately placed
in beakers containing two hundred fifty (250) milliliters of ten perce~t (10%). neutral
phosphate-buffered formalin, labeled and sealed. The specimens remai,ned in the
fixative solution for forty-eight (48) hours.
The gross block sections were then cut using a Gilling-Hamco thin-s.ectioning
.
:,

saw with a t~in low-concentration diamond blade. This separated the tissue·blocks
i~to the implant, control tooth and crn:nparfaon tooth sections. All extraneous portions
of bone and soft tissue were removed to reduce specimen bulk and thus facilitate the
infiltration of dehydrating and embedding materials.
The trimmed block sections were radiographed at fifty-five kilovolts, peak (55
kVp) with a sixty (60) inch focal-film ~istance to minimize magnification and distortion.
Kodak Lanex Rare Earth High Detail intensifying screens and Kodak OM-1 film were
utilized (Eastman Kodak Co., Rochester, New York). The specimens were placed on
the cassettes with the implants oriented parallel to the film and perpendicular to the
primaryx-ray beam. Radiographs were processed in a Kodak M-6 X-OMAT ninety
second film processor (Figure 25 & 26).
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Figure 25: Radiograph of ceramic implant in situ in
mandible of dog.
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Figure 26: Radiograph of ceramic implant in situ in
maxilla of dog.
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Embedding Procedure:

The embedding procedure was performed after that described by Steflik et
al.(82) Following fixation, specimens were than dehydrated in twenty-four (24) hour
stages using seventy percent (70% ), ninety-five percent (95% ), one hundred percent
(100%) and one hundred percent (100%) ethanol solutions. Following dehydration
'

.

for twenty-

the specimens were placed into absolute acetone in a vacuum d~ssicator ·
four (24) hours for defatting.

Specimens were then placed in. a mixture containing equal parts (1:1) of
aceton~ and methyl methacrylate monomer, 99% (inhibited with ten parts per milliom
(10 PPM) monoethyl hydroquinone) for twenty-four hours in a vacuum dessicator.
'

.

The specimens were then placed in a pure methyl methacrylate solution, under
vacuum, for twenty-four hours.
The embedding medium, prepolymerized polymethylmethacrylate (PMMA) was
prepared by the method of Matthews and Mehr (1979). Two and one-half (2.5) grams
of benzoyl peroxide (J.T. Baker Chemical Co.), a polymerization initiator, and two
hundred fifty (250) milliliters of methyl methacrylate monomer (Aldrich Chemical Co.,
Inc.) were mixed together in a beaker until a clear solution was obtained. At hourly
intervals ten (10) grams of polymerized polymethyl methacrylate beads (BDH
Chemical, LTD.) were added to the solution while being magnetically stirred at twentyfive (25) degrees celsius. This procedure was repeated until a total of one hundred
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(100) grams of polymethyl methacrylate beads were incorporated. The end result was
a clear, viscous solution without precipitate.

The prepolymerized polymethyl

methacrylate medium was then sealed and stored in a freezed at zero degrees Celsius
to prevent premature polymerization.
The specimens were removed from the methyl methacrylate monomer, placed
in propylene beakers and covered with the prepolymerized polymethyl methacrylate
.

.

'

.

medium. The covered specimens were placed under vacuum at room temperature for
ten days.to allow initial shrinkage and polymerization to qccur and also to remove any
air trapped within the specimen and medium. Additional prepolymerized medium was
added during this initial embedding as shrinkage occurred.
·After the embedding material had begun to polymerize the specimens were
I

placed in an oven under vacuum. The temperature was set at twenty-five degrees
celsium and increased at a rate of one degree celsius every, forty-eight hours until a
temperature of thirty-seven degrees celsius was a·chieved.

The specimens were

observed at several intervals during the temperature increase to determine if the
temperature was causing excessively rapid polymerization and subsequent bubble
formation and porosity within the medium. The specimens were cured at this final
temperature for fourteen (14) days with the resulting medium being clear, hard and
very dense.
After curing was completed the hardened specimen blocks were removed from
the beakers and gross-trimmed to a more manageable size on a band saw. Final
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trimming was performed with a slow-speed dental handpiece and an acrylic bur to
allow the specimens to fit in a Buehler irregular specimen chuck and then oriented
on a Buehler isomet circular low-speed saw (number 11-1180, Buehler LTD., Evanston,
IL 60204) (Figure 27) so that sectioning would be along the long axis of the implants
and teeth (Figure 28). Serial sections were cut using a low concentration diamond
wafering blade (Number 11-4154, Buehler LTD.) with Buehl~r. isocµt ffoid as a
constant lubricant. Sections were cut at a thickness of one hundred twenty (120 um)
micrometers at a medium cutting speed· setting of five (5) to minimize ~pecimen
damage (Figure 29). Speeds greater than this had a tendency to cause deformation
of the sections and thus shatter the thin implants or to allow the bJade to deflect away
from the surface of the harder alupiina oxide implant and cut a tangential section
through the specimen. After cutting the sections were then rinsed in soapy water to
remove the isocut lubrication oil.
The sections were then ground/polished with thirty (30) and fifteen (15)
micrometer diamond particle disks on a Buehler Isomet III grinder/polisher to an
average thickness of eighty-five (85) micrometers. This appeared to be the minimal
limit for section thickness utilizing this particular technique. At thicknesses less than
eighty (80) micrometers the implants would separate from the sections occasionally
removing tissue also.
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Figure 27: Embedded specimen in chuck and mounted on Buhler
Isomet saw.
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Figure 28: Embedded implant specimen oriented for sectioning
along long axis.
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Figure 29: 120 micrometer sections prior to polishing.
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Staining Procedure and Chemicals:

The sections were qualitatively stained for two to six minutes in Paragon stain
(76). The stain was prepared by dissolving 2.92 grams toluidine blue and 1.08 grams
basic fuchsin in 280 milliliters of distilled water. Following this, 120 milliliters of
absolute ethanol was added to the solution and mixed thoroughly. In this staining
procedure the stain solution was heated to fifty degrees Celsius on a hot plate in a
one hundred milliliter beaker. The specimens were prepared for staining ?Y placing
them in a propylene "basket" fabricated from a stiff mesh of the· same material. \The
'

mesh was cut to size and folded with the sections to be stained held securely within
by a pair of hemostats. This open mesh allowed stain to reach the specimen from all
-.

sides and additionally provided support for the thin sections which prevented
deformation form the elevated temperature of the stain solution.
T~e staining procedure called for a series of hydration/dehydration baths
consisting of washes in two changes of one hundred percent ethanol, ninety-five
percent ethanol, Paragon stain, then through two changes of distilled water, rinsed in
ninety-five percent ethanol and finally two changes of one hundred percent ethanol.
The sections were then transferred through two changes of xylene and mounted with
permount on Buehler twenty-seven millimeter by thirty-six millimeter (27X36)
petrographic well slides. The slides and mounted sections were then covered with
Buehler twenty-seven millimeter by forth millimeter .(27X40) coverglasses.
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Histologic Analysis:

The specimens were examined at the light micro-scopic level to quantify the
extent of the acute inflammation. A standard area was selected adjacent to the
implants, comparison and control teeth (Figure 30). The total area to be analyzed
extended from the gingival margin to the alveolar cr~stal bone level. The area
between these coronal and apical boundaries was divideq into squares measuring 0.5
millimeters by0.5 millimeters with one side having either implant or tooth as a·border.
The cells were counted visually with an Olympus microscope at a magnification of
200X. Utilizing a Zeiss twenty by twenty (20X20) re_ticule counting grid~ The grid
dimensions were calibrated with a Zeiss calibration slide. The resulting histometric
analysis was described as the number of cells per square half-millimeter ( # cells/0.5
'

'

millimeter2). The cell types were differentiated and enumerated by light microscopic
evaluation of cellular morphology and nuclear and cytoplasmic staining characteristics
and described only as polymorphonuclear leukocytes (PMN), fibroblasts (FB) and
histiocytes (HC). The region of visible inflammation observable on each slide and the
.total connective tissue within the supracrestal area were traced on a digitizing pad
connected to a computer. Once the areas were determined the relative amount of
inflammatory cell infiltration of the connective tissue was described as a percentage
of the total connective tissue.
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Epithelial migration apically along the implant surface was evaluated by
measuring the distance from the basal layer of cells of the surface epithelium to the
epithelial cells at their most apical point of termination along the connective tissue.
This distance was measured in millimeters and compared to the epithelial movement
adjacent to the surgically manipulated tissue of the natural tooth and control tooth.
The same method for measuring the connective tissue areas and the number of
inflammatory cells was utilized for measuring the length of the junctional epithelium.
The change in position of the .alveolar crestal bone relative to the implant was
measured at each time interval. This was determined by measuring the 9ista~ce from
the alveolar crest to the shoulder of the implant which was placed level with the
adjacent alveolar bone. This change was reported in millimeters.
The length of the connective tissue adjacent to the i_mplants and teeth was
measured from the crest of the alveolar bone to the most apical cells of the junctional
epithelium. This length was reported in millimeters.

Statistical Me~hodology:
The methodology used is that suggested by McKinney, Koth and Steflik (77).
Data from the clinical parameter measurements (gingival index, crevicular fluid volume
index, plaque index and moqility) and histometrics were analyzed and described by
descriptive statistics including means and standard deviations. To access differences
between the implants, comparison teeth and control teeth comparisons were made at
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•. -

each of the four time points (1, 7, 14 & 30 days) by repeated measures analysis of
variance (RMANOV).

Friedmans two-way analysis of variance was used to

corroborate the utility of the repeated measures analysis of variance. Pearson productmovement coefficient of corr~lation was utilized to- document the reliability of the
clinical evaluation parameters and to examine the degr~e of interparameter correlation.
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RESULTS

Clinical Observations

The following clinical characteristics were observed at the time of sacrifice:
24 Hours

The tissues adjacent to the twenty-four hour implant and sham-operated sites
appeared edematous, erythematous and hemorrhagic upon slight mechanical
provocation.

Sutures were noted to be in place and flap edges were well

approximated. The tissues around the control teeth sites exhibited slight erythematous
changes but of a lesser degree than those of the other treatment areas (Figure 31).
7 Days

The tissues adjacent to the seven day post-operative implant and sham-operated
sites revealed a reduction in the erythematous appearance and a decrease in tissu.e
edema. The peri-implant tissues appeared to be somewhat more inflamed than the
sham-operated sites with a greater tendency toward bleeding ·after manipulation.
Some suture material remnants could be seen in a number of areas.
The control teeth tissues exhibited an appearance similar to other nonexperimental areas in the dentition and no obvious signs of erythma of edema could
be seen (Figure 32).
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14 Days

The gingival tissues adjacent to the fourteen day post-operative implant and
sham-operated sites revealed no overt clinical signs of erythema, edema or
hemorrhagic tendencies. The color and texture appeared simila~ to those adjacent to
the unoperated control sites which appeared without any· signs _of_ clinical ~ammation.
No suture material was identified in any tissues. Minimal plaque accumulation was
noted (Figure 33).
30 Days

The tissues surrounding the thirty day post-operative implant ~nd shamoperated sites exhibited no clinical signs of edema, erythema or hemorrhage. All sites
revealed minimal plaque accumulation and no marginal of subgingival calculus was
seen. The color and texture of the experimental site tissues were judged to be similar
in appearance to the tissues adjacent to the unoperated control sites (Figure 34).
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Figure 30: Clinical appearance of implant site

24 hours post-operatively.
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Figure 31: Clinical appearance of implant site
7 days post-operatively.
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Figure 32: Clinical appearance of implant site

14 days post-operatively.
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Figure 33: Clinical appearance of implant site

30 days post-operatively.

71

Histologic Observations
24 Hours

Histologic examination of the twenty-four hour peri-impl8:nt tissues revealed a
very dense acute inflammatory cell infiltrate composed of polymorphonuclear
leukocytes. located in the connective tissues and in the space adjacent to 'the implant.
The incisional space was occupied by a moden1tely la~ge fibrin clot which ·appeared ,
to · fill a zone between the connective tissues,· alveolar bone and implant.

The

overlying epithelium showed a normal stratification of cell type~ and rete peg
formation in all areas except immedfa.tely adjacent to the implant where it appeared ·
somewhat disrupted and irregular. No surface ulcerations were noted. The subjacent
connective tissue exhibited a cell-rich, collagen poor appearance.
noticable absence of fibroblasts.

There was a

Vascular elements were observed with dense

aggregates of polymorphonuclear leukocytes on their periphery. The alveolar crestal
bone surface appears irregular with some small osseous fragments seen in the
incisional space. The marrow spaces were also occupied by a moderate neutrophil
infiltrate.
The tissues of the sham-operated sites exhibited a similar dense polymorphonuclear leukocyte infiltrate in the subepithelial connective tissues but of a smaller
magnitude.

A thin fibrin· clot was noted in the incisional area between the

mucoperiosteal flap tissues and the tooth surface. The overlying epithelium was intact

.'r
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and demonstrated an unremarkable morphology except for the junctional epithelium
which exhibited a moderate degree of disruption and showed an increased affinity for
stain uptake. The apical extent of the junctional epithelium showed no extension
beyond the cementoenamel junction. The subepithelial connective tissue stroma was
noticably cell-rich, collagen poor. A decrease in the prevalence of fibroblasts was
noted. The alveolar crestal bone appe~red iritact.
The twenty-four hour unoperated control; tissues exhibited a minimal
polymorphonuclear leukocyte infiltrate. The oral epithelium was intact and continous
with the sulcular and junction~! epjthelium and revealed normal stratification and
..

.

-

morphology. The junctional epithelium was intact· and had .an apical termination at
the cementoenamel junction. The subepithelial connective tissues ,exhibited a collagenrich stroma with numerous fibroblasts. Some scattered inflammatory cellular elements
were noted around the blood vessels. The alveolar crestal bone was intact and
without any surface disruptions.
7 Days

At seven days the peri-implant tissues exhibited a moderately dense
polymorphonuclear leukocyte infiltrate. The gingival epithelium exhibited slight
pleomorphism and a tendency to stain darker. There appeared to be a slight apical
extension of epithelium along the implant surface. This epithelium was somewhat
irregular in thickness with thinning to one to two cells at the most apical extent. The
subepithelial connective tissues supported a cell-rich, collagen-poor stroma which has
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diminished in cellularity since the previous time interval. The inflammatory infiltrate
at this time appeared more localized to the tissues immediately adjacent to the
implant surface and less in the peripheral connective tissues. Numerous vascular
structures were noted throughout the stroma. An increase in immature fibroblasts was
seen in all areas of the connective tissues except those in close proximity to -the
implant surface. Some areas of osteoclastic activity were noted on the alveolar crest.
The tissues surrounding the sham-operated .sites_.exhibited a fibro-cellular
stroma in which a mild to moderate acute inflammatory cell infiltrate was seen.. This
infiltrate was located along the tissue-tooth interface and peripherally around
numerous vascular elements. The gingival epithelium was intact with normal c~llular
morphology and rete peg formation.

Continuity with the sulcular and Jimctional

epithelium was noted. The cells of the junctional epithelium stained more darkly
when compared to the control tissues. No apical extension of the epithelium was
noted beyond the cementoenamel junction. The subepithelial connective tissues
showed a collagenous stroma with numerous immature fibroblasts.
14 Days

The peri-implant tissues at the fourteen day interval exhibited a dense fibrocollagenous stroma occupied by numerous proliferating fibroblasts.

A mild to

moderate inflammatory infiltrate of polymorphonuclear leukocytes and macrophages
was localized in several large foci along the implant surface. The overlying gingival
epithelium exhibited slight pleomorphic alteration but prominent intracellular structures
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could be seen.

Rete peg formation was prominent.

The apical extent of the

junctional epithelium was observed at a more apical postion than seen previously. The
thickness of the junctional epithelium appeared irregular but tended to thin to one to
two cells in the most apical zone while the most coronal zones were four to six cells
in thickness.
The tissues of the sham-operated sites exhibited a moderately dens~ collagenous
stroma with a mixture of immature and mature fibrobla.sts. The overlying epithelium
was consistent in cell polarity and thickness with rete peg formation. The gingival
epithelium was continous with the sulcular and junctiortal_ .epithelium without
disruption. The most apical ~xtension of the junctional epithelium terminated at the
cementoenamel junction. The subepithelial connective tissues were characterized by
an abundance of fibroblasts and a minimal number of inflammatory ·cells.
30 Days

The thirty day post-operative peri-implant tissues exhibited a rich fibro-cellular
stroma supporting a minimal to mild chronic inflammatory infiltrate. The connective
tissues showed a moderately dense collagenous stroma supporting numerous
fibroblastic elements and a few scattered dense foci of chronic inflammatory cells
chiefly composed of macrophages. Most of these cellular foci are located near
vascular elements. In general, this region contained a host of microvascular structures.
The deeper regions of connective tissue showed moderately dense collagen fibers in
association with mature spindle-shaped fibroblasts.

In addition, a number of
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moderately large vascular structures were also present.

The occurrence · of

inflammatory cells in this region was very minimal. The overlying epithelium exhibited
a mild degree of atypia with an occaisional slight pleomorphic alteration. These cells
did, however, contain prominent nucleoli and a dispersed and fine chromatin pattern.
Homogeneous eosinophilic staining cytoplasm bordered by prominent cell membranes
was noted. In some cases prominerit•intercellular junctions were seen. Apically the
epithelium appears to migrate with a tapering or thinning of the the thickness of cells.
The thickness in the coronal zones was five to six cells .while the more apical areas
diminished to one to two cell lay~rs.
The tissues adjacent to the shamroperated' sites ~xl'.iibited a rich fibrocellular
stroma devoid of any significant inflammatory cell infiltrate. The overlying epithelium
was intact without any irregularity or alterations in morphology or .polarity. The
gingival epithelium was continous with the sulcular and junctional epithelium and
exhibited a similar and homogeneous staining characteristic. The most apical extension
of the junctional epithelium terminated at the cementoenamel junction.

The

appearance of the sham-operated tissues mirrored that of the unoperated control
tissues at this time interval.

Analysis of Clinical and Histometric Data

The clinical evaluations (gingivaJ crevicular fluid volume, gingival index, plaque
index, mobility) and histometric measurements (PMN's, fibroblasts, histiocytes, %
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infiltrated connective tissue, epithelialmigration, connective tissue length, change in
bone height) for each treatment are tabulated and compared in graphic form. The
data are listed as average values for each parameter at each time interval. The
histometric data was collected from the tissue specimens and the data obtained from
each individual site and specimen were averaged. The number of sites per specimen
ranged from four to ten.
The gingival crevicular fluid volume (GCFV) values (Figure 34) were elevated
in the implant and sham-operated site.s.1t ··twenty-four hours whe!l compared 'to the
unoperated control sites. The implant values were significantly higher (p<.001) than
the values for the sham-operated teeth, Both experimental sites. were significantly
higher (p<.001) than the unoperated control sites. The.implant and sham-operated
GCFV values decreased steadily over time to stabiliz_e at levels which crn;npared
favorably to the unoperated controls. There was no significant difference between the
experimental values and the unoperated controls at the seven, fourteen or thirty day
time intervals.
The gingival index (GI) values (Figure 35) were elevated in the implant and
sham-operated sites at the twenty-four hour time interval. These values decreased at
a consistent rate until both experimental sites returned to a level similar to that of the
unoperated control sites. The GI scores for the implants were higher initially than for
the sham'.'"operated teeth and remained elevated for a longer period of time before
returning to unoperated control levels.
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The plaque index (PI) values for experimental and unoperated control sites
remained consistently low and no values higher than "1" were recorded.
The mobility index (MOB) values revealed only three implants to be clinically
mobile. These values reflected a minimal mobility and were found only in implant
sites which were situated in the maxillary quadrants. One implant was judged to be
mobile at the fourteen day time interval an~ two additional implants we~e evaluated
to be mobile at the thirty day time interval. No clinical mobility was assessed in the
sham-operated or unoperated control teeth.
The number· of polymm phcnudear leukocytes (PMN's) (Figure 36) was
significantly elevated (p<.001) in the implant sites when ~ompared to the shamoperated sites at twenty-four hours.. ·Both experimental sites. were significantly elevated
(p < .001) when compared to the unoperated controls. The values at the experimental
sites decreased over time with the sham-operated sites returning to unoperated control
levels at the fourteen day time interval while the implant sites remained significantly
elevated (p<.001) at seven days and fourteen days and remaining elevated above the
unoperated control and sham-operated site values at the thirty day time interval.
The number of fibroblasts (FB) (Figure 37) showed no signifcant differences
between the implant and sham-operated sites at twenty-four hours or seven days. The
implant sites showed a significantly higher increase (p < .001) in the number of
fibroblasts when compared to the sham-operated sites at fourteen days. This elevation
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retur~ed to unoper~ted control levels by the thirty day time interval.
The number of histiocytes (HC) (Figure 38) increased for all treatment sites
at the twenty-four hour and seven day time intervals. The implant sites increased to
signi~icantly higher values (p < .001) at the fourteen and thirty day intervals while the
sham-operated and unoperated control sites decreased to similar levels.
The percentage of infiltrated connective tissue (%ICT) values (Figure 39)
paralleled the trend seen in the PMN values. The %ICT values were significantly
elevated (p<.001) in the implant and shamloperated sites at the twenty-four hour time
interval. The implant sites were significantly elevated (p < .001) when, compared to the
sham-operated sites. The values. for br.r:h experimental sites decreased ov~r time with
the sham-operated sited reaching a level similar to the unoperated control teeth while
the implant sites remained elevated at all time intervafa.
The apical epithelial migration (BPI) (Figure 40) along the implant surface was
not detectable at the twenty-four hou(time interval. The epithelium did migrate over
time and increased in length at the seven, fourteen and thirty day time intervals. The
sham-operated and unoperated control sites demonstrated no apical migration of
epithelium at any time interval.
The connective tissue length (CT) (Figure 41) demonstrated a significantly
longer (p<.001) length adjacent to the implants at all time intervals when compared
to the sham-operated and unoperated control teeth. The length of connective tissue
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adjacent to the implants revealed a steady decrease over time while the shamoperated and unoperated control sites were consistent and without significant change
over the four time intervals"
The change in alveolar bone height (ALV) (Fig1;1re 42) adjacent to the implants
demonstrated a steady decrease over the four time intervals. The sham-operated and
control sites were _not evaluated for this parameter.
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DISCUSSION

The purpose of this investigation was to determine the clinical and histologic
responses adjacent to a single-stage ceramic endosseous dental implant in the
immediate and early stages of tissue healing and repair. These processes were then
compared to the healing responses adjacent to a natural tooth on which a clinical
periodontal flap procedure was performed. The model system used involved mongrel
dogs without naturally occurring periodontal disease .
.Smdies devoted to an understanding of the healing of the dentogingival junction
subsequent to periodontal flap surgery have been well documented for all phases of
the healing process. In contrast the majority of the research investigating the postoperative healing of dental implants has been biased toward long-term tissue
responses. Additionally, the vast majority of thes.e studies have dealt almost exclusively
with the interaction between the o~seo.us structures and the radicular portion of the
implant almost to the point of excluding a detailed .analysis of the supra-alveolar
structures. The structural adaptation of bone to the implant root surface is a highly·
desirable biologic response but the critical interface with dental implants is that point
where the implants join the internal and oral environments. It is the gingival epithelial
and connective tissu~s that must provide a barrier or "seal" at this junction to separate
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the two environments. The formation of this biologic attachment has been welldocumented by McKinney et al (42) and the effectiveness of the junctional epithelial
attachment to act as a barrier against invading substances has also been demonstrated
(49-51 ). Once again these are all long-term studies with both implants and natural
teeth.
This study is an investigation of the biologic cycle of wound healing immediately
after surgical placement of a dental implant with emphasis on quantification of cellular
occurrences and correlation with clinical evaluations. Research efforts have essentially
neglected the supracrestal tissues in implant studies thus making this a unique
investigation.
Clinical assessment of the gingival inflammation associated with wound healing
depends on evaluation of changes in color, surface texture, cont~mr, consistency and
bleeding tendency. (83) Various indices have been utilized to score the degree of
inflammation. (84-86) Although these determinations are highly subjective and
therefore susceptible to examiner variability, their use has been widespread in
periodontal and implant research and clinical practice.
Gingival Crevicular Fluid Volume (GCFV) measurements have been presented
as a more objective method of evaluating the, degree of inflammation in the tissues .
adjacent to teeth and implants. The increase in the gingival crevicular fluid during
inflammation is a product of the inflammatory response. The vascular response in the
early stages of injury is chara_cterized by an immediate transient vasoconstriction
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followed sho~tly thereafter by vasodilation and increased vascular permeability. The
net effect is increased blood flow to the area and the leakage of the serum component
into the extravascular space. This serves to establish an environment that favors
neutralization of bacterial activity and enhances leukocyte function. In the periodontal
wound this exudate results in tissue edema and an increase in the volume of the
gingival crevicular fluid.
Mann found a relationship between the volume of gingival crevicular fluid and
the clinically scored values.(87)

Egelbei-g found a highly significant correlation

between the amount of gingival crevicular fluid and the clinical estimate of the degree
of inflammation.(88) Loe and Holm-Pederson reported that exudation commenced
with gingival inflammation and was proportional to the severity of the
inflammation.(89) In a longitudinal study on the development of gingivitis by Loe,
Theilade and Borglam-Jensen, gingival exudate could be measured before clinical signs
of inflammation were present.(90) Bjorn et al, in a study of one hundred seventy
humans, also found a highly significant correlation between the amounts of gingival
crevicular fluid and the Gingival Index scores.(91)
Several indices have been developed that use bleeding and color c4anges as
indicators of early gingival inflammation.(89) Bleeding from the gingival crevice is an
important clinical sign of early gingival inflammation and has been well correlated
histologically with inflamed tissues.(90) The data from· the present study shows a high
degree of correlation between the gingival crevicular fluid volume measurements and
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the number of acute inflammatory cells present in the tissues (r=0.847).(Figure 43)
A high correlation also exists between the percentage of infiltrated connective Tissue
and the gingival crevicular fluid volume (r=0.854)(Figure 44).
This is not an unexpected finding since a good correlation exists between the GCFV
and the number of acute inflammatory cells and the percentage of infiltrated
connective tissue is directly related to the number of acute inflammatory cells
(r= 0.966) (Figure 45) and follows a similar biologic cycle.
The Gingival Index, when compared to the gingival crevicular fluid volume
also shows a good correlation (r=0.800)(Figure 46).

The Gingival Index also

correlates moderately well with the number of acute inflammatory cells
(r=0.605)(Figure 47). These figures are not to be taken as absolute correlations since
the values for the Gingival Index are ordinal data and the values for the number of
acute inflammatory cells and GCFV are nominal data. Statistically it is difficult to
correlate nominal and ordinal data and although it is mathematically possible the
results should be interpreted appropriately. The possible source of error here is
introduced by the subjectivity and variability of the evaluation of the Gingival Index.
With this being considered the data still reveals a tendency or trend for the Gingival
Index to decrease over time as the GCFV and number of acute inflammatory cells
decrease.
Elevated Plque Index scores are positively correlated with high Gingival Index
scores in dental implant~.(94) It has been proposed that_ the bleeding/plaque ratio
may act as a prognostic indicator for periodontal breakdown (95). In the present
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study the Plaque Index scores remained low and no score higher than "l II was
recorded at any time interval. The oral hygiene regimen of brushing three times
weekly combined with the hard pellet diet were contributory to maintaining a low
Plaque lndex.(63-65) No correlation could be found between the Gingival Index and
the Plaque Index in this study"
The Mobility Index is a 1:11easure of the clinically detectable movement of a
tooth or implant. This is a subjective evaluation similar to that used in the Gingival
And Plaque Indices. The acceptance of mobility in a tooth or implant as either
clinically acceptable or as a clinical failure is also rather subjective. Mobility may
occur as both a physiologic adaptation to function stresses ·or as a pathologic response
to inflammation and/or excessive functional stresses.(96)

It is known that

hypermobility may relate directly the severity of periodontal disease.(97) This may
mean that a process of physiologic adaptation is present or that trauma from occlusion
has occurred in the past or is present currently. The first Consensus Development
Conference, held by the National Institute of Health in 1978, proposed to accept a
limited mobility as clinically acceptable in functioning dental implants.(98) The nature
of mobility and what should be done about it, if anything, is a controversial issue. In
the case of a reduced but healthy periodontium, increased mobility does not usually
lead to further loss of periodontal support.(99) This may also be true for certain
types of dental implants.(21-28)
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The mobility of the implants in the present study was limited to three implants
of the sixteen (3/16) implants placed. Significantly, all three implants were located in
the maxillary quadrants. One was judged to be clinically mobile at fourteen days and
the remaining two were evaluated as mobile at thirty days. The reason for the
mobility of the implants may be explained, in part, by an examination of the bony
architecture of the maxillary implant sites (Figure 26). Considering the minimal
thickness of the cortical and medullary bone available it is not difficult to see that very
little osseous structure exists to support the radicular portion of the implant. This
anatomical effect may become even more pronounced when combined with a singlestage design where the permucosal post of the implant is partially 'in function and .
subject to masticatory stresses and lateral forces from the tongue. It was noted though
that the majority of the maxillary implants (5/8) did not demonstrate any clinical
mobility or delayed healing when compared to the mandibular implant sites.
The maxillary implants were well tolerated by the tissues and no deliterious
effects were noted when the implant encroached upon the sinus membrane or into the
nasal cavities. The tissues of the nasal passages can be seen to be well adapted to
the implant and without disruption to the continuity of the membranes (Figure 48).
No clinically detectable mobility was noted in either the sham-operated or control
teeth.
The histometric parameters which quantified the cellular responses to the
wound healing sequence were the number of acute inflammatory cells (polymorpho-
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Figure 48: Micrograph demonstrating the uninterupted integrity
of the respiratory epithelium by the implant.
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nuclear leukocytes, PMN's or neutrophils), connective tissue, fibroblasts, and histiocytes
(macrophages) per 0.5 millimeter2• Also the percentage of infiltrated connective tissue
length, and epithelial migration was assessed for all treatments. The change in
alveolar bone height adjacent to the implants was also measured.
The large number of. polymorphonuclear leukocytes seen at the· early time
interval was characteristic of the acute phase of wound healing and tissue repair.
The PMN response is closely integrated with the vasodilation and vascular permeab~ity
of the vascular response. With the loss of intravascular ·fluid,. hemoconcentration
occurs, and the blood flow through the injured part becomes sluggish.
Polymorphonuclear and mononuclear leukocytes pave the vascular walls and, in one
to six hours, begin their migration through the endothelial cell junctions.

The

migration of these ameboid phagocytic cells is directional and is in ~esponse to
bacterial and host-derived chemotactic factors produced in the wound.(100) During
the acute phase of inflammation, polymorphonuclear leukocytes predominate. These
cells are end cells incapable of protein synthesis or replicatio!}.(101) The PMN's
migrate to the surface of the wound where the concentration of contaminants and
mediators is the greatest. Here, bacterial and foreign contaminants are phagocytosed
and killed by PMN's. In addition, these cells release potent lysosomal enzymes during
their brief two to three day life span. It is these proteolytic en.zymes that breakdown
injured tissue in preparation of the wound for repair.(102)

,.
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The experimental sites ·at 'an time intervals had a significantly higher number
of polymorphonuclear leukocytes in the connective tissues when compared to the
controls and it was most pronounced in the early time periods (p < .001). There was
also a significant difference between the implant and sham-operated sites (p < .05).
The difference between the cell populations seen adjacent to the implant and those
seen with the sham-operated sites may be accounted for by the additional tissue
trauma caused by,the implant surgical procedure. During these procedures the tissues
are manipulated to greater degree and a significant amount of osseous alteration
occurs which creates some bony debris that collects under the tissue flaps. One factor
which explains the large number of PMN's is the quality of the flap adaptation. The
permucosal portion of the implant prevents the leading edges of the flaps from close
approximation and when tightly apposed to the implant by s_uture material a large
space is created underneath the flap between the flap and the underlying bone. This
space is rapidly occupied by a fibrin clot that is larger than the one seen when the
flap is replaced against the tooth on the sham-operated site. This large space actually
heals by secondary intention which occurs when the epithelial tissues of a wound
cannot be approximated closely.(103)
When there is more extensive loss of cells and tissue such as occurs in
infarction, inflammatory ulceration, abcess formation or surface wounds that create a
large defect, the reparative process is more complicated. The common denominator
in all these situations is a large tissue defect which must be filled. Regeneration of
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parenchymal cells may ·occur in the margins, but with loss of the stromal framework
it cannot completely reconstitute, the original ar_c~itecture. The inflammatory reaction
is quite intense in such large wounds.

This · fo~m of healing is referred to as

"secondary union" or "healing by second intention".
Secondary healing differs form the primary healing in. several important
respects. Inevitably, large tissue defects have more necrotic debris and exudate that
must be removed. Consequently, the inflammatory reaction is more inte~se than the
incised wound. Healing cannot be completed until this inflammatory· response has
conrolled the injurious agent and the necrotic debris and exudate have been removed
at least sufficiently to permit ingrowth of tissue from the m~rgins. There is also a
slower completion of the entire reparative process.(103)
The percentage infiltrated connective tissue values for the implants were higher
than the values for the sham-operated teeth at all time intervals and reflect t~e large
number of polymorphonuclear leukocytes in the initial healing periods·.
The number of histiocytes or macrophages demonstrated a significant increase
in the implant sites across all time intervals. This may be due to the greater amount
of tissue debris such as residual bone fragments and tissue tags generated by the
implant surgical procedure. It is also a phenomenon seen in secondary wound healing.
The sham-operated and control sites showed a moderate increase at seven days which
decreased after that to levels associated with non-inflamed tissues.
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The response of the fibroblasts was remarkable in that both experimental sites
.demonstrated an initial depressio_n in the fibroblast populations at twenty-four hours
when compared to the controls. This may be explained by the presence of the large
acute inflammatory infiltrate at that time interval which acts to breakdown the tissues
prior to reorganization.
The regenerative phase of wound healing begins after about two to five days
at which time fibroblast migration form the periphery occurs with intense. cellular
proliferation and differentiation of cells into functioning tissue components. Near the
end of the inflammatory phase the fibroblasts begin to display alterations in their
structure and physiology.

Initially derived from proliferating indifferentiated

mesenchymal cells the fibroblasts of wound repair originate in the wound itself.(103)
The implant and sham-operated sites demonstrate a similar increase in the
fibroblast populations up to seven days. At this time a significant increase (p < .001)
in the number of fibroblasts occurs at the implant sites which peaks at fourteen days
and decreases therafter. The sham-operated sites also peak at fourteen days but with
a lower number of cells per unit than the implants. The control sites show an
interesting parallel increase in fibroblast proliferation similar in magnitude to the
sham-operated sites. This may be due to the close proximity of the control areas to
the experimental sites.
This behavior at the impl~nts sites also supports the theory of secondary wound
healing at those sites. The significantly higher number of fibroblasts in the wound is
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necessary to repair the larger wound caused by the poo~ flap approximation due to
the permucosal extension of the implant.
The length of the connective tissue fou11d at the sham-operated and control
sites were not significantly different over the four time intervals. This reflects only
minimal tissue alterations such as edema and wound contraction due to the sham
surgery procedures. The implant demonstrated a marked increase in length of
connective tissue at twenty-four hours. This may be due to the tissue adaptation
· ,around the neck of the implant in the early stages coupled with edema from the
healing process. This length of connective tissue adjacent to the implant steadily
decreased over the remainder of the study and reflects the resolut,ion of the
inflammatory process with the reduction in tissue edema, some wound contraction and
the associated recession seen clinically.
The question of whether or not the connective tissue forms an "attachment" to
'

the implant surface has become controversial with some researchers reporting in vitro
fibroblast attach_ment to implant biomaterials.(104,105)

The nature of this

"attachment" has not yet been elucidated and at this stage the orientation of collagen
fibers perpendicular to the implant surface is scant evidence of a connective tissue
attachment to biologically inert implant surface.
Epithelial migration was not seen in the sham-operated teeth. This was caused
by the intentional avoidance of instrumentation of the root surface or alteration of the
surrounding alveolar bone. It has been shown that if the root surface is instrumented
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and the attachment apparatus is removed the resultant attachment between the tooth
and the tissues would be by long junctional epithelium. (106)

Otherwise if this

attachment apparatus is unaltered, reattachment of the the connective tissues to the
tooth will occur.
The tissues in the sham-operated sites were well adapted against the unaltered
tooth root surface resulting in reattachment and preventing an apical migration of the
epithelium. The implant sites did demonstrate a downgrowth of epithelium. This
apical migration is enhanced during inflammation which was· considerable adjacent to
the implants. It has also been reported by McKinney et al that a sulcus reforms
around implants.( 41)
The change in alveolar bone Levels adjacent t_o the implants demonstrated a
decrease in bone height over time. It has been shown that some loss of alveolar
crestal bone occurs following periodontal surgeries which utilize full and partial
thickness flap designs.(107-111) The procedure of implantation in the dog where
human-size implants are utilized also may introduce a measure of alveolar bone
trauma. The implant sizes used are generally very large relative to the size of the
recipient dog jaws. The instrumentation as well often exceeds the size of available
bone in the model system thus causing unintentional loss of bone most noticably in
the buccal and lingual cortical plate areas.
The placement of the implants in this study also contributes a potential source
of error in determining the amount of bone change. The implants were situated in
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the preparation sites so that the shoulder of the implant corresponded to the level of
the alveolar bone thus providing a reproducible reference point. The accuracy of the
clinical positioning of the implant versus its actual position as seen histologically was
poor. The implants were consi_stently placed (11/16) with the shoulder of the implant
positioned at a level below the adja~ent crestal bone. This coupled with the trauma
introduced during site preparation tends to reflect a degree of inaccuracy in this
parameter.
It is of some interest to note that a steady decrease in the level of the alveolar
bone was determined and may be simply the physiologic remodeling of the bone due
to the large inflammatory response see adjacent to the implants coupled with the
surgical procedure itself.
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SUMMARY

In summary, the purpose ofthis study .was to describe. theimmediate and early
healing responses to single stage endosseous dental implants in th.e gingival connective
tissues. Four adult mongrel dogs without periodontal disease were selected. The
second and third premolars in each were extracted and an oral hygiene regimen was
initiated to obtain a disease-free oral environment. After an eight week healing period
on implant was surgically placed in each quadrant of each animal.

Individual.

quadrants were randomly assigned a post-operative time interval of one, seven,
fourteen or thirty days. This provided a specimen for evaluation at all four time
intervals in each animal. Concurrent with the placement of the implants a sham
periodontal surgery was performed on the first molar in each quadrant fo comparison.
At the end of the healing portion of the study each animal was evaluated
clinically to measure the gingival index, plaque index, gingival crevicular fluid volume
index and mobility index. Following these observations the animals were sacrificed and
the tissues prepared by perfusion fixation with ten percent neutral phosphate-buffered
formalin. Fixed specimens were embedded in polymethyl methacrylate, sectioned and
stained.
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Histometric analysis of the sections at the light microscopic level was performed
to calculated the quantities of polymorphonuclear leukocytes, histiocytes and fiborblasts
per 0.5 mm2• Additional measurements were performed to obtain the percentage of
infiltrated connective tissue, apical epithelial migration, connective tissue length and
change in alveolar bo_ne _levels adjacent to the implants. Statistical analysis was
performed using repeated measures ANOVA and Pearson product-moment correlation
coefficients. A 95 % significance level was ·utilizeq.
The results of the study revealed that the implant. sites demonstrated a
significant increase in the magnitude of the wound healing responses in both clinical
and histometric parameters when compared to the sham-operated sites. Implant site
parameters remained elevated through thirty days while sham-operated sites returned
to control levels at fourteen days.
It was determined from the results obtained from this study that single-stage
implant sites demonstrate an elevated wound healing response when compared to
sham periodontal surgeries. The data suggests that the protracted healing seen at the
implant sites may be due to healing by secondary intention where flap adaptation is
less than optimum and may allow an undesirable level of apical migration of
epithelium along the implant surfaces and thus jeopardize the longevity of the implant.
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