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ABSTRACT

A new method for testing the acceptability of 

metal tooth implants as an alternative to oral cavity 

implantation is described. Various metals were success

fully implanted into the back tissue of Balb/C mice. 

Aluminum and copper implants were rejected, exhibiting 

discoloration and thickening of the tissues. Vitallium,

titanium, gold alloy, silver, iron and lead were accepted
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INTRODUCTION

As the life expectancy of man increases, more 

people will wear dentures for longer periods of time.

Many people will have markedly atrophic jaws that will 

require additional support for dentures. Foreign 

material implanted beneath the residual alveolar 

mucosa could provide the support. An implant denture 

consists of a bulk of material placed beneath the 

periosteum and comes in contact with the bone. Pro

jecting from this substructure are posts with special 

fittings to allow the denture to be supported above 

the soft tissues. The substructure lessens the trauma 

to both the soft tissue and the atrophied bone. One 

of the most common types of implants used is Vitallium. 

This implant has been buried subperiosteally to support 

a denture providing adequate results (Bausch, 1972). 

Although Vitallium implants have been used in various 

places in the body with excellent results, the projecting 

posts in the mouth can be an avenue for entry of infec- 
tuous microorganisms (Baueher and Surwillo, 1968).

The purpose of this thesis is to review the 

concepts of implant dentistry and determine the feasi

bility of using other metals such as copper, iron, or

lead, as a substitute for these implant structures
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Before a new material can be implanted into human 

beings, it must be thoroughly tested under experi

mental conditions so that its compatibility can be 

assessed. Only when the final tests of suitability for 

human application are made by implanting the metals 

into the tissue fluids of experimental animals and 

assessing the tissue response, can the possibility of 

the use of new metals exist.
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LITERATURE REVIEW

History of Implantology

Since man’s beginning, man has been concerned 

with the treatment of dental problems, primarily the 

treatment of dental pain. Once pain has been brought 

under control, the restoration of carious teeth and 

the replacement of missing teeth becomes most impor

tant for functional and esthetic purposes.

In ancient times many forms of restorations 

were attempted. In Peru, in pre-Columbian times, im

plants of carved stone and ivory were placed into the 

mouth of a person as recorded in a found skull. Egyp

tologists have recorded findings of metallic objects 

inserted into jaws. Phoenician attempts at fixed 

bridgework with wrought gold are often discussed. 

Transplantation of natural teeth has a history of over 

four hundred years. The retention of teeth through 

the use of root therapy has been documented by Pierre 

Fauchard. Ambroise Pare, in 1593, was the first of an 

early group who worked and wrote on implants. Since 

then many have continued these efforts. In modern 

times actual work started in 1912 when Vanadium became 

the choice for setting of fractures used by the American 

College of Surgeons and then in 1937 Vitallium screws 

were inserted in 1,200 patients and remained in place
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with no complications (Baskas and Berger, 1970h).

The first dental subperiosteal implant was 

attempted in Sweden in 194-1 and since then many phases 
of dental implants have been in use. In 194-8 in the 

United States, the first successful subperiosteal full 

mandibular implant was made. In the 194-°’s, modern 

endosseous implantology began its history (Baskas and 

Berger, 1970h).

However, with all the refinements of modern tech

niques, a large number of problematic cases arise to 

plague both dentist and patient. With increased lon

gevity we frequently find healthy patients, physically, 

who throughout the years have become dental cripples - 

patients whose ridges have so resorbed that conventional 

techniques of denture construction can no longer be used 

to assist them. There are the handicapped with neurologic 

and muscular dystrophies who cannot wear the usual type of 

denture; patients with peridontally involved teeth, who 

can be assisted in the prolonging of the life of their 

teeth through employment of other than usual means of 

therapy; patients with existing fixed bridgework that is 

failing can often have the life of their bridgework pro

longed. Certain patients cannot tolerate using a remov

able denture for psychological reasons.



5

During the past 25 years, research achievements 

in immunology and related disciplines, combined with 

increased sophistication of surgical techiques, have 

established the basis for innovative and effective im

plantation and tissue transplantation procedures in 

dentistry (Boyne, 1973)* Because of these develop

ments, the dental profession can now offer patients a 

health care service that gives every indication of in

creasing in significance.

Here lies the rational philosophy of implant- 

ology - to give the dentist a new armamentarium in the 

treatment of problematic cases.

Implants and Transplants

In the field of medicine, implants and trans

plants are involved in many areas of the body - hip 

pins, pacemakers, heart valves, and blood valves are 

used as a few examples. Also in dentistry, progress 

has been made to the point where many patients suffer

ing with dental problems can be made much more comfort

able through the use of dental transplants and dental 

implants.

There should be a clarification made betve en the 

two terms ’’implants” and ’’transplants”. Implantation 

is commonly applied to the surgical transfer of non

living tissues, or the transfer of allostatic grafts
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that may be evaluated as being clinically successful, 

even though the cells of the graft may not survive the 

surgical procedure (Boyne, 1973)* In addition, allo- 

plastic synthetic materials are frequently referred to 

as implants.
Transplantation implies the surgical transfer 

of living tissues or organ systems. The cells of the 

transplant must survive the grafting procedure and 

function in a reasonably normal manner for the proce

dure to be judged clinically and immunologically success

ful (Boyne, 1973). (For example, when an endodontically 

treated, nonviable tooth is grafted, this constitutes a 

tissue implant even though the tooth does not function 

as a viable organ after surgical transfer. The auto

genous transfer of a viable tooth bud, however, consti- 

tues a true organ transplant system.)

A classification of the types of implant procedures 

is imperative for clarification (Berger and Chercheve, 

1971). The following are used as abutments alone or in 

combinations with natural teeth.

A. Alloplastic (Man-Made) Implants:

Surgical steel alloys, porcelains, acrylics, 

acrylic and bone combinations.

1. Endosseous Implants

Endosseous implants are in various types
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of alloplastic materials. They are 

usually in suoh metals as titanium 

and tantallium, alloys such as Vital- 

lium, or in porcelains and plastics or 

combinations of these materials. These 

materials are shaped in such a fashion 

as to be inserted into alveolar bone 

with projections through the mucosa 

intraorally, and as such are used as 

abutment posts to retain fixed bridges 

or to assist in stabilization of dentures 

(Baskas and Berger, 1970a). Endosseous 

implants are designed with spiral or 

screw (self-tapping and tapped) types of 

needle implants or pins, aerated helicoidal 

screws, blade-shaped implants, and artifi

cial teeth made of plastic or combinations 

of plastic and bone salts.

2. Endodontic - Endosseous Implants

Endodontic-endosseous implants are used for 

stabilization of periodontally involved 

teeth or teeth that have been loosened due 

to accident or trauma. A conical pin, or 

threaded pin is inserted through the apex 

of the endodontically treated tooth as deep
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as possible to the bone, to stabilize 

weakened or mobile teeth (Baskas and 

Berger, 1970a).

3. Mucosal Inserts

Mucosal inserts are mucosal implants. 

These (Fig. 1) are placed inside of 

dentures projecting into receptacles in 

the mucosa to assist retention of upper 

partial and full dentures. Mucosal in

serts are used particularly for patients 

who are gaggers, or who are thin ridge 

cases (Bausch, 1972).

Figure 1. View of upper- 
denture showing the small, 
Vitallium, collar button-like 
projections. Fourteen of these 
buttons are used and rest in 
little pockets that have been 
created on the soft tissues of 
the palatal and posterior ridge 
area of the patient (Bausch, 
1972).
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i}.. Transfixations

Transfixations involve various types of 

screws inserted from the inferior border 

of the mandible, which project intra- 

orally to act as abutments, usually per

formed in combination with a plastic 

surgeon (Berger and Chercheve, 1971)•

5. Subperiosteal Implants

Subperiosteal implants are cast Vital

lium grills fitting subperiosteally and 

resting against the bone. Usually four 

abutment posts project intraorally and 

either a removable or fixed prosthesis 

is fixed to these posts. This type of 

appliance is used where there is little 

or no alveolar bone and the patient can

not utilize a normal type of denture 

(Linkow, 1972).

B. Transplants

1. Autogenous Transplants

Autogenous transplants are teeth that are 

repositioned from one part of the mouth to 

another part of the mouth, such as an im

pacted third molar transferred to a position 

of a missing first molar. A cuspid which
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has never developed in its proper posi

tion such as a lingually displaced cuspid 

can be surgically removed and reinserted 

into a newly created alveolus in its 

relatively correct cuspid position (Baskas 

and Berger, 1970b). Teeth that are lost due 

to an accident may be reimplanted and re

tained in this manner for many years pro

viding there was no initial damage to any 

portion of the tooth. Periodontally in

volved teeth can be extracted, treated and 

reinserted into a new alveolus which has 

been made deeper (Baskas and Berger, 1970b).

2. Heterogenous Transplants 

Heterogenous transplants are transplants 

from a donor of one species of animal to 

a host of another species, such as trans

plants of pig teeth to a human being, or 

the use of bovine bone as grafts to human 

beings, in attempts to build up ridges or 

to restore facial contours (Baskas and 

Berger, 1970a).

3. Homologous (Biological Transplants) 

Homologous transplants are transplants 

from a donor of the same species to a host
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of the same species. An example is 

teeth either vital or nonvital, from a 

tooth hank, being utilized as abutments 

in another human being.

Success of Implants

Berger and Chercheve (1971) view the success of 

implantology as depending upon two factors of utmost

concern:

1) On the doctor performing the procedure and

2) On the patient receiving the implant.

As far as the doctor is concerned, he must have 

adequate training to be able to properly select his 

patient, as well as to select the correct implant to 

be used in each specific area. There is no single im

plant which can be used universally. He must familiarize 

himself with and know all the techniques associated with 

implantology. Often several types of implants serve best 

as abutment supports for fixed or removable dentures.

The patients role is equally important. Assuming 

there are no medical contraindications, such as diabetes 

mellitus, cardio-vascular problems, osteoporosis, blood 

dyscrasias, etc., and assuming the patient has sufficient 

thickness and height of bone to allow for the use of 

endosseous implants, patients will fall into three 

categories:



12

A. Those patients whose bone will accept almost 

any implant,

B. Those few patients whose bone will rej ect any 

implant, and

C. The largest group of patients whose bone will 

tolerate properly performed implant procedures 

and render service for many years.

Studies are being constantly made at this time to 

try to determine why there is such variance in patient and 

bone reaction. At this time results are far from complete 

(Berger and Chercheve, 1971)*

Metal appliances have been used in the body for 

various purposes for some hundreds of years but the degree 

of success has been'variable, and in those instances where 

it appeared to have been achieved, success was usually 

transitory (Harris, 1969)*

The very idea of using metal within the body is 

repulsive to many people. Some people haven’t come to 

accept the fact that metal can be well tolerated within 

the body. However, even a base metal, such as lead, can 

be tolerated under the proper conditions. There are 

numerous cases of accidental embedding of metals within 

the body which have no apparent pathological effect over 
long periods of time (Jermyn, 1961).

The skull (Pig. 2) shows a bullet shot between
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the eyes that flowed into the left orbit*

Figure 2. Views of skull showing 
where bullet pierced the bone between 
the eyes and spread into the left 
orbit (Jermyn, 1961).

A closer examination (Fig. 3) shows that not only 

was the metal tolerated, but that new bone was actually 

deposited around much of the lead within the orbit 

(Jermyn, 1961). This indicates that the patient lived 

for years in spite of the lead implant.

Figure 3. Deposition of bone around 
lead bullet (Jermyn, 1961).

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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The large amount of bone deposit on the lead 

indicates a lack of infection, although much seques

tration (fragmentation of dead bone detached from ad
joining sound bone) must have occurred (Jermyn, 1961). 

The patient must have lost sight in this eye, but 

retention of the eye afforded protective cover for 

the lead deposit and the bone growing on it. The area 

must have had a good vascular supply, but it is puzzling 

to determine where the bone cells originated (Jermyn, 

1961).

This same type of defense mechanism is employed 

with the various types of metal implant dentures. The 

body’s first reaction is to attempt to eliminate and 

expel the foreign material. Not being able to do this, 

the tissues then accept the implant. The reaction to 

an implant is the formation of a protective sheath 

around it called the subimplant membrane (Judy and Lew, 

197D.

One of the first concerns of implantodontics 

should be whether an implant denture is a necessary 

addition to prosthodontic techniques. There are 

several facts concerning the resorption of bone that 

should be considered (Jermyn, 1961). If no surgical 

reduction is done when the teeth are first extracted,
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the alveolar ridge should be of its full width and 

height. As healing progresses, the buccolingual 

width is decreased, leaving a narrow and sometimes 
sharp ridge of approximately the same height (Pig. ij.)

Figure U* An inferior view of the 
maxilla showing the width of the alve
olus after recent extraction of the 
cuspid and bicuspid. Note the narrow
ing of the ridges where extractions 
had been made some time ago (Jermyn, 
1961).

This height is finally reduced by trauma until 

a compact ridge is formed (Jermyn, 1961).
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Jermyn (1961) states that normally the height 

and width of the ridge is sufficient to accept the 

conventional denture. However, since resorption is 

a progressive condition which varies in degree, it 

frequently continues to the point of complete reduc

tion of the alveolar crest (Figs. 5 and 6).

Figure Lateral view of skull 
showing resorption of maxilla and 
mandible (Jermyn, 1961).

Figure 6. Anterior view showing 
mental foramen on top of mandible 
ridge. Complete lack of maxillary 
ridge is also present (Jermyn, 19ol).
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As the alveolar crest is lowered, muscle attachments 

migrate, finally locating on the superior surface of 

the residual ridges. In such a condition, as one can 

easily see, there is no longer a stable base on which 

to construct conventional dentures. The muscle 

attachments are high on the superior surface of the 

ridge, the tongue is hypertrophied (thickening of the 

muscle fibers), the mucosal tissues are dry and sore, 

and the alveolar ridges are resorbed to the point of 

being nonexistent (Jermyn, 1961). The mental foramen 

can be examined by touch on the top of the ridge, and 
any pressure in this area causes pain (Jermyn, 1961). 

Although some patients with this type of infirmity 

may be able to endure and utilize conventional den

tures, surely for those who cannot, the implant 

denture can be of great significance.

Implantodontics should be considered only after 

the patient has had a complete x-ray examination. 

Considerable knowledge can be derived from studying 

these radiographs which could help to determine the 

ability of the bone to bear the stresses of the im

plant, realizing that these stresses are much greater 

than those under a conventional denture. X-ray exami

nations may reveal abnormalities which may make an 

implant inadvisable. Among the more typical examples
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(Pig. 7) are the unresorbed alveolar bony spicules 
signifying further active resorption (Jermyn, 1961).

Figure 7» Periapical radiographs of the 
mandible. Left: The compact bony ridge is 
ideal for implant. Middle: View showing 
active resorption and bony spicules. Right: 
Mental foramen on top of ridge with piece 
of amalgam on it (Jermyn, 1961).

The next concern regards the possibility of 

infection around the posts which protrude through the 

mucosa (Jermyn, 1961). Since the implant denture is 

only semiburied, the possibility exists that foreign 

material might enter the site around the post, thus 

infecting the entire implant. For some reason, still 

unsupported by histological proof, such ingress of 

infection does not take place in the normally healthy 
mouth where proper oral hygiene is used (Lew, 1972). 

Numerous attempts to inject dyes between the metal 

post and the surrounding tissue have proven the com
plete impenetrability of the attachment (Jermyn, 1961)
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Fluid of the Gingival Crevice

As a tentative explanation of the condition,

there has been suggested the possibility of an epithe

lial glue that binds the cuticle to the implant post 

(Jermyn, 1961). This is tight enough to prevent in

vasion of bacteria under normal healthy conditions.

It has also been observed that in every instance where 

good surgical technique was followed, a normal gingival 

crevice exists after healing. This crevice serves as 

a moat, holding saliva constant, thereby forming a 

liquid barrier to foreign materials. The normal healthy 

tissue around the post (Fig. 8) is the same as that sur

rounding a normal healthy tooth (Jermyn, 1961).

Figure 8. Normal healthy appear
ance of tissue around post (Jermyn, 
1961).
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Other experimentation has led to the fact that 

fluid could be collected from the gingival crevice and 

that this fluid was different from saliva (Brill and 

Krasse, 1958)* They found, for example, that after 

parenteral administration of fluorescein, the dye could 

be detected in the clinically healthy gingival crevice 

of dogs. Brill and Bjorn (19^9) were able to demonstrate 

the presence of fluorescein in the clinically normal 

gingival crevice of humans following oral ingestion.

The dye was not secreted in the saliva at a detectable 

concentration nor did it appear on the surface of the 

oral mucosa membranes. These results indicated a prefer

ential passage of certain materials into the gingival 

crevice.
Bader and Goldhaber (1966) were able to demon

strate the presence of tetracycline in the gingival 

crevice of dogs following intravenous injections. They 

did not find tetracycline either in the saliva or on 

the surface of the raucous membranes.

Although some of the components of the crevicular 

fluid have been identified such as protein components 

(Mann and St offer, 196/j.) , and relative proportions of 

sodium, potassium and calcium (Egelberg and Krasse,

1962), the exact mechanisms involved in the formation 

of this fluid are still completely unknown (Orban and
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Stallard, 1969).

The only information available concerning the 

abutment crevice comes from histologic studies. These 

studies indicate that anatomically there is a strong 

similarity between the gingival crevice of the implant 

abutment and that of the natural tooth (Gershkoff, et al, 

1970). The reports from both animal research coxaducted 

by Herschfus (1955) and autopsy material by Bodine and 

Mohammed (1969) have revealed that the body of the im

plant is surrounded by a fibrous connective tissue 

capsule. They have shown that in the area of the pro

truding post, normal-appearing epithelial cells are 

found in close approximation to the metal, an appear

ance much like that found around the area of a natural 

tooth. With regard to this crevicular fluid, it appears 

that a strong similarity certainly exists between the 

epithelial attachment of the natural tooth (Pig. 9) and 

the implant abutment.

A - free margin (crest) 
of gum

B - bottom of gingival 
crevice

C - cemento-enamel junc
tion

Conceptual view of 
epithelial attachment to a tooth 
(Archer, 1966).
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As with natural teeth, tartar can accumulate 

around the posts (Pig. 10).

Figure 10. Normal healthy implant 
abutment post encrusted with calculus 
(Jermyn, 1961).

The patient must practice strict oral hygiene at home 

and have frequent professional prophylactic treatment. 

Masticatory Force

Another concern deals with the ability of the 

implant denture to resist stresses without destruction 

of the underlying bone. The implant denture is com

pletely bone-borne. From the abutment posts to the 

skeletal framework the pressures of mastication are 

distributed. A patient fitted with implant dentures 

is able to exert up to 75 pounds per square inch,
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whereas the patient with conventional dentures can 

exert possibly only l£ to 2$ pounds of pressure per 

square inch (Jermyn, 1961). The increase in biting 

pressure is dependent upon the pain threshold - the 

muscles concerned with mastication will continue to 

exert pressure only to the point of causing pain 

(Bodine and Hernandez, 1970)* In the conventional 

tissue-borne denture, this pain threshold is usually 

low due to the sensitive, fragile tissue upon which 

the denture rests. This base would be even more 

sensitive when the sharp bony spicules of an unre
sorbed alveolar ridge were present (Jermyn, 1961). 

The implant denture does not impinge on the nerves 

since it is bone-borne (Pig. 11).

Figure 11. Implant metal circum
venting mental foramen (Jermyn, 1961).
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This would enable a patient wearing an implant den

ture to exert full pressure to the extent of their 

musculature or to the extent of the pain threshold 

of the opposing upper conventional denture (Jermyn, 

1961).

Other investigators of masticatory force 

showed different results. A comparative study was 

made on one edentulous patient to determine how 

effectively implant dentures faired against conven

tional dentures (Knowlton, 195>3) • He measured the 

vertical masticatory forces of his patient with the 

conventional dentures in place and then again after 

a mandibular and maxillary implant was inserted.

He concluded that from two to seven times more force 

was exerted after the insertion of the implants.

Since the results of this study were obtained from 

only one patient, an investigation was carried out 

to confirm the information on a broader scale.

In an investigation by Bodine and Hernandez 

(1970), twelve female patients from 50 to 59 years of 

age served as subjects. All of them showed marked 

mandibular bone resorption. The vertical mastica

tory forces of five patients with mandibular sub

periosteal implants were compared with the forces 

exerted by five patients with conventional dentures.
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On two patients, measurements of masticatory force 

were taken with conventional dentures and then the

same measurements were taken six months later after 

the insertion of a mandibular subperiosteal implant.

All patients had conventional maxillary dentures.

The instrument used to measure the forces of 

mastication is called an intraoral dynamometer. It 

is made up of a tripod frame with two posterior arms 

that rest on the denture base at the mandibular first

molar area. The anterior bar rests on the incisor 

area and carries a calibrated dial with both a record

ing and a set indicator. The dynamometer records up 

to 100 pounds of force and has a spring-loaded resis

tance and a central bearing point which contacts the 

maxillary base. By turning the cap on the instrument, 

the intermaxillary vertical relationship can be changed. 

Two turns of the cap changes the vertical relationship 

by 1.5 nun* (Bodine and Hernandez, 1970).

For all twelve patients, maxillary and mandibular 

impressions were made. After the casts were poured, 

heat-cured acrylic resin bases were constructed. The 

lower base (Fig. 12) was made to rest only on the abut

ments of the implants.
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Figure 12. The tissue surface 
of the finished bases used with 
the implant patients. The lower 
base was made to rest only on the 
abutment of the implant (Hernandez, 
1969).

The casts were mounted on a Hanau articulator 

(Fig. 13) to facilitate the mounting of the dyna

mometer to the mandibular base.

Figure 13. The casts mounted on a 
Hanau articulator (Hernandez, 1969).
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The dynamometer with its cap set at zero, is now 

attached to the mandibular base (Pig. lij.) .

Figure llj.. The dynamometer at
tached to the mandibular base. The 
cap is set at zero, and the central 
bearing point contacts the palate 
(Hernandez, 1969).

Both the mandibular base and the maxillary 

base with the dynamometer were checked in the 

patient’s mouth for comfort. Each patient was 

instructed to close as hard as she could. This 

was followed by a two minute rest which was the 

amount of time necessary for recovery. The 

forces were recorded for every two turns of the 

cap, which increased the vertical relationship
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by l.£ mm. 

limit of the 

dynamometer, 

tional turns

After twelve turns, which is the opening 

cap, an extension was attached to the 

This extension allowed for twelve addi 

(Pig. 15)

Figure l£. The dynamometer 
with the extension (A) attached 
to the cap. The extension allows 
for 12 additional turns (Hernandez,
1969).

The forces were again recorded for every two turns. 

For each patient then, the forces were measured at 

the different degrees of vertical opening (0 to 21j. 

turns). This was repeated twice during five differ

ent visits.
The results of the comparison between five 

implant patients and five conventional denture 

patients indicate that an implant is capable of 
exerting higher forces (Fig. 16).
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Figure 16. Tension values at different de
grees of vertical opening. Each solid line 
represents a patient with a mandibular con
ventional denture. Each broken line repre
sents a patient with a mandibular subperi
osteal implant. All patients had maxillary 
conventional dentures (Hernandez, 1969)*

For every vertical opening, the average maximum force

Figure 17. Average tension values at differ
ent degrees of vertical opening for patients 
in Figure 16 (Hernandez, 1969)
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The implant patients exerted from 2 to 2.5 times more 

force than the patients with conventional dentures.

Results of the patients who were studied first 

with conventional dentures and then with implant den

tures showed similar results (Pig. 18).

Figure 18. Tension values at different 
degrees of vertical opening for patients 
studied before and after the insertion of 
a mandibular subperiosteal implant (Hernandez, 
1969).

Here the increase in force is 2 to 2.5 times greater 

with implants than with conventional dentures.

The reasons for the ability of the implant to

exert greater forces than the conventional denture are
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somewhat evident. The fact that implant dentures are 

fixed and stable helped the patients to exert greater 

force. Since the stresses are transmitted to the under 

lying connective tissue and bone, the mucosa is free 

from discomfort.

Classification of Implants

Implantation is the placement of inert allo- 

plastic materials onto or into the jaw bones for the 

purpose of supplying artificial abutments for denture 

or bridge retention.

Implants may be divided into two general cate

gories - subperiosteal and endosseous (Gershkoff, 1970) 

It is important to distinguish between the two types 

because the prognosis of a case depends upon which 

implant is utilized.

A. Subperiosteal (utilized on cortical plate 
of atrophied bone)

1. Pull Mandibular Implants

2. Pull Maxillary Implants

3. Unilateral Implants

B. Endosseous (utilized in alveolar bone)

1. Pins (Scialom)

2. Screws (Chercheve, Lew, Linkow)

3. Blades (Linkow)

Upon observing the classification it becomes

obvious why the prognosis of endosseous implants is
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guarded. The men who have a high degree of success 

with these implants generally have a high degree of 

operative skill and are understanding of what to ex

pect from alveolar hone. When loss of alveolar hone 

occurs around a natural tooth this is a grave and 

serious problem, to say the least, when this occurs 

around an implant, and explanations as to why this 

loss occurs are theoretical and, at best, dubious 

(Gershkoff, 1970). This is one of the main reasons 

why all endosseous implants are treated as periodon

tally involved teeth and best results are obtained 

when multiple units are splinted by the prosthesis 
(Linkow, 1958). When an inadequate understanding 

of the philosophy of endosseous implants is present 

and screws, pins and blades are improperly inserted, 

many failures may result.

For the future practitioner of implantodontics, 

it is essential for the dentist to become knowledgable 

in the procedures of all implant approaches and possess 

the skills essential to achieving success with the sub

periosteal or endosseous implant.

Subperiosteal Implants

Because the subperiosteal implant is utilized in 

an atrophic bone condition, the remaining anterior teeth 

usually are involved periodontally in the same or to a
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lesser degree. It follows that, when the subperiosteal 

implant, which is self-supporting, is used in conjunc

tion with periodontally involved teeth, the implant 

acts as a sensational support for the natural teeth 

when splinted to them (Gershkoff, 1970)• The subperi

osteal implant acts not only as a distal abutment, but 

also as a periodontal supporting splint to the natural 

anterior teeth.

The surgical technique for the subperiosteal 

implant is divided into two stages.

First Stage Surgery For Subperiosteal Implants

The patient is properly premedicated and anesthe

tized. General anesthesia can be used if this procedure 

is done in the doctor’s office, that is, providing the 

proper equipment and personnel are available (Gershkoff, 

1970).

The mandible must be exposed completely in order 

that the metal substructure cover as much area as possi

ble. In fact, the greatest percentage of failures of 

early implant dentures was caused by insufficient re

traction of the mucosa and periosteum over a large 

enough area to secure adequate bone coverage (Jermyn, 
1961). Lack of sufficient retraction of the tissues 

make it impossible to take impressions of the stress 

resistant areas and many of the original attempts at 

implantodontics exposed only the alveolar crest (Fig. 19),
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Figure 19. An illustration showing 
the various parts of a tooth. A - 
interdental septum; B - orestai fibers 
of the periodontal membrane and alveolar 
bone; C - periodontal membrane in the 
region of the oblique fibers; D - alveo
lar bone structure; E - comentum of root 
of tooth; P - dentin of root of tooth;
G - pulp chamber of tooth (Archer, 1966).

placing the implant on cancellous bone that was sure 

to resorb and denude the implant, resulting in failure 
(Pig. 20) (Jermyn, 1961).



Figure 20. View of model made from 
impression where bone was inadequately 
exposed. Such a poor impression made 
it impossible to determine on the 
model what is bone, blood, clots, 
tissue, or just stone (Jermyn, 1961).

Adequate tissue retraction (Fig. 21) permits expan

sion of the implant to cover a larger area (Jermyn, 
1961).

Figure 21. View of model showing 
good delineation of bone tissue 
(Jermyn, 1961).
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Because of the fact that implant surgery re

quires a greater exposure of the mandible (Pig. 22) 

than for most other types of oral surgery, the dentist 

must familiarize himself with the extent of exposure 

required for proper impression taking (Jermyn, 1961).

Figure 22. Tissue retraction ex
tends to inferior border of mandible. 
Note above how mental foramen was left 
undisturbed (Jermyn, 1961).

Gershkoff (1970) describes the surgical tech

nique that is utilized. The incision that is made 

first must run deep through the periosteum starting 

from well up on the retromolar pad and progressing 

foward along the crest of the ridge to the area 

distal to the mental foramen (Pig. 23).



37

Figure 23. An illustration showing the 
inferior alveolar nerve and artery passing 
through the mental foramen (Archer, 1966).

It should begin again mesial to the mental 

foramen and continue around the anterior ridge to 

the mesial area of the opposite mental foramen. A 

similar incision opposite the first distal incision 

is also made. Care should be taken so that the in

cision Is stopped before entering the area of the 

mental foramen (Gershkoff, 1970). A continuous inci 

sion in this area would severe both nerve and artery 
(Fig. 2if.).
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Figure 2lf_. View of mental foramen 
and its contents. A continuous inci
sion would have severed both nerve 
and artery (Jermyn, 1961)

It is necessary to locate the mental foramen accurately, 

for in cases of extreme resorption the foramen is some

times located on the superior surface of the ridge 

(Jermyn, 1961). A continuous incision would be harmful 

to the patient.

At the posterior extension near the retromolar 

pad accessory incisions are made, forming a ”T” on the 

distal ends (Gershkoff, 1970)* An anterior accessory 

incision is made in the midline, running from the 

frenura of the tongue well up into the lip (Gershkoff, 

1970). All tissues are then carefully elevated from 

the bone with a sharp periosteal elevator (Jermyn, 1961). 

A dentist must use extreme care to prevent the tearing
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of these tissues, and also caution must be used so 

that one doesn’t expose the mandibular nerve of the

mandibular canals.
Dehiscence (exposure of the mandibular nerve) 

is a very rare condition (Jermyn, 1961) in which the 

bony covering or roof of the canal is completely 

resorbed, allowing all pressures on the ridge to be 

felt directly by the unprotected alveolar nerve.

When this occurs, the implant is constructed to bridge 

this dehiscence (Pig. 25), giving protection to the 

nerve against pressures (Jermyn, 1961).

Figure 2£. The implant 
bridges the dehiscence on 
the left in the area of the 
mental foramen (Jermyn, 1961).
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After the mandible is completely exposed, 

any bone spicules or sharp ridges on the mandible 

are smoothed with the use of rongeur forceps and 

bone files (Pig. 26).

Figure 26. View of ridge after 
sharp spiny ridge was removed by 
rongeur forceps and bone files 
(Jermyn, 1961).

It should be taken into account that any trauma to the 

bone from indiscrimate trimming will result in further 

resorption of the bone (Jermyn, 1961).

Impressions and Models

The success of implantodontics depends upon

strict adherence to all details. The impression of

the bone should show all the features of the bone
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In order for this to be accomplished, it is necessary 

that the bone be free of blood clots so that the area 

can be completely accessible for the prepared acrylic 

tray (Jermyn, 1961). A custom try of cold-cure acrylic 

is adapted to the exposed bone (Gershkoff, 1970). This 

is accomplished by mixing a portion of acrylic and 

allowing it to set to a putty-like consistency. When 

the acrylic can be handled, it is molded over and 
adapted to the bone (Gershkoff, 1970). The bone is kept 

clean by washing it with normal saline solution and pack

ing it with sterile gauze prior to taking the impression 

(Jermyn, 1961).

A new impression material that has proven better 

than the cold-cure acrylic method due to its relative 

ease of handling and the extreme accuracy that it affords, 
is the rubber-base impression material (Jermyn, 1961). 

Their advantage lies in the fact that they can adapt to 

undercuts and snap away freely, leaving no residue 

(Jermyn, 1961). Various brands have been used, and the 

most satisfactory have been made of heavy consistency 

bases (Jermyn, 1961). The rubber-base impression must 

show all the tissues, including the stress bearing 

areas (Pig. 27).



Figure 27. Clinical photograph 
of an impression which shows the 
exterior oblique ridges, complete 
mental symphysis, mental foramina, 
and genial tubercles (Jermyn, 1961)•

Complete mounted models of the setup of the 

upper teeth articulated against the model made from 

the bone impression are then sent to a dental labora

tory for fabrication of the substructure. These 

models will make it possible to determine the proper 
height and placement of abutments and posts (Gershkoff 

1970).

Although considerable trauma will be caused,

discomfort can be held to a minimum with medication and



the use of ice packs (Jermyn, 1961). Forty-eight 

hours after implant surgery, no traumatic effects 

are evident (Fig. 28).

Figure 28. Profile photograph 
which was made A4.8 hours after im
plant surgery shows no traumatic 
effects (Jermyn, 1961).

The design of the implant substructure has 
changed during the past 25 years (Linkow, 1962). It 

was formerly made with a very close meshwork (Fig. 29)



situated over the alveolar ridge crest and evolved into 

a very open meshwork extending over a much larger area 

(Linkow, 1972).

Figure 29. A view showing a tantalum mesh 
implant extending over the mandible and maxilla 
(Linkow, 1972).

The older type implant failed in most cases because of 

continued resorption of the ridge (Jermyn/ 1961). In 

an attempt to prevent this, the meshwork was opened 

excessively so that there were not so many secondary 

struts covering the ridge to prevent pressure atrophy 

(Linkow, 1972). When pressure atrophy occurs, the 

implant settles into the bone, sometimes causing pain

ful impingements on the masseter and buccinator muscles
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(Linkow, 1972). A regeneration of the muscuture of 

the mandibular part of the face (masseter, buccinator, 

and temporals, particularly) have been reported in some 

cases (Gallus, 197M• Latest designs have attempted to 

determine the amount of metal coverage over stress 

resistant areas of bone. Sufficient metal must be 

placed over these areas to prevent pressure atrophy 

(Linkow, 1972). An implant superstructure and sub

structure should be so designed as to minimize pressure 
forces on the bone (Pig. 30) (Jermyn, 1961).

Figure 30. View showing the im
plant substructure and superstructure 
(Jermyn, 1961).

Implants using these latest designs have been highly 

successful and show a very promising prognosis (Jermyn, 

1961).



The implant is constructed from an alloy,

Vitallium, that is exceptionally inert and which does 

not inhibit fibroplastic or osteoblastic growth (Harris,

1969) . Vitallium has been demonstrated to be the only 

metal in which electrolytic action was absent and the 

bone tolerated its presence (Beach, et al, 1957)* 

Vitallium’s use has been suggested as a dependable 

material for the fixation of fractures even in the 
presence of gross infection (Campbell and Speed, 1959)* 

Vitallium implant screws and a Vitallium screwdriver 

should be used as an safeguard against mixing or con
taminating metals within the body (Bausch, 1972). 

Second-Stage Surgery
This usually takes place approximately 3 to Ij. 

weeks later, depending on how the tissues are healing.

If there are any areas where the tissues have not healed, 

surgery is postponed until secondary healing is complete 

(Jermyn, 1961). The second incision follows directly 

over the first incision to prevent any sloughing of the 

isolated avascular tissue between the two cuts because 

it is imperative that the blood supply be intact across 

the wound and scar tissue be kept to a minimum (Gershkoff,

1970) . The incision is made for the second-stage surgery, 

the tissues are retracted, and the implant framework
is slid under the edges of the tissue (Gershkoff, 1970).
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The implantodontist has to make sure that no tissue 

is caught between the bone and the metal while seat

ing the implant (Jermyn, 1961). If the impressions 

were accurate, the metal implant should fit the bone 

as accurately as an inlay fits a tooth (Pig. 31) 

(Jermyn, 1961).

Figure 31• View of closely 
fitting implant (Jermyn, 1961).

In the bicuspid area the metal should circumvent the 

mental foramen at a safe distance to preclude any in 

pingement (Pig. 32) (Jermyn, 1961).

Figure 32. Implant framework 
circumventing the mental foramen 
(Jermyn, 1961).
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The implant substructure is designed with 

three screw holes, one in each distal section and one 

in the anterior section. The latter should be placed 

at the mental symphysis, the most compact bone of the 

mandible (Jermyn, 1961). If the implant holds down 

very securely onto the mandible and if the implanto- 

dontist is sure that the splint will immobilize the 

implant during healing, the screws can be omitted 

(Jermyn, 1961). The screws are used as a matter of 

routine to ensure that the implant doesn’t assume mo

bility. Their purpose is strictly temporary and can 

be removed any time follow! ng the six week healing 
period or if inflammation persists. (Fig. 33) (Jermyn, 

1961).

Figure 33» Anterior screw threaded 
directly into symphysis (Jermyn, 1961).

Periodic x-ray examination is made following

surgery to make sure that proper healing is occurring
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These radiographs should reveal actual deposit of the 

bone around the body of the screws (Pig. 34) (Jermyn, 

1961).

Figure 34* Radiographs showing good 
bone deposit around screws (Jermyn, 1961).

The bone directly beneath the metal framework 

goes through a process of metamorphosis to form an 

entirely new type of tissue, termed the subimplant 

membrane (Jermyn, 1961). This tissue which is hyaline 

cartilage in nature is the result of pressure atrophy 

of the metal with resultant osteoclasis and osteo- 

anagenesis (Jermyn, 1961). It is assumed that the 

membrane occurs somewhat as a shock absorber, similar 

to the peridontium of natural teeth.

Other findings have been reported as to the 

nature of this tissue (Bodine and Mohammed, 1969)•

They found that the tissue in contact over, around, 

and under buried implant metal is almost always a 

modified connective tissue, evidenced by flattened 

compressed fibers and cells with elongated nuclei.
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This compressed tissue of a few layers of flattened 

cells under which lies normal oral connective tissue 

is best described as typical implant connective tissue 

(Bodine and Mohammed, 1969). This tissue is in inti

mate relationship with the implant metal, and the com

plete absence of inflammatory cells is an indication of 

tissue tolerance and acceptance (Bodine and Mohammed, 

1969).

Occasionally, new bone will even grow over the 

metal struts to further immobilize the structure (Jermyn, 

1961). The following (Pig. 35) shows a 5 year implant 

showing good adaptation with bone and implant membrane.

Figure 35* Tissue retracted around 
abutment showing exposed bone growing 
over supporting struts (Jermyn, 1961).

Following the placement of the implant sub

structure and proper suturing, an acrylic implant
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splint is placed to aid in healing. This implant 

device is a temporary denture in tiiich the six 

anterior teeth are provided for esthetics (Pig. 

36) (Jermyn, 1961).

Figure 36. Surgical splint in
serted at time of placing implant 
substructure (Jermyn, 1961).

The posterior sections are flat blocks of acrylic that 

occlude with the upper denture. It is provided with 

holes on the tissue surface to fit over the abutments, 

but does not impinge on the incisions. It helps to 

prevent excessive edema and swelling of the tissues.

It maintains the proper vertical dimensions and dis

tributes mastication pressures evenly over the im

plant substructures (Jermyn, 1961).

When healing has completed in about 6 weeks, the
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final impressions are taken and the completed new 

superstructure and full upper denture are inserted 

(Gorshkoff, 1970)• The finished dentures must be 

perfectly balanced to prevent any undue stress (Pig. 

37) (Jermyn, 1961).

Figure 37. Lower implant and upper 
conventional denture showing balanced 
occlusion (Jermyn, 1961).

Radiographs are made at regular intervals to 
observe any changes in the supporting bone (Pig. 38)

Figure 38. Lateral-jaw radio
graph of healthy implant (Jermyn, 
1961).
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A radiograph of a seven-year old implant shows normal 

appearance of the bone (Pig. 39).

Figure 39. Anteroposterior view 
of 7-year old implant (Jermyn, 1961).

Endosseous Implants

The other type of implant used is the endosseous 

implant, used mainly in deep alveolar bone. Endosseous 

implants consist of pins (tripods, bipods, endodontic 

stabilizers), spires (screws, vent plates) and blades. 

These appear to be highly promising for prosthetic 

rehabilitation of partially or full endentulous 

patients (Plander, 1970)*

An attempt to evaluate the three main types of 

implants will now be discussed - their architectural 

design with respect to their physiological relation

ships, the rationale for their use, and the future role



that these implants will have in the dental pro

fession.

Spiral-Post Implant

One of the earliest successful implants was 

developed by Chercheve in 1962. His technique in

volved for the first time a coordinated method of 

insertion (Linkow, 1970). The Chercheve implant is 

cast of cobalt-chrome and has double-helical spirals 

at its deeper end and a narrower solid square shaft 

at its more superficial end (Pig. l|.O) (Linkow, 1970)

Figure i},0. The 
Chercheve double heli
cal spiral type im
plant (Linkow, 1970)•

Architecturally, it is of an excellent design. How

ever, unless the most superficial spirals are buried
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deeply below the alveolar crest of bone, a rapid 

invagination of the epithelial tissue will take place 

through and around the open spirals, preventing a 

closer adaptation of regenerated bone nearer to the 

implant itself (Lew, 1970)* Unless these implants 

are deeply buried in bone, a great deal of resorp

tion of the surrounding bone is evidenced radio

graphically as early as three months after their in

sertion into the bone (Linkow, 1966). When die im

plants have been placed deeply enough and tightly 

enough and splinted into proper occlusion with a well 

fitted fixed prosthesis, bone resorption usually has 

not occurred (Linkow, 1970).

The bone first has to be drilled into and then 

widened with a special tap before the implants can 

be screwed in place. One of the problems associated 

with these spiral implants is that none have follow

up sizes of a larger diameter than the original size 

in case an implant is loosely set (Linkow, 1970). 

Linkow Vent-Plant

Linkow (1970), after placing hundreds of the 

various types of implants in many patients’ mouths, 

came to his own conclusions regarding the proper de

sign for a screw-type implant and thus created the 

self-tapping vent-plant.
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He concluded that a screw-type implant should 

have the following characteristics (Linkow, 1970):

1. It should be self-tapping;

2. The metal should not be brittle and should 

be able to withstand any excessive resistance from the 

bone without fracturing or breaking during insertion;

3. The threads of the implants should have 

sufficient retentive capacity;

ip The deepest portion of the implant must be 

so designed as to allow for the possibility of bone 

regeneration rather than merely fibrous connective 

tissue growth. This can only be accomplished if large 

openings or vents are included inside the spirals (Pig. 
ip-)j

Figure ip.. Various self-tapping 
Linkow vent-plants (Linkow, 1970).
5. Probably the most important prerequisite for 

an implant is that its design be such that it allows for
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the binding of the membrane that always forms between 

an inorganic metal implant and the surrounding alveolar 

bone.

When the vent-plants are tightly placed into 

bone with the vested end deep enough to allow a good 

portion of the narrower solid shaft to also be embedded 

in bone, they worked extremely well (Pig. lj.2, A-E) 

(Linkow, 1970).

Figure A-E, Vent-plants, when 
correctly placed into bone, function 
exceedingly well. (Linkow, 1970).
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The following radiograph (Pig. ^3) shows the combina 

tion of endosseous implants that can be used in the same 

patients.

Figure If.3. Panorex view showing from left to 
right two Linkow vent-plants, a Sandhaus crystalline 
bone-screw, a Chercheve spiral post implant, a 
Muratori spiraled implant, and a Chercheve narrow 
ridge implant (Linkow, 1970).

Pin Implants of Scialom

The screw type of implant was often restricted

to use in the maxillary molar and premolar areas when 

not enough alveolar bone existed in other areas for 

these to be positioned in. The same problem existed 

when not enough alveolar bone height remained above 

the mandibular canal (Lew, 1970).

Although all earlier clinical evidence shown by 

Scialom and his followers never included the use of pins
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beyond the maxillary bicuspid regions, Linkow (1970) 

realized the possibility of using them in creating 

molar abutments by placing them into the maxilla 

flanking the maxillary sinus. Pins were slowly driven 

into the porous maxillary alveolar bone areas to form 

a tripodal abutment that was extremely retnetive 

(Pig. 44. A-D) (Linkow, 1970).

Figure 4A A-D. Pour radiographs showing an 
anteroposterior circumvention of the maxillary 
sinus by Scialom triplants (Linkow, 1970).

The problem with these tripodal pin implants is that 

they tend to loosen in bone (Linkow, 1970). Linkow 
(1970) logically explains the reasons why this tends 

to happen.
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A tripod, just as Scialom concluded, offers far 

better mechanical retention than any single type of 

screw (Linkow, 1970). This can easily be demonstrated 

by placing both types into a wall and hanging a weight 

from each type. The triplant will resist the weight 

better than the screw.

In the mouth, however, this does not hold true. 

Three pins fused together to form a triplant provide 

greater mechanical retention than a screw-type implant. 

However, physiologically, it is a completely different 

situation (Linkow, 1970).

In order for a triplant to function properly, 

there has to be enough buccolingual width and vertical 

depth of bone present to allow the pins to be driven 

in three different directions, diverging from each 

other as much as possible. There are few situations in 

which this is the case, especially in the maxilla, since 

it resorbs to a knife-edge ridge that is camouflaged 

by the thickened fibromucosal tissue that covers it 
(Linkow, 1970).

The radiograph shows a vent-plant and spiral 

post used to support the posterior triplant (Pig. 45)*
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Figure Lf.$. Panorex (5-year postoperative) 
showing a vent-plant and spiral post implant 
acting to support the posterior triplant that 
had to be used to circumvent the sinus floor 
(Linkow, 1970)*

Blade Vent

The most recent advance in endosseous implants 

is the blade vent. This implant departs from con

ventional configurations and procedures of insert.

The blade is very narrow and its use in indicated in 

situations where the bone may be shallow, highly 

cancellous and narrow from the buccal to lingual sur

face (Linkow, 1970).

With such an uniquely designed implant, where 

its endosseous depth is secondary compared to the 

vertical post and pin implants that depend on their 

length for their success, a number of distinct 

advantages can immediately be realized (Linkow, 1968):
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1. There is less chance of damaging the in

ferior alveolar nerves, maxillary sinus and nasal 

vestibuTum because this new implant need not be buried 

deeply;

2. The long anteroposterior width prevents 

the implant from turning. The structure of a blade- 

vent is shown below (Pig. lj.6);

Figure lp6. Anatomy of a modern oral endosteal 
implant (Ghiarenza, 1973)*

3. Each implant, although long enough to 

utilize enough of the bone that exists, is only one 

millimeter or less in thickness and hardly disturbs the 

cellular and vascular elements that exist between the 

walls of bone of which it is inserted;

4. Since many sizes and shapes are available,
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almost any particular bone site could be utilized 

for their insertion (Pig. 4-7) 5

Figure Itf. The blade-vent implants exhibit 
many various sizes and shapes (Linkow, 1968).

5. The blade-vents can be used in all types 

of ridges;

6. The feasibility and usage of the blade-vent 

in the maxillary sinus area when the floor is not dipped 

too low can give far more retention than does the tri

plant (Pigs, if.8 and 4-9);

Figure 4.8. Illustrates a blade- 
vent giving support to the posterior 
portion of a bridge (Linkow, 1968).



Figure 1^9 • A blade-vent em
bedded in the maxillary tuberosity 
offering a great deal of support 
for the fixed prosthesis (Linkow,
1968).

7. Similarly, when tapped into the maxilla, 

it offers a great deal of support for a fixed pros

thesis;

8. In the few cases that might arise whereby 

the blade is loose upon its insertion, the operator 

merely removes it and replaces it with a blade of a 

slightly thicker buccolingual dimension; and

9* The widest portion of the implant which 

is buried deep in the bone has wide spaces through 

which bone can grow.

The surgical technique is the same for both 

the mandibular and maxillary blade-vent. To imbed 

the blade-vent in the mandible, the dentist carefully 

inciaes the fibromucosal tissue with a scalpel (Fig. 
50) (Linkow, 1968).



Figure 50 • An incision is made 
through the mucco-periosteum along 
the crest of the ridge (Linkow, 
1968).

The tissue is then retracted to expose the under

lying ridge of bone. A anteroposterior slit is now 

made through the cortical shell of the bone (Fig. 
5D (Linkow, 1968).

Figure 5l« A thin groove is 
made along the crest of the ex
posed bone ridge with a No. 556 
fissure bur (Linkow, 1968).

CARROLL COLLEGE LIBRARY 
HELENA, MONTANA 59601
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The length of the slit should correspond to the 

widest portion of the blade (Pig. 52) (Linkow, 1968).

Figure 52. Slit in the 
maxilla prepared for the 
blade-vent. The groove 
goes slightly deeper than 
the cortical plate that 
covers the alveolar bone 
and should have the same 
anteroposterior length 
as the implant blade 
(Linkow, 1968).

The implant is then carefully placed inside the shallow 

slit and is malleted to its proper depth into the



67

alveolar bone (Pigs. 53, 5U and $5) (Linkow, 1968).

Figures 53, 52+ and 5$. Figure 53 - 
Proper sized blade-vent placed into 
groove. Figure 52+ - Blade-vent tapped 
into its proper depth.. Figure 55 - 
Edges of cortical bone swaged together, 
covering the shoulders of the blade- 
vent (Linkow, 1968).
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Only the abutment post and part of the neck should 

protrude Into the oral cavity.

In the maxilla, the procedure for tapping the 

blades into the alveolar bone becomes easier, since 

the osseous structures are more cancellous than in 

the mandible (Linkow, 1968). The steps are basi

cally the same - incising the tissue, reflecting it 

away to expose the bone, drilling a slit through the 

cortical plate the length of the blade, and tapping 

the implant into position (Pigs. 56, 57, 58, 59, 60 

and 61) (Linkow, 1968).

Figure 56. The bone is ex
posed and the implant is ready 
for tapping (Linkow, 1968).

Figure 57* The implant is 
placed into the groove (Linkow, 
1968).
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Figure £8. Blade-vent tapped 
into position in the maxilla 
(Linkow, 1968).

Figure 59* Placement of soft 
tissue around blade-vent (Linkow, 
1968).
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Figure 60. Suturing of 
tissue around blade-vent 
(Linkow, 1968).

Figure 61. Post-operative 
radiograph of implanted blade- 
vent (Linkow, 1968).

Six-month postoperative radiographs of various 

blade-vents seem to illustrate that their various open 

vented design can easily permit bone to regrow inside, 

securing their retention (Figs. 62, A-H) (Linkow, 1968)
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Figures 62 A-H. Radiographs showing 
six-month post operative blade vents 
(Linkow, 1968).
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A Panorex view of two patients (Pigs. 63 and 

610 shows the various combinations of implants that

can be inserted into the mouth.

Figure 63« Panorex showing lower subperiosteal 
implant and maxillary full arch fixed prosthesis 
supported by two blade-vents, a vent-plant, and 
tri-plant (Linkow, 1968).



73

Figure 6ij.. Panorex illustrating the blade-vents 
in the maxilla aiding, the three anterior tooth 
abutments to support a full arch prosthesis. In 
the mandible, two endodontic root stabilizers are 
seen piercing the two loose cuspids. Posteriorly, 
three vent-plants are used to help stabilize the 
weakened teeth for the support of the full arch 
bridge (Linkow, 1968).
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MATERIALS AND METHODS

Mice

Eighteen inbred Balb/c mice, eight males and 

ten females, were obtained in 1974- from Montana State 

University in Bozeman, Montana. The mice ranged in age 

from 10 to 12 weeks. The mice were maintained in cages 

and fed Purina Laboratory Chow and Better Pare Vitamin 

Supplement.

Metals

Aluminum was obtained in the form of aluminum 

foil. The use of aluminum as a valid rejection standard 

was based on information received from a dentist experi

enced in implants (Gallus, 19714-) • The standard for 

tissue rejection was used as a comparison model for the 

other metal implants. Copper, iron, lead and silver 

metals were obtained from the Carroll College Chemistry 

Department. Dr. Gary L. Mihelish supplied the gold alloy, 

titanium and Vitallium. Vitallium, a commonly used alloy 

in implant denistry, was used as the standard for tissue 

acceptance.

Instruments

Surgical scissors and forceps, sterilized in 
91$ isopropyl alcohol, were used for surgery. Surgical 

suture material was obtained from St. Peter’s Community 

Hospital, Helena, Montana.
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Anesthesia

GENCO ether was used as the anesthetic.

Identification of Test Mice

Three factors were used for identification pur

poses:

(1) the color of the tail of the mouse painted 

with one of five colors of household enamel paint,

(2) the gender of the mouse, and

(3) the cage number.

A sterile environment was established before 

surgery to minimize the chance of infection. A 

rectangular pan, wiped down with alcohol, was used as 

an operating table. Ether was employed as an anesthetic 

Anesthesia was administered by placing the mice in a 

closed jar containing an open container of ether. The 

mice were then removed from the jar and placed on their 

stomachs in the pan. An area of hair on the back was 

shaved with scissors then cleansed with alcohol. An 

incision was made subcutaneously with scissors. The 

tip of the scissors was placed inside the cut and 

opened to widen the initial cut exposing the under

lying tissue. Small pieces of metal averaging .5 mm 

in length were weighed, dipped into the alcohol and 

deposited into the tissue fluids of each mice. The

area was then flushed with alcohol and sutured by lock
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stitching. The area was finally cleansed with alcohol. 

The tails of the mice were then sprayed with paint.

Cage number and sex were recorded.

The mice were observed over an eight-day period. 

Observations were made three times daily at 11:00 a.m., 

6:00 p.m. and 11:00 p.m. Mouse weight was recorded only 

for the two eleventh-hour readings.

Table 1 shows the type of metal used and the 

number of animals implanted with each metal.

Metal Number of Mice

aluminum 3

copper 3

gold alloy 1

iron 3

lead 3

silver 1

titanium 2

vitallium 2

Table 1. Number of mice implanted 
with each metal.

Titanium was implanted into only two mice, as 

was Vitallium due to the expense of these metals. Gold 

alloy implants and silver implants were used in one 

mouse each. All other metals were tested in three mice

each
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The weights of each metal used and the gender 

of mice receiving implants of each metal are shown in 

Table 2.

Metal Gender Weight
(crams)

A1 Ma .0103

A1 pb .0195

A1 F • 0124.7

Cu M .0132

Gu F .0159

Cu F .0173

Au F .0118

Fe F .0062

Fe F .0077

Fe M .0053

Pb M .0735

Pb M .1065

Pb F .064.0

Ag M .0286

Ti M .0871

Ti F .064.3

Vit F .0221

Vit M .0239

Table 2. The weight of different metals 
deposited in mice. (Ma = male; F*3 = female)
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Visual examination was made three times a day to 

determine acceptance or rejection of the metal. Dis

coloration of the skin was associated with rejection of 

the metal as was a thickening of the tissue. Mouse weights 

were recorded before and thereafter at 12-hour intervals 

for eight days. Table 3 shows the results of the visual 

examination and weights are recorded in Table ij..
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»
Elapsed METAL IMPLANTED

1X1)16
(hrs) A1 A1 A1 Cu Cu Cu Au Pe Pe

0 NO NC NC NC NC NC NC NC NC

12 NC NC T NC NC NC NC NC NC

19 NO T T NC NC NC NC NC NC

NC T TD NC NC D NC NC NC

36 D T TD NC NC D NC NC NC

U3 T TD TD NC NC D NC NC NC

^8 T T TD NC NC TD NC NC NC

60 TD T TD NC NC T NC NC NC

67 TD TD TD NC NC TD NC NC NC

72 TD TD T NC NC TD NC NC NC

8U T TD T NC NC T NC NC NC

91 TD TD TD NC NC T NC NC NC

96 TD TD TD NC NC T NC NC NC

108 TD TD -a NC NC T NC NC NC

115 TD TD -a NC NC T NC NC NC

120 TD TD -a NC NC T NC NC NC

132 T _a -a D NC T NC NC NC

139 T -a _a D NC T NC NC NC

11*4 T „a -a D NC T NC NC NC

156 T _a -a NC NC T NC NC NC

163 T -a _a NC NC T NC NC NC

Table 3. Observed changes in mice following metal 
implantation. (D = discoloration of tissue; T = thicken
ing of tissue; NC = no change observed; -a = no recording 
made due to death of mice)
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Table 3* (Continued)

Elapsed METAL IMPLANTED
IXItl©
(hrs) Fe Pb Pb Pb Ag Ti Ti Vit Vit

0 NG NC NC NC NC NC NC NC NC

12 NG NC NC NC NC NC NC NC NC

19 NG D NC NC T NC NC NC NC

2U NC NC NC NC T NC NC NC NC

36 NC NC NC NC T D NC NC NC

D NC NC NC NC D NC NC NC

ii.8 D NC NC NC NC NC NC NC NC

60 NC NC T NC D NC NC NC NC

67 NC NC T NC D NC NC NC NC

72 NC NC T NC D NC NC NC NC

8^ NC NC TD NC TD NC NC NC NC

91 D D D NC TD NC NC NC NC

96 D D NC NC NC NC NC NC NC

108 D D NC NC NC NC NC NC NC

US D D NC NC NC NC NC NC NC

120 D NC NC NC NC NC NC NC NC

132 NC NC NC NC NC NC NC NC NC

139 NC NC NC NC NC NC NC NC NC

1U NC NC NC NC NC NC NC NC NC

156 NC NC NC NC NC NC NC NC NC

163 NC NC NC NC NC NC NC NC NC

Table 3» Observed changes in mice following metal 
implantation. (D = discoloration of tissue; T = thicken
ing of tissue; NC = no change observed )
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f WEIGHT OP MICE IN GRAMSElapsed
Time
(hrs) A1 A1 A1 Cu Cu Cu

0 23.5 18.6 17.9 22.3 17.4 16.9

12 21.8 18.0 17.3 21.1 17.0 16.6

2U 20.0 18.2 17.0 18.9 17.7 17.2

36 23.1 17.9 16.9 19.8 18.6 19.8

48 25.2 18.6 17.3 21.4 19.3 20.5

60 24.8 18.9 17.1 21.9 19.6 21.2

72 23.8 18.0 17.1 23.6 20.1 22.4

84 23.5 17.1 16.6 23-4 19.3 22.6

96 23.9 17.4 16.4 23.9 19.7 23.4

108 25.2 16.3 -a 24.7 19.7 23.5

120 26.9 15.7 _a 24.3 21.4 24.2

132 25.8 _a -a 25.2 20.9 23.9

m 26.1 _a -a 25.4 21.0 24.5

156 27.5 -a -a 26.8 20.0 24.1

168 26.8 -a _a 26.4 20.9 23.8

Table 4* Weight of mice recorded at 12-hour 
intervals over an eight-day period. (-a = 
death of mouse)
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Table 4* (Continued)

Elapsed 
Time 
(hrs)

WEIGHT OP MICE IN GRAMS

Au Fe Fe Fe Pb Pb

0 16.3 14.8 16.5 18.9 21.2 18.6

12 15.9 15.1 16.3 18.3 19.1 18.1

24 16.0 15.9 16.0 18.7 18.4 18.8

36 16.1 16.2 I6.4 19.4 18.7 19.5

48 16.7 16.0 16.0 17.1 18.4 18.1

60 17.1 14*7 16.9 16.7 18.8 18.0

72 18.9 13.8 17.1 15.8 19.7 16.7

84 18.3 13.5 17.3 15.9 20.8 16.9

96 18.5 13.7 16.8 16.3 20.9 17.5

108 18.9 14-5 16.7 16.8 20.0 18.4

120 19.6 14*9 16.3 16.5 21.9 20.0

132 19.2 15.6 17.0 17.2 23.2 20.9

144 19.4 15.1 17.1 17.7 23.9 21.2

156 18.7 15.0 16.2 17.5 25.2 20.4

168 18.5 14.4 16.0 18.1 26.1 20.9

Table 4* Weight of mice recorded at 12-hour 
intervals over an eight-day period.
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Table I}.. (Continued)

Elapsed WEIGHT OP MICE IN GRAMS
J- ZLX11O 
(hrs) Pb Ag Ti Ti Vit Vit

0 16.6 22.1 19.6 15.6 IV2 17.1

12 16.0 21.1 19.0 15.0 13-9 17.14-

2^ 15.5 2V3 17.5 II4..8 IV 6 17.2

36 1V1 27.3 16.7 13.9 15.5 18.8

^8 1V5 27.8 18.5 1V5 13.9 18.14.

60 13.8 28.0 19.1 IV 9 13-V 17.7

72 13.0 27.5 21.5 16.9 12.6 20.1

8I4. 1V9 27.9 21.7 16.2 12.8 18.1

96 15.6 27.0 21.2 17.3 13.6 16.3

108 I6.7 26.7 22.6 17.8 IV 3 16.0

120 l8.li. 27.6 21.8 17.2 15.8 H4..I4.

132 16 • 8 28.2 22.5 16.5 IV 9 15.9

iV- 17.0 27.6 21.3 16.7 15.1 16.5

156 16.5 27.5 21.1 17.5 15.8 17.5

168 16.2 25.9 20.5 16.3 15.4. 17.8

Table I4.. Weight of mice recorded at 12-hour 
intervals over an eight-day period.
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RESULTS AND DISCUSSION

Both Vitallium and titanium were accepted by 

the tissues of the mice (Table 3) • Aluminum was re

jected in all three cases (Table 3) • Two female mice 

carrying aluminum implants died during the experiment. 

Deaths came ij. and 5 days after surgery. Therefore, 

reaction to surgery is ruled out. Cause of death 

is probably related to rejection of the aluminum im

plant by the tissues. Both dead mice had evidence of 

discoloration and tissue thickening. Similarly, the 

male mouse implanted with aluminum exhibited this condi

tion. Autopsy examination indicated fragmentation of 
the aluminum and considerable metal weight loss (.0082 

gms).

Copper was accepted by the tissues in two cases 

(Table 3), but there is evidence of early rejection in 

the third case. Autopsy recordings on this latter case 

indicates the absence of that metal within the tissues. 

Copper metal was present in the other two cases. There 

was an indication of corrosion by evidence of loss in 

metal weight (.0.011 and .0009 gms).

Iron and lead appear to be accepted after an 

initial period of rejection in some cases. Silver also 

was accepted after initial signs of rejection. Weights
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of these metals after autopsy examination showed no 

significant changes (Table 5).

Metal Gender Weight (gms)

Al Ma .0021

Al pb —1

Al F —1

Cu M .0121

Cu F .0150

Gu F „_1

Au F .0116

Fe F .0062

Fe F .0075

Fe M .0050

Pb M .0735

Pb M .1065

Pb F .064-0

Ag M .0286

Ti M .0871

Ti F .064.3

Vit F .0021

Vit M .0239

Table 5« Weights of different metals removed 
from mice on tenth day. (Ma = male; F^ = female; 
—1 = no weight recorded)
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Surprisingly, the tissues accepted the gold 

alloy even though it contains measurable amounts of 

silver and copper. Gold and silver by themselves 

would be metals of interest in implantodontics but 

might be ruled out due to their malleability and

cost.
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CONCLUSIONS

Implanting of metals into the tissues of the 

oral cavity of mice is impossible due to the small 

size of mice. Alternatively, implants can be done 

on the posterior surface of the back. This type of 

implant is protected by its position from the teeth 

and nails of the test animal. My research proved 

this technique to work exceedingly well.

Definite additional advantages of using mice 

for this experiment are:

(1) the low cost permitting large numbers 

of test animals to be used;

(2) the ease of handling, housing, and feeding;

and

(3) the ease of breeding the mice.

The only metal tested which appears to have 

significance in implant dentistry, besides titanium 

and Vitallium, is iron* Iron is a rigid metal capable 

of withstanding stresses put upon it as an implant 

structure. However, corrosion of the iron by the 

tissue fluids over a long period of time may cause 

mobilization of the implant.

Lead also showed promising results as an implant

metal. However, the malleability of lead would rule
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against its use in pure form. Lead might possibly be 

formed into an alloy of the texture needed for im

plants. Low cost and availability would directly 

benefit the patient.
The tissue reaction of all laboratory animals 

requires careful interpretation, and any extrapola

tion of the results to human tissues must be carried 

out with extreme caution.
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