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INTRODUCTION

Beginning in 1965, radiographic marxers made of the metal tantalum
were implanted ianto patients undergoing orthodontic treatment at the

University of Oregon.l The implants were utilized in an attempt to

increese reliability of cephalometric radiographic tracings made during
the course of orthodontic treatment. Patients were implanted after the

e T . ‘ e - 5= 0
manner of Bjork into mexillary and mandibular alveolar bone on the side

of the patient which was closest to the film cassetie during exposure of
=) A

radiographs. Implants from subsequent radiographs during treatment were

-

superimposed onto the implants in the originel radiograph. In this way,
it was hoped that es%imates'of spatial mqvemont of various parts of the
skull‘and teeth, and also appositional grow%h of individual bones could
be made more accurately than when no implants were usad.

Measurement error was estimated by Bjork3 to be within the range of
t0.5 mm, when double determinations on radiographs were made using the
implanting technigue. This measufement error is the result of many factors.
Among these factors'are the measurement error of the investigator and his-
equipment and the variations in exposure and proceséing of films.1
Another major source of srror results from differences in position of the
patient-in the cephalostat uﬁon exposure of subsequent films. In order
to minimize this problem, Sorensen{ Cruikshank, and Nixon4 have proposed
a method whereby the positions of three implants are located on an x, ¥,
and z axis. Subsequentvfilms are re~oriented by locatinzg the position of
the group of implents relative to its origi sl position. Thus, errors in

patient positioning which would make superimposition of subseguent films



—unreliasble when using a two-dimensional scale are rendered of no
significance when the third dimension 1s taken into consideration, It is
of vital importance in this latter technique that the implants remain in
exactly the same place within the bone in which they are placed.

However, a problem arises in a few patients in that the implénts,ﬁave
been found to "tumble" or move in relation to one another. In these cases,
subsequent cephalometric radiographs of'the implants cannot be perfectly

3

re-oriented to the beginning treatment film., Bjork” also notices. this

phenomenon in some of his radiographs and ascribed it to three possible
causes: l-Active tooth eruption; 2-Implants not placed deep enough, thus
allowing periosteum to drag on the implant; 3-An electirolytic effect of
the metal which stimulates fibroblastic activity.,

A histologic study appeared to bé a logical method for ascertaining
what is going on in the tissues next to\the implants. A search of the
literature revealed that no such studies have been published‘which assess
this problem in relation to tantalum implants. Therefore, it was decided
to use microscopic tissue examinationutechniques for the purpose of
determining if any type of reaction could be found in the tissues
surrounding tantslum implants which eould account for spatial movement of
the implants in some human patients.

The study was designed to describe the healing process around tantalum

implants in alveolar bone of a dog for a period of eight weeks.



REVISY OF LITERATUAE

For centuries, man has been placing metals into living tissues for
medical and scientific purposes. It is recorded that Petroniu85 as early

as 1565 fabricated and placed a gold plate to replace a cleft palate.

Since‘that time, various metals have been used by men for présthetic
‘replacement of missing or damaged parts of human bodies and for markers
in bbﬁe to discover the manner in which osseous tissue grows. MNore
recently, metsl markers have beén used in conjunction with radiographs
to study how the facial complex grows. It is primarily.the use of metal
narkers in stuéigs of faeial growih and orthodontic tooth movement with
which this study'is‘concerned. Howevér,‘a review of the literature
con§erning use of metel in tissues‘throughout history is in order., Such
a study fosters an appreciatiqn of the long siruggle by man to fiﬁd
suitable metals and techniques for piacement in the human rody.

Recorded uses of mefals in the Eody in early history are rare.
Notable experimenters include Faﬁricus, who in 16476 first'reported the’
use of sutures mede of iron wire. Later, Steven Hales (1727)7 was
credited with the first use of metal markers for studies of bone growth.
He pierced two small holes %—inch apart in the tibia of a growing
chicken with a sharp pointed iron and placed metal markers. Two months
later, Hales oﬁserved the markefs.and féund them~still<% inch apart,
despite growth in length of the tibia. This was the first evidence for
appésitional.growth of bonre,

Duhamel (1743)8 essentially expanded Tale's experiment when he used

silver stylets placéd at regular intervals thrcouzghout the length of long



- bones in the-growing piseon and dog, After a period of growth, Dihamel
measured the silveﬁ markers again. His conclusions agreed with Hales,
but he did note sore increasesvin distance between markers in the middle
portioh of long benes,

The famous sciéntist John Hunter (1770)9 bEvHe s Tes e S Bere
growth and used a growing pig tibia with carefully placed and measured
iead éhot as‘markers. He also fed maddér to the animals tbrﬁark the new
béne growth and confirm what the métal'mﬂrkers disclosed, Hunter concluded
that apposition wes the manner in which bone grows; but as with Duhamel,
he reported some separation of his mefal markers. Hunter explained his
results with the belief,thét there was unequél pull of periosteum on the
markers at various points along the_leng n of long bones., He thought that
the firh aftachment‘of periosteum at the epiphyseal line caused a sliding
of the periosteun aleong the mid—portidniafrlong bones and hence a drag on
his‘sﬁallowly placed lead shbt.

Medical use of metals in the body begen to grow in the eighteenth
century after Icart (1775)6 reported use of iron wire to approximate a
fractured bone, Later, an extensive experiment on 21 dogs was performed
by Leverti (1829)10»to find a suitable material for suturiﬁg aneurysms of
blood vessels. Hé placéd wires of various materials around the carotid
arteries of dogs énd killed the animals after various ?eriods of time.,

He reported results of his gross examination of the implanted metais.
>The metals used included zold, silver, lead, and platinum. Levert found‘
platinﬁm to be the best tolerated and concluded that "tying of arteries
with lead znd other metzls is free from danger."

Burkell identifies Langenbeck (1850) as the first to report a

technique of nailing fractures to the femoral reck in humans. Later
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Flourenslz and Ollier ™ in 1861, used silver balls and lead shot,
respectively, in rabbits to study bone growth. Holes were drilled and
wire rings placed at fhe anterior and postérior borders of the ramus of
a growing pig by ﬁumphery in 1864.14 Sacrifice of the animal showed the

anterior ring sloughed in soft tissue and the posterior ring more deeply

imbedded in bone. This demonstrated the appositioﬁ, resorption pattern

which occurred in mandibular growth.

-In 1883, Joseph Listerl5 reported on use of 1/16 inch silver wire
sutures and aseptic ?echnique in repairing bone fréctures. The advent of
aseptic surgery greatly increased the successes of surgeons using metal
implants.

Kitteredg;‘(1891)17 reported a successful reduction of a fractured
-patella using a gaivanized iron stapie° He noted that next time he
would rather use a copper or silver staéie to minimize corrosion of his
impian’c° V

Lane in 1905,18 started a controversy which lasted at leaét a
decade. His report of use of a steel plate to bind fractured bone
,éegments in two cases caused a rﬁsh by surgeons to implant steel in théir
patients. Lane's radiographs showed nice bone apposition, but many
surgeons experienced disappointing failures with the steel plate. In
1914, the American Journal of Surgery published a‘series of articles by
surgeonsl9’20’21 showing failures with the "Lane Plate," and admonitions
to use metal implants in fracture reduction only as a last resort. This
was despite a very energetic experiment by GrOV8522 in which many
different types of implants were implanted in‘a large grour of animals.

He concluded that nickel-plated steel has no irritating effects on tissues,

and that aseptic foreign bodies are well tolerated by tissues.
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“iMann imbedded steel screws in dogs znd found they healed with only
slight rarefactions in radiogrephs at four weeks, Trout24 disagreed with
Mann and sbowed arrest of bone growth with steel screws imbedded in ybung
rabbits, | |

Lane continued to defend metal implantation by blaming other
surgeon's failures with his plate oﬁto poor and septic surgicaivtechniques.
.Néw tools weré brought into_use in the search for safe metals to

iﬁplant in the human body. In 1908, the microscope was utilized in
stuinng what happened in tissue surrounding metal implants. In that year,

25

Von Baeyer - observed that metal particles were set free from implants and
could be identifised in surrounding tissue.
Radiographs were first used in conjunction with metel markers in

bone studies by Dubreuil in 1913.26

Zierold6 undertook a messive expériﬁént with metal implants in 63
dogs in 1924. Ebles were drilléd in, the tibie, femuf, ribs, and skulls
of dogs. Into these were placed implants of gold, copper, nickel,
aluminum, bronze, magnesium, aluminum, high-carbon steel, low-carbon
steel, lead, iron, and sﬁellite (chrome—cobalt)o After sacrifice of the
animals, histologic, radiographic, and gioss examination éf the tissues
was performed. Zierold's well-structursd study concluded that "normal.
variation in the reaction of living tissues is great.” ﬁowever, gold,
aluminum, and the chrome—~cobalt alloy were readily tolerated by bone,
became encapsulated, and caused little hindrance to the repair process.
Steel was found to be‘the least sgitgble of all for bone prosthesis.

The seemingly.equivocal results of Hunter and Duhamel two cenfuries
before, prompted Heas in 1926,27 to repeat their stﬁdies with more

sophiétication. Using silver implants in rabtits and dogs, and
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: utilizing"raiiographs, Haas finally-dispelled forever-the ghest-of
interstitial growth of 1oﬁg bonés.

Gatewood and Iullen (1§27)28 again confirmed that no longitudinal
growth'occurs in fhe,diaphysis of long bones. They placed lead shot
one centimeter apart throughout the lengfh of long bones in the rabbit.

The influences of discs of various metals on growth of osteoblasts
and fibrobiasts in tissue culture was étudied by Menegaux, Odieﬁfe, ahd
Moyse in 1934.29 They concluded fhat somé metals retarded growth of
osteoblasts ané that the toiicity ofvmetals was thé éhief factor involved.
Chrome-nickel steel alloys were founiAnot to inhiﬁit growth of tissue
cultures.

Bisgard and Bisgard (1954}30 used steel markers and radiograrvhs on
the humerué and ulna ofvgoats to show that new bone is deposited
between the end of the diaphysis and th;‘epiphyseal plate and also
betﬁeen the epiphyseal platé and. articﬁlar cartilage,

A survey was nade by Nbrthfieldsl into the success of metals which
had been implanted into patients in the treatment of fractured bones.
The 77 cases he followed showed that silver was less prone to failure
when used to splint bone fractures than was steel.

Jones32 placed tacks of vaﬂadium steel, nickel-free rustless steel,
and two types of chrome-niclkel rustless steels into foﬁr dogs. The
latter two stesls were shown by histology to be tolerated thevbésf.
Jones also plaéed_the four metals in Ringer's Solution, after weighing,
and then rewelghed them after 30475 days. It was found that the
chrome—nickel steels did not corrode and iose weight as did the other

steels. Therefore, Jones concluded that the reaction of bone to metal |

ig linked %o metsllic corrosion.
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33

- ——Venable-and Stuck”’” performed-a very neteworthy-experiment using 50
dogs with screws of various metzls implanted in the radii of the animals.
They concluded from radiographs, histology, and gross observation that pure
metéls are the leasf destructive to bone. The reactions in the tissues
which they observed were.claimed to be purely chemicai in nature., letals
of different types in the samé animal, or alloys of different metals céuse
eleétrélytic reactions and formation of irritating metalliqngalt.solutions
in body fluids, they said.

A method for studying sutural growth was‘advance& by Gudden in 1942.34
He drilled 4 ﬁm. diameter depressions in the skulls of growing dogs and
into these placed bone wax mixed with carbon, The dogs were later killed
and the increase in distance between the borne inlays was measured.

In 1940, Bunné135 wes the first to mention use of a new metal,
»tantalum, for implantation. He also iiéfed as possible causes for
foreign body reaction to metals: chemical, allergic, and electro-chemical
Phenomenon,

The use of tantaium as suture maferial was advanced by Burke in 1940.36
He claimed it to be far superior to any other suture materizl then iﬁ uée.
He found no reaction from tissues whatsoever and no scar was left in
subcutaﬁeous tissue., 3Burke also placed tantazlum wire in Ringer's
Solution at body temperzture for three months and found no change in
weight or appearance of the metal, TIn addition, he placed tantzlum screws
into bones in dogs and rabbits and found normal healing occurred and that
it was difficult to unscrew the i@plants.

Implantations of tantalum onto bone were reported by Carney in 1942,37
He weighed tantalum plates and screws and applied them to the tibia of

dogs. These rerained in place 30-108 days anc then were removed and



Histological results showed a thin film of fibroblasits surrounding the
=) . 133

metal plates. 0 edema or inflammzstory changes wers observed. Carney

concluded that "the metal is well tolerated by tissues."

Bernier38 used a new alley, vitallium, in 1943, in bone studies,

He reported bone to be in direct contact with vitzllium screws which were

screwed into cuspid extraction sites in monkeys.

Venzble in‘i945,39 was able to state that only three metals were

safe for surgically implanting in the human body: 18-8 310 stainless

. steel,‘tantalum, and vitallium. He reaffirmed his belief that to be

useful in the human body e metzl must be free of.electroactivity in body
fluids. o

The correlatioﬁ_between "anodic back EIEM and weight loss due to
corrosion of metalé was studied by Clark\énd Hickman.40 They concluded
that.anodic back I may be correlated to beﬁavior of metals in tissues.
They also listed as the two main theories of tissue reaction to metals:
electrochemical and toxicity.

Nichols4l placed six vitallium implants in four dogs, left them fof.
2-5 months, then obéervedvhistologically the tissue next té the implants.
He found a2 layer of dense connective tissue formed between the vitallium
and bone as a resuit éf ostecoclasis and reorganizaﬁion of bone tissue.

Bjork in 1955,2 first reported his very important work utilizing
tantelum implants in the jaws of growing children to study the growth of
growth of the face. His descriptipns of maxiilary and mandibular growth
and of charges in tooth positions remains the most definitive of any yet
reported. 3By 1063, Bjork3 could report on 12'jearé of study of 110

children. His cerhalometric tracing showirg the extreme variations in

12

- -—reweighed. It was found that the metal had lost negligible weight in vivo.
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- pardibular growth have become classic,

Rapid mechznical palatal expansion was studied by Krebs in 1959,

42

L
with_fhe zid of vitallium implants placed on both sides of the maxilla of
nine patients requiring this procedure. Headplates were then used to
measure the increase in distance between the implants as treatment
progressed.

Cohen in 1961,43 found that surface finish made a difference in the
adhesion of bone to implants. He used chrome-cobalt screws placed into
two dogs and measured resisténce to removal with a torgue wreach., A
sahd;blasted finish geve greater resisfance to unscrewing than did
electrolytically polished surfaces, FHowever, the histclogic picfure was
similar adjacent to both surface finishes on the metals.

Bjork in 1965,3 briefly mentioned a six year study comparing
tantaluﬁ and chrome-cobalt markers for tissue tolerance, His
radiographic study showed less movenents of tantalum implants after
placement in human facialibones.

Rapid palatal expansion of five pétients with surgically repaired

44

complete clefts was studied by Isaacson. ' He used modified silver
endodontic cones as implants. These weré placed on both sides of the
zygomatic process énd oﬁ both sides of the alveolgs adjscent to the
maxillary first molar, lHe demonstrated expansion of bofh "pasal!" and
alveolar boﬁe in 4-12 year olds, but a 22 year old patient exhibitéd only
tooth expansion;

Coccare45 used tantalum implénts to study changes of points‘A and B
in two denture patients after extraction of the anterior teeth. He

found that there was a distzl movement of both these points but that

point 4 was the more stable of the two.



=TT 1967,'Lang46 proposed a four-point system of grading implants for
suitability for use in tissues, The thickness of the pseudomembrane of
fiﬁrous connective tissue arouad the implants was used for criteria.

Hé1d47 placed various neterizls in contact with rebbit tibias and

observéd the implants histologically'at 46 to 223 days. He used 18 carat
gold platimun alloy, 20 carat sold, 18 carat gzold, Qitallium, tantalum,
and acrylic as implants. He ccnclﬁded that acrylic and tantalum causéd
the least hyperpiastic bone formation,

48

Kaminski used stainless steel discs placed in 20 rebbit mandibles
and calveriums to check for differences of reactions in varicus sites of
implantation. He found less reaction of the calvarium to the discs than
the mandible exhibited. The mandible showed areas of resorption and
stimulation of new Yone growth; whereas the calverium did not. He also
found much varistion in thickness of the\fibrous membrane surrounding the
discé. He concluded that you cannot use this method as a criteria for
evaluating tissue response.

49

Sarnat’™” used dental amalgam placed into undercut preparations made

into the facial bones of rabbits and Hampshire pigs.

14
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MATERTALS AND METHCDS

A perusal of bone implant literature revealed that the dog6’8’lo’16’

21,32,33,54,31 has been a successful experimental animal for bone studies

‘in the'pastﬂ Therefore, it was decided to use thi§ animal for fﬁe project.
In the design of the experiment, one animalrwas used éo eliminate

_variability between animals. The dog selected was an adult cocker

spaniel weighing 24 pounds. The ahimal was fed a regular laboratory diet

except for the two days after each implanting procedure when a soft diet

was given.

—

For the maﬁilléry implants, wire of 90% tantalum and 10% tungsten*
vas used. This is identical to that whigh has been used previously by
Bjoisz’s’4 and at the University of Oregon in some 160 human patients.

Af each implanting'procedure, the animal was induced to anesthesia
with Surital,** and atropine sulfafe*** was given to stabilize heart signs,
The aniﬁal was intubated and maintained for the length of the operations‘
on a oxygen—Halothane**** mixture. For each implant, an incision was
made, mucosa and‘périosteum was reflected, and the implant was driven to
place in alveolar bone above the apices of the teeth. To place the implant,
a mallet and Matthou needle holder were used. The incision was closed

using a single silk suture in most instances. Each site was tatooed with

#* Donated by Wah Chang Corporatioﬁ of Albany, Oregon.

Parke-Davis & Co. 2.5% soln,

*3%
Eli Lilly & Co. 0.4 mg/cc

ko J
Ayers laboratories Incorporated.
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India ink to make identification easier after sacrifice of the animal.
The animal was covered after each procedure with I.M. administration of
Penicillin G,* 150,000 units. This was done to prevent multiplication of
—mbacteria which may have been introduced from the animal's oral cavity at
each sdrgical'site. A bacterial infection and resulting inflammatory

reaction would have given an unrepresentative bone healing picture adjacent

to the implant.

The implants were placed into the maxilla of the animal such that at
the time'of»sacrifice there Qere implants of age two days, and from one to
nine weeks, ‘These implants in the maxilla were placed without benefit of
prior drilling of any guide holes; They were malleted to place at right
angle to the bdﬁé surface using moderate force in a similar manner to that
used in human subjeéts.

In the mendible, metal implants of éight different types were placed
and left six weeks before sacrifice of the animal. These implants were
placed into holes drilled into thé mandibular alveolar bone using a 5-0
round bur. This was done because of the very dense nature of the mandible
and beqause of the softness of some of these metals, In the mandible,
implants of tantalum, elgiloy, 18-8 stainless steel, silver, gold, iron,
and bronze Qere used., A4ll implaﬁts were designed differently from those
used ¢linically on human subjects in thatbthey were provided with a
right angle bend or "handle" which was left laying flat on 5one after the
rest of the iﬁplant was driven to place. This was done to meke for easier
removal of implants from the specimens before sectioning. Implanis were
all made of .022 inch diameter wire, 4.5 mm. in length.

A1l instruments and implants were washed and autoclaved before each

Fort Dodge Laboratories.
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procedure, but because of the difficulty of maintaining sterility in the
canine's oral environment, no claim of'sterilg surgical téchnique is made.

After'fhe nine-week seguence of implant placement, the animal was
anesthetized for the'finai procedure., An incision was:made vertically
af the midline of the anterior cervical region and the right common carotid
artéry and left internalljugular vein were exposed and isolated. A canula
wés insérted in the common cardtid_artery;and perfusion Wi%h<;0rmal saline
was carried out until the internal jugular vein contained only the cléaf fluid
from the head of the animai. Immediately, ﬁerfusion was begun with 10
percent formalin and continued until the animal's heart gigns ceassd, This
required 900 cc. of formalin.

After sacf&fice of the animal, the maxilla and mandible were reméved
and préserved in 10.percent formalin for two weeks. After this period of
time, block sectidns of approximately twéAcm. cubes were made from the
alveolar bone surrounding each implant (Fig. 1). These were decalcified
in a sodium fbrmate-formic‘acid solution for approximately ten days. The
- metal implants were then removed from %he specimens (Fig. 2). The bone
‘specimen were then imbedded in péraffin and sections were prepared on the

microtome. Stains used included hematoxylin and eosin, and Masson's

Trichromic stain for collagen,
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FINDINGS

* “Tantalum Implants in the Maxilla:

The specimen of maxillary bone which was adjacent to a tantalum implant

for two days before sacrifice of the animal demonstrated histologic evidence

of mechénicalltrauma. Bore spiéules were deflecfed in the direction of
_iﬁplant placement and the junction of implant and bone were very serrated.
Many éolymorphonuclear leukocytes (Fig. 3) and macrophages, and loose red
blood cells were present in lérge numbers. However, no osteoclasts or

osteoblasts were apparent two days after implant placement.

-

In contrast, the one-week bone specimen showed as its major feature,
a great deal of ostéoclastic activity; In addition, osteoblastic cells
weré apparent in moderate numbers in this ééction of tissue, At this
stage, also, the presence of qoilagenous fibers and macrbphagés (Fié. 4)
lining parts of the implant-bone junction were apparent.

After two weeks in maxillary alveolar bone, the sections continued to
show 1aige quantities of red bloéd cells near the junctionvof implént |
and bone, Also,‘mény macrbphages were visible throughout the implant site.

The three-week specimens continued to show many macrophages, in
addition to osteoclastic and osteoblastic activity., Also, at this stage
and throughout the remainder of the period of implant placement, the
pfesence of a single layer of dégenerating fibroblastic-appearing cells
was- seen in parts of the histologic section, lining the implant space
(Fig. 5).

At four weeks; the majb; observation to be made was the diminished

numbers of red blood cells as compared to previous sections. Collagenous
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fibers were present in areas of the specimén separating the implant from
bone (Fig. 6). Osteoblasts were seen in large numbers, as were limited
numbers of macrophages.

‘At five weeks, many ﬁacrophages were still present. The collagenous
1éyer between implant andvbone‘was present circumferentizlly in soﬁe
areas (Fig. 8). In other areas, pafadoxically, the collagen layer was
thick on oné side of the longitudinal section of the implaﬁt and
hon—existént on the opposite side (Fig. 9). Many osteoblasts were viéibie
in this section, their nuciei polarized away from the junction of cell and
bone (Fig. 7).

Six weeks after tantalum implant placemént, the single layer of
degenerating fibfoblastic cells were still present at the implant-bone
Junction. The presénce of hemosiderin was apparent in some areas. Very
few red blood celis were present. Osteoglasts were still active.

Both the seven and eight-week specimens showed macrophages, a
degenerating éingle layer of spindle-shaped cells, and osteoblastic activity.
Red blood cells were very scarce in the immediate implant area.

Measurement of the cross sedtion of the implant area gives a diameter
of approximately 1120 microns with fibrous areas varying in thickness from
14 to 420 microns (Fig. 4). The éross sectioned area corresponds in

size to the ,022 inch implants used in this study.

Implants of Various Metals in the Mandible After Six "eeks:

The appearance of the tantalum implant in the pre-drilléd mandibular
implant site was very similar to the maxillary six~week specimen which
was tapped forceably to place without drilling a guide hole. Osteoblastic
actifity was present and macrophages were seen in the area. A layer of

degenerating cells next to the implant was also present.
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The 18-8 stainless steel implant site also showed osteoclastic activity
and a degenerating épindle-cellrlayer.

The Elgiloy* imélant displayed a thickvcollagenous layer in some areas
at the implant-bone junction, and a single dégenerative layer of cells in
other areas. The implant of gold orthodontic wire also exhibited macrophages,

thick layers of collagenoﬁs fibers in areas, and a single layer of spindle-cells

in other areaé° A few red blood cells were seen adjacenf>tovthe implant
rvacuole.

The implént of silver endodontic cone showed many macrophages in the
section. Here again was observedAa gingle layer of spindle-shaped cells in
some areas next to the bone.

The implanf/;f carbon-steel was unusual in that no cells were observed
in the area adjacent'to the implént spéce? This‘may represent artifact
from preparation, however. |

The bronze implant area exhibited osteoBlastic activity and brown,
hemosiderin-like particles. Nearly all maxillary and mendibular implant
Sites exhibited black granular particleé which originally were thought to
be>macrophages containing hemosiderin degradation products. However, a
Perls' Prussian Blue test for hemosiderin was performed and gave negative

results. It was felt that these cells were dendritic melsnophores rather

than macrophages,

Rocky Mountain Denfal Product Company.
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DISCUSSION

“From our review of‘the literature, it was apparent that tantalum evolved
as a material of choice in humanvimplanting procedures through a trial and
error process whicﬁ took centuries. Tantalum (atomic number 73, atomic
weight 180.9) came to be used in implanting becauée of its-ém;éing physical
properties which makes it ideal for this purpose. It is very,resistaht to
chemicél corrosion, It is inert to salts, whether dry, wet, or dissolved,

except those which hydrolyze to strong alkalis, It is attacked at room

temperature only by hydrofluoric acid. It is ductile and malleable in the

-

cold‘state and its tensile strength equals that of cold-rolled steel,
Tantalum was discove?ed in 1802, by thé Swede, Ekeberg, who named it after
the wayward son of Zeus. It is very difficdlt to isolate and was not
produced commercially until 1922, when mining begén in the Pilbarré district
of Aunstralia.

Despite the apparent inert gualities of tantalum, the findings of
this paper indicate that tantalum, along with the other metals placed in
bone, does elicit a>response from osseous tissue. From the very first
tissue section at two days, up until the last section at eight weeks,
macrophages were observed in the tissues engulfing foreign particles. It
may be that the products being engulfed were merely products of blood cell
degredation, However, one wonders why blood cells would remain in these
areas such a long time after the original insult to the tissues.

'The continuing presence throughout the eight-week study of a

degenerating layer of spindie cells at the bone-implant junction indicates
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some type of trauma'occurring to bone in this area. Quinton—Cox* has
advanced the theory that the continuing degeneration of the adjacent bone
layer results from pressure built up in tiésues as a result of the tissugs
éttémpt to mgchanically force the foreign body of thé implant out of the
tissue. He further suggests that differences in bone cell activity in
'different areas of the implant mey be explained by'differenoes in compactness
of the bone in which thevimplant is placed, Very compact bone may cause
more pressure onia driven implant thén does'bone with many marrow spaces
present. Therefore, more bone cell activity should be obsérved in areas
where compact bone is adjacent to‘the implant, In fact, it can be observed
in several tiésue sections that this is exactly what has happened,

In the sections where the thicker collagenous layers were present,
the thickness of fhé_fiber layer rareiy exceeded‘4OO microns. Considering
the length of imﬁlants used in human patgents at the University of Oregon
(1.2 mm.), it is difficult to imagine a tumbling of implants occurring
within the bone in which theybwere placed. ZEven if the collagenous layer
surrounding an implant was uniformly of 400 micron thickness, and if it
wére of loose enough consistencyAto allow movement, the length of the
implant would prevent a significant tumbling motion;

The extreme variability in thickness of the capsule of fibers
surrounding any single implant is in disagreement with the work of Laing%6
He proposed a system of grading the suitability of materials for placement
in living'tiséués based on the thickness of the connective capsule which

formed around the implant. This is based on the theory that a thicker

Personal communication,
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capéuie‘of connective tissue fibers indicated less suitability for
implantation,

The fact that osteoblastic activity méy still be observed after eight
weeks éeems to argue againét a purely inert acticn of tantalum on bone.
The work of Venabie and Stuck14 based on électrochemical reactions of
metal in living tissue may help to explgin the continued activity of bone
© forming cells and maérophages next to the implant after mahyAheeks. These
researchers proposed thaf in any instance where metals of two different
types were placed in the samé animal,\an electrical potential was
produced which would cause bone cell activity. Perhaps the many different
metals placed in the single animal qsed'in the present study did induce
electrical actiﬁity and explains continued dege;eration of cells adjacent
to the implant. | |

It may also be noted that the histbl;gic picture of tantalum and the
other metals at six weeks waé very similar., Perhaps the presence of
tungsten in the tantalvm wire used in this étudy negated its use as an
inert implantation metal.

51

Previous researchers”  have recorded the presence of necrotic tissue
adjacent to implants which had guide holes drilled before flacement of
implants in bone. The present study found active cellular proliferation
in the mandibular implants in all but one instance where holes were
pre-drilled. The only exceﬁtion was most likely an artifact resulting
rfrom tissue preparation and not actually from death of cells due to
trauma from drilling. |

It is worth noting that the human subjects in which implants were

placed and in which implant tumbling was observed to have occurred, were-

growing youngsters, This is in contrast to the animal used in the study,
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which was an adult. It may well be that a better comparison of results

could have been ma&e had a growing pup been used in this study. Perhaps

tﬁen aAbettér assessment of the effecf of "ﬁeriosteal sliding"52 over

.Mwimplénts.due>to apposition of bpne af_suturé areas could have been made,
It is felt that this is an unlikely possibility as to the cause of implant
tumbling, however; because of the sméll amount of growth remainiﬁg to be

: cémpleted in the jaws of Qrthoddntic—patient age groups.SB_

It is felt that while the cause of implgnt tumbling has not been
rigidiy defined in this study, it can be said that the causé is probably
not a result of connective tissue encapsulation. A more likely cause of
tumbling is piacement of implants imperfectly into areas of subcutaneous
. tissue, or intéziarge bone marrow spaces rather than into solid compact
bone. _

A possibility for a more detailed ét;dy might involve the use of
more animals and combine a histologic with a radiographic study. For
a project of this nature,-somé type of cerhalostat would have to be
devised which would be extremely more éccurate than the ear-post type of
héad holder. Oxr, it may be that-the system proposed by_Dennis54 utiiizing
three-dimensional radiographs with four implants in a singie bone would
aid iﬁ determining‘radiographically whiéh implants in an animal have
tumbled. Those implants that have changed position could be compa;ed

histologically with those. that have not moved to determine possible

causeé and solutions td the problem of implant tumbling,
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SUMMARY

It was planned to study how bone healing progresses adjacent to
implants which were driven into al#eolar bone. To accomplish this, implants

of the metal tantalum were driven on a weekly basis, for a period of eight

weéks, into the maxilla of an adult cocker spaniel, Imﬁiants>of various
metals were placed into hole§ diilled into the mandible of the same
animal and allowed to heal for six weeks. The animal was sacrificed and
the fissues fixed and decalcified. The implants were removed and

longitudinal and transverse sections were made of the implant sites.

-

- Staining of the specimens with hematoxylin and eosin and with Masson's

Trichromic method was performed. .The sections were examined microscopically

~

and observations recorded.
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CONCLUSIONS

1. Within two days, macrophages and polymorphonuclear leukocytes
were present in bone areas‘adjacent to tantalum implants driven to place

in alveolar bone.

2. Within one week, bone tissde adjacent to driven'implants of
tantalum was the site of osteoblastic and osteoclastic acitivity.

3, Continued irritation of bone by the implant was present after
eight weeks as evidenced by:

a) Active engulfment of particulate matter by macrophages.

=

b) Degradation of cells adjacent to the implant.
c) Osteobiastic activity inrbone areas adjacent to implants,
4. The formation of a collagencus fiber capsule around tantalum
impiants is a highly variable phenomena and the width of the comnective
tissue capsule cannot be used as a criteria for the suitability of a
material for implanting in living tissue.
5. HReaction of bone to the fantalum wire used in this study was
similar to thatvelicited by a number of other metals.
6. Tumbling of implants, after their plécement in bone, as a result

of their encapsulation by connective tissue fibers is highly unlikely.
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Fig. 1 Specimen of Alveolar Bone from the Experimental Dog Showing
the Metal Implant in Place with the Right Angle "Handle"
Resting on the Surface of the Bone.
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Fige 2 The Design of the Metal Implants is Shown Here, Illustrating
the Right Angle Bend used for Fase of Finding and Removing the
Implant After Sacrifice of the Animal,



Fige 3 Agsregations of Polymorphonuclear Leukocytes Adjacent to the
Implant Site in the Two-day Specimen.



Fig. 4 A Large Macrophage is Seen Here Adjacent to a Blood Vessel
. and Lining the Implant Site of the One~week Specimen,



Fig. 5 This View Shows a Cross Section of the Implant Site With
Areas of Thick and Thin Fibrous Tissues Between the Implant
Site and Bone, Much Ostecoclastic Activity is Present.



Figs 6 This View Shows a 140 Micron Area of Collagenous Fibers
Between the Implant Site and Bone Surface,



Fig., 7 Osteoblastic Activity at the Junction of Bone and Fibers

near a Group of Dendritic Melanophores,




Fige 8 This View Illustrates One of the Rare Areas in Which
Commective Tissue Fibers Completely Surround the Implant
Site, This Area is Near the Point of the Five-week
Implant Site,



Fig, 9 This View Illustrates a Longitudinal Section of the Five-week
Implant Site with Areas of Thick Fibrous Tissue Separating
Implant and Bone and also Areas of Only One Cell Layer
Separating Implant Site and Bone,



