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THE HISTORY
OF IMPLANTOLOGY

Introduction
espite the fairly recent rise of oral implantology from a scientific point of view, it must be
remembered that the origins of this discipline
go back to ancient times.
There are well-known descriptions of archaeological findings from the pre-Columbian era exhibiting
stone inlays in teeth or even used to replace missing dental elements (1).
It is known that the Maya used bow drills (Fig. 1) to
perform the “cosmetic” filing of natural teeth on live
individuals, and tooth shaping varied according to
regions and tribes. Malvin E. Ring reports that they
were also skilled at inlaying very well-carved stones
in meticulously prepared cavities on the labial surface of the front teeth and sometimes in premolars.
These inlays, which served a purely aesthetic purpose, were made of a great variety of rounded minerals of different colors, such as turquoise, quartz,
serpentine and cinnabar (Fig. 2) (2).
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The cavities were undoubtedly prepared in living
teeth. According to Ring, ancient oral surgeons
would spin a round hard tube similar in shape to a
drinking straw, originally made of jade and later of
copper (Fig. 3), between their hands or using a bow
drill, applying a slurry of powdered quartz in water
as an abrasive to cut a perfectly round hole in the
enamel and dentin. The carved stones were then set
in these cavities, fitting them so perfectly that many
have remained in place for thousands of years (2,
3).
Nevertheless, the first successful implant treatment
survived to us is represented by the renowned
mandible fragment with three implanted shell
valves. The Peabody Museum of Archaeology and
Ethnology at Harvard University had a mandible
fragment from an individual who lived between the
7th and 8th centuries AD, with three cuneiform
shell pieces in place of the three lower incisors (Fig.

3

Fig. 1 The manual drill used for tooth filing by the Maya.
Fig. 2 Upper front teeth of a Maya individual from the 8th century AD.
Fig. 3 Enlargement of the drill tip, originally made of jade and later of copper.
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Fig. 4 The Maya mandible found by Amedeo Bobbio.
Fig. 5 Original drawing of the lower incisors, published in Andrews’s paper (1893): decayed teeth, with no inlays or cement residue (5 and 6);
the famous implanted lateral incisor, made of black stone (8); decayed bicuspid and large alveolar fragment (8).
Fig. 6 Enlargement of the Maya mandible studied by Bobbio.

4) (4). The fragment was discovered by Dr. Wilson
Popenoe and his wife Dorothy during research on
the Mayan civilization at Playa de los Muertos, on
the right bank of the Rio Ulúa in Honduras, where
other important excavations had also been conducted by the archaeologist Gordon.
In studying this unusual finding, the expedition
members at first conjectured that the inserted elements may have been a postmortem cosmetic treatment, possibly as part of a complicated funerary ritual or religious practice (4, 5).
Two years later the fragment was given to the
Peabody Museum. Catalogued as N. 20/54, it was
believed to be the evidence of a Mayan burial ritual, as the three tooth-shaped wedges appeared to
have been inserted posthumously. A few years later, however, the artifact disappeared.
It would certainly have been forgotten if the Italian
Amedeo Bobbio, born in Genoa and residing in
Brazil, where he practiced dentistry and was professor of Implantology at the University of Santos,
hadn’t “rediscovered” it, providing scientific evidence that the three shells were inserted during life
and that they represent the most ancient evidence
of alloplastic implants performed on humans (6).
In his capacity as a dental historian, the distinguished stomatologist wanted to research several
Mayan findings that were already well known.
Specifically, he wanted to investigate the report of
“a black stone” implanted in place of a lateral lower incisor into the mandible of a skeleton discovered almost 80 years earlier by the archaeologist R.
R. Andrews among the ruins of the Mayan metropolis of Copán (Honduras), and preserved at the
Peabody Museum (Fig. 5).
In place of this finding, which had unfortunately
vanished, Bobbio made another interesting discovery.
In my search in every sector of the museum, I suddenly
made an unexpected and important discovery: a wide
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and compact mandibular fragment, almost the whole
body, more mutilated to the right and without the ascending branches. The dental formula of the teeth that
are present is as follows: lateral incisor and canine on the
right side; canine, premolars, first and second molars on
the left (Fig. 6). The extraordinary thing is that the three
missing incisors were replaced with three implanted artificial teeth made of shell valves.
The resemblance to natural teeth is simply astonishing,
even if morphologically they have a very flattened anteroposterior appearance.
As a whole, the shape, including the endosseous radicular portion, suggests the idea of a triangle lengthened
to form a wedge. . . . In the fragment the natural teeth
do not show any sign of decay, but in the natural teeth
of the left hemiarch small fracture lines of the enamel
are visible, mostly horizontal on the labial aspect, but
also vertical ones on the canine.
The implants were characterized by a small transversal
groove made carefully below the incisal margin, especially the left lateral incisor.
The artificial left incisor is implanted abnormally, rotated on itself at an angle of about 80 degrees, so that the
labial aspect, which has a larger horizontal diameter, is
on the side, perpendicular to the other teeth. This is at
least its current appearance, which is clearly visible in
my picture, because the photographs held by the museum, taken in 1935 and slightly blurred, show a much
less pronounced anomaly. It is likely that the tooth fell
at a certain point and was thus forced back into this irregular position. There is no literature on this mandible
and little or nothing was known until today.
However, looking once again through the correspondence of the Peabody Museum, I found some information in a letter dated May 2, 1956 written by the thendirector J.O. Brew to the British implantologist Boris
Trainin, who had requested details about a “skull with
implanted teeth.” In his reply, Brew indicated that the
mandible with the three implanted incisors (reporting
the opinion of members of the same expedition) dated
back to the 8th century AD, specifying that the teeth
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Fig. 7 Original radiograph
of the three “immediate load”
shell implants.
Fig. 8 The X-ray of the
canine and premolars
contralateral to the area of
the “implanted” teeth
demonstrates that the
mandible belonged to a
young individual, given the
large root canals and
radicular apexes.
Fig. 9 The X-ray of the left
molars and premolars of the
archaeological finding; the
open apexes of the
premolars prove that the
mandible belonged to
individual of about 20 years
of age.
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were implanted postmortem, perhaps as part of a funeral ritual. . . . My point of view is substantially different. On June 25, 1970, at the Harvard Medical
School I had the fortune to perform the radiographic
examination of all the mandibular teeth for the first
time (Figs. 7–9). We found incontrovertible elements
that allowed us to prove the presence of compact bone
osteogenesis even around the implanted teeth, which
were highly stable and were probably inserted with a
technique very similar to the current ones of [Leonard]
Linkow and [Giordano] Muratori. Based on the radiographic image of the natural teeth, which have incomplete apexes, and the features of the relatively small
mandibular body, it appears to be a twenty-year-old
womanly fragment.
In conclusion, this would appear to be the first authentic endosseous alloplastic implants survived to us, performed on live subjects, and which had certainly been
in service for several years (Fig. 10) (4, 6, 7).

Bobbio’s valuable research confirmed the exceptional fact that 700 years before Francesco Pizarro
brought our “culture” to the New World, Central
American populations already had a distinct civilization that was no less evolved than that of Europeans (8).
It would be interesting to know the surgical technique employed to insert the three implants found
after so many years and maintained in situ by a bony
compact formation “radiographically similar to the

I

one that would surround a contemporary implant.”
They were unquestionably plunged into freshened
sockets, since Bobbio radiographically demonstrated the bone reaction that led to their inclusion during life. The time required to prepare the three implants could not have been so short that it would
have prevented the sockets from healing, unless the
inserts were already prepared and ready to fit.
Anesthesia should not have been a problem, given
the ascertained knowledge of North American populations on the hallucinogenic and anesthetizing
properties of coca leafs and certain types of mushrooms, nor should it have been difficult to drill the
sockets with manual bow drills, probably using the
same “burs” employed to prepare the aesthetic inlays on the labial surface of the front teeth.

10

Fig. 10 This radiographic
image clearly shows the bone
inclusion of two valve shell
implants with the formation of
two new alveolar housing
cavities (arrows). The
radiographic appearance is
different, as the central
implant is rotated; it probably
fell and was forced back into
place.
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The answer to the question of how those first (and,
until now, unique) alloplastic implants were temporarily fixed during the phase of reparative osteo-
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genesis probably lies in the horizontal grooves,
which seem to represent the retentive site of a temporary ligature.
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Fig. 11 The Tridacna used to make the shell fragments for the experiment.
Fig. 12 The prepared Tridacna “implants”.
Fig. 13 Flap opening and exposure of the rat tibial bone with the site receiving the shell fragments.
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Figg. 14, 15 Endosseous cavities where the shell fragments will be placed.
Fig. 16 Close-up of the Tridacna “implant.”
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Fig. 17 Insertion of one of the two artifacts.
Fig. 18 Rat on the “autoptic” table before samples are taken.
Fig. 19 Macroscopic postmortem image of the bone surrounding the shell fragment three months after surgery.
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Fig. 20 Sample of the tibial fragment with inclusions.
Fig. 21 Another close-up showing the completed
osteogenetic process.
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Fig. 24 Ritual skull embellished with a mosaic of perfectly fitted
pieces of turquoise (London British Museum).
Fig. 25 Human skull (Peru, pre-Columbian period) with signs of
surgical perforation. The partial reossification of the hole proves that
the patient survived the surgery.

Recent and exhaustive histological research on the
behavior of shell fragments in direct contact with
bone tissue in animal experiments has confirmed
the principle of osseointegration between the two
tissues1 (Figs. 11–23) (9).
As to the ability of Maya in carving and adapting
hard stones for the most disparate uses, there is impressive documentation of a ritual skull “embellished” with perfectly matched turquoise fragments
(Fig. 24). A demonstration of the surgical skills of
Central America’s pre-Columbian populations
comes from a skull discovered in Peru, showing
signs of perforation with rounded edges, partially
closed by a bony layer of reossification, which certainly took place during life (Fig. 25) (2, 3, 8).

The Classical Age
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Fig. 22 Histological appearance of the bone surrounding
the “shell implant.” The peri-implant tissue does not show any
trace of fibrous tissue, nor can any evidence of macrophages
be detected, but it appears to surround the implant without
gaps in the retention niche (hematoxylin-eosin, 25x).
Fig. 23 Magnified detail of Fig. 22 (hematoxylin-eosin, 40x).
The peri-implant border is brighter, due to the presence of
new bone with a higher mucopolysaccharide content,
resulting in greater stain uptake.

We have examples of implant attempts made during the Classical Age that, unfortunately, are unsupported by findings or practical confirmations. Hippocrates2 (5th century BC) wrote about the possibility of anchoring artificial teeth to the gums using
gold or silk thread in order to replace extracted elements, advising the practitioner not to “throw
away mobile elements or teeth expelled from injured mandibles, but to put them back in place, ty-

1

2

Pasqualini M.E. “Un impianto alloplastico in una mandibola di 1300
anni. Ricerca istologica.” Dent Cadmos 2000;11:57-62.
Of the entire Corpus Ippocraticum, the most interesting book in which
Hippocrates dealt with dentistry is De Carnibus.
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Fig. 26 Gold “splint” ligature of an Etruscan “prosthesis.”

sues; Chapter 25, in particular, describes an attempt at tooth replantation (1, 12).
Casotti (13) wrote that, less than a century later, the
Florentine Michele Savonarola (1384–1461) also
recommended the ligature of replanted teeth with
linen or silk thread, demonstrating that the practice
was well known, despite the few available books of
the time.
Nicolò Falcucci subsequently illustrated the technique of dental implantation with the aid of metal
ligatures.5

The Renaissance
ing them to the remaining teeth with gold thread”
(Fig. 26) (1, 10, 11).
The same recommendation was also made by Aulus
Cornelius Celsus (1st century AD) who, in De Medicina, mentioned the possibility of replacing a missing dental element by implanting a tooth taken
from a cadaver in subjects who, for various reasons
had lost a tooth; however, he did not report if such
treatment was successful. Nevertheless, it must also be noted that the chief purpose of these replacements was cosmetic, whereas masticatory physiology was not given much consideration.

The Middle Ages
During the 10th and 11th centuries, important
contributions were made by the Arabian school,
mainly by Abucalsis (936–1013), one of antiquity’s
greatest surgeons. In his work, Kitab al Tasrif,
which is entirely about surgery, he devoted long
chapters to dental surgery.3 In particular, he described the procedures for replacing lost elements
with other teeth—natural or artificial—made of
bony fragments from large mammals, sustaining
that gold ligatures inserted into the gingival tissue
were useful for keeping them in place.
In the Middle Ages, an era typified by mortification
of the flesh and vivification of the spirit, very few
dealt with dentistry, but one of them was Guy de
Chauliac (1300–67).4 In Chirurgia Magna, published in 1363, he extensively discussed dental is-
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6
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During the Renaissance, with the definitive affirmation of the field of anatomy various branches of
medicine gained momentum, and numerous
anatomists and surgeons were also involved in dentistry.
One of them was Ambroise Paré, a military surgeon
and one of the leading figures of his time, who proposed tooth replantation as he was quite knowledgeable about maxillofacial trauma caused by
firearms. He noted that it was possible to replant
teeth that had been “expelled from their sockets accidentally, tying them to the remaining teeth with
gold, silver or linen threads, and keeping them tied
until stabilization.”
Paré’s description of a dental replantation attempt,
reported in Vincenzo Guerini’s History of Dentistry,
is fascinating. “A trustworthy person confirmed to
me that a princess who underwent dental extraction had the tooth immediately replaced with one
from a young lady-in-waiting. The tooth became
fixed and some time later she (the princess) chewed
on it, just as she had done with the tooth that had
been removed” (14).
The Frenchman Dupont, a contemporary of Paré,
introduced a highly original therapy for pulpitic
pain: extraction of the tooth followed by immediate
replantation. Dupont’s therapy was adopted by
nearly all the best French dentists of that century
and the one that followed. The granuloma and apical abscess that would develop later had not yet
been connected with pulp necrosis. In many cases,

Abdul Quasim al-Zahrawi, latinized as Abulcasis, was one of the first to propose appropriate instrumentation for dental surgery, which he described
extensively in his richly illustrated work; many of the drawings were done by the author.
Guy de Chauliac was one of the most important surgeons of the 14th century; a professor at the Saint Esprit Hospital in Montpellier, he was the
personal doctor of three Avignon popes.
Nicolò Falcucci, Sermones Medicales, Venice 1507.
Gabriel Fallopius, a pupil of Andreas Vesalius (1514–64), was the first to demonstrate that tooth development starts in the fetal period, and he
discovered the dentoalveolar ligament.
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due to fistulization the definitive extraction of replanted teeth was postponed at length.
In Chirurgia, Gabriel Fallopius6 (1523–62), an
anatomist in Padua, asserted that if a dental element
is lost or falls, or is extracted for therapeutic reasons, the tooth must be healed and then put back
in its original site, and fixed to the adjacent teeth
with gold or metal wire ligature. If the tooth is not
recoverable for whatever reason, another one
should be made, reproducing the original shape as
closely as possible, and inserted into the socket.
The material recommended for this type of treatment is ivory. It is important to note that this seems
to be theoretical rather than practical advice. Indeed, there is no clinical evidence in the literature
of the period and dentistry continued to be practiced by empirics or mountebanks with results that
were almost always disastrous (11).

The 1700s
Around the middle of the 18th century the work of
Pierre Fauchard, considered the founder of modern
dentistry, began to make a name for itself.7 In his
seminal work Le Chirurgien Dentiste, ou traité des
dents he described five replantation cases and one
transplant. Regarding the latter, he wrote: “The
transplant was performed on a captain who, as his
left canine was causing him great pain, asked me if
it was possible to remove it and replace it with a
tooth extracted from another person. Having received an affirmative answer, he promptly had someone call in one of his company’s soldier, who had
been advised in advance but whose canine was too
large.” Lacking anything better to use and being a
military surgeon at the time, Fauchard extracted the
tooth anyway and transplanted it after filing it down.
The account continues: “Upon seeing him again
eight years later, the captain assured me that the
transplanted tooth had lasted six years, until the decay had completely destroyed the crown; he told
me that the root had been extracted by another
dentist, and not without acute pain.” The decay in
the crown of the transplanted canine was probably
induced by the filing, which had removed the
enamel.
Fauchard added that “a small-town colleague
whose name he could not recall” had suggested a

7
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special transplant technique, consisting of making
some notches on the root of the extracted tooth so
that, after the transplant, it would consolidate into
the new socket. “By squeezing the root on all sides,
[the socket] would insert its excrescences in the indentations” so that, “encrusted in this manner, it
could last for a considerable amount of time.” These
transplants made from a “donor” to a “recipient” became very widespread in Paris in Fauchard’s century, during which “rich patients bought poor people’s teeth.”
Another description by Fauchard is worth reporting.
On April 10, 1725 the daughter of Mr. Tribuot, purveyor to the King, came to me. She was tormented by violent pain caused by decay of the first upper small molar on the right side.8 The girl wished to have the tooth
extracted to be released from her pain, but she was hesitant, fearing disfigurement. Thus, she asked me if
tooth replantation was possible, as I had previously
done with her younger sister. I replied that it would be
easy if, during extraction, the tooth did not break, the
alveolus did not chip and the gum did not become lacerated. In the end, she decided to do it. I extracted the
tooth very carefully. It did not break, nor did the alveolus or the gum become lacerated; therefore, I was able
to place the decayed tooth back into its alveolus and tie
it to the adjacent teeth with ordinary thread. I kept it
tied for a few days, until it definitively stabilized. . . .
To extend its life, I sealed the decayed cavity.

Stimulated by the scientific innovation launched by
Fauchard, in Europe other authors began to examine the same issues. Louis Fleury Lecluse (1754),
inventor of the root elevator for third-molar extraction that was named after him and is still very useful, stated that he had performed about 300 replantations and that many of them were pulpitic teeth.
After extraction and healing, he filled the teeth with
lead and put them back in the sockets, asserting
that after only eight days they regained their normal
function (15).
Nicholas Dubois de Chemant (1797), dentist to
Louis XIV, stated that he favored this therapy for
pulpitic pain. Heinrich Callisen (16), who was very
favorable to replants, wrote that he had successfully performed the simultaneous replantation of all
the upper frontal teeth of a lieutenant who had lost

Le Chirurgien Dentiste ou traitè des dents, published in 1728, was a milestone for the rise of dentistry and represents the first scientifically structured
treatise on this discipline. It analyzes several branches of dentistry: the treatment of caries, surgery, prosthodontics, oral hygiene and orthodontics. It
also deals with implants and dental replantations.
The “small molars” were the first and second molars.
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them during the siege of Copenhagen. He specified
that replantations could be performed only with
monoradicular teeth. At the same time, however,
the Englishman Thomas Berdmore, dentist to the
Royal Family of George III, was quite skeptical
about the real usefulness of replantations (17).
John Hunter, author of The Natural History of the
Human Teeth, published at the end of 1771, believed that it was possible to extract teeth and boil
them in order to “destroy their vitality” so that, once
dead, they could have no harmful effects and could
then be replanted to become one with the maxillary
bone. He also performed the famous experiment of
transplanting a human tooth with an open apex into a cock’s comb, later demonstrating with an
anatomical exhibit—exceptional for the era—that
the vascular tissues of the receiving animal had
grown inside the pulp cavity of the tooth, which
had stabilized there and subsequently erupted (18).
Toward the end of the 18th century, dentistry numbered the invention of artificial teeth among its
main achievements, and this would prove to be of
great importance for the future development of implantology (19).
Several authors dealt with this area and, indeed, as
already noted, the preparation and replacement of
a human tooth with an artificial one was attempted
a number of times over the centuries. Various materials were used to manufacture the replacements:
the bones and teeth of cows, horses, rams, deer and
other animals; mother-of-pearl; ivory; and hippopotamus, whale and walrus teeth. All
surgeons/dentists believed that such materials had
aesthetic characteristics coupled with an organic
mineral composition that could prevent salivary
stagnation, and functional qualities to allow normal
chewing and phonetic clarity. It gradually became
clear, however, that such therapeutic measures
were fallacious: cow bone did not satisfy aesthetic
requirements and proved to be porous, tending to
yellow; cow and horse teeth had a very different
color from that of humans; ivory lacked enamel and
tended to decompose. Hippopotamus teeth were
preferred and used, as were the rarer whale and
walrus teeth, not only because they had enamel,
but also because—once filed—they could easily be
adapted to human tooth morphology.

9

Human tooth replantation merits separate discussion. Apart from moral or religious issues, whereby
the use of teeth taken from the dead was considered
profanation and an insult to the memory of the departed, this practice was not universally accepted
due to the serious septic complications for the individual in whom the teeth were implanted, even
after appropriate treatment and disinfection.9
Nevertheless, it is clear that, regardless of the type
of animal tooth employed, all showed more or less
the same drawbacks, such as permeability, the tendency to soften and decompose, sudden color
changes, and a terrible stench.
In 1764 Alexis Duchateau made porcelain dentures, but they proved to be very fragile; in 1766
Dubois De Chemant then perfected the material by
modifying its composition. Nonetheless, these represented attempts at placing multiple elements at
the same time (18, 19).

The 1800s
It was in 1806 that Giuseppangelo Fonzi
(1768–1840) (20) invented the mineral tooth, a
discovery that would be of great importance for the
future evolution of implant dentistry. His greatest
achievement was the idea of manufacturing single
artificial teeth that could be implanted directly into
the socket using platinum hooks, fulfilled important aesthetic and functional requirements, and
were also chemically unalterable.10
In the wake of Fonzi’s work, during the 19th century other attempts were made, including the creation of what can be referred to as the first attempt
at an endosseous metal implant.
This was designed and placed in a fresh human extraction socket by the Italian Maggiolo in 1809.
Considered French because he practiced in Paris
and published his book in Nancy, Maggiolo was actually from Chiavari, in the region of Liguria. He
graduated in medicine in Genoa and moved to
France during the period of the Cisalpine Republic.
Since his metal implant anticipates many modern
concepts, it is interesting to review the passage in
which he discussed the concept in his book, Le
Manuel de l’Art du Dentiste (Figs. 27, 28) (21).

The few authors who proposed these methods (Lefoulon, Maury, Dubois De Chermant) asserted that the replanted human tooth had better
characteristics than others: higher resistance against the corrosive action of saliva, a better appearance, higher success rates and lower costs.
10 Fonzi called these artificial elements “terrometallic teeth.” In addition to the mineral pastes in use at the time, they were also composed of substances
that gave them particularly high mechanical strength, consistency and hardness. The main substances employed by Fonzi were kaolin, Limoges
silicate, zinc oxide, titanium oxide, manganese oxide, gold oxide. Fonzi noted that he was able to create 26 shades of color by using various
compounds.
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fully inside its alveolus, emerging from it by no more
than half of its length and only if the socket has all of
its natural retention capacity. . . . If conditions are such
that success is plausible, then one must manufacture an
artificial metal root proportionate to the opening left by
the root to be replaced.
The dentist should thus have available a series of artificial roots, in the various sizes of the roots of incisors,
canines and bicuspids, which are the only teeth whose
sockets permit the procedure to be performed.

What follows is a description of their manufacturing technique (Figs. 29, 30).
27

The first piece (no. 11), which we will call the root
body, is a long thin gold tube whose diameter and
height correspond to the various alveolus dimensions
of the roots to be replaced. One of the tube ends must
be enlarged by hammering a thin tapered mandrel into it. A lateral opening, similar to the one designed for
my snap teeth, described previously, is then cut on this
side of the tube (or body).11
A gold plate must be prepared, an oval with the same
shape as the horizontal section of the natural tooth to be
replaced, and a hole the diameter of the larger end of the
tube must be made in the center. The two pieces (nos.
11 and 12) are then soldered together so that the plate
hole exactly matches the larger end of the tube and one
of its ends is positioned over the notch on the tube. Its
two ends must be curved slightly to fit the margins of the
alveolus opening as precisely as possible. Then a second
small gold tube must be prepared, with a diameter similar to the one of the opposite and thinner end of the
tube. It must be cut into four sections, being sure to keep
its upper extremity intact, as this will bring the four sections together into a sort of ring.
The four wings are then reduced and separated from
each other with a file. At this point, they will be curved
to form a sphere resembling the one shown in drawing
no. 13. The small sphere must now be inserted onto
the thinner end of the tube, so that two thin wings correspond to the larger ends of the elliptic plate and the
other two to the smaller ends (21).

28

Fig. 27 The original cover of Maggiolo’s treatise (1809).
Fig. 28 Maggiolo’s diagram for manufacturing dental
prostheses and the endosseous implant.

It often happens that the gold posts securing the artificial teeth to the natural roots remain locked in the bone
even after they are worn out, acting as partial anchors.
Therefore, before splinting the artificial crowns to more
stable teeth or extracting them, the attempt could be
made to replace the posts with roots made of the same
metal, so that they can become stable within the sockets while retaining the artificial crowns firmly, as if they
were placed on natural roots.
The procedure is feasible whenever an old root is still

29

30

Fig. 29 Original diagram for manufacturing the endosseous
implant.
Fig. 30 Gold casting made according to the original diagram
for the modern reproduction of this artifact.

The author specifies that the four wings of his small
sphere must be placed so that two of them are oriented according to the long axis of the elliptic plate
and the remaining two toward the short one, in order to adapt them roughly to the apical third of the
root being replaced.

11

Maggiolo is referring to the first part of his book, describing his new
technique of “snap” artificial crowns, which are accurately portrayed
in the second series of sketches in Fig. 28.
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Fig. 31 Schematic drawing of Maggiolo’s implant placed in the postextraction socket.
Fig. 32 The principle of “osseointegration” according to Maggiolo.

The ring connecting the four wings must then be soldered to the thinner tube section. The ends of three
thin wings will also be soldered halfway on the tube;
further ahead I will explain why the fourth plate is not
soldered like the others. The three pieces, which—
once soldered—will give the implant its shape, must
be made of 18K gold, not only because this alloy is
solid enough, but also because does not cause any
problems and remains inside the alveolus (Figs. 31,
32).

Maggiolo deduced this because, in his opinion,
“the gold posts of artificial teeth could harmlessly
remain the sockets even after complete resorption
of the natural roots.” His explanation continues in
detail.
Now that our artificial root is ready, we will prepare
the site for its insertion. The old root must be extracted. Since damage to the socket walls must absolutely
be avoided, it will be firstly divided into three pieces,
using forceps with sharp beaks, suitable for its longitudinal separation. One beak must be introduced into the root canal, forcing the other one from the outside, perpendicular to its axis. Firmly snapping the
forceps will split the root up to the apex. The pieces
will then be removed with watchmaker’s pliers and
extracted with gentle and gradual movements, without injuring the gum or fracturing the socket. The
procedure will require a few minutes of patience, but

12

this is of little importance when the dentist’s objective
is to succeed. In fact, it is advisable to avoid haste
when extracting teeth or roots.12 After the root has
been removed (and the patient has rinsed his mouth
with solution of equal parts water and vinegar), the
artificial root must be inserted into the empty socket
very carefully. Its base, formed by the oval plate, must
be pushed below the gum, which will quickly shift
above it. Attention should be paid to ensure that the
notch on the larger portion of the tube is rotated toward the inside of the mouth.13 The artificial root will
then be forced into the socket until it reaches the bottom. Positioning the thumb toward the index finger,
placed in the oral cavity, gradually but firmly compress the socket walls against the metal root. The
compressions must be repeated for two-three weeks.
The patient should be advised not to displace the artificial root; he must rinse with astringent alcohol solutions while the artificial root gradually becomes
fixed in the alveolus.
Numerous examinations have demonstrated that, after extraction, the alveolus walls do not preserve the
central cavity for a long time, but progressively close
it as they move toward each other.
My artificial root is stable for several reasons. If the
alveolus walls have not been fractured during extraction, it is easy to see why, during healing, they will facilitate its fixation inside the newly formed bone.
Furthermore, since the artificial root is thin below the
oval plate and consists only of the smooth portion of
the tube and the small sphere, the alveolar bone walls
can converge and close around the root, increasing its
stability, so that the only way to remove it later will be
by fracturing the socket.
I already mentioned that one of the four sphere wings
should not be soldered to the tube like the others.
Sometimes, in fact, the sphere can be slightly larger
than the alveolar cavity, preventing the artificial root
from reaching the bottom of the alveolus and making
it less stable. However, our compression of the alveolus forces the free wing against the bone wall like a
spring, thus providing further fixation, a crucial condition for the success of the procedure. The artificial
root proves to have achieved sufficient stability when,
gently pressing on its outer surface, it does not move
even when the pressure is applied to the gum. This
proves that the alveolus is stabilizing it permanently.
It is not a good idea to immediately insert the snap
tooth, which should not be fitted to the artificial root

Maggiolo’s recommendations prove that the surgeons of the early 19th century were already using anesthesia that could guarantee slow enough
work time and thus the accuracy of the procedures. Sulfuric ether vapor was already in use and Davy had published his work on the anesthetizing
property of nitrous oxide or “laughing gas” nine years earlier.
13 The “notch” allowed the snapping insertion of the artificial tooth. Since it was rotated toward the mouth, the snapping mechanism was not visible.
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Fig. 33 Reproduction of the implant. Fig. 34 Another close-up.
Fig. 35 Original drawings of the artificial tooth for insertion into the implant (1809).

until it has achieved maximum stability; otherwise, all
of our good work will have been vain.
Therefore, I recommend that the snap tooth not be inserted until another month has elapsed from the time
complete fixation of the artificial root has been ascertained, so that it (the tooth) cannot alter the stability
of the root.
This procedure does not cause any problems because
the healing tissues can easily enter through the metal
vents.
The procedure can be considered one of the finest examples of dental art, because it has such important
advantages that, for some time now, I have never
failed to consider the option of employing it. I have
almost always achieved very satisfying results, both
for the persons I have treated and for myself.

This is the report of the first endosseous metal implant, translated from the book written by Maggiolo, “inventor”—as he defines himself—and doctor of surgery of the University of Genoa, and also Member of the Medical Society of Lyon (Figs.
33–35).
The Maggiolo implant was also cited 36 years later in William Roger’s Encyclopédie du Dentiste
(1845). Roger warns that the “Maggiolo experiments” must be monitored constantly and cleaned
frequently with disinfectant mouthwash “because
they cause teeth mobility, a bad smell and pain.”
He also mentioned the case of a patient who, despite such precautions, “couldn’t wait to have the
artificial root removed, as it was real torture!”
Roger’s criticism notwithstanding, Maggiolo’s “artificial root” represents the first metal implant
used to replace lost human teeth. His implant precedes ours by nearly two centuries and, despite

the limited surgical possibilities of the time, the
lack of anesthetics and antibiotics, and the complete lack of occlusal knowledge, it essentially encompasses many of the concepts that developed
during our era and are wrongfully considered the
exclusive and original brainchild of some of our
contemporary colleagues.
In fact, Maggiolo’s artificial root prefigures:
1) the principle of osseointegration by new bone
apposition through and above the empty
spaces of vented structures made of metal;
2) the principle of reparative osteogenesis protection by the “two-step submerged implant”
technique;
3) the search for primary stability as the sine qua
non condition for osteogenesis.
It had limited success due to a combination of the
following concomitant factors:
1) the non-biocompatibility of the 18K gold alloy,
containing cytotoxic materials such as copper,
and the even more cytotoxic alloy employed for
soldering;
2) the lack of effective anesthetics, antiseptics and
anti-inflammatory agents;
3) the fact that it was impossible to conduct radiographic checkups of the sockets, any wall
fractures and/or the possible presence of apical
granulomas (the roots to be extracted, discussed by Maggiolo, had never been treated
with appropriate root canals!);
4) the limited availability of properly shaped metal structures fitted for the sockets.
In the United States, dentists—who since the 19th
century had been at the forefront of dental science—conducted numerous implant attempts and
experiments.
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Around the 1840s Chapin A. Harris and Horace
H. Hayden, founders of the Baltimore College of
Dental Surgery (1840), attempted endosseous implants employing iron teeth of their own design
(18).
Harris, in particular, was the first to place a leadcoated platinum post in an artificial socket “to resemble the root of a natural tooth.” Harris had also roughened the lead in order to provide the retention for the “new” tissue that was supposed to
form inside the artificial cavity. After removing the
ligature used for temporary splinting to the adjacent teeth, he placed a porcelain crown on that
implant, an operation that—in his opinion—was
successful.
Today we know that lead is not biocompatible. Reactive and inflamed hypertrophic tissue must have
formed around that implant, giving the illusion of
temporary stability.
Three similar implants (placed in surgically prepared sockets) were also performed by Perry and
Edward (1888 and 1889), and reportedly were
equally successful.
Slightly different implants, also lead-coated, were
performed by Edmunds in New York. He reported that on October 21, 1886, he had “implanted”
a platinum “capsule” coated with lead and roughened with a drill. Four years later, on March 12,
1889, he performed a similar operation at the
dental clinic of the First District Dental Society of
the State of New York during the Society’s annual
congress. It is interesting to note that during the
same year he worked on his colleague Juan Josef
Ross, from Guatemala, placing one of these implants in an artificial socket made near an upper
incisor that have fallen out years earlier. He reported that four days later Dr. V.H. Jackson, who
had attended the surgery, had ascertained that the
artificial tooth “was still in place and showed remarkable stability, with no apparent irritation of
the surrounding tissues.”
Lead is, in fact, a much more cytotoxic element
than the 18K gold employed by Maggiolo. The
choice of lead as coating material for the internal
platinum frameworks was probably due to the fact
that it is easy to use. In fact, it can be melted
(327.46°C) and poured into cavities similar to
those made by drilling the edentulous ridges.
Moreover, before it hardens completely, the internal platinum framework can be easily immersed
in it. It is also very easy to roughen, modify and
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adapt in the event of emergencies (22).
Harris, Perry, Edward and Edmunds may have
employed lead because it cannot be attacked by
some of the most corrosive acids, failing to consider its high toxicity. Indeed, it is a tricky and powerful poison that has been known to cause intoxication since antiquity. Hippocrates identified it as
what had poisoned a galena miner; Pliny the Elder
described its toxic effects on slaves forced to do
the same work. Even when lead was being tested
as an implant material, the effects of saturnism in
workers who had daily contact with the element
(such as typesetters) were well known.
In the same year in which Edmunds inserted his
first lead-coated platinum capsule (1896), Lewis
implanted a porcelain tooth with an internal gold
support, thus assuring of a successful outcome as
well! Two years later, the German Znamensky described some of his experiments with endosseous
implants made of “carved porcelain,” rubber and
gutta-percha.
In March 1895, William Bonwill reported to the
First District of the Dental Society of the State of
New York that he had successfully implanted
pierced tubes as well as solid gold and iridium
posts in artificial sockets, used “to replace individual teeth and restore full dental arches.” Bonwill’s
implants represent a step forward in the evolution
of such attempts, because he used pure materials
such as 24K gold and iridium, which are virtually
incorruptible, and employed them not only to replace individual teeth, but also to add artificial
abutments to multiple tooth prostheses. Bonwill’s
technique was also adopted by Gramm, who likewise used solid pierced cylindrical implants made
of 24K gold and/or iridium.
In the implantology field, Payne is the last author
of the 19th century and the first of the 20th. He
used silver “capsules” 14 and gave a practical
demonstration at the 1908 American Dental Association Congress.
Accepting the validity of Payne’s silver capsules is
difficult, but since he gave other public demonstrations of the method three years later, we can
assume that, at least for a while, the implants and
porcelain structures showed sufficient stability.
Although these cases cannot be considered fullfledged success stories, it must be stressed that
during this century, figures from Maggiolo to
Payne progressively attempted—at least on a conceptual level—to use increasingly “inert” materi-

Payne’s “capsules” were similar to the vented tubes of Bonwill and Gramm, the only difference being the material: silver in place of 24K gold
and/or iridium.
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als, and this was paralleled by the development of
the concept of inserting alloplastic roots with a retentive morphology.
Other attempts were made by several authors. In
1870 Rogers tried to place metal implants in the
jaw; in 1888 Lewis made and used a platinum
root-shaped implant with a porcelain crown, following impression taking of the alveolar cavity
with a plaster-based material.
In 1890 Léopold Ollier proposed platinum and
nickel-plated steel screws as an osteosynthesis
means, but it remained an isolated experiment
whose application was more useful for orthopedics and traumatology than it was for dentistry.
In 1891 Wright designed a porcelain tooth with a
porous root in order to facilitate its fixation within the socket. On the basis of this experiment, the
following year Friel replicated the model, providing the root with a certain number of holes connected to each other by a central channel that
opened at the crown to facilitate drainage in the
event of an apical abscess (18, 23).

The 1900s
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The early 20th century was marked not only by
Payne’s renewed attempts to employ his silver
vented cylinders, but also Sholl’s first porcelain
roots, “roughened” in order to increase retention.
While not as biocompatible as studies would attempt to demonstrate even 70 years later,15 porcelain was nevertheless a better material than the
ones proposed previously.
The first artificial porcelain root, inserted in August
1903, was checked in November of the following
year and showed good stability. Nevertheless, it is
important to note that the artificial crown placed
on the implant had been blocked with two splintings to the crowns of the adjacent teeth.16
This brings us to E. J. Greenfield’s “two-step” cages
(1913), which anticipate the evolution of modern
implantology, despite their flaws (Figs. 36–40) (24,
25).
Casto in 1914 and Kauffer in 1915 placed spiralshaped implants, both stating that they were satis-

Fig. 36 Original drawing of the Greenfield drill for the endosseous basket (1913).
Fig. 37 X-ray of a Greenfield basket, which is perfectly osseointegrated.
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Fig. 38 Magnified view of the basket. Fig. 39 Greenfield’s prosthetic technique.
Fig. 40 The surgical cut made with a Greenfield drill implicated leaving the central bone core (original drawing).

15
16

See the results of Pasqualini’s studies on animals, described in Chapter 2.
As temporary stress breakers for long bridges, they used the implants of Sholl and Brill (1926–32–36), as well as those of A. Hurska Jr. (1936),
albeit with minor variations.
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Fig. 41 The Léger-Dorez implant (1920).
Fig. 42 P. B. Adam’s original drawings for the patent of his
implant system (1938).
Fig. 43 This prosthetic anchorage technique has changed
very little in 70 years.
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fied with the outcomes.
After World War I, the Frenchman H. Léger-Dorez
(1920) designed a “tubular extension” implant
(Fig. 41) that was conceptually similar to the modern expandable screw in its forced anchoring into
the bone. With this kind of mechanical compression, he believed he had designed an important innovation, as he thought that his implants could be
stabilized immediately, even before “biological” encapsulation through reparative osteogenesis.
The materials for his four-piece “tubular extension”
implant were made of 24K gold for the body and
platinum for the internal expandable screw. As we
will see later, the failure of those implants (and
similar ones that we will examine) lay precisely in
mechanical expansion, which was rigid and forced
beyond the endurance of living bone tissue.
That year, Weigele placed a frustum-shaped piece
of ivory into artificial sockets, protected by mucosa
sutured over it; the ivory should have promoted a
slow resorption reaction by ankylosis, one that
would allow the temporary load of a post crown to
be inserted subsequently. Years later, Weigele reported that he had used his ivory cones as endosseous overstructure supports for the temporary
anchorage of lower complete dentures. Concerning this method, which is limited time-wise by the
inevitable rejection of ivory by human bone, we
must emphasize the important principle of the
“two-step submerged” implant, anticipated by
Maggiolo a century earlier, followed by Greenfield
(1913) and Alvin Strock (1933) in the first half of
the 20th century.
In the attempt to create solid and resistant inclusions coated with materials he believed were inert,
Abel (1934) used Vipla vitrified steel and “reticulated” platinum cylinders coated in porcelain.
With the same hope of finding—at last—the ideal
biocompatible material, Wuhrman (1937) used
vented platinum structures, assuming that it was
inert, given that it was a pure element with a high
molecular weight. The idea was brilliant, but unsuccessful.
In 1938 the U.S. patent office granted P.B. Adams
exclusivity for a “two-step” implant for the “spherical” anchorage of removable prostheses (“Anchoring means for false teeth”). The implant had no
luck but, re-examined today, it closely resembles
the osseointegrated implants presented by the
Swede Per-Ingvar Brånemark 40 years later (Figs.
42, 43).
Why did the implant fail? The main reason resides
in extremely low biocompatibility of the materials
that were employed, coupled with the lack of practical clinical demonstrations.
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In 1938 Gustav Dahl, also Swedish, attempted a
subperiostal mandibular implant, inserting four
metal posts on which he later anchored a prosthesis.
It is important to note that, after this attempt, the
Swedish Dental Society asked him to refrain immediately from performing the treatment—the penalty being expulsion from the society—just when the
procedure seemed destined for success (26).
In 1939, in Boston the Strock brothers began human testing with screws made of Vitallium, a
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chromium-molybdenum-cobalt alloy that they had
already tested on dogs.
Their scientific reports about their experiments
were characterized by modesty, prudence and elegance, and despite the fact that they represent yet
another milestone in the evolution of implantology, they remained virtually unknown and were
mistaken for the many failures of other methods
(Figs. 44–51) (27–29).
In 1941 Glenn D. Irwin again proposed a post-extractive “rapid-expansion” implant that, like the
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Fig. 44 Alvin Strock and Marco E. Pasqualini in 1985.
Fig. 45 A copy of the original publication on Strock’s two-step submerged implant, with a dedication to Ugo Pasqualini.
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Fig. 46 Strock’s two implant morphologies; they are submerged implants (1948!).
Fig. 47 Original pictures and radiographs of a Strock submerged implant that is perfectly integrated (1948).
Fig. 48 Detail: agenesis of the lateral left upper incisor (original).
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Figs. 49, 50 X-ray magnifications (original).
Fig. 51 Strock’s threaded screw. Left: the screw immediately after placement in a post-extraction socket.
Right: complete healing of the bone is visible at three months.
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Fig. 52 Lehmans’s original drawing. Fig. 53 53 Examples of Lehmans’s endosseous implants.
Fig. 54 X-ray of an arch implant (1959).

previous one devised by Léger-Dorez, did not have
much success.
The following year Gunhtert used gold-palladiumsilver alloy implants, citing that they offered high
resistance to fracture, great elasticity (which he
considered useful in adsorbing occlusal loads) and
the absence of reactivity with the host tissue.
In the 1940s Jean Lehmans successfully placed
some very original implants, which he named “expandable arch” implants, demonstrating their positive outcomes radiographically; these implants
could also be placed in thin edentulous ridges
(Figs. 52–54) (30). His implants, made of tantalum—whose biocompatibility had already been
demonstrated in orthopedics—for the first time,
were composed of a threaded pin with a thin elastic circular band inserted into it and kept in place
by two nuts (also threaded), respectively in its
“apical” and “occlusal” portions. When turned, the
two nuts could extend the band toward the bone
groove ends in which the implant had previously
been placed. Therefore, it was locked even before
secondary stability occurred due to closure of the
groove through reparative osteogenesis. The elastic
pressure of Lehmans’s expandable arch was
enough to stabilize the implant without causing ischemia beyond the bone’s reactive capabilities.
In the history of implantology, this represents the
first attempt to use a bone groove in place of a
cylindrical bore. The groove was created by a series of thin vertical tunnels that were then connected by mean of a fissure bur. High-speed drills did
not exist at the time and, consequently, these steps
were mandatory. Nevertheless, Lehmans’s implant
was not very successful, although the author proposed it again a number of times after the middle
of the century: in 1959, 1960 and 1961 (30).
In 1946 Meylan also patented a more complicated
“wire spring” implant that exploited the elastic
pressure of two steel looped wires placed in a large
artificial alveolar cavity, where they were spread by
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the progressive screwing of two bolts.
Other experiments were also made by immersing
artificial roots in thermosetting or self-curing
acrylic resin. The following tests were performed:
a) inclusions of roots made of thermosetting resin,
manufactured from the impression of fresh extraction sockets, by Charad-Nur, (1948) and
Rossi (1949);
b) inclusions of self-curing resin, placed while still
in a soft state in surgically undercut sockets, by
Kelly and Rottemberg (1948). After the self-curing resin had been pressed into the cavities and
undercuts, but before it hardened, a post was
inserted in the cavity for the future artificial
crown, or the crown was fitted with a retentive
post, which rapidly became one with the selfcuring resin placed there a few seconds earlier.
The unavoidable overheating produced by resin
polymerization was compensated—at least in
theory—by a water-cooling jet.
These authors were not the only ones who, attracted by the novelty of the plastics that had already
been used experimentally in ophthalmology and
orthopedics, attempted to perform such procedures. Nonetheless, since similar attempts continued in the second half of the century, they will be
discussed ahead.
In 1946 Norman Goldberg and Aaron Gerschkoff
proposed Vitallium juxta-osseous implants, intended mainly for use in the lower jaw; they were
set on the mandibular ridge and kept in place by
screws (Figs. 55–71) (31, 32).
The year 1947 is historical, as it marks the birth of
modern implantology. On February 27 of that year,
at a conference held at the AMDI (Italian Dental
Association) in Milan, the Italian Manlio Formiggini proposed the hollow spiral screw in stainlesssteel wire or tantalum, a white-silver material
whose technical use could be veritable torture. Its
designer named the method “direct endoalveolar
infibulation” and it marked the definitive transition

The history of implantology

55

56

I

57

Fig. 55 Severe periodontitis in a 29-year-old woman. After complete edentulation and healing, Luigi Marziani of Rome placed two total
subperiosteal implants (1955).
Fig. 56 The inferior implant made of tantalum. Fig. 57 Preparation of one of the two mesh plates.
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Fig. 58 Latero-lateral X-ray of the two mesh plates inserted. Fig. 59 Frontal X-ray.
Fig. 60 Patient’s profile before and after.
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Fig. 61 Appearance of the mucosae before insertion of the Dolder bars on the threaded abutments of the implants.
Fig. 62 Close-up of the healed soft tissues. Fig. 63 Placement of the prosthetic splinting bars.
Fig. 64 The two definitive overdentures (1955).

to the era of endosseous implants (Figs. 72, 73)
(33).

and suspended, but stabilized by the central shaft
(33).

The screw I designed for intramaxillary infibulation is
manufactured with a wire made of unalterable material, with a thickness of 1-1.2 mm, bent to form a spiral around a central axis that stabilizes the system. The
central axis is fixed at the apex of the spiral because it
forms its extension, whereas at the base it is soldered
to the free end of the spiral, thus allowing the forced
screwing of the implant into the anatomical or surgical socket. Therefore, my designation of ‘hollow screw’
seems justified, as the screw pitch is, so to speak, free

It would be interesting and, indeed, crucial for the
historical knowledge of implantology to quote the
whole report that Formiggini gave in Stresa in
1952, when he presented several clinical cases and
brought with him two patients who chewed—
problem-free—with fixed prostheses cemented on
his “infibulations.”
Before starting my speech, I would like to thank the
Board of Directors of the Dental Association for giving
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Fig. 65 The same patient 52 years later! Fig. 66 Upper denture in place of the subperiosteal implant, which was removed in 1997 due
to oroantral communication after 42 years of service. Fig. 67 Healing and healthy appearance of the palatal mucosa.
Fig. 68 Lower overdenture still working with the subperiosteal implant (2007).
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Fig. 69 Dehiscence of the tantalum implant placed in 1955, without any complications for the patient.
Fig. 70 Bar and dehiscence (2007). Fig. 71 The prosthesis with latch attachments still in service after 52 years!

me the honor of presenting the results of my studies in
a field where other scientists already made several attempts, always with negative results.17
The replacement of permanent teeth that have been
lost following trauma or expulsive diseases, or have
been surgically removed has long been the dream of
patients and stomatologists. And now, if I weren’t afraid
of being overly modest, I would say that, with the
method I am going to present, I am confident that I
have fulfilled this aspiration.
For the idea of designing my system, I can thank the
negligence of a client whose upper canine I extracted
due to periodontitis and a periapical abscess. After extraction, I inserted an iodoform pledget into the socket, advising him to keep it in place and come back the
following day to have it removed. He instead returned
two months later, swearing that the drainage was still
in place! This seemed odd to me and I checked it carefully: the oral mucosa was absolutely normal and the
access to the alveolar cavity appeared to have closed almost entirely by then. After inserting a probe with
some difficulty, I felt the pledget, which I promptly removed. The extraction was difficult, painful and

bloody, because connective tissue had grown between
the iodoform gauze meshes, fixing it to the socket wall.
I was surprised by the fact that the gauze had not been
expelled as a foreign body and had not caused inflammatory reactions.
At this point, I thought that the gauze could be replaced with a similar but unalterable material. Therefore, I prepared a small roll of steel wire netting, which
I experimentally introduced into the fresh socket of another patient. The result was negative, because the
small roll was soon expelled. Consequently, I understood that it was not simply a matter of introducing a
foreign body into the socket, but of keeping it in place
at all cost.

72
17
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At the time of his report (right after World War II) Formiggini could not
have been aware of the results of the Strock brothers’ studies.

73

Fig. 72 One of Formiggini’s first screws (1947).
Fig. 73 Close-up of the Formiggini spiral.
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With that in mind, in place of the small roll I designed
a stainless-steel wire screw (which could be also made
of other unalterable metals, preferably tantalum—if it
weren’t so expensive [in Italy]).
My screw can be manufactured in two ways: with a
sturdy wire with a diameter of about 1.8 mm, rolled into a slightly conical spiral and ending at the base with
a short straight portion parallel to the axis of the cone,
or with a thinner wire with a diameter of 1.2 mm,
shaped like the previous one but with the addition of
a central axis made of the same wire that, starting at the
apex of the spiral, extends to the opposite end, where
it should then be connected using a spot welder or, better yet, ordinary soldering. For fixation and elasticity
reasons, I choose the latter type of spiral and I started
experimenting on an old man from a nursing home in
Modena, from whom I requested the utmost confidentiality.
Unfortunately, this happened toward the end of 1943,
when I was suddenly forced to leave Modena because
I had been issued a double arrest warrant.18 I fled to
nearby Bologna under the assumed name of Manfredotti, and for 17 months I organized and directed the
health services of the local partisans. In the meantime,
my office was invaded by the armed forces of the Italian Social Republic, who also confiscated the notes I
had gathered on the subject, along with my professional material.
When I returned after the liberation, that first patient
of mine had died along with his secret. At that point,
and with far greater peace of mind, I resumed my studies.
Today I present myself to you, dear Colleagues, with
this introductory note and my report on three successful cases. Before illustrating them to you, I would
briefly like to discuss the surgical technique for this
type of implant.
It can be placed in fresh and artificial sockets alike, as
a support both for single crowns and prosthetic devices.
Before inserting the screw into the artificial or natural
socket that will host it, it must be flame-sterilized without heating it to red hot and must then soaked in iodoform powder, which the heat will melt to form a superficial layer of antiseptic varnish. The screw must
then be inserted in the socket by screwing it forcefully,
as you would with an ordinary screw, until all you can
see on the surface are the straight ends, which are
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welded together and designed to act as the bearing post
for the future prosthesis.
Obviously, when extracting the tooth to be replaced
with my system, it is advisable to measure the thickness and length of its root with a compass and a probe,
in order to obtain a reference in choosing the implant,
which must be slightly larger, because it is essential that
it create its own accommodation within the corresponding socket walls.
It should be borne in mind that the screw or, rather,
the spiral must be inserted deeply, until it is completely contained within the socket cavity. On the outside,
the two ends forming the central shaft are all that will
protrude, but only in part. The procedure is different
when an artificial socket needs to be prepared.
Following anesthesia, a small incision is made in the
soft tissues up to the periosteum. A cavity resembling
a socket must then be made in the bone, initially using
a round bur and subsequently widening the bore with
a commercially available drill, the type the French call
a couteau de Rollins.19 All that remains to be done at this
point is insert the selected screw promptly, following
the same procedures employed for the previous case.
I have never observed the slightest inflammatory reaction with my procedures, although a few days after
placement the screw can become slightly mobile. It can
be fixed again, screwing it in until it is stable.
You should not expect absolute stability immediately,
because it will be achieved later, when granulation tissue has formed between the elements of the spiral.
Bone tissue will subsequently obliterate the alveolar
cavity.
The best timing for applying the prosthesis is left to the
operator’s discretion.
Regarding impression taking, there are no special recommendations. It is performed as done for a common
post crown, but to facilitate this operation, the protruding end (the bearing post) can be covered with a small
stainless-steel tube, which will be retained in the impression material and subsequently become part of the
prosthesis, preferably made of synthetic resin.
Esteemed Colleagues, I would like to ask you to examine the radiographs of three cases I treated using the
method I just described. I would have liked to have my
patients here with me, but current conditions made this
impossible.20 I must also confess that I would also have
liked to present statistical data with a larger number of
cases but, as I am sure you can easily understand, I

18

The double arrest warrant for Formiggini was a result of the racial laws against Jews that had just been enacted by Mussolini, who embraced the
criminal theory of his German ally. Formiggini’s father, humiliated by the measure, killed himself by jumping from the bell tower of the Cathedral of
Modena.
19 Similar to Ottolenghi’s drills.
20 For his second report, given five years later at the Italian Dental Congress in Stresa (1952), Formiggini brought in patients wearing implants.
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could not have expanded my study without running the
risk of the information getting out.
Two intraoral films refer to two young patients: the first
one is of a certain Z.G., 20 years old, from Castelfranco
Emilia and a soccer player, whose central left incisor I
extracted on October 31, 1946; I then placed one of my
screws on November 22. On January 3 I completed the
procedure with a tooth made of synthetic resin. The delay in applying the tooth was due to the fact that the patient had urgent business to attend to and was unable
to come. There was no immediate or late inflammatory
reaction. The radiograph, taken one month after the
screw was inserted, shows a small area of bone resorption due to a previous suppurative process, but also the
tendency toward the formation of bone tissue between
the screw pitches.
The second radiograph is of a certain V.G., a 22-year-old
from Finale Emilia, who on November 13 underwent
extraction of the upper left canine, followed a few days
later by screw insertion, which was then completed on
the 30th of the month with a crown made of synthetic
resin. The radiograph, taken just 20 days following infibulation, shows the tendency to encapsulation by the
newly formed tissue, although an area of bone rarefaction persists at the alveolar apex, due to a previous periapical abscess. No inflammatory reactions.
Nevertheless, the most demonstrative case is the third
one, a certain M.G., a 40-year-old from Cavezzo and a
regular client, who was wearing an upper left four-element gold bridge supported by the first premolar and
the second molar. Due to septic periodontitis of the second molar and the wisdom tooth, I had to remove the
bridge and extract the two distal molars. I considered
replacing the distal abutment tooth that I had just extracted with one of my implants, and of the three available alveolar cavities I chose that of the second molar,
since its axis was parallel to the front abutment. I then
inserted the screw.
Again in this case, as in the previous two, there was no
immediate or late inflammatory reaction. The only
thing I was forced to do was turn the screw once eight
days following insertion, in order to further stabilize it
further.
The first radiograph, taken 25 days after surgery,
showed that the bone tissue was still rarefied around the
screw. Consequently, I felt it best to wait 20 more days
before applying a four-element bridge, the anterior of
which was a gold crown, whereas the other three, distal, were gold-resin crowns.
The second radiograph, taken 40 days later with the
prosthesis in place, shows the crown, the metal prosthesis structure and the screw, around which (and this is
the most interesting aspect) we can already observe
healthy bone tissue that is invading even the spaces between the screw pitches. This demonstrates that not on-
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ly did the osteoporotic reaction typically found in the
presence of a foreign body fail to occur, but that a reparative process and reossification of the alveolus had already started. From a functional point of view, I can assure you that my patient, like the others, is enthusiastic
about the prosthesis and can chew without any pain.
I hope that my simple report and the modest case study
will suffice to prove the validity of my method. I am
confident that the successful outcome of my first three
cases will soon be confirmed by my future experiences
as well as yours (Figs. 74–80) (34).

Despite the veracity of the concepts it expressed, the
report left itself open to criticism from many who
were more accustomed to scientific presentations.
And this is inevitably what happened!
The dental world was experiencing a justified period of cautious skepticism toward endosseous implants and hope instead lay in the possible success
of the very recent technique of subperiosteal implants. As a result, failures (due to technical mistakes made by Formiggini’s first disciples) were given greater consideration than successes when it
came to official judgments (35, 36).
This method was later accepted with only a few exceptions, and more so abroad than in Italy. We will
also see how the modifications made by his pupils
allowed a large number of patients to enjoy the benefits of the implants that originated from his ingenious innovation.
Some of these modifications—above all those made
by Carlos Perron Andres—were limited to replacing
the two vertical portions of the screw with a single
metal portion that was thicker and more rigid (Figs.
81, 82).
At the beginning of the century Perron Andres provided many radiographic demonstrations of the validity of Formiggini’s “hollow spiral,” which the
Spaniard improved slightly, though strictly in terms
of the solidity of the external prosthetic abutment
(37).
The only difference between Formiggini’s original
spiral (the two small external portions had to be
joined using a spot welder or soldering) and in Perron Andres’s version the two portions were replaced
by a single fused block. Nevertheless, over the years
this method gradually and definitively became established, gaining widespread consensus, and studies were conducted on the histological reactions of
the tissue involved in the implant treatment (Pini,
Zepponi, Sordo, Gola, Roccia, Marziani et al.). (38).
During the 1950s Blum made a few—but unsuccessful—attempts at using self-curing synthetic
resin in the socket, in which the implant was placed
before the resin hardened completely. However, the
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Fig. 74 Two Formiggini spirals in service since 1952 and checked in 1981 after other implants were inserted.
Fig. 75 Close-up of the previous image.
Fig. 76 Detail of the X-ray: excellent adhesion of the bone tissue around the spiral (1960).
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Figs. 77, 78 Formiggini spirals, loaded and unloaded (1958).
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Fig. 79 Image immediately after placement into the socket.

81

82

Fig. 80 An excellent radiographic image of one of Formiggini’s screws, still working perfectly in 1985.
Figs. 81, 82 The Perron Andres implant.

experiments were soon abandoned due to the toxicity of the compound (18).
At this point, we would also like to mention the contribution made by the Dental Clinic of the University of Pavia, as we are currently conducting a historiographical overview to shed light on the many scientific studies conducted over the course of 90 years
of activity. The Associazione Europea Odontostomatologica per gli Impianti (European Dental Implant
Association) was founded at the University of Pavia
in 1955, and experimental and histological studies

were conducted here (Palazzi, Borghesio, Branchini,
Piazzini, Continolo). Vitallium implants were employed, i.e. the type that had already been used previously; as noted, this alloy is made of cobalt (65%),
chromium (30%) and molybdenum (5%) (39–41).
It was also during the 1950s that Flohr experimented with implants made of steel-reinforced resin
screws (42), whereas in 1961 Stefano Tramonte was
the first to propose the self-threading screw in
chromium-cobalt-molybdenum and chromiumnickel-molybdenum; he was also the first in the
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83

84

Fig. 83 Different designs of endosseous screws used in the 1960s and 1970s. The middle one is the Tramonte screw, currently
proposed as an “elective” immediate load implant. Fig. 84 The Jeanneret implant.

world to employ titanium as implant dentistry material (43). The following year Muratori presented
“hollow” screws, which represented a further improvement of Formiggini’s screws in terms of shape,
structure and surgical technique (44).
In the late 1950s and early 1960s, in France Raphael
Cherchève further modified the design of the
Formiggini screw (Fig. 83), creating the double-helix implant (45); a similar device, with minor modifications, was also employed by his countryman
Max Jeanneret (Fig. 84).
The greatest developments in endosseous implantology took place in the 1970s with the creation of
the “blade” (the name used by Linkow) (46) and the
“needle” (the name used by Scialom) tantalum implants (47–48). In Italy, several authors proposed a
number of modifications, such as the “custom universal blades” created by Muratori in 1970 (49) and
the “postless polymorphic blade implants” devised
by Ugo Pasqualini; (46) in 1975 Pier Luigi Mondani
came up with the idea of using intraoral soldering
for the needles; in 1974 Dino Garbaccio proposed
the bicortical self-threading screw. These authors
will be discussed in the chapters that follow.21
In the late 1970s and early 1980s, Brånemark presented the so-called “osseointegrated” implants. According to Brånemark, osseointegration “is the direct structural and functional connection between
living bone and the surface of a load-bearing implant.” The method consists of positioning screwshaped titanium implants with small threads
(screws for metal), offering good resistance to torque
and able to assure good mechanical elasticity. They
have microgrooves that permit integration with the
bone tissue, which shapes itself around the implant.
Titanium is considered the most biocompatible material, as it can be used in a wet-organic environ21
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It must be remembered the Swiss Samy Sandhaus who, towards the
end of the 1960s studied the one-step and two-step screws in
alumina and zirconia called “Cristalline Bone Screw”.

ment; it is made of titanium dioxide (51).
Many of these concepts had already been anticipated by Pasqualini (1962), as we will detail in these
chapters (50, 52).
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CHAPTER II

ANIMAL
TESTING
by Ugo Pasqualini

The first chapter introduced the reader to the implant
dentistry of the past when, despite the enthusiasm of
the few who had successfully placed implants in humans, the reasons for the vast number of failures were
unclear. At the time, few authors had presented their
personal inventions, generally tending to attribute
failure to others’ methods and success to their own!
Furthermore, many orthodox thinkers rejected the
idea of implants, speculating that the absence of the
epithelial attachment—a widespread but wrong concept—would inevitably lead to implant expulsion.
They failed to realize that many traditional prostheses anchored to natural teeth, and thus unquestionably with the attachment lacking in implants, underwent the same fate.
At the AMDI Congress (Italian Dental Association)
held in Stresa in 1952, Formiggini presented the case
of a patient wearing a dental prosthesis fixed one of
his spiral implants, with no evidence of drawbacks.
His “reckless” intervention drew criticism over the
absence of a seal between the outside and the inside
of the body. This objection, based on mainstream science, discredited previous implants as well as
Formiggini’s, although they appeared to be incredibly
stable and showed no sign of tissue damage.
It must be acknowledged that, based on reports of the
first implant attempts performed by Maggiolo, who
proposed the first one, and those by other authors
who presented their own over the 150 years that followed, it was virtually impossible to tell if success or
failure was due to the materials or, rather, if the cause
lay in different surgical techniques, individual reactivity or the operator’s technical skills. A specific concern had to be added to the many open questions:
permanent communication with the external environment, which could favor the penetration of
pathogens into the body. The effect exerted by occlusal load, both in the immediate postoperative period and over time, likewise remained unsolved.
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In an endeavor to shed light on the topic Ugo
Pasqualini proposed a series of progressive studies
dealing with a single issue at a time, moving to the
following only after finding clear, acceptable and objective answers for each one.
This chapter will be devoted to these studies conducted long ago. In order to understand their advantages and limitations, the reader should be aware that
scientific demonstration of the protective principle of
reparative osteogenesis (i.e. osseointegration)—now
wrongfully attributed to Brånemark’s later research—
originated in those very studies. The delayed and immediate load implant techniques will be discussed
extensively in this book, together with indications for
their potential use.

M.E. Pasqualini

The four issues addressed by
research on endosseous implants
I began this research in 1957 and published the
results at the end of 1962. It was conducted on
28 dogs, for a total of 91 endosseous implants,
with the cooperation of three university institutes: the Dental Institute of the University of
Modena, the Pathology and Special Veterinary
Surgery Institute of the University of Milan, and
the Institute of Pathological Anatomy of the University of Modena. The study took five years and
the issues I planned to address were:
1) clinical, radiographic and histopathological assessment of the biocompatibility of the most
widely used materials;
2) parallel assessment of the osseointegrative
properties of endosseous artifacts by means of

Animal testing

reparative processes of surgical wounds;
3) clinical, radiographic and histopathological
evaluation of how permanent communication
with the external environment, an essential
condition for implant loading, influences adjacent mucosae and tissues;
4) assessment of the effect of occlusal load secondary to prosthesis placement (Fig. 1).
Despite any misgivings, I choose dogs as my test
animals, as they are close enough to humans in
terms of diet and general physiology.
At first I used a monkey, which has a masticatory
apparatus similar to that of humans, although it
lacks Bennett movement. An initial attempt convinced me of the tremendous difficulties that this
choice would entail in the future. Monkeys are
not easy to approach and after surgery they try—
with tenacious constancy—to modify any im-

1. Alloplastic materials
and reactions of the
connective tissue

2. Retentive structures
of the alloplastic root

II

plants that are placed. They suffer a great deal in
captivity, do not tolerate anesthetics well, and
have different feeding needs than humans. Their
oral cavity is also much smaller than that of dogs.
Therefore, I chose healthy dogs examined at the
Institute of Veterinary Surgery of the University of
Milan.1 Their partial edentulation was performed
under general anesthesia (with chemital sodium
IV at the dose of 4 mg/kg, after preanesthesia with
Eucodal vials 0.01 mg IM, at the dose of 1 or 2
vials, weight-adjusted).
Only the premolars and tearing teeth of the
mandible were extracted, leaving the front teeth
from canine to canine and all the upper teeth in
situ (Figs. 2, 3). Despite the loss of premolars and
the lower tearing teeth, the animals were still able
to eat as they were given a special diet, which
consisted of boiled rice with oil, ground meat and

?
?

?

?
?

?

2

Fig. 2 The teeth extracted from the animals: two premolars
and two tearing teeth.

3. Neck area and reactions
of the epithelium
to the alloplastic material

? ?

4. Masticatory load

1

Fig. 1 The four phases of implant research (U. Pasqualini,
1962).

1

3

Fig. 3 The dogs could eat due to the presence of the lower
front teeth and the entire upper dentition.

I would like to thank the Pathology Institute of the Veterinary Clinic of the University of Milan, Aldo Tagliavini, who was its director at the time,
Armando Santi and Antonio De Gresti; I am also grateful to Tarciso Micheletto and Alberto Cupia for their kind, selfless and very valuable
assistance.
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cooked vegetables. All animals regained and exceeded their initial weight. Extractions were always followed by suturing of the surgical
wounds, which accelerated the healing process
and favored socket ossification.
Three to four months later, the animals underwent another surgical procedure (in this case, also with preanesthesia with Eucodal IM followed
by general anesthesia with chemital sodium) in
order to proceed to the next experimental phase.
A total of 91 implants were placed. For mandible
explants, 28 of the 30 animals initially implanted
were sacrificed; two of the dogs were killed by excess anesthesia during the extraction procedures.

Study on biocompatibility
of the materials
Choice of materials
I expected the first phase of my research to yield
a conclusive answer about the biocompatibility of
implant materials with regard to the type of tissue
reaction at the insertion sites, where they had
been in a quiescent state for six months below the
mucosa (Fig. 4). Implant materials had to be:
1) biologically inert for the host tissues;
2) physically and chemically stable over time,
without any alterations;
3) resist to fracture, wear and deformations;
4) sterilizable.
Venable, Stuck, Beach and Key (1937–47) (1–3)
had already demonstrated that implant materials
had to be chemically and electrolytically inert, because potential differences can also occur be-

Materiali alloplastici e reazioni del connettivo
resin
{ 1.2. Self-hardening
Self-curing resin
porcelain
{ 3.4. High-fusing
Gold-platinum

{

1

2

3

4

5

6

7

8

5. Platinum-iridium
6. Ceramco gold and Permadent
7. Stellites (Vitallium)
8. Stelliti (vitallium)

4

Fig. 4 The biocompatibility tests were performed with different
materials prepared with a truncated cone shape, and inserted below the
mucosa with the same surgical technique (U. Pasqualini, 1962).
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tween implant and host tissue due to the presence
of organic fluids, which act as electrolytes. The
galvanic currents generated as a result could have
led to metal corrosion and subsequent implant
expulsion. Bertolini and Malizia (4) also conducted an exhaustive study on electrolytes in biology
and medicine, a research so interesting that, even
today, it is a very useful reference for those interested in probing the topic.
The following materials had already been used
before my experimentation, with mixed results:
1) gold and gold alloys;
2) platinum and other elements from the same
group of Mendeleev’s periodic table;
3) silver;
4) copper, lead and manganese;
5) porcelain and glass;
6) plastics;
7) tantalum;
8) stainless steel and Stellite (chromium-cobaltmolybdenum).
Silver, copper, lead and manganese were excluded from the trial. In effect, silver is soluble in all
common acids and also oxidizes in the presence
of atmospheric oxygen, forming silver sulfate,
which is poisonous. Copper also lacks the fundamental qualities required for implant materials,
because it readily alters in the presence of humidity, forming cupric carbonate (verdigris), which is
also poisonous. As already mentioned, lead likewise lacks the properties required for implant materials.
Pure 24K gold does not have adequate resistance
to load, wear and deformation. These negative aspects seemed to be offset by the addition of other noble metals from the platinum group: palladium, iridium, rhodium or osmium, in alloys already employed by other investigators. I decided
to include them in my study, as I was unable to
find any histological reports about tissue reactions to these materials. The fact that the authors
who used them and guaranteed (as usual!) the
constantly positive results of their procedures was
simply not enough for me.
As to the behavior of tissues in direct contact with
porcelain, again, I could not find any histological
references. Although high-fusing porcelain had
no fracture resistance, the literature reported
good clinical performance if it was reinforced
with internal metal structures. A porcelain with a
low fusion point, whose strength was increased
when fired on a special gold alloy, had recently
been put on the market, so I felt it was appropriate to separately examine the behavior of this
porcelain and the possible biocompatibility of its

Animal testing

alloy support, known at the time as Ceramco
gold, which had a secret formula.2
Tantalum, whose complete biocompatibility had
already been demonstrated in laminar forms,
proved to be so difficult to cast that it had to be
excluded from the study for use in endosseous
implantology. Scialom’s drawn-tantalum needle
technique, which will be examined later in the
book, was still unknown at the time (6). Several
interesting histological studies had already been
conducted on self-curing and thermosetting
resins, but the results were so conflicting that I
felt it appropriate to include them in my experimental program.
Vitallium, already employed in orthopedics, was
certainly biocompatible. Until then it had been
used by only a handful of authors in endosseous
implantology, but I decided to include it nevertheless, in order to obtain additional direct confirmation of its biocompatibility.

Research methods
All implants had to be buried in the bone tissue
below the mucosa for approximately six months
(Fig. 5).
The examined materials were:
1) self-curing and thermosetting resins;3
2) low-fusing porcelain;
3) 5% gold platinum alloy;
4) platinum-iridium;
5) Ceramco porcelain and gold alloy;
6) surgical Vitallium.
Each material was shaped into a truncated cone,
and all implants were placed with the same surgical technique (Fig. 6).
The artifacts, identical in shape but different in
composition, were inserted in open surgery into
cavities, prepared by calibrated drills, onto the
healed edentulous ridges. The implants were
buried in the bone tissue up to its external surface, and were immediately covered by suture of
the mucosa to avoid microbial contamination and
mechanical stress.
The implant sites were prepared with two conical
drills of progressive diameter. The first drill was
used to create a small cavity, which was expand-

2

3

4

II

5

Fig. 5 Overview of the 28 experimental inclusions used for
tests on tolerance to different metals and materials (1956).

ed to the desired diameter with a larger one.
Drilling was always performed under saline irrigation to prevent overheating and bone necrosis.
To avoid result bias due to individual reactions, at
least five different materials were placed in each
mandible of the first animals, and all insertions
were meticulously followed by suture of the mucosa (Figs. 7–10).
By adopting these precautions, I intended to
avoid the controversial conclusions of previous
studies, often conducted with unclear techniques
and dissimilar artifacts, and communicating with
the external environment.4

6

Fig. 6 The surgical technique employed for insertion.

Other types gold alloys fused to porcelain were marketed later, but I believe that they are not biocompatible, as we will see was the case with Ceramcogold.
Several truncated cone implants were prepared, four made of thermosetting resin and four of self-hardening resin. Those made of self-hardening
resin in a liquid state were excluded from the experiment because the heat they would have developed during polymerization within the bone would
have been cytotoxic and necrotizing.
Except for Maggiolo’s gold implant (1809), the silver one by R. E. Payne (1900), Greenfield’s platinum and gold-iridium type (1913), the Vitallium one
by the Strock brothers (1948) and Benaim’s resin implant (1959) (7–13).
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7

8

9

10

Fig. 7 Five different materials inserted in a hemimandible. Fig. 8 Other inclusions inserted in sockets prior suture of the mucosa.
Fig. 9 Suture of the mucosa. Fig. 10 Healing of the soft tissues six months following surgery.

Furthermore, while the experimentation on humans performed by most of my predecessors had
been limited to the observation of general clinical
tolerance, supported only by radiographic tests
and very few biopsies (most examinations were
performed in the event of expulsion), my research
would have to include autoptic and histopathological examinations for definitive acceptance or
exclusion of the materials being tested.
There were twenty-eight inclusions, four for each
type of material: truncated cones made of thermosetting resin, self-hardening resin, porcelaingold, platinum gold, platinum-iridium, Ceramco
porcelain and gold, and surgical Vitallium.

The dried mandibles were radiographed before
examining the inclusions, which immediately revealed different macroscopic tissue reactions to
the various materials. I will not describe them
here, because interested readers can find detailed
reports in the captions of the corresponding figures (Figs. 11–17).
The histological examinations required removal
of the inclusions and serial sections of the adjacent tissues (Figs. 18–25).
All tissues adjacent to low-fusing porcelains
showed atypical foamy degeneration. The report
of the bioptic analysis of the bony tissue apposed
on the porcelain surfaces, performed by Antonio
Stagliani, Director of the Anatomopathology Institute of the University of Modena, made the following observations.

Results
After one year (it took six months for the edentulous
areas to heal, and six more months for completion
of the tissue reactions around the inclusions) I obtained reliable answers for each examined material.

A superficial examination reveals that tissue response
to porcelains appears to be positive in terms of the

a

11

12

13

14

15

16

b

17

Fig. 11 Mandible explanted six months following surgery, prior to visualization of the implants. Fig. 12 Implants six months following
surgery, after incision and detachment of the mucosa. Fig. 13 X-ray of two hemimandibles from the same animal: a) left to right:
thermosetting resin, Vitallium, self-curing resin (expelled), porcelain, gold alloy for porcelain; b) left to right: Vitallium, self-hardening resins
(expelled), Vitallium, porcelain. Fig. 14 Left to right: porcelain, self-curing resin, three Vitallium implants.
Fig. 15 Left to right: platinum gold and platinum-iridium implants (expelled). Fig. 16 X-ray of Vitallium implants. Note the bone level
above the shorter implant. Fig. 17 Detail of the formation of new bone above the Vitallium implant (arrow).
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19

20

21
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23

24

Fig. 18 Radiographic overview of the analyzed materials. Fig. 19 Radiographic detail of the three
perfectly osseointegrated Vitallium implants. Fig. 20 Hemimandible with five inclusions in situ, after
decortication. Fig. 21 Anatomical specimen immediately after removal of the inclusions, following
immersion in formalin and prepared for the histological examination. Fig. 22 Macroscopic appearance of
the anatomical specimen of a mandible; a gold platinum implant can be observed on the left and a Vitallium
implant on the right. Fig. 23 Diagram illustrating the technique used for histological sections.
Fig. 24 A few of the many histological specimens. Fig. 25 Macroscopic appearance of a histological
section: a) compact bone and b) cancellous bone.

absence of inflammatory phenomena, but the bone
tissue is only partially visible, with bone cells that are
not very evident, included in small niches. The cytoplasm is negligible; the nucleus is small and almost
pycnotic, with compact chromatin. In some sections
the lamellar bone structure is completely absent:
Here the tissue has been transformed into an amorphous acidophilic mass with no detectable cellular

26

II

27

elements, and it seems to show the dissolution of the
fundamental bone structure, following breakdown of
its osteocytic component5 (Figs. 26–28).

The Ceramco gold artifacts were clearly in an expulsive phase, which had already been foreshadowed by the radiographic examinations. The
higher histological sections showed an invaginat-

28

Fig. 26 Radiographic appearance of a porcelain inclusion (arrow) next to the outcome of a self-curing resin implant expulsion (left)
and the inclusion, in an expulsive phase, of a Ceramco gold implant (right).
Fig. 27 Foamy degeneration of the bone tissue adjacent to the porcelain. Fig. 28 Histological finding of tissue adhering
to a porcelain inclusion; the collagen fiber layer is visible above.

5

From the original publication of U. Pasqualini Reperti anatomopatologici e deduzioni clinico chirurgiche di 91 impianti alloplastici in 28 animali da
esperimento. Riv It Stom 1962;12:36 and 1963;1.
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30

31

Fig. 29 The different radiographic aspect of the outcome of self-curing resin that was expelled (arrow) between a porcelain inclusion (right)
and a Vitallium inclusion (left). Fig. 30 Thermosetting implant showing marked peripheral radiolucency, indicating expulsion.
Fig. 31 Histological specimen of the tissues adjacent to a thermosetting resin. Tissue disarrangement, hemorrhagic areas and hyaline
degeneration are evident.

ed and atrophic epithelium over large areas of fibrotic tissue, irregularly scattered among enclosed areas of bone tissue in hyaline-like degeneration. The sections performed at the apical tissue resorption level, easily visible on the X-ray,
showed the invasion of small inflammatory cells
that completely replaced the original bone tissue.
Around the thermosetting resin cones, all still in
place, there was a soft and easily detachable fibrous capsule that was very evident in the histological specimens, which in the deepest layer
were composed of massively hyaline-like tissue
surrounded by granulation tissue. All the truncated cones made of self-curing resin were absent
and had already been expelled (Figs. 29–31).
Around the gold-platinum and platinum-iridium
alloys, I found signs of bone involvement, with a
thin layer of collagen fibers interposed between
them and the surface of the metals extracted for
the histological examination (Fig. 32), as well as
patterns of similar involvement with a layer of

variable thickness, depending on the sectioned
area, and irregular fibrotic tissue.
The Vitallium inclusions instead appeared to be
perfectly osseointegrated due to physiological
reparative osteogenesis of the surgical insertion
sites, with the progressive apposition of young,
healthy and well-remineralized bone tissue, with
no interposition of collagen fibers between the
new bone and the metal.
The more intense coloration of the peripheral
lamellae on the outer surface of each artifact (a semi-arc section is all that is visible in the figure) is
due to greater activity by mucopolysaccharides,
which are abundant in newly formed tissues and
thus permit greater stain uptake. It was very interesting to note the different architecture, constantly devoid of any inflammation, of both the
old and new bone tissue, which was always
arranged in well-oriented concentric lamellae on
the outer surface of the Vitallium cones (Figs. 19,
33, 34).

Conclusions

32

Fig. 32 Histological appearance of the tissue enclosing a
platinum-iridium gold alloy, with pattern of tissue damage and
bone resorption.
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The study confirmed that the failures of many
previous implant attempts were attributable to
the use of unsuitable materials, showing that inclusions made of biocompatible substances, without communication with the external environment, underwent complete osseointegration.
Having verified that surgical Vitallium, a chromium-cobalt-molybdenum alloy with no traces of
beryllium, was a material that, per se, would not
lead to failure, the other materials were excluded
from the second study, as they proved to be toxic
to the body. I gave up any further implant attempts with resins—self-curing and thermosetting alike—since my research confirmed their biological inadequacy, nor did I conduct any other
tests with noble alloys such as platinum-iridium

Animal testing

and gold-platinum, which were equally cytotoxic, or with porcelain.
It was very interesting to prove histologically that
porcelains (which many years later would be presented again as the ideal material) had indeed
caused the peculiar foamy degeneration described by Stigliani, which completely altered the
histological appearance of the including bone. It
is important to note that a postoperative X-ray six
months later showed that these porcelains
seemed to be fully osseointegrated by healthy tissue that, instead, “foamed” around them. The radiographic picture of the apparent compenetration of bone tissue and porcelains was due to the
similar radiolucency of porcelain and the contiguous bone. Histological analyses are therefore
of crucial importance in such cases, when the results clearly contrast with the outcomes that
could be inferred from the X-rays.

The retention of endosseous
inclusions
Introduction
After the aforementioned results, I decided to design a retentive form that would allow Vitallium
to be used as s stable abutment that could bear a
future prosthetic load.
Here I have quoted my introduction to the report
(1962) of the subsequent trial, so that the reader
can compare my deductions on Vitallium with
considerations about titanium, which is currently
employed for dental implants.
The roots of human teeth are connected to the bone
by means of a joint, unique in the entire organism,
known as the gomphosis. Due to its presence, the
tooth is not in direct contact with the maxillary bone,
but is joined by means of a very large number of collagen fibers (Sharpey’s fibers) that connect the radicular cement to the lamina dura of the socket walls.
They provide stability but also have a very light cushioning effect. Sharpey’s fibers thus act as an intraosseous ligament between the socket walls and the
radicular cement, which are very similar to each other from a histological point of view.
The hopeful attempt to recreate this type of connection with replantations never yielded appreciable results because, after its complete destruction during
extraction, the osteofibrous joint is replaced through
a process of ankylosis.
Regarding implants, my previous study demonstrated that the bone forms in a mirror-like fashion on the

II

33

34

Fig. 33 The healthy appearance of the bone tissue next to
Vitallium. Note the concentric stratifications of the newly formed
area, mirroring the metal implant surface.
Fig. 34 Close-up of the previous image at a higher
magnification. Note the absence of collagen fibers and the more
intense staining of the new tissue, which—like all young tissue—
has plenty of mucopolysaccharides with a high affinity for
laboratory staining (hematoxylin-eosin).

surface of biocompatible materials (Vitallium) that
remain buried during the reparative osteogenic
phase. Unfortunately, however, this does not allow
me to assert that mere direct contact of the bone tissue with the macroscopically smooth surfaces of the
inclusions is sufficient for their fixation.
The Vitallium cones employed for the biocompatibility test had real contact with the new bone, without
the juxtaposition of collagen fibers and with remarkable adhesion, although it was not so strong that it
prevented me from extracting them for the histological analysis of their including tissues.
In light of the current knowledge [the reader should
bear in mind that we are talking about 1962!], it
seems that implant stability is achievable only
through bone proliferation between the macroscopic
retentions on the inner or outer surface of their
buried portion. Implants should also be kept in a
quiescent state for the whole period required for
their fixation.
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Thirty-five years later I was forced to revise those
considerations. Like other colleagues, I had the
chance to verify that it was impossible to remove
several endosseous needles that had fractured after years of service. Their outer surface was apparently smooth, but even if firmly grasped with
forceps they were impossible to remove from the
bone, to which they seemed to have “fused.” We
will have the chance to examine this fascinating
topic and update it with very recent information
in Chapter 10. Now, however, I will return to my
considerations from 1962.
I had also noted that the temporary retention of endosseous implants, which my predecessors immediately provided with an external abutment, almost always occurred with the interposition of a thick layer of fibrous tissue: the ratio between its thickness
and that of the newly formed outermost bone represented the various phases of the “stable mobility”
typical of most of the implants of the time (though
not all) (14–19). According to many authors of the
era, the faster the connection of the external abutment with stable natural dental elements was
achieved, the thicker the bone layer became, thus
augmenting implant stability. Consequently, they
recommended inserting the submerged implant section as deeply into the bone tissue as possible, since
this would further increase the ratio between the
new bone and the layer of interposed fibrous tissue,
which is much less retentive. Since in my previous
study I had verified that bone apposition on my
buried Vitallium inclusions took place without the
interposition of fibrous tissue, I planned to design a
retentive form that would avoid any load stress by
the external abutments, in both the postoperative
and osseointegrative phases, as this could affect the
osseointegration process. This was the only way to
get an objective answer about the possibility that the
bone tissue could definitively incarcerate my vented
inclusions of biocompatible material in a stable and
permanent manner.

Study on the best retentive design
for the inclusions
Research into the best design for retentive inclusions, in terms of minimal bone destruction, kept
me from concluding the second phase of the
study. I had already published a diagram with the
following solutions to create the insertion site on

6
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Fig. 35 Different implant techniques designed and sketched
by Pasqualini, published in 1962. The author also anticipated
the technique for blade implants (letter A in the diagram), taken
up by Linkow and published eight years later.

the edentulous ridge; the vented artifacts had to
be included by means of the osteogenic reparative
processes of the surgical incisions:
a) sagittal groove;
b) cross groove;
c) Greenfield’s circular groove;
d) full-thickness bore (Fig. 35).
I had tried and immediately abandoned the sagittal incision of the alveolar ridge, conceptually
similar to the one later employed by Linkow.6
High-speed drills had not been invented yet and
I faced numerous difficulties in attempting to create a regular groove. The straight incision, already
proposed by Lehmans for his arch implant
(1946), classified in my diagram as a sagittal
groove, supposedly meant reduced tissue sacrifice, but only in theory: since I had to use lowspeed drills my groove ended up being imprecise
and much larger than necessary. I faced the same
difficulties with the cross groove, which merely

Leonard Linkow republished my sketch, acknowledging my authorship, on pages 90 and 92 of Theories and Techniques of Oral Implantology,
published by C.V. Mosby Company, which he wrote two years later with Raphael Cherchève (1970) (20).
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Fig. 36 Original drawing by E. J. Greenfield (from Dent Cad 1913;
4364).
Fig. 37 Diagram of the various solutions adopted for the emerging
post:(1) deepening of gingival pocket,(2) natural pocket,and (3)
pocket according to Greenfield’s and personal methods (U.
Pasqualini,1962).
Fig. 38 Diagram of an implant with a connection with the external
environment, inserted below the mucosa to encourage inclusive
osteogenesis without external stress (1). Representation of the
completed osteogenesis (2). Connection with the “prosthetic
abutment” and crown (3 and 4).

Fig. 39 The surgical technique.

doubled the problems I had already had with the
sagittal one.
Using the two drills with progressive diameters
used to insert solid cones during the experiment
on the biocompatibility of materials, I could easily have created similar cavities in which to insert
the vented—not solid—Vitallium artifacts shaped
like truncated cones, similar to those proposed
initially proposed by Greenfield (Figs. 36–38).
I felt that his second proposal of a circular bone
groove was the one that would permit the insertion of vented cylinders very similar to those he
had designed in 1913, the difference being the
use of a material such as Vitallium, whose complete biocompatibility I had just proved histologically.
Unlike completely empty cavities, Greenfield’s
circular groove left a core of vital bone in the implant site. This would theoretically reduce the
time needed for cylinder integration, since the
reparative osteogenesis of the small surgical opening would be extinguished after bone growth
through the venting of the Vitallium cylinder
(Fig. 39).

Research methods
In order to obtain reliable answers, like Greenfield I avoided any communication with the external environment, protecting the artifacts via
immediate suture of the mucosa, which I had previously incised and detached to visualize the bone
surface to tackle with the toothed hollow drill.7

7

I did not feel that Greenfield’s “tissue punch” would be useful here, as
it limited the visibility of the underlying bony crest and the choice of the
optimal site, also making it more difficult to perform the protective
suture of the mucosa.
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40

41

42

Fig. 40 Castings of Vitallium baskets (1956).
Fig. 41 Two of the author’s Vitallium cylinders, with the toothed drills
used for their insertion into the circular bone groove (U. Pasqualini,
1962).

The manufacture of the vented Vitallium cylinders was not an easy task, since the alloy casting
required clever expedients and coatings that
could withstand the extremely high temperature
that was required: 1350–1450° C. The toothed
hollow drill, commissioned from a specialized
company, was much easier to make (Figs. 40,
41).
The first infixions were performed in two dogs,
placing four cylinders in each hemimandible, for
a total of sixteen implants.
After creating the circular grooves, before placing
the vented Vitallium cylinders I removed about 2
mm of the outer layer from the central bone core
with a round bur, in order to bury the cylinders
below the occlusal surface of the alveolar ridge
(Figs. 42, 43).
The inclusions, immediately protected by suturing the mucosa, were left in a quiescent state and
without communication with the external environment for the following four months, which I
believed was sufficient to complete the reparative
osteogenesis of the surgical grooves and subsequent integration of the cylinders.
The results were not as uniform as I had hoped.
In fact, the mandibles of these animals had areas
where the cylinders were missing, alongside perfect inclusions (Figs. 44, 45).
In those areas I had made the mistake of forcing
the cylinders into the insertion sites with pressure
exceeding the metabolic healing capabilities of
the inner bone core.
The sectors where implants had been lost still
showed signs of their violent postoperative expulsion. In two animals, checked one month after
surgery, it was possible to observe two expulsions
in progress.
If the first part of my research had not already
confirmed the biocompatibility of the material
used for the baskets, it would have been hard for
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Fig. 42 Three cylinders with internal threading, immediately
after insertion (U. Pasqualini, 1962).
Fig. 43 The three cylinders from the previous illustration,
showed in the autoptic specimen at three months from surgery.
Note the adhesion of the tissues over them (U. Pasqualini,
1961).

44

45

Fig. 44 Hemimandible with perfect inclusions.
Fig. 45 The same hemimandible showing the area (left) in
which an implant was expelled for unknown reasons
(U. Pasqualini, 1962).
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Fig. 46 X-ray showing the loss of a basket. The arrow
indicates the expulsion site.
Fig. 47 X-ray of the area where the basket was lost.

me to avoid making the mistake of ascribing
those failures to the material rather than the surgical preparation, or to communication with the
external environment, which I had consciously
avoided.
There remained doubts as to why, in the same animals (and often in the same hemiarch), some
cylinders were expelled because they had been
pressed too deeply into the grooves and others
were instead perfectly integrated (Figs. 46, 47).
After a few tests on dried mandibles I realized
that the diameter of one of the toothed hollow
drills I had commissioned to make the circular
grooves was 2/10 mm smaller than the others.
This minor difference is what led to compression
and/or fracture of some of the bone cores and
their resorption, with the consequent expulsion
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of the connected implants.
In this case, rather than enhancing the reparative
osteogenesis of the grooves, the central bone
cores were expelled by pathological mechanisms,
taking the connected implants with them.
Therefore, I inserted sixteen vented baskets in
two other edentulated dog mandibles, but this
time I placed them in completely empty cylindrical holes after removing the central bone core
(Figs. 48–50).
All sixteen cylinders were perfectly osseointegrated by means of reparative osteogenesis of the
modified cavities (Figs. 44, 51–65).
In the mandibles of these two dogs I also inserted a vented Vitallium cone, placed directly in a
hole made with the same drills used to insert the
cones in various materials for the first phase of
the study.
The results described above provided important
information, indicating that biocompatibility and
isolation from the external environment were not
sufficient, per se, to ensure the success of the inclusions, which could have been expelled by excessive compression of the bone tissue, causing
necrosis and subsequent expulsion by bone resorption mechanisms.8
With this data at hand, I could then address the
third issue that I had set out to solve, i.e. communication of my inclusions with the external
environment, a crucial condition for future loading.

50

Fig. 48 Explanatory diagram of the fracture of the bone core inside a basket, causing bone necrosis and subsequent implant expulsion.
Fig. 49 The removed bone core. Fig. 50 Necrotic bone tissue inside the basket (1), due to bone core fracture. Fibrous tissue can be noted
in the peri-implant area (2), indicating failure and thus expulsion.

8

In several other chapters, we will again discuss the important topic, examined and discussed here for the first time, of the failures of many other
implants due to excessive compression of the bone tissue.
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Fig. 51 X-ray of three vented baskets six months following surgery. Fig. 52 Detail at a higher magnification.
Fig. 53 Macroscopic appearance of a basket implant. Fig. 54 Autoptic finding with macroscopic visualization of an osseointegrated
cylinder. Fig. 55 Radiographic image showing inclusion of the implant within the supporting bone tissue.
Figs. 56-60 Behavior of the bone tissue surrounding the baskets. Fig. 61 Diagram of the use of the carborundum disk to divide the
experimental implants and the bone tissue in two mirror-image portions. Figs. 62-64 The completed sections.
Fig. 65 Histological specimen of bone tissue adjacent to an osseointegrated cylinder. On the right, note the more intense staining of the
including healthy new bone (hematoxylin-eosin, 40X).

Communication with the external
environment
Communication with the external environment, indispensable for implant loading (Fig. 66), was the
chief question about which everyone at the time—
me included—kept their opinions to themselves.
The absence of the epithelial attachment, upon
which Gottlieb had based his theory of the importance of the continuity of the epithelium (21, 22),
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drastically reduced the hopes of succeeding in
maintaining constant external communication of
the abutments, which had to connect the submerged part of the implants to the prostheses.
Despite the fact that, at the time, communication
with the external environment was considered the
fatal reason for the failure of every type of implant,
no one had yet sufficiently demonstrated the point
to which this critical factor could be mistaken with
other causes of rejection.

Animal testing
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Fig. 66 Diagram of the “crucial” factor of implant inclusion,
represented by the area of the epithelial attachment along the
emerging post.

II

tions. However, their reports were limited to a few
cases, considered among seemingly analogous ones
that had negative outcomes.
Unlike my predecessors, I had the chance to design
a much more extensive study, focusing exclusively
on the risk of permanent communication with the
external environment: I had at my disposal an experimentally proven surgical technique and a material like Vitallium, whose biocompatibility and integrating capabilities I had ascertained. The latter
occurred through the reparative osteogenic mechanism of the surgical wound, in which the Vitallium
had been inserted and provided with undercuts or
other retentive forms. The important thing was to
keep it in a quiescent state and with no communication with the external environment.
Therefore, I simply had to give my Vitallium cylinders—placed in the insertion sites without compression—structural elements that could connect
them to a future prosthetic abutment, as I was
aware that any failure would be attributed to them
alone. To obtain precise answers that could not be
mistaken for concomitant causes of failure, I had to
make sure that the connections could not be displaced by stress due to occlusal dynamics, which
could have altered the quiescent state required for
the reparative osteogenesis of the inserting sites
(Fig. 67).

Research methods
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Fig. 67 Diagram of cylinders with short external threaded
posts to simplify the implant connection with the future
prosthetic crown.

The Strock brothers partially contributed to this
discussion with their histological demonstration of
the absence of inflammatory reactions in canine
gums, crossed by an orthopedic screw inserted in
the maxillary bone, as did Formiggini with an incomplete radiographic demonstration on the clinical validity of his first stainless-steel spiral infibula-

9

It was quite difficult to manufacture the threading
on the occlusal surface of the wax cylinders, but my
dental technician was able to forge and replicate it
in the subsequent Vitallium castings.9 The new
threaded cylinders were inserted in the same fashion as those used in the previous study, following
removal of the central bone cores within the circular grooves. Three months following the insertions,
and again under general anesthesia, I incised again
the mucosa of the dogs to free the threading and
connect it to the respective external posts. I ran into a number of difficulties, however, because nearly all of the threadings were covered by periosteum
and, consequently, I also had to destroy sections of
healthy contiguous tissue. The autoptic microscopic sections and histological specimens demonstrated that the addition of the internal threading had
not modified any of the normal histological architecture of the integrating tissue, which was composed of healthy bone harmonically apposed to the
metal structures of the cylinders and connected via
the vent holes to the newly formed tissue inside the

Nino Monfrini, whom I thank for his intelligent, generous and enthusiastic cooperation.
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69

Fig. 68 Three cylinders immediately after insertion, two with
emerging posts. The central one has internal threading.
Fig. 69 Two cylinders with short external threaded posts.

cylinders, without the interposition of fibrous tissue
(Figs. 58, 59).
In another group of dogs, I then inserted a second
set of cylinders, already fitted with a very short
emerging post (Figs. 68, 69), in order to check if
immediate communication, carefully shielded
against occlusion and the compressive forces exerted by the tongue, could get through the critical period of the reparative osteogenesis without infectious complications.
A positive outcome would allow me to avoid the
troublesome search for the previous internal

70

Fig. 70 Three short emerging posts six months following
surgery. Note their minimal height (arrow), which protects them
from external mechanical stress.

10
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threading, which would have required reopening
the mucosa and destroying the new bone sections
covering their occlusal surfaces.
The very short posts were designed to emerge at the
mucosal level without transmitting external mechanical stress, while also maintaining an opening
between the mucosa and the buried portion of the
implant (Fig. 70).
In essence, with the exception of the added risk of
microbial infiltration, the quiescent state required
for the including osteogenic process had been rigorously protected. With those cylinders, which had
very short emerging posts, I aimed to give the first
scientific answer to two open questions regarding
the behavior of tissue in contact with the “emerging” implants, providing:
1) the histological pattern of the mucosa surrounding the metal neck of the implants;
2) the histological pattern of the tissues apposed to
the buried structures and communicating with
the external environment.
The animals were sacrificed six months later. The
sections of the superficial mucosa in contact with
the necks of the implants showed histological pattern identical to those of the mucosa adjacent to the
amelodentinal junction of natural teeth.
The sections of the deeper layers also showed patterns similar to those of every other histological
specimen (known to date)10 of what is referred to
as the epithelial attachment of Gottlieb, found at
the bottom of the gingival sulcus of healthy young
individuals.
Observation of even the most superficial sections,
in direct contact with the metal posts, already
showed the absence of the keratinic layer, and in
the deepest sections the constant, gradual decreasing of the epithelial layers could be noted, down to
germinal cells alone, with no infiltration in the underlying corium, proving the absence of any sign of
inflammation (Figs. 71–77).
The sections performed in the direction of the
emerging posts exhibited patterns identical to those
of similar sections of the mucosa adjacent to the
cervical margin of sound human teeth set stably in
their sockets.

Observations on the theory of the epithelial
attachment of Gottlieb
The consistency of findings raised the question of
re-examining the theory of epithelial continuity, as
it had been interpreted by Gottlieb regarding the
functions of the epithelial attachment between the

The scanning microscope and Karl Donath’s ground section technique had not been invented yet.
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Fig. 71 Diagram of the analyzed histological sections showing the different cutting directions. Fig. 72 Some of the hundreds
of specimens that were prepared. Fig. 73 Full-thickness section of the bone tissue and the basket with external threading, obtained
with a carborundum disk six months following placement. Note the regeneration of bone tissue above the uppermost portion of the basket.
Fig. 74 Macroscopic section of a cylinder with a threaded post, removed six months after placement, and of the corresponding including
bone tissue. The two arrows indicate the mucosal level before removal, performed in order to visualize the tissue immediately underlying
the neck area, consisting of healthy and perfectly osseointegrated bone. The histological examination was performed around the post.
Fig. 75 Collection of mucosa for the histological examination of the neck area of the emerging post, performed by means
of perpendicular sections. Fig. 76 Anatomopathological and histological appearance of a mucosa section (orthogonal to the emerging
post) adhering to the implant neck, just above the epithelial attachment area. Note the absence of the keratin layer on the side facing
the implant and the healthy appearance of the basal layer, without any inflammatory infiltrations in the underlying corium.
Fig. 77 Higher magnification of the histological specimen of the mucosa and corium in contact with an emerging post.
The epithelium shows no sign of inflammatory infiltrations
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mucosa and the natural teeth, and suggesting a different etiopathogenesis of periodontitis. Interesting
as this hypothesis may have seemed, however, further confirmation would be necessary before its
clinical validity could be demonstrated.
The topic would be discussed extensively in my
book Le patologie occlusali. Eziopatogenesi e terapia,
published 30 years later with conclusions that, at
the time, I could not have predicted. I am citing
this detail simply to emphasize to the reader that
this study, conducted long ago and seemingly unrelated to occlusion problems, laid the scientific
groundwork for the chapters in the book that focused on the direct cause-effect relationship linking
the balance between static and dynamic occlusion
with the life of the implants, regardless of any microbial cofactors.
According to Gottlieb, Orban and many authors
who still agree with their theories, the epithelial attachment joins the mucosal epithelium to the tooth
enamel, “both of which deriving from the same embryonic ectodermal tissue.” It thus acts as a barrier,
preventing pathogens from penetrating the underlying tissues, as otherwise—according to this theory—they would promote gradual destruction of the
deep supporting tissues of the tooth.
In Le patologie occlusali. Eziopatogenesi e terapia, I
highlighted the weaknesses and contradictions of
this “exclusive” etiological concept, which should
instead include occlusal imbalance, of which it represents the predominant factor.
At the time of my study on dogs, these concepts
greatly added to skepticism about the reasonable
use of implants because, according to the aforementioned authors, it was unthinkable that a similar defensive barrier could be achieved between
metal and the mucosa.
The clinical, radiographic, anatomical, histological
and anatomopathological findings regarding the tissues in contact with my experimental implants,
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which had short emerging posts and were kept in a
quiescent state during reparative inclusive osteogenesis, instead showed that the peripheral seal,
which they were certainly lacking, did not negatively influence their permanent biological integration.
Before me, only Weinemann (23) had postulated
the existence of a very different type of contact with
respect to the one theorized by Gottlieb and Orban
at the implant/mucosa interface. In 1956 he noted,
“I no longer believe that the epithelium of the
enamel organ merges with the oral epithelium during tooth eruption. I instead believe that a different
secondary attachment replaces the former one. . . .
With implants, this attachment can be compared to
the biochemical mechanism that allows numerous
insects to adhere to other structures by secreting
various substances; this may also be possible when
the enamel is artificially replaced by inert materials.11 Perhaps the epithelium is connected to the
implant the way cement is to an erupting tooth.”
Forty years later Taylor (24), Listgarten and Lai
(25), and Gould, Brunette and Westbury (26) also
agreed that, thanks to the presence of hemidesmosomes in the cytoplasm, epithelial cells could adhere to inert inorganic and biocompatible materials. Nevertheless, I believe that their assumptions
are inaccurate since, with both an optical and scanning microscope, I have never observed any junction between the mucosal epithelium and the metal structures. The real seal is between the deep mucosal layer and the periosteum above the bone tissue that includes the implants, when it is apposed
without the interposition of fibrous tissue.
Anyone dealing with implants can verify it on their
own patients who have functional and stable implants, using a simple probe as shown in my book
Le patologie occlusali. Eziopatogenesi e terapia.12

On the behavior of the including bone tissue
All implants placed in the cavities where the central
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Fig. 78 Hemimandible on the autoptic table. The arrow points a buried basket. Fig. 79 Radiograph.
Fig. 80 X-ray of the two inclusions, one with an externally threaded post and one with an internally threaded post.

11
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58

Biocompatible.
See Chapter 5, Part 2, of my book Patologie Occlusali. Eziopatogenesi e terapia. Milan: Masson, 1993.
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bone core had been removed were perfectly osseointegrated even though they had a short emerging post. The new bone had apposed on these
structures in a mirror image and completely filled
the voids without the interposition of fibrous tissue
(Figs. 78–80).
The bone in contact with the metal structures was
collected for histological examination after demineralization by immersion in trichloroacetic acid,
renewed 3 times/day for 30 days.
The histological sections confirmed the radiographic findings; the complete absence of fibrous tissue
is quite obvious in the two specimens I have reproduced here at the highest magnification (Figs. 81,
82). One can clearly observe the more intense staining of the new tissue, due to the greater staining
affinity of mucopolysaccharides, which are abundant in young tissue.13 It is fascinating to note the
constant presence of a different lamellar architecture between the newly formed bone, apposed to
the metal structures, and the older bone tissue.
An interesting image shows the bone section apposed around the lowermost (and partially submerged) portion of a short emerging post, where we
can see that the tissue adhering to the post forms an
arc with a smaller diameter (Fig. 83). I have added
arrows to some of the pictures to highlight how the
magnification of the histological pattern makes it
possible to identify osteocytes and their nuclei, encapsulated in their mineralized niches at this point.
The arrow outside the semi-arch apposed on the
surface of a basket indicates that the tissue residues,
which the microtome has moved into the empty
space, are produced by the microtome blade used
to prepare the sections to be examined (Fig. 84).
Furthermore, the complete absence of fibrous tissue in each of my exhibits testifies that the “emerging” implants with a short post, and kept in a quiescent state during the reparative osteogenic phase,
were always osseointegrated via the apposition of
new bone mirroring their structures.
This proved that keeping the implants below the
mucosa was not strictly required; it was sufficient to
prevent the short emerging post, which maintained
communication with the external environment,
from transmitting the mechanical stress of the
tongue to the submerged portion during swallowing and chewing.
I also obtained excellent osseointegration, without
the interposition of fibrous tissue, using truncated
cone implants inserted in cavities made with the
same conical drills employed during the first phase

13

In this case hematoxylin-eosin.

81

II

82

Fig. 81 View of the bone tissue around a basket. Note the wavy
contour indicating tissue reorganization around the implant holes, and
intense staining testifying to its new formation.
Fig. 82 Close-up at high magnification. Note the different direction in
the architecture of the lamellae of the old and new bone tissue, and the
abundant osteocytes that had just matured (hematoxylin-eosin 130x).

83

Fig. 83 Healthy including bone, in contact with the deep structure of a
cylinder from which it was artificially removed for the histological
examination (hematoxylin-eosin 180x).

84

Fig. 84 Another specimen: the arrow indicates the stretching of a
lamella of newly formed tissue, due to the use of a microtome
(hematoxylin-eosin 180x).
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Fig. 85 Hemimandible after decortication. Figs. 86-90 Histological section orientations of the bone tissue, performed around
the osseointegrated baskets.

of the study on the biocompatibility of implant materials.

How to use the emerging posts
Another problem to solve involved finding a way to
add prosthetic abutments to the short emerging
posts of my last two-phase implants once they were
completely osseointegrated. Therefore, I threaded
them, since screwing them in was the only way to
guarantee that they would be joined properly. I
checked a set by introducing it into the edentulous
mandibles of the last animals and leaving it in place
for six months with the threaded portion slightly
protruding from the mucosa. The histological and
anatomopathological findings confirmed the results
that had already been observed with the previous implants. The full thickness sections performed with a
carborundum disk showed identical anatomic patterns, demonstrating—also macroscopically—the
neoformation of bone tissue outside, inside and
across their vented structures, as well as above the
occlusal surface and around the lowermost portion
of their short threaded emerging posts (Figs. 85–90).

Studies on occlusal load
This third part of the research (which, as mentioned,
took five years) provided enough data to switch to
implant experimentation on humans, but I did not
have as the positive certainty I needed regarding the
consequences of occlusal load, which was indispensable for their prosthetic use.

14

I could easily have used dogs again, but their different teeth morphology and TMJ joint mechanics
would have made it impossible to draw conclusions
applicable to humans.14
Furthermore, I had to plan too many anesthesias: for
impression taking, crown fitting, cementation and
periodic checkups. Dogs do not tolerate prolonged
and repeated anesthetic procedures well.15
Therefore, load tests could only be performed on humans.
At that time my knowledge of gnathology was limited to the scanty technical baggage of the state of the
art of the dentistry of four decades ago, with only a
few nebulous concepts of occlusion that had been
relegated to the background by the resurgent methods of the historical gingivectomies of Riggs, Pickerill, Black, Nodine and Neumann (27–31), enhanced
by the introduction of new instruments for periodontal surgery from the United States, and by the
fascinating periodontal reconstruction techniques of
Kirkland, Orban, Goldman, Schluger, Fox, and
Glickman (32–36). Despite the temporary therapeutic results of their methods, I still had too many questions about the real causes behind the mobility and
expulsion of many “healthy” natural teeth in the
same mouth where other elements, in seemingly
analogous conditions, remained quite stable and
showed no recession of the supporting tissues.
How could I undertake a reliable investigation about
the influence of occlusal load on the stability of implants over time if I still did not understand why

Dogs’ molars differ from those of humans. Dogs have “tearing teeth” because their masticatory apparatus lacks the lateral movements and canine
guidance that are instead typical of humans.
15 During the first phase of the study I lost two dogs due to excess anesthesia.
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many natural teeth, without any bacterial plaque or
calculus, gradually lost their stability? Aware of my
lacunae regarding the etiopathogenesis of the gradual destruction of the periodontium of these elements, I decided to postpone the last phase of the
study so that I update my knowledge on the subject.
Therefore, I published the results of the first three
phases of the study on dogs, postponing tests of the
fourth phase on humans, which—tellingly—were
completed 40 years after the publication of my book
Le patologie occlusali. Eziopatogenesi e terapia.
Here I have cited the conclusions of the experiments
of my early years, published in 1962 with the title
“Ricerche anatomopatologiche e deduzioni clinicochirurgiche di novantun impianti alloplastici in ventotto animali da esperimento”. This study won the
top “Campione d’Italia” prize for the best scientific
work presented at the International Italo-Swiss Dental Congress that year.16
I do not know how the bone that has encapsulated these implants will react to future testing of a
physiological load. Nevertheless, I can predict
what will happen in the event of overloading:
they will be expelled, but with no greater risk
than that observed when natural teeth subjected
to similar pathological stresses are expelled. I cannot say if the physiological loads will transform
the bone, directly apposed to the metal structures

91
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of the implant in a quiescent state, into fibrous
and less resistant encapsulation or into more
durable osteofibrosis, or if it will maintain the
same original histological architecture at length.
It is with this same doubt that I am facing the
question—unsolved so far—of the eventual benefits of cushioning achieved through mechanical
means.
For the time being, however, I can assume that
similar experiences in the human field, performed
with the same technique employed with animals,
should not entail any greater risks than those of
minor routine dental surgery. In any event, I am
confident that if the area of our specialty dealing
with periodontal disease achieves the goals currently set by new studies on the rehabilitation of
static and dynamic occlusion, together with oral
and general hygiene, this will avoid many mistakes, not to mention incorrect assessments,
about the potential therapeutic use of endosseous
implants as an alternative to traditional prostheses (Figs. 91, 92) (37).
I could not have predicted that this research on implants, which I had conducted with youthful curiosity and sparing no efforts—thanks to the help and
selfless collaboration of Armando Santi of the Institute of Special Pathology and Veterinary Surgery of
the University of Milan and Antonio Stigliani, Direc-
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Fig. 91 The original cover of Pasqualini’s publication (1962).
Fig. 92 Detail of the scientific work that anticipated the current concepts of modern implantology.

16

Awarded by Branzi, Benagiano, Giosuè Giardino and Giacomo Armenio, Directors of the Dental Clinics of the Universities of Bologna, Rome, Naples
and Bari, respectively.
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tor of the Institute of Pathological Anatomy of the
University of Modena, and the unconditional support of the Dental Unit of my institute, headed by Arrigo Provvisionato (I was his assistant), and its late
director, Benito Vernole—would represent the most
sweeping and comprehensive experimental research
on the topic in worldwide literature. Moreover, I
could not foreseen that the same principles I had just
demonstrated scientifically would be presented 15
years later by P. I. Brånemark, of the University of
Gothenburg (38).
In the years immediately following the publication
about my implants, I concluded the final experimental phase of the study on the influence of masticatory load, bringing in the same scientific curiosity that
had made me so passionate about the issue of implant biocompatibility and osseointegration. Therefore, I entered the vague field of occlusion, trying to
understand the different viewpoints of periodontal
surgeons and gnathologists, and forcing myself to
learn—and personally verify—all of their different
and contrasting indications.
This led to a better understanding of the various
facets of the problem and the narrow boundaries
raised by several “dogmatic” concepts of certain
pathological manifestations and the uncertain etiology of the two main causes of tooth loss: dental caries
and periodontal disease.
The solution to these problems, which initially interested me only in relation to the conclusion of the first
three phases of my research into implants, opened
up a much broader horizon that covers virtually all
of the pathophysiology of the oral cavity.
The fourth phase, examining the effects of occlusal
loading on the life of loaded implants, was concluded a decade later at a congress I attended as the main
speaker, where I first spoke about “implantology and
applied gnathology” and showed that, aside from
risk-taking and/or surgical inexperience, the same
causes that lead to success or failure of implants are
also responsible for the maintenance or loss of natural teeth (39).
Immediately thereafter I announced the positive results I had obtained by applying the protective principle of reparative osteogenesis, which I had tested
with baskets, to my polymorphic blades (39–45,
49).

Note
In 1959 Benaim (46) placed vented cylindrical implants made of Stellite—similar to the kind I had
just used on dogs—directly in humans. They were
vented hollow cylinders with four circular openings;
the occlusal portion had internal threading for the
insertion of a prosthetic abutment three weeks after
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implantation.
Benaim left the internal bone core that I had learned
to remove, as I had already observed its dangers and
disadvantages. His two-step implant, morphologically very similar to my first completely buried cylinders (and Greenfield’s) was designed solely to avoid
microbial infections during the healing of the mucosa and was to be used after three weeks, when the
suture had healed completely. All his implants were
expelled for the same reasons that caused the expulsion of my first cylinders: the risky presence of the
central bone core, as I had identified.
In 1958 Cherchève had designed an implant he
named “sleep away,” consisting of an internally
threaded screw without a post. Throughout the healing phase the screw was left “resting” below the mucosa. When healing was complete, a screw was introduced through the oral mucosa and screwed into the
internal threading of the first screw. Cherchève’s twostep implant had very limited success and was abandoned. It is easy to see that it too was based on the
embryonic principle of osseointegration, which unfortunately did not take place due to excessive compression of the implant, which had been forced into
bone tunnels that were too narrow (47).
Also in 1958, Thomas F. Kiernan (48) patented a
very complicated two-step buried implant. It was a
truncated stainless-steel cone with a long internal
thread, next to which there were small tunnels with
little tubes, also made of stainless steel, that expanded toward the outside after a long post was inserted
in the implant, thus ensuring greater retention. With
regard to this implant as well, we have no information about practical experiments, nor if the implant
was successful.
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CHAPTER III

TREATISE OF IMPLANT DENTISTRY

THE EVOLUTION OF ENDOSSEOUS
IMPLANTS IN THE 1960s

hen Pasqualini concluded his studies on
dogs, interest toward subperiosteal implants—oddly considered less risky
than endosseous ones—was dwindling (Fig. 1).
The first failures of those implants, along with
their challenging surgical removal, began to
dampen the initial enthusiasm aroused immediately after G.S.A. Dahl, Mazzotto-Sabras, L.
Marziani A. Gershkoff and N.I. Goldberg had proposed, modified and publicized them1 (1–6) (Fig.
2).
In the same decade (1960–70) endosseous implants underwent important evolutions that can
be summarized as follows:
1) modifications of the spiral infibulations of
Formiggini, Zepponi, Cherchève, Perron Andres and Jeanneret;
2) the conversion of Formiggini’s spiral into Muratori’s hollow-screw implant and Linkow’s
Vent-Plant;
3) Scialom’s new tripodial tantalum needle technique;
4) Tramonte’s new self-threading screw technique.
The descriptions of the modifications of the spirals of Formiggini, Zepponi, Cherchève, Perron
Andres and Jeanneret were described by the authors in their highly detailed publications. Although both Muratori’s hollow screws and
Linkow’s Vent-Plant were derived from the first
Formiggini spiral implant, they diverge from
them so much that they can rightly be considered
fully fledged original implants.
Scialom’s new tripodial tantalum needle method
and Tramonte’s self-threading screw technique,
which also appeared in the 1960s, will be covered

W
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in subsequent chapters, as they effectively represent two new implant concepts.

1

Fig. 1 Lower subperiosteal implant checkups at 1–3–5 years
(1990–95).

For this technique, other important authors include Trainin, Lee, Benaim, Bello, Sol, Salagaray, Borrel Ribas, Pelletier and Maurel (7–12).

The evolution of endosseous implants in the 1960s

2

Fig. 2 Another first-generation lower subperiosteal implant
removed due to fracture of the metal frame (arrow).

Muratori modified and
transformed Formiggini’s spiral
Giordano Muratori entered the small world of implantology with a report published in Paris
(1961) about several successful cases treated with
Formiggini’s screw technique (13).
The following year (1962) he presented an initial
modification of the original spiral, made of cast
Vitallium with threading along two vertical supports, leaving a wide gap in between. The threads
then continued along a solid cylindrical shaft
with a slightly smaller diameter.
Muratori’s screw consisted of an “active” endosseous portion, characterized by a short hollow

3

spiral with sharp edges, which extended into a
long thinner round shaft ending with a rectangular section designed to be grasped with a torque
wrench.
A gold cap could be secured over this section for
the prosthetic overstructure (Figs. 3, 4). In 1967
he created a new screw from a block of titanium,
a completely biocompatible material that had
been introduced recently and was first employed
in dental surgery by Tramonte.2
The use of titanium made it possible to sharpen
the threads and permitted mechanical precision
unattainable with cast Vitallium.
The mass-produced screws were classified as
“normal” (with a thread diameter of 2 and 4 mm,
and a total length of 16 mm) and “long” (with a
thread diameter of 3-4 mm and length of 21 mm)
(Fig. 5).
Muratori’s implants came with an elaborate tool
kit to be used for their exact placement in previously calibrated and tapped bone cavities. Unlike
Cherchève, Muratori employed a lance drill as the
first cutting tool for the alveolar ridge, an instrument he referred to as a perforating drill. This instrument assured much more precise cutting action than round burs, and it easily penetrated the
outer layer of compact cortical bone, drilling at
the depth established for the normal or long
screws and preparing the terrain for the cylindri-

4

Fig. 3 Original Muratori screws. A gold cap can be screwed
onto the right side.
Fig. 4 Detail of Fig. 3 showing the small screw for insertion of
the prosthetic overstructure.
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Fig. 5 Other Muratori screws.

We will discuss Stefano Tramonte in Chapter 4, part 2.
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7
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Fig. 6 Diagram of the Muratori tool kit. Fig. 7 Original tool kit.
Fig. 8 The original instruments used for inserting a Muratori screw.

cal helical drill (Figs. 6–8).
To insert the screws with 3-mm threads, the author recommended using a 2.25-mm “expanding”
cylindrical drill for soft and cancellous bone, and
a 2.50-mm drill for compact bone. To insert the
4-mm screws into the cancellous bone, the author
advised using the 2.75-mm expanding drill, followed by the 3-mm drill if resistance of compact
bone was encountered. When long screws were
used, these drills could continue to be used, stopping the insertion at the second circumferential
notch.
The tunnels were completed with “bone taps” (also provided with reference notches) to be used
manually to create the deep insertion site for the
spiral portion of the implant, avoiding dangerous

9
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compression of the bone tissue housing it while
maintaining its retentive characteristics (Figs.
9–11).
A second set of instruments, longer than the first
ones, allowed implant insertion even in areas
where adjacent teeth could prevent the head of
the contra-angle from moving axially toward the
ridge.
Muratori’s kit also had a ratchet wrench that, applied to the back of Doriot contra-angles, permitted their manual rotation, so that thanks to a special mandrel they could insert both tappers and
screws even in distal areas. Today these peculiar
contra-angles are hard to find on the market.
A series of pre-made gold “transfer caps” allowed
the laboratory to position them precisely on the

11

Fig. 9 Left to right: lance drill, expanding drill and tapper.
Fig. 10 Drill and tapper for compact bone.
Fig. 11 Perforating lance drill (left), drill for compact bone (center), and expanding drill (right).
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emerging implant portions and screw them in,
representing the first removable structures in implantology. This technique is clearly illustrated in
the author’s book Multi-type oral implantology
(1972) (14–19) (Figs. 12, 13).
Muratori’s screws were designed to be inserted so
that the neck protruded a few millimeters above
the oral mucosal surface. The purpose of this feature was to immediately connect readymade prosthetic abutments of different heights, and not
merely to avoid mechanical stress on the lower
implant portion. Placed very deeply into the
bone, this portion was mechanically stable immediately after insertion and could counteract overloading before reparative osteogenesis was complete.
Muratori performed his first operations by inserting the hollow screws directly through the mucosa. However, after several failures due to inadequate positioning, he recommended open surgery for critical cases.
We have published several radiographs, courtesy
of the author, that show the progressive and excellent osseointegration of these screws (Figs.
14–16).
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Fig. 12 Muratori’s original drawing.
Fig. 13 X-ray of three implants (1966).
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Linkow’s Vent-Plant
In 1963 Leonard Linkow—unknown in Europe at
the time—devised a further modification of the
hollow spiral screws, changes that Cherchève and
Muratori had already made to Formiggini’s spiral.
His implant, which he dubbed the Vent-Plant,
was initially made of Vitallium and later of titanium (20).
Chronologically, Linkow’s Vent-Plants should be
discussed after Scialom’s tripodial tantalum needle and Tramonte’s self-threading screws. However, since they are a direct elaboration of the hollow screws (although they did not bring any substantial improvement to them), from a didactic
standpoint it is more appropriate to discuss them
at the end of this chapter.
Titanium Vent-Plants consist of an open portion,
delimited laterally by two bars that are joined apically to a plate (or a small ring or even a simple
horizontal bar), followed by another portion that
is also hollow but is threaded, ending in a solid
section that extends outward and terminates with
a smooth square-section extension, designed so
that it can be screwed and connected to the prosthesis (21, 22).
Vertical grooves between the spirals were designed to facilitate entry (Fig. 17).

16

Fig. 14 Another original drawing.
Fig. 15 X-ray of two loaded implants (1970).
Fig. 16 Case of two edentulous ridges treated with the screws of
Muratori and Cherchève. On the right: detail of the perfect
osseointegration of the retentive structure of a Muratori screw.

In discussing this, Linkow wrote: “The modifications underwent dozens and dozens of variations.
The vent was enlarged and reduced in size; it was
lengthened and shortened. The spiral portion was
reduced apically from the earlier models. Enough
variation was inherent in the design so that a
vent-plant suitable for almost any site was available and could be utilized in many edentulous areas” (Fig. 18).
Preparation of the tunnel for the housing of the
Vent-Plant was then performed with a round bur
that permitted subsequent widening with a cylin-
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the chips were placed into the vent “as most of
the bone core from the base of the mandible was
avascular”.
To prevent the type of failure Linkow attributed
to the low compatibility of titanium (sic!), he also attempted to coat several Vent-Plants with a
layer of aluminum dioxide, but the results were
less than brilliant, as he honestly acknowledged
(Fig. 19).
In his most recent book Linkow added several Xrays of perfectly osseointegrated Vent-Plant implants (Figs. 20-23).

Fig. 17 Three Vitallium Vent-Plants (1963).

Remarks
drical helical drill. The author made further comments. “As the implant was screwed into the
bone, the vascular bone chips were deposited inside the V-shaped ‘sluice-ways’ and ended up inside the vent, thereby eliminating any excessive
pressure to the surrounding bone. The self-tapping feature reduced the danger of the prior
preparing of too wide a site for the implant insertion with a tapping instrument. Upon insertion,
therefore the vent-plant was much more secure
than most other forms of spiraled endosseous implants that cannot ‘tap’ their own way into the
bone. Immediately after the vent-plant was
screwed into position it could also be unscrewed
out of the bone and removed, and all of the bone
chips were evacuated out of the vent. The implant
was then rescrewed into the bone allowing a
blood cloth to form inside the vent which led to
fibrous tissue formation which eventually formed
bone.”
The author noted that this technique was later
improved by removing a bone plug from the
mandibular symphysis using a hollow milled
trephine; the graft was placed into the vent of the
implant, before the second insertion. According
to Linkow, the grafting would act as a scaffold for
new bone growth, which would gradually resorb
and replace it. The bone harvested from the
mandibular symphysis was later crushed before

18

Fig. 18 Titanium Vent-Plants.
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I have quoted Linkow’s words from the first volume of his excellent book Implant Dentistry Today
because, despite his current fame and well-deserved reputation as a pioneer of implantology,
these implants are not only are virtually unknown,
but they have essentially never been used in Europe. Therefore the following considerations must
be made.
The concept of self-tapping, using the implant before reinserting it into the site cleaned of bone
residuals, can also be applied profitably to other
screw implants. Equally remarkable is the idea of
giving the Vent-Plant an initial smooth portion—
open and without any spirals—that should act as
a guide for engagement of the implant and a noncompressive storage chamber for the bone fragments recovered after its removal in the first
phase. Instead, I consider the chin-bone harvesting procedure, performed to add “ground” bone to
the bottom of the Vent-Plant insertion tunnels, to
be entirely useless. The idea of using bone cores
harvested at the bottom of the implant bore and
directly inserted into the apical hollow portion of
the implant is nothing short of dangerous and can
potentially cause failure due to bone resorption.
As to the risk associated with this method, this
was experimentally demonstrated in the second
phase of Pasqualini’s research on dogs. Linkow
himself stated that he did not achieve good results
with it.

19

Fig. 19 The implant after coating (aluminum dioxide).

The evolution of endosseous implants in the 1960s

20

21

22

23

Fig. 20 An implant immediately after placement and a drill in
place for another insertion.
Fig. 21 The two implants.
Fig. 22 Definitive prosthesis placed on two implants loaded
for two years. Note the perfect adaptation of the bone
surrounding them.
Fig. 23 Radiographic checkup of a Vent-Plant at 12 years.

In any event, Linkow’s Vent-Plants, together with
the hollow screw implants of Cherchève and Muratori, can be classified among the best screw implants designed up to that point (23–25).
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CHAPTER IV - Part I

IMPLANTS
OF THE 1960s
Part I
cialom’s pins, Tramonte’s self-threading
screws and Linkow’s blades, represented the
most important dental implant innovations
of the 1960s and were paralleled by marketing
campaigns. It was effectively the latter, rather than
the scientific review of their therapeutic value, that
contributed to their circulation in the dental world
and made inroads with public opinion, which was
even more receptive. This is proven by the fact that
scientific demonstrations about the need to shield
implants that are not stable yet from external
stress—a claim validated by a trial lasting five years,
the sacrifice of twenty-eight animals and the joint
efforts of three university institutes—would go
through further studies and an extensive marketing
campaign before becoming the most widespread
implant technique worldwide three decades later.

S

Jacques Scialom’s needle implants
In 1962 an implant with a completely different design compared to the previous ones was presented,
and it exploited the immediate stability and resistance of divergent needles, inserted deeply into the
compact bone. Each needle, placed directly into the

1

2

Fig. 1 Mandrel mounted on a micromotor for needle insertion in the
bone tissue according to Scialom’s technique (1962).
Fig. 2 Tantalum needle engaged with the corresponding mandrel.
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Fig. 3 Bernkopf’s scheme for the study of load distribution
over divergent needles (1970).

bone through the mucosa, could easily be pulled
out (Figs. 1, 2), but after external blockage the needles became a single unit that could withstand extraction and showed exceptional stability. The
emerging portion of the needles, bent and brought
close to each other with a pair of pliers, were locked
together with self-curing resin, forming a single
block, and they were then shaped to form an abutment. The divergence of the needle also had the advantage of distributing the occlusal load across a
very broad support (Fig. 3). This technique was designed by the Frenchman Jacques Scialom, who
named it “technique des implants aiguilles” (now
known as the Scialom needle or pin implant technique) (1-6). The needles were made of tantalum, a
relatively “new” metal that is pure, acid- and baseproof, and totally biocompatible1 (Figs. 4–7).
In 1970 Piero Mondani replaced the basic metal
used for the implants with titanium, due to its
greater ductility for implant purposes (Fig. 8) (7–
9).

Implants of the 1960s

Drawn titanium is highly stress-resistant, so that
when three or four needles are inserted with different divergent angles and are united externally into
a single block, they are:
1) virtually impossible to remove;
2) able to bear a high load stress (10).
The needles have a flattened lancet tip to ease bone
penetration by rotation; at the opposite end two
small tabs permit their engagement with a series of
three mandrels fitted with a coupling for a lowspeed contra-angle.
The tabs slide into the grooves of the first mandrel
for nearly its entire length, in order to hold the needle in place while avoiding tip oscillation when it is
rotated. Following needle insertion into the bone
up to the end of the first mandrel, the latter is replaced by a second mandrel, which allows further
penetration without displacing the needle tip, contained by the bone walls at this point. The third
mandrel has two very short lateral grooves and permits further minor penetration of the needle into
the cortical bone. The Scialom kit also came with
steel drills (no. 8, 10 and 12 Torpan drills) for occlusal compact bone perforation in the event of
high resistance to needle-tip penetration.
The practical demonstrations on patients were performed by very expert operators, whom Scialom
had personally selected from all over Europe and
trained. The surgery appeared to be extremely easy
to perform due to the almost complete absence of
bleeding and pain, which was easily managed with
just a few drops of local anesthetic. The absence of
postoperative pain and the possibility of immediate
loading with temporary prostheses made the concept even more interesting to the “audience.” The
needle implant was used extensively in the 1960s
and 1970s, but was misinterpreted because it was
considered easy to perform. Nothing could be further from the truth—and we feel this is essential to
note—because it is actually the most complex and
difficult implant to place. The technique cannot be
learned in a two- or three-day course, as in the case

1

4

6
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5

7

Figs. 4, 5 Examples of tantalum needles. Fig. 6 Anatomical
specimen showing the mandibular nerve course that, with the Scialom
needle technique, can be avoided without causing any damage.
Fig. 7 Example of 4 needles bearing a bridge for 4 years (1967–71).

8

Fig. 8 Titanium needle (Mondani, 1970).

of other types of implants.
It requires physicians who are extremely wellversed in implantology, anatomy, biology, biometallurgy and physics; its philosophy, design, and
rules—dictated by construction engineering—
must be mastered fully. It requires specialists who
are willing to devote a great deal of time to learning
the technique of an implant passing through bone
areas inaccessible to other implants that differ in
form. Indeed, in the event of failure, the implant
can be removed without leaving any residual bone
lesions.
The needle implant technique was shrewdly adver-

Tantalum (from Greek mythology, after Tantalus; punished for his offenses against the gods, in Hades he was condemned to be within reach of food and
water he could not eat or drink, as an eternal reminder of his crime) was discovered in Sweden by Anders Ekeberg in 1802 and isolated by Jöns Berzelius
in 1820. Atomic symbol Ta, number 73 of the Mendeleev table; its atomic weight is 180.95 amu. Tantalum largely occurs in the minerals tantalite [(Fe,
Mn) Ta2O6] and euxenite,and its deposits can be found in Australia,Brazil,Canada,the Democratic Republic of the Congo,Mozambique,Nigeria,Portugal
and Thailand. At first it was used as filament in electric light bulbs, but was soon replaced by tungsten. For industrial applications it is still used to make
structures that come in contact with liquids and corrosive gases, and as essential component of rectifying electrodes. It is highly corrosion-resistant: At
temperatures below 150°C it can be considered totally immune to chemical attack, and can be dissolved only by hydrofluoric acid. In medicine it is
employed as suture thread in neurosurgery, as a component of orthopedic screws and plaques, and, as described, in implant dentistry. Its melting point
is 3017° C (5463° F), and it is very expensive to produce.
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both single-tooth and complete edentulism, even in
the frequent cases that were not eligible for the
therapeutic measures offered by other oral implant
techniques. The tripods often allowed placement of
the needles even in areas mesial and distal to the
maxillary sinus (Fig. 9), and—incurring a low level of risk—also in resorbed mandibular ridges. In
this case, through their skill and anatomical knowledge the demonstrators were often able to avoid the
inferior alveolar nerve by placing the needles laterally. Surgery was performed using a few drops of local anesthetic, sufficient for pain management without blocking the sensibility of the nerve, which immediately reacted to any accidental contact with the
needle tip, warning the operator to move the needle before proceeding with apical insertion.
With the exception of a few cases, complicated by
residual (and serious) permanent labial anesthesia,
accidental nerve lesions healed within a time frame
ranging from a few days to a few months.2 In another section of the book we will see how these
complications can be avoided by means of radiographic tests (CT) (Figs. 10–31).

9

Fig. 9 Upper tripod, which permits exploitation of severely
atrophic bone areas.

tised. Equipment sales became big business, since
the professionals who witnessed the surgeries
(which seemed very simple to perform) rushed to
buy the kit, sold solely to those who attended the
demonstrations. It must be noted that, if performed
correctly, the needle implants permitted (and still
do!) the quick replacement and rehabilitation of

10

11

12

13

14

15

16

17

18

19

20

Fig. 10 Severely atropic mandible. Fig. 11 Orthopanthomography of the case (1985). Fig. 12 Mucoperiosteal flap opening.
Fig. 13 The thin superficial fibrotic layer is removed with the scalpel blade. Fig. 14 The occlusal bone surface is smoothed with a
surgical drill. Fig. 15 Upon further flap detachment the alveolar nerve exiting the mental foramen can be observed. Nerve visualization
permits safer insertion of the needle-type implant. Fig. 16 The set of needles that will be employed for this case, with a diameter
ranging from 1.2 to 1.5 mm. Fig. 17 The first correctly inserted needle avoids the nerve and reaches the inner cortical bone.
Fig. 18 Placement of the second needle and mandrel view. Figs. 19, 20 Placement of other needles and illustration
of their divergent axis, on the right.

2
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The literature describes cases of extended loss of nerve sensibility that returned even one or two years later.
See Chapter 9 on the intraoral solder.
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22

23
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Fig. 21 Atrophy of the contralateral side (right) shows the sole presence of compact bone with very little vascularization.
Fig. 22 Placement of other needles. In this case, the diameter of the edentulous ridge allowed employment of titanium needles varying
in diameter from 1.2 to 1.5 mm. Fig. 23 The temporary prosthesis cemented right after surgery allows the normal feeding of the patient.
This picture was taken 10 days after surgery because the previous image showing the suture was lost (1985).
Fig. 24 View of the prosthetic abutments after temporary prosthesis removal, and appearance of the mucosa without preventive hygiene.
The abutments were welded using Mondani’s intraoral solder. Fig. 25 Clinical pre-implant aspect and definitive prosthesis in gold resin
placed on the implants. Fig. 26 Radiographic and occlusal checkups (1985).

27

29

28

Fig. 27 The smile. Fig. 28 The same mouth 15 years later (1985–2000). Note the mild horizontal atrophy, more accentuated on the
right side; nevertheless, the prosthesis is stable and functional, and the mucosal aspect is satisfactory.
Fig. 29 Radiographic validation (1985–2000).

Famous demonstrators of the time included Antonio Tamburo Di Bella and Pierluigi Mondani. Concerning the latter, later in this book we will discuss
his intraoral electric solder, which replaced self-curing resins and improved needle blockage, permitting immediate welding of the abutments in a single and highly resistant splint.3
Before inventing the intraoral solder Mondani used
a clever muretto (literally, a “small barrier” consisting of two perforated plaques of soft metal), in
which he inserted and blocked the abutments with
self-curing resin. The temporary or definitive prosthesis, either fixed or removable, could be cemented over the muretto.
Not all the buyers of the Scialom toolkit had their
“eyes on the needle tips” like their instructors, nor
did they have the necessary tactile sensitivity to per-

30

31

Figs. 30, 31 The CT scan shows the complete osseointegration of
these needles after 15 years of service.

ceive the transition between cancellous and compact bone tissue, where the needle progression had
to halt. The Scialom implant—intelligent, simple
and durable—was thus mistrusted by many who
were unable to use it correctly or load it with occlusally balanced prostheses.
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32

33

34

35

36

37

Fig. 32 A natural abutment and 4 needles supporting a four-crown bridge (Mondani, 1981).
Fig. 33 The gold-resin bridge. Fig. 34 Bridge removal after 15 years (1981–96). Note the inert resin used for preparing the long
abutment and the debris (with marginal gingivitis), which nevertheless did not compromise implant stability.
Fig. 35 Rehabilitation of the same case with other types of implant, but exploiting the needles inserted by Mondani in 1981, checked
regularly for 25 years (1981–2006). Figs. 36, 37 Prosthesis appearance (gold-porcelain), and close-up of the mucosa and the crown
margins over the implants (2006).

Bernkopf came up with ingenious alternative solutions to the external resin blocks, which permitted
the manufacture of prostheses that were more hygienic and not as coarse (11, 12). The needles could
be used as tripods or quadripods (Bernkopf’s are an
example of this) or also, when working with narrow mandibles, as simple—but strong—bipods.

Remarks
One of the criticisms of the technique described
here arose from the observation of totally unsanitary prostheses that were impossible to clean once
they were cemented over the needles.
Le patologie occlusali. Eziopatogenesi e terapia
clarified that the exposed trifurcations and bifurcations of natural teeth with periodontal disease are
not a consequence of sepsis but, rather, of the lack
of occlusal balance. We take full responsibility for
stating that periodic cleaning of the bi- and trifurcations by means of scaling and root planing, without removing the static and/or dynamic premature
contacts that traumatize them, will merely yield
roots that are perfectly clean when they are expelled.
Nevertheless, this does not diminish the importance of the hygienic principles that every professional must respect in prosthetic rehabilitation. The
ability to maintain a good hygiene level under the
pontic of fixed prostheses is one of the prerequisites
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distinguishing a good prosthodontist from an incompetent one, and a clean mouth from an unpleasant one.
Unfortunately, certain prostheses placed on needle
implants cannot always comply with these principles, even when—with a little patience, good will,
foresight and disregard for financial gain—they
could be manufactured showing greater respect for
the most elementary hygienic rules. When one of
these prostheses became uncemented, we were
forced to remove it due to the debris that had accumulated beneath it over the course of fifteen years
(and, frankly, it was repugnant).
The reader can check the clinical observation of the
state of the mucosa surrounding the abutments
(Figs. 32–37) in photo 34, taken after prosthesis removal (and a much-needed rinse!), whereas the excellent state of the implants can be noted in Fig. 35.
Chapter 9 is devoted to describing Mondani’s intraoral solder and how it is used, and illustrating the
enormous benefits that it contributed to this and
many others implant techniques.
We must conclude this chapter by disenchanting
the reader as to the apparent surgical simplicity of
Scialom’s needle technique. The simple purchase of
the needle and mandrels required for their insertion
cannot possibly impart the sudden ability to perform these procedures.
This surgery is unquestionably the least bloody and
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painful of the many that are currently available.
Furthermore, if performed well it always permits
placement of a stable temporary prosthesis, which
immediately gives the patient the pleasure and benefits of correct masticatory function. That said, developing the ability to keep one’s “eyes on the needle tips” requires long apprenticeship, and patient
teaching by a long-time expert in order to master
the technique, not only for the traditional Scialom
method but also as an aid for other implant solutions.
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Figs. 3, 7 and 9 Courtesy of Dr. A. Bernkopf.
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CHAPTER IV - Part II
in collaboration with Silvano Tramonte

STEFANO TRAMONTE’S
DRIVE SCREW
Part II
ust one look at the implant presented by Stefano Tramonte in 1964 (1) and it is immediately clear that it differs enormously from
all the previous screws (Fig. 1), for with that screw
titanium began to be employed in implantology.1
This is another merit of Stefano Tramonte, who
paved the way for all subsequent implants by introducing this new material. This authorship must
be acknowledged, given that thirty years later
others would attribute it to the Swedish school
(2)!
In 1959 Tramonte initially used screws made of
chromium-cobalt (3, 4) (Fig. 2), designed with a
streamlined profile and sharper threads than the
ones that had been tested by the Strock brothers
two decades earlier (5), and that Gola proposed

J

again, also in 1959 (6).
In this regard Tramonte wrote:
Considering that casting techniques were not as sophisticated as they are today, my chromium-cobalt
screws were very unrefined and had to be finished by
hand: sprue pin cutting, bubble removal, polishing
and sharpening of the threads. Since chromiumcobalt is an extremely hard alloy, it took about two
hours to finish each screw! Therefore, I decided not
to use that material, even though it showed great biocompatibility, and switched to surgical steel, which
could be machined. . . . Towards the end of 1964 I
began to manufacture my screws in titanium and proposed the use of this material in implantology for the
first time in the world (7) (Figs. 3, 4).

3
1

2

Fig. 1 The Tramonte screw, made of titanium since 1964.
Fig. 2 The first chromium-cobalt screws.
1
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The previous chapters noted that Cherchève, Muratori and Linkow
also employed titanium. Although their implants have been cited here
for informative purposes, since they derived directly from the
Formiggini spiral, on a historical level they came after Tramonte’s
titanium screws.

4

Fig. 3 A titanium
screw (left; T), and the
corresponding screw in
chromium-cobalt
(right; A).
Fig. 4 A complete
set of Tramonte screws
with a 5-mm diameter,
ranging from 2 to 7
threads.

Stefano Tramonte’s drive screw

5

Fig. 5 The first round drills and hand ratchets for placement
of chromium-cobalt screws.

Tramonte and Ugo Pasqualini had been schoolmates and friends for years. As a result, Pasqualini was immediately informed of the interesting
opportunities offered by the new titanium screws,
illustrated by Tramonte himself when he placed
three demonstrative implants at his friend’s practice in two of the latter’s patients.
Pasqualini had completed his research on dogs
three years earlier, demonstrating that vented implants made of biocompatible material (and with
short emerging posts) became perfectly osseointegrated, exactly like the completely buried implants with internal threading (8). Since it took six
months before the prosthetic abutment could be
replaced, he was very interested in Tramonte’s
screws, which—directly inserted into the bone
through the mucosa—were immediately stable.
Compared to Pasqualini’s two-step implants, the
advantages offered by the “automotive” screws, as
their inventor jokingly referred to them, seemed

6

7
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enormous. Fitted with a solid prosthetic abutment, which extended into a sturdy shaft with
sharp cylindrical helical threads, they could immediately be loaded without waiting for complete
reparative osteogenesis.
Tramonte’s idea was to increase the implant’s stability by self-tapping the screw into bone tunnels
with a reduced diameter, exploiting the “screwunscrew” movements transmitted by a special
hand ratchet. To facilitate implant insertion, he
initially used a round drill; passing through the
mucosa, the drill perforated the bone up to the desired depth and was followed by a round drill with
a larger diameter, in order to enlarge the bore
slightly and then insert the screw (Fig. 5).
In spite of the extraordinary initial stability and
good metallic sound at percussion, nearly all of
the screws were expelled after a month of terrible
pain. Anyone else would have given up, but not
Tramonte who, despite the numerous failures, did
not underestimate the few absolutely painless cases that demonstrated the permanent stability of
his screws. Of the three implant surgeries performed at Pasqualini’s practice, two were destined
for utter failure, whereas the third one, without
any postoperative pain and placed in the same
hemimandible where the adjoining implant had
been expelled (Figs. 6–8), could be used as support for a bridge and worked for more than twenty years, until the patient’s death.
In the second patient the failure occurred in the
same time frame (one month), with painful expulsion of the screw, which had been loaded immedi-

8

Fig. 6 Three implants immediately after placement. Fig. 7 At four weeks, expulsion of two of the three implants, with severe bone loss
around one of them due to compression ischemia, necrosis and subsequent bone resorption.
Fig. 8 The third implant, in service for more than 20 years (1966–87). Note the bone apposition around the threads, and the mild conical
resorption around the neck.
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9

10

11

12

Fig. 9 Another surgical failure. Fig. 10 Implant avulsion after cutting of the Richmond crown on the second premolar.
Fig. 11 Histological specimen of the bone loss area before analysis. Fig. 12 Histological analysis confirms the presence of a fibrous
layer in disarray and bone tissue in hyaline-like degeneration (1966).

ately. The pain was excruciating. The intraoral radiographies showed that around the screw there
was a bone layer that was separate from the surrounding tissue. The bone had adhered to the explanted screw and had to be unscrewed from it.
The two bone fragments, split using a carborundum disk, preserved the thread marks. The histological examination confirmed that the bone resorption area consisted of a fibrous layer in disarray and bone tissue in hyaline-like degeneration
(Figs. 9–12). Given that the chromium-cobalt
used for the screw was unquestionably a biocompatible material, the cause of failure was attributed
to excessive compression during screw insertion.
Today, however, we know that the mistake was
improper surgical technique, due not to excessive
bone compression but to screwing the implant in
too much, which caused what Pasqualini defined
years later as a “corkscrew effect.” When the screw
tip reaches the bottom of the surgical insertion
socket and resistance to penetration exceeds the
bone fracture limit, the implant rotates without
penetrating, and the bone within the threads is literally torn out in a coronal direction, remaining
among the threads when the implant is removed
(Fig. 13).
Nevertheless, the few successes that were
achieved—among the failures of identical screws
that “fell like autumn leaves”2—suggested to the
author that there were also positive qualities that
had yet to be detected.
In an attempt to pinpoint the defect, Tramonte
continued to perform implant surgeries free of
charge, until he ascertained that failure was not ascribable to the implant itself but to the surgical
technique: It was essential to avoid compressing
the bone too much or “ripping it out” by forced
screwing.
Success was achieved only when the screws were

2
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Tramonte’s joking remark.

13

14

Fig. 13 A screw in the expulsive phase due to the “corkscrew
effect.”
Fig. 14 Left: a lance drill. Right: a calibrated helical drill.

15

Fig. 15 Detail of the helical drill.
Fig. 16 The steel tapper.

16

Stefano Tramonte’s drive screw

placed in larger bone tunnels, but were also tight
enough to stabilize them without excessive compression. He then got rid of the inaccurate round
drills, and replaced them with a three-faceted
lance drill, followed by a second calibrated helical
drill (Fig. 14). Using the first one, similar to the
type proposed by Muratori, he performed the initial perforation of the mucosa and underlying
bone. He wrote, “Its pointed tip prevents slipping
on the ridge surface, avoiding the risk of false
routes in both the labial and buccal fibromucosa”
(9–12).
The tunnel was then widened with the helical drill
(Fig. 15), which in addition to preparing the proper diameter site for implant insertion, also removed the bone chips along the grooves, further
freeing the space for the screw. The round drill
created the perforation by crushing the bone tissue, most of which was left inside the hole and obstructed its lumen. The third modification was the
addition of a steel drill with conical spirals (Fig.
16) that had the same screw pitch as the cylindrical spirals of the titanium screws, which eased
screw progression.
The steel drill is known as a tapper, but the term
is incorrect: tappers pave the way for the screws
by removing bone, whereas Tramonte’s device facilitates progression by means of a primary incision, without removing tissue from the tunnel
walls. Therefore, this aspect sets it apart both from
industrial tappers and from any other tapper used
to prepare the site for every type of implant screw.
The tapper carves the compact cortical bone like
a knife, cutting it with spirals of progressive diameters from 0 to 4–5 mm, corresponding to the diameters of the first and last titanium screws
threads, respectively. Therefore, it carves its conical profile into the tunnel, which is later completed by the final cuts made with the self-tapping
screw threads, giving the implant enormous stability that permits immediate loading. The technique required the use of four steel tappers, respectively with three, four, five and six threads,
which could be used—according to the instructions—for all titanium screws (Figs. 17, 18) Overall, the sequence of instruments was very logical
and fast, and permitted easy screw placement
(Figs. 19–21).
Tramonte’s drive screw is one of the most important dental implant concepts of the 1960s, and it
is still valid today (Figs. 22, 23) (13).
The complete toolkit now comprises two lancet
drills and a set of calibrated drills for the various
implant sizes, Grade 5 titanium tappers for screws
for diameters 4 and 5, a set of ratchet keys for the

17

IV

18

Fig. 17 In the middle, the tapper (2), whose progressive threads
penetrate the bone tissue precisely, paving the way for subsequent
insertion of the screw with cylindrical threads (on the right) (3).
Fig. 18 Sets of tappers with different numbers of threads.

19

20

21

Figs. 19, 20 Example of tapper insertion followed by the
screw. In Fig. 20, on the right side note the precise cut made by
the tapper threads into the bone tunnel.
Fig. 21 Suture and loading of the previously illustrated case.
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Fig. 22 Beautiful
histological appearance
of a Tramonte screw tip,
fractured after years of
service and perfectly
osseointegrated with the
bone tissue (toluidine
blue).

22

two different abutment sizes, the jack and a complete set of accessories.
The implants in the catalogue have a diameter
ranging from 2.5 to 6 mm, and standard lengths
between 11.5 mm and 22.75 mm, but implants as
short as 4 mm can be requested if needed. There
are implants with threads for ball attachments for
overdentures, implants with neck lengths reduced
from 5 to 3 mm, and implants with cores enlarged
to 3.1 and 3.5 mm (the standard diameter is 2.25
mm).
The author suggests using the bigger screws from
the second series to replace a mobilized “normal”
screw. In this case, removal of the latter will be
sufficient, followed by replacement with a screw
with a larger diameter a few days later. This last indication represents an implant innovation that the
dental world owes exclusively to Stefano Tramonte (14).

Notes on surgical technique

Fig. 23 Screw thread
and bone tissue, with no
gaps between them. The
block section histological
specimen taken after
several years of
functional service
(toluidine blue).

23

24

25

Figs. 24, 25 Beginning of flapless penetration with lance drill.

26

27

Figs. 26, 27 Further deepening with the same drill.
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Following anesthesia, and after drying and cleaning the surgical field, the pilot drill, mounted on a
speed-reducing contra-angle handpiece, is forced
through the mucosa until it comes into contact
with the cortical bone (Figs. 24, 25). At this point
the handpiece is operated with the specific micromotor at the appropriate speed to allow the drill
tip to penetrate the cortical bone with the entire
cutting portion of the drill (Fig. 26, 27).
The purpose of the pilot lance drill is to prepare a
precise opening for the calibrated drill, which is
designed to create the surgical tunnel. Upon completion of the first perforation, the calibrated
drill—whose length corresponds to the selected
implant—is mounted on a micromotor (note that
the drill is 1 mm longer than each implant size, in
order to create a “safety” chamber). In the most
frequent cases of flapless surgery, which do not
permit a precise landmark for calculating the insertion depth, this type of device allows for a
slightly deeper bone tunnel, which minimizes the
risk of tissue lesions caused by overscrewing
(“corkscrew effect”). Consequently, all measurements of the distance between the ridge and the
mandibular alveolar nerve should be made in relation to drill length rather than the length of the
implant. The surgical socket is finalized by perforating the bone to the required depth (Figs.
28–31), up to the point where the handpiece head
slightly compresses the mucosa.
The axis of the implant, and thus the direction of
perforation, should correspond to the axis of
greatest bone thickness. The primary aim is optimal positioning of the implants, and not that the

Stefano Tramonte’s drive screw

28

29

30

31

Figs. 28, 29 Use of the calibrated drill to create the surgical
tunnel.
Figs. 30, 31 Another step in the procedure.

32

Fig. 32 The implant axis must correspond to the axis of greatest
available bone thickness, without worrying about parallel placement.

33

34

Figs. 33, 34 Use of the Tramonte tapper.

IV

implant abutments should immediately be parallel (Fig. 32).
Following removal of the calibrated drill, the tapper is mounted on the finger key, or the ratchet
wrench in the event of difficult insertion, and
screwed into the socket until bone resistance can
be felt (Fig. 33, 34).
As the finger key no longer exerts the required
driving force at this point, it must be replaced by
the knob key. In cases where tapping with the
ratchet wrench is needed, it is advisable to switch
to the knob key or the standard key as soon as
possible, since use of the ratchet wrench during
this step is not safe and does not permit prompt
unscrewing in case of emergency.
When the tapper has been placed firmly in the
bone, the knob key is replaced by the standard
one, which exerts greater driving force and permits the safe alternating movement of screwingunscrewing, or sudden reverse movement if necessary. If the presence of natural teeth or abutments interferes with the procedure, the special
extension provided can be mounted on the standard key. The tapper, now manufactured in Grade
5 titanium, serves manifold purposes.
1) It creates female threads in the walls of the surgical socket made with the calibrated drill,
profitably reducing implant insertion force,
since the Ti2 screw does not have high resistance to torsion.
2) The tapper, which is conical, is easy to place in
the surgical bore, creating conical counter
threading with the base of the cone towards the
alveolar ridge. The base width (represented by
the last thread of the tapper) corresponds to the
implant diameter. Thanks to this design, the
first implant spiral will be engaged in progressively narrower bone, threading it as it proceeds apically, and this permits self-tapping
when needed in order to achieve the optimal
primary stability;
3) Use of the tapper enables testing and measurements, so that the subsequent implant insertion will be of the greatest precision in relation
to available bone tissue, while maintaining a
margin of safety from important anatomical
structures. This is a fundamental principle of
the Tramonte’s technique. The implant width is
chosen based on the bone density of the future
implant site, taking the Misch scale into account, so that implants with a diameter of
2.3–3 mm diameter will be inserted into D1
bone, implants with a diameter of 3–3.5 mm
into D2, 4-mm implants into D3 and 5-mm implants into D4.
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35

36

39

37

40

38

42

41

Figs. 35-42 The screw is placed in the surgical socket (note the yellow antibiotic ointment); parallelism with the contiguous teeth is
achieved by filing the implant abutment with a tungsten carbide bur and water jet cooling. This technique, which has been used for many years,
has never created any problems for titanium’s inherent structure.

The tapper is then withdrawn once the threading
of the surgical socket is complete, and the procedure is repeated with the selected implant—without applying excessive force to the socket walls—
until it is fully set in its site.
Both the tapping procedure and implant placement involve certain risks. In very spongy bone
the danger lies in overscrewing, leading to partial
or total fracture of the bone portions contained
within the threads. Overheating, and locking and
fracture of the implants are instead the risks that
are run with compact bone, caused by the friction
developed between the threads and the bone during implant advancement, especially when larger
screws are involved.
The parallel position of the abutments cannot be
addressed until the implants have been positioned. With the Tramonte screws, this can be
done by bending the abutment using a standard
key or a pair of pliers, and/or with the aid of tungsten carbide bur mounted on a high-speed handpiece, with abundant water cooling. A temporary
crown is then mounted immediately3 (Fig. 44).
The temporary prosthesis can be replaced by a definitive one about 60–90 days later.

43

44

Fig. 43 Radiographic checkup following surgery.
Fig. 44 Immediate temporary crown.

divine inspiration. In the interval between the
very humble presentation of his drive screw and
its current success—which rightly places him
among the pioneers of implantology as the inventor of one of the most intelligent, simple and stable implant concepts—he suffered humiliation
and faced sarcasm, but he never doubted that his

Observations and conclusions
Tramonte did not perfect his technique through
3
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Counterbending of the abutment should be avoided because titanium
cannot withstand this type of stress, and subsequently undergoes
fracture.

Fig. 45 Checking with a bone caliper, which is indispensable
for the flapless technique.

Stefano Tramonte’s drive screw

IV

51

46

Fig. 51 Replacement of a molar with a three-thread Tramonte
screw. The flapless technique was used.

52
47

48

Figs. 46-48 The impact of the screw threads on an area of
compact bone can divert the ideal screw insertion path
outside the surgical tunnel, leading to necrosis, ischemia and
resorption of the compressed bone tissue, which will
subsequently be expelled with the implant (Fig. 48) and cause
excruciating pain.

Fig. 52 The primary stability of this implant can withstand the
tension of five orthodontic elastics.

53

49

50

Figs. 49, 50 Edentulism of the left lower quadrant treated
with three Tramonte screws and a gold-porcelain bridge
(1981).

54

Figs. 53, 54 Case treated with a single gold-porcelain
crown. The arrows indicate the complete osseointegration of
this immediate-load implant.
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implant would gain the recognition it deserved
(15–19).
Tramonte’s screws, like all implants, are not entirely risk-free. One of their limitations, albeit a relative one that is easy to surmount, is a consequence
of the fact that they can be inserted into the bone
directly through the soft tissue, with a rapid and
almost bloodless surgical procedure. This means
that surgery must be performed on suitably large
alveolar ridges free of undercuts. In case of doubt
or based on personal preference, the operator can
detach the mucosa for direct vision of the underlying bone. The flapless approach is not compulsory for this protocol, but represents a variant of
the traditional technique, and the surgeon should
evaluate its use carefully while planning the procedure. Tramonte also added an ingenious bone
caliper to his toolkit (now available from all suppliers), which permits good assessment of any undercuts even during closed surgery (Fig. 45).
The last risk connected with the use of a self-tapping screw—fortunately quite rare but also the
most serious—is the monolateral impact of the
screw threads with an area of compact bone. This
can potentially divert the screw insertion path
outside the surgical tunnel, leading to necrosis, ischemia and resorption of the compressed bone tissue, which will subsequently be expelled with the
implant itself (Figs. 46–48). An attentive operator
will always perceive displacement of the screw
and, being aware of the consequences, he/she
must immediately remove it and modify the tunnel path, choose another implant site or replace
the cylindrical screw with a conical implant.
In any event, self-tapping screws offer:
1) virtually bloodless surgery, which can often be
performed with a flapless approach;
2) immediate stability, permitting immediate loading with a temporary prosthesis and then a definitive one, without waiting for later stabilization by reparative osteogenesis;
3) high resistance to occlusal loads, counterbalanced by the long lever arm of the implant as
well as stress dispersion along the wide horizontal planes of the threads;
4) a longer control period than any other current
implant, since Tramonte’s screws have been
used successfully by hundreds of professionals
for more than four decades (Fig. 49–54).
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CHAPTER IV - Part III
in collaboration with Silvano Tramonte

COMPARATIVE HISTOLOGY
OF THE NECK AREA
OF A NATURAL TOOTH
AND THREE TRAMONTE SCREWS
Part III

n 1972 Antonio Camera, who at the time was
director of the Clinical and Histology and Anatomopathology Research Department of the G.
Ronzoni Medical Surgical Institute in Milan, Ugo
Pasqualini, who was professor of Maxillofacial
Surgery and Prosthodontics at the University of
Modena, and Stefano M. Tramonte, inventor and
patentee of the drive screw (1–14) and also the
first to employ titanium in implant dentistry (15,
16), published a study that is still unique today:
the comparative histological study of the tissues
forming the epithelial seal at the implant and natural tooth emerging area (17).
The study, published 36 years ago, addressed all
the questions of the era regarding the hazards of
hypothetical intra- and extra-tissutal communication and the creation of a surrogate epithelial attachment in place of the natural one. Nevertheless, the research went far beyond this, although
it was not given proper recognition at the time. It
confirmed—decades in advance—the absolute
need for a biological space to assure a completely safe relationship between implant structures

I

1

Fig. 1 Preoperative panoramic X-ray.

and biological tissues, i.e. avoiding peri-implant
bone resorption, which is not physiological but
must be considered a true iatrogenic outcome.
The Tramonte implant was designed in 1959 for
the specific purpose of immediate loading. It began to be manufactured in titanium in 1963 and
had a biological width area, as a result of which it
aroused hostility and misunderstanding within
the academic and scientific world. Nevertheless,
it anticipated—by decades—the principles that
are now are recognized as the most scientifically
advanced: immediate loading, flapless insertion,
biological width, single-phase execution, advanced design of the endosseous core and better
compliance with the theoretically ideal shape,
Lemons’s plateau (18) from a biomechanical
standpoint, and a smaller emerging portion of the
implant in order to protect the biological seal
(19). In 2005 Camera, working with Marco E.
Pasqualini and Silvano Tramonte, reviewed the
impressive work published 33 years earlier and
conducted a critical analysis. The patient from
1970 required placement of a Linkow blade implant (20) in the lower right distal area, as the site
was unfit for a one-step implant due to severe
horizontal bone resorption.
Three years earlier, a gold-resin bridge had been
placed in the upper arch over three Tramonte selfthreading screws and three natural abutments
(Fig. 1). Before placement of the blade implant
(1970), the bridge was removed in order to check
the status of the three upper screw implants,
which appeared to be stable and were surrounded by a healthy mucosa. Periodontal probing
around the neck of each implant assessed pocket
depth (2 to 3 mm) and the onset of classic compression ischemia could be noted. The blade-implant surgery was performed on October 26,
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Fig. 2 The blade after
the surgery. Note the
perfect position of the
blade’s upper surface,
over 2 mm below the
cortical bone.

2

Fig. 3 The biopsy
specimen at the neck
level of the Tramonte
screws.

3

Fig. 4 Section
collected around a
patient’s tooth affected
by periodontitis.

4

1970 (Fig. 2).
Six months later (1971) the patient returned because the upper bridge had become decemented.
During the medical examination, she agreed to
undergo a biopsy sampling around the Tramonte
screws, which were very stable (Fig. 3), and a
lower tooth affected by periodontal disease (Fig.
4). With the patient’s consent, the surgical flap incision made for the sampling was extended distally, which made it possible to observe the perfect
osseointegration of the blade (Fig. 5). After prosthesis cementation, a comparative histological assessment was performed.

Aim of the research
The researchers’ aim in 1971 was to analyze and
verify the behavior of the mucosa and the underlying corium at the level of the epithelial attachment surrounding the emergence profile of the
Tramonte implant fixture. What we intend to do
today—in addition to reproposing a study that is
still current and valuable in a field in which few
studies have been conducted (21–38)—is to assess the effect of a traditional prosthesis on periimplant soft tissue (Fig. 6), i.e. a prosthesis that
does not emerge from the mucosa like those on
buried implants, but is supported by the gum like
any prosthetic bridge element on natural abutments, the kind usually employed with this type
of implant.

86

Fig. 5 Explorative
visualization of the newly
formed bone over the
blade’s top surface and
around the neck of the
two abutments 6 months
after surgery (1971).

5

The most common criticism leveled against these
kinds of prostheses is that they do not permit
proper oral hygiene, with the ensuing risk of perimplantitis. This work also aims to provide information about the epithelial attachment and its
different functional interpretations, clarifying its
role in the etiopathogenesis of periodontal diseases as a locus minoris resistentiae for hypothetical microbial invasion from the outside. We hypothesize that there is a sectoral frequency for
certain severe periodontal lesions, limited to one
or a few teeth in direct contact with periodontal
areas that are instead healthy or affected to a
much lesser extent (39). There is no logical explanation for microbial virulence limited to the gum
and periodontal tissues of a single tooth (or group
of teeth), while the same bacterial strain, at the
same concentration, is clearly harmless a few mil-

3
6

Fig. 6 Prosthesis
placed at case
completion (1971).

Comparative histology of the neck area of a natural tooth IV
and three Tramonte screws

limeters from the lesions. This specific research
shows that there is no peri-implant pathology
around the titanium implant abutments, while
the periodontal disease of the soft tissues surrounding the natural abutment is clinically detectable and histologically confirmed.

Fig. 7 The arrows show how, with the
progression of the sections, the
architecture of the external mucosa (a)
will be examined histologically and
compared to that of the internal mucosa
(b).

Materials and Methods
The specimens (Figs. 3, 7) were fixed in 5% formalin, paraffin processed, cut into 4-mm-thick
serial sections stained with hematoxylin-eosin
(Fig. 8). Each biopsy specimen underwent two
identical analyses in order to assess:
❚ how the mucous epithelium in contact with the
emerging portion of the implant recessed and
was replaced by corium, and to what extent;
❚ the extent and differences in morphological behavior that could be found at the epithelial attachment area of the natural tooth and the three
Tramonte screws.
In order to progressively assess the histological
pattern of the epithelium and submucous corium
at the epithelial attachment, the specimens were
divided into two groups, according to the two
typical cutting sections: orthogonal and parallel
to the axis of the emerging screws and natural
tooth. Serial sections, orthogonal and parallel to
the mentioned axis, were then harvested, and the
area of the epithelial attachment was expected to
be found around it.
The images should thus have shown the complete
pattern of the histological morphology for both
the external and internal mucous tissue in contact
with the neck of the screws and the natural tooth.
In all, 2400 sections were examined.

Results
All the serial sections of the mucosa attached to
the neck of the implants were histologically analogous. The external mucosa was always protected by an adherent keratin layer, below which it
was possible to detect the complete sequence of
epithelial layers up to the germinal cells of the
basal layer, spread along the digitations in the underlying corium. The metal-facing tissue was always devoid of the keratin layer, with progressive
loss of the cellular layers up to a single layer of
basal cells. Below it there was a perfectly normal
corium. A superficial section performed orthogonally to the implant axis, like the ones shown in
Figures 9 and 10, clearly shows that the external
mucosa, indicated as letter “a”, is protected by a
detectable keratin layer, while the internal layer
(letter “b”) lacks keratin protection. A slightly
deeper section (Fig. 11) shows a thinner kerati-

7

8
3

Fig. 8 Overview of some of the 2400 histological specimens.

9

a
b
a

b

b

a

10
3

Fig. 10 Original diagram illustrating the macroscopic
morphology of the specimen in Figure 3 (left) and showing the
progression of the orthogonal sections (right).
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a
b
a

11

nous layer and all the epithelial layers on the (a)
side, while on the (b) side, the mucosa in contact
with the implant, the keratin layer is absent, as is
the underlying epithelial layer. The different morphology of the corium infiltrations, well-defined
and abundant at the base of the external mucosa
(a) and almost absent at the base of the internal
mucosa (b), can also be observed.
Figure 12 is another diagram representing the
progression towards the junction area of the sections. A detail of Figure 11 at a higher magnification (Fig. 13) clearly illustrates the different appearance of the internal and external mucosa.
The diagram (Fig. 14) shows the position of the
last sections at the junctional area. Figure 15 also
shows the difference between the external mucosa (a), with a keratin layer and all the epithelial
layers up to the numerous digitations of the deepest layer, and the residue of the internal mucosa
(b) in a regressive state, especially in the area indicated by the arrow.
In Figure 16 the mucosa is reduced to a thin layer of germinal basal cells corresponding to the
area indicated by the arrow in the previous figure.
An even deeper section (Fig. 17) shows in the external mucosa composed of all layers in (a), while
in (b) the internal mucosa has disappeared, replaced by the submucous corium.
In Figure 18, a higher magnification of the previ-

15
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a
b

a

14

16

a

Comparative histology of the neck area of a natural tooth IV
and three Tramonte screws

17

18

19

oral cavity represent a very important element of
comparison.
The cell morphology of the periodontium adjacent to the neck area of the natural tooth (a lower right premolar with periodontal disease) shows
clear signs of inflammation, recession and migration of the epithelial attachment. Both in the serial sections performed along the parallel axis,
which shows the pocket profile along the root cement (Fig. 20), and in the orthogonal ones (Fig.
21), one can clearly observe all the signs of
chronic inflammation of the epithelium and corium, with the typical increased infiltrations of the
basal membrane towards the deepest layers and
classic parvicellular infiltration of the tissues.
In a few areas the increased digitation of the epithelial basal layer almost reaches the opposite
side, possibly leading to the loss of the overlying
tissue due to necrosis (Figs. 22, 23).
The histological pattern of the serial sections performed in the tissues surrounding the emergence
of the three Tramonte screws is quite different
and constantly normal in appearance. The substantial morphological difference between the external buccal and lingual epithelium and the in-

20

Fig. 20 Serial section
performed along the main axis
of the root. Evidence of
abnormal epithelial digitations,
parvicellular invasion and
hemorrhagic suffusion due to
the inflammatory process
(hematoxylin-eosin 180x).

ous figure, (a) clearly shows the complete sequence of epithelial layers and the well-defined
digitations in the underlying corium.
Figure 19 illustrates a very different pattern: The
mucosa pertaining to the biopsy specimen collected in the area surrounding the tooth affected
by periodontitis is inflamed and hypertrophic.
The arrows indicate the marked progression of
the papillae in the underlying inflamed corium.

Discussion
The substantial number of examined sections and
the repetitive pattern of the histological specimens permit exhaustive analysis of the neck area.
Moreover, the specimens collected around a natural tooth affected by periodontosis in the same

21

Fig. 21 Orthogonal section around the tooth affected with
periodontitis. Clear signs of phlogosis.
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22

23

Figs. 22, 23 Clear signs of inflammation of the periodontal
tissues of the compromised natural tooth.

ternal epithelium facing the metal can clearly be
observed, and it is very well defined. The external epithelium always has the keratinous protective layer and always shows papillary digitations
in the corium, reactive to the physiological stimuli due to mastication. Even at a depth of 1–2
mm, the internal epithelium loses the keratinous
layer and, moving toward the deepest serial sections, it shows the progressive and regular reduction of the cellular layer up to the corium. What
is absolutely remarkable is the constant absence
of digitations, a clear sign of higher reactive cell
turnover to irritative stimuli. This allows us to
state that the tissue arrangement around the abutments of the Tramonte screws, used as support
for a traditional prosthesis, represents an absolutely normal pattern and, on an inductive level, allows us to predict that the current state of
the seal will be preserved for a long time.

24

25

This study made it possible to verify histologically that the morphology of the peri-implant biological seal of these implants is identical to that of
the epithelial attachment of natural sound teeth,
and the following considerations can be made.
❚ The three hemisections of all examined specimens, collected in serial sections parallel to the
alloplastic posts, always show the normal profile of the internal epithelium with no signs of
inflammation or disarray of the cellular morphology. Regarding the study focusing on the
biological seal area, it can be stated that the behavior of the cellular layers and the underlying
corium is identical to that ascertained by means
of analogous studies on natural teeth (Figs.
24–27). Despite the lack of submicroscopic evidence of a specific insertion of the pseudopods
of the basal layer cells on the metal surface, further research demonstrated hemidesmosomal
adhesion to the titanium surface, which is able
to form a true seal that isolates the internal cell
spaces and discontinues the spatial communication between the latter and the oral cavity.
The permanence and consolidation of such a
seal testifies to the absolute biocompatibility of
these implants, which do not show signs of tissue degeneration in the area of their emerging
portion when loaded with a prosthesis elevated
above the peri-implant tissues.
❚ The three other hemisections, sectioned orthogonally to the main axis of the alloplastic posts,
show similar behavior, varying only in the morphological appearance corresponding to the
different examined areas (Figs. 9, 11, 13,
15–17).

26

27

Fig. 24 Cytomorphology of the periodontal tissue around the neck of the implant. The layers of the internal mucosa are
progressively thinner (a), becoming single-layer. A perfectly normal corium can be observed below it.
Note the absence of epithelial digitations. Healthy external mucosa (b) (hematoxylin-eosin 120x).
Fig. 25 Detail at a higher magnification. Note the even reduction of the internal epithelium layers going from the surface to the epithelial
attachment area (hematoxylin-eosin 240x).
Fig. 26 The previous figure at a higher magnification (400x).
Fig. 27 Detail of the epithelial attachment (400x). The sole presence of the basal cells is evident.
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Thirteen-year follow-up
The patient was reexamined 13 years after the
first implant surgery (1980) for a checkup and to
assess the implants’ osseointegration 10 years after the bioptic specimens were taken. Figures 28
and 29 respectively show the photograph and the
orthopantomography taken at the time. Notably,
13 years after the procedure tissue recession is
more severe on the natural teeth than around the
screws and the blade. The oral hygiene of the 81year-old patient had deteriorated by this time, but
the peri-implant mucosa nevertheless appears to
be in good health, whereas around the natural
teeth (second lower incisor) the tissue is edematous and has reddened margins, the classic sign of
inflammation. The root has plaque deposits,
which are absent on the implant abutments.
Furthermore, gingival recession can be noted only around the implants whose emergence is
markedly buccalized, and it is thus a consequence of this particular condition. With the advent of abutment translation, achieved by bending the emerging necks and through better repositioning of the abutments with respect to the
crest, this problem—which, as we can see, did
not affect the success of the implant—was solved.
The OPG shown in Figure 29 reveals that, in the
meantime, the upper left molar was lost and the
second left premolar was replaced with an implant. The prosthesis was naturally shortened and
adjusted in relation to the new oral conditions
(Fig. 30). The intraoral radiographies (Figs.
31–33) make it possible to verify the perfect osseointegration of the four screws, surrounded by
a layer of apposed compact bone. In particular,
Figure 33 shows that the use of a long-neck implant permits more adequate positioning of the
coronal spiral and the abutment, in addition to
better observance of the biological width, while
avoiding the small bone-resorption cones that can
be noted around the other three screws. In any
event, it is important to consider the patient’s age,
sex and the limited number of implants in relation to bone quality, which gradually deteriorated
from the time of the first implant rehabilitation.
This also allows us to reassert that during the surgical planning phase it is essential to consider not
only the patient’s current condition, but also normal and predictable future conditions, given the
implant’s proven ability to stay in place for
decades.
The clinical appearance of the mucosae where the
implant abutments emerged was also excellent
(Fig. 34). With the patient’s consent, surgical inspection of the upper right canine was performed

28

29

30

Fig. 30 The image shows the changes made to the prosthesis
following extraction of the left first molar and second premolar: relining
of the second upper premolar for insertion of the implant abutment,
filing of the molar and filling of the residual cavity. It is interesting to note
that with using a smaller implant emergence makes it easier to find the
best implant site.

by incision and flap detachment to expose the
external surface of the including compact bone
(Fig. 35). This image from many years ago reveals
several interesting details: the buccal depression
filled with blood visible in the apical area between the two implants—barely noticeable in the
X-ray and not treatable with the modern reconstructive techniques of the time—greatly influenced the implant insertions. The implant’s coronal thread is dehiscent due to severe horizontal
resorption, but the surrounding bone is nevertheless compact and completely normal. Lastly, excessive deepening of the abutment in the mucosa,
bringing it closer to the crestal bone, led to resorption reactions that were absent around the
implant of the upper left second premolar, which
was inserted more correctly. This should persuade all those applying this system to follow
modern protocols and use short- and long-neck
implants skillfully.
In any event, a periodontal probe forced into the

31

32

33
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34

35

junctional area was unable to penetrate it (Fig.
36), also demonstrating the diagnostic limitations
of intraoral radiographic images.

Conclusions
This study, performed on a 72-year-old patient
(1971) with three Tramonte screws loaded four
years earlier, remains one of the most comprehensive histological and anatomopathological examinations (with optical microscopy) ever performed
on the junctional area of endosseous emerging
immediate-load implants. This research made it
possible to ascertain:
❚ perfect healing of the bone tissue with no bone
loss around the neck of the three immediate-load Tramonte implants after four (1967–71) and
thirteen (1967–80) years of service (40, 45);
❚ the constant absence of clinical signs of inflam-
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mation of the tissues adjacent to the emerging
area of the implants;
❚ the morphological behavior of the tissues adjacent to the Tramonte implant emergences,
identical to the histological behavior of the periodontium in contact with the neck area of natural teeth, at the resolution limit of optical microscopes;
❚ the degenerative patterns, in the same patient,
of a natural tooth with clinical and histological
signs of periodontal inflammation and chronic
recession of the epithelial attachment, without
damaging the excellent clinical and histological
status of the implants;
❚ the absolute tolerability of a traditional prosthesis, which did not cause any kind of problem with the implants after 13 years of service in a mouth where conditions had deteriorated, due both to the normal loss of tissue trophism caused by aging and the progressive decline of oral hygiene often observed among the
elderly (46, 47).
Furthermore, we believe that it is safe to state that
the theoretical assumptions underlying the design
of this implant (which must be acknowledged as
the first implant specifically designed for immediate loading, the first with a biological width
area at a time when this definition did not even
exist and, lastly, the first to use titanium in implant dentistry) proved to be valid based on outcome as well as additional studies and research
(49). In a recent experimental clinical trial, over
a period of about four years (1998–2001) a total
of 181 implants were inserted (158 Tramonte
screws and 23 implants with narrow threading
and fitted with a prosthetic connection): 103 implants were inserted in the upper arch (57.2%),
and 78 in the lower arch (42.8%) (49). At the end
of the follow-up period, 96% of the placed implants proved to be successful. Failures were ascribable to splinting problems and implant solidarization, i.e. to fracture of the temporary prosthesis. Considering the two different types of implant, the wide-thread implant showed a success
rate of 97.5%, whereas the success rate for the
narrow-thread type was 87%.
This concluded the study, which spanned nearly
40 years, going from Tramonte’s implant placement (1967) a few years after the introduction of
titanium in implant dentistry (1963–64) to the
first extensive histological research on the periimplant biological seal in humans (1972), and on
to a recent university study (2002) endorsing the
design characteristics of the endosseous portion
of this implant as the most suitable for immediate

Comparative histology of the neck area of a natural tooth IV
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loading. This also concurs with the theoretical
studies conducted by Lemons on the biomechanics of implant morphology and by James on the
most appropriate implant emergence size in order
to avoid peri-implant resorption.
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CHAPTER IX
in collaboration with Pier Maria Mondani

THE MONDANI
INTRAORAL SOLDER

n the first half of 1970s, screws and blades almost completely overshadowed the reputation
of Scialom’s tantalum tripod implant technique,
which was very effective and virtually atraumatic
(1-3). In Italy only a few were still using Scialom’s needles, and Pieluigi Mondani was one of
them.
He employed a solder he had invented, which
blocked the outer extremities of the needles in a
simpler, faster and more secure way than the old
technique with self-curing resin blocks. In place
of tantalum he used titanium needles that differed
in thickness but were equally suitable for soldering (Fig. 1).
In Italy more than 350 implantologists now use
his intraoral solder. Presented in 1978 at the Congress of Implantology and Maxillofacial Surgery
held in Ortisei (Bolzano, Italy), his “machine”
sparked enormous interest.
Initially, however, no one except the inventor
dared to use “an electrical device” that had to
reach a melting point of 1678° C in order to sol-

I

1

Fig. 1 Left: a tantalum needle inserted in its mandrel. Right:
titanium needles differing in thickness (from 1.1 to 1.5 mm) first
used by Pierluigi Mondani.

der - directly in the patient’s mouth - the ends of
metallic artifacts placed in the bone (4).
Later Mondani’s technique was employed at the
Specialization School of Dentistry of the University of Modena, where it was tested and certified
as safe, as it does not harm the tissues with which
it comes into contact1 (5, 6).
The “machine” could also weld iron, steel and any
metal alloy that could oppose direct current. It
was not effective on gold, copper or any other
good electrical conductor, because it worked exclusively by exploiting the highest temperature
produced by the resistance of bad conductors to
electric current.
Now we will spend a few words on how this was
possible without burning the tissues.
The “biocompatibility” of the soldering, which
occurs at 1678° C on the protruding and closely
set portion of the needles placed in living tissue,
is due to the fact that the electric current needs a
working time of just 2-3 milliseconds. This micro-time, combined with the calculated pressure
of the electrodes on the structures to be soldered,
prevents the diffusion of the tremendous heat
gradient beyond the welding point. Apart from
being a bad conductor, titanium also has low
thermal conductivity very similar to that of
enamel.
While industrial welders melt titanium only in
the presence of argon and in the absence of atmospheric oxygen, Mondani’s small solder welds
the titanium needles (and other materials of reduced thickness) in the presence of air or even
underwater (Figs. 2-7).
To summarize, spot welding involves three
stages.
1

Except wearers of cardiac pacemakers.
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1) Current passes through the welding circuit at a
voltage proportional to required energy, according to the formula E=V2xC/2, where E is energy,
V is the voltage of the loaded capacitor, and C is
the electrical value of the capacitor. The current
flows through the needles, heating and welding
them together.
2) The welding is aided and facilitated by the constant pressure exerted by the pliers on the surfaces to be welded.
3) The welding time (2-3 milliseconds) and the
timing distribution of the two foregoing parameters create welding cycles that are repeated at
each spot.
Mondani’s intraoral solder also makes it possible to:

2

3

4

8

5

9

6

7

Fig. 2 The intraoral solder.
Fig. 3 Detail of the soldering pliers.
Fig. 4 Schematic drawing of the soldering principle. Left: 3
diverging bicorticalized needles. Right: the 3 needles to be
soldered after bending.
Fig. 5 Left: soldering. Right: the abutment that was created is
fitted for a crown.
Fig. 6 Soldering of 3 needles to create an abutment.
Fig. 7 Soldering in water.

130

10

Fig. 8 Splinted bar over an arch treated only with needles.
Fig. 9 X-ray of the previous case, treated with needles and a
splinting bar.
Fig. 10 The definitive prosthesis.

The Mondani intraoral solder

1) connect and splint the various tripodial (or
quadripodial) abutments or the single needles
of a whole arch using bars, forming a single
block that is very resistant to the occlusal
stress of temporary or definitive prostheses,
which can be placed on it immediately (Figs.
8-10) (7-9);
2) splint other types of implants for both permanent and temporary stabilization during integrating osteogenesis (Figs. 11-15) (10, 11);
3) remedy possible stress fractures of the needles
or any other type of titanium implant (screws,
blades, etc.) by welding a new abutment directly in the mouth (Figs. 16-20) (12, 13);
4) increase the stability of different types of im-

11

IX

plants by soldering one or two balancing needles, thus distributing the load to the cortical
bone (Figs. 21, 22) (14-18).
In later chapters we will describe the other uses of
the solder.
We have intentionally used the term “intraoral soldering” despite the fact that, from a technical stand-

17

12
18

19
13

20
14

15

Fig. 11 Two mini-implants (MUM).
Fig. 12 Splinting with a titanium bar.
Fig. 13 Cast with the definitive crown; the arrow indicates the
technical preparation, permitting correct cementation, and good
oral hygiene.
Fig. 14 The cemented single crown.
Fig. 15 Radiographic checkup.

Fig. 16 Stress fracture of a blade neck due to mobility and
loss of the distal natural abutment.
Fig. 17 Localization of the base of the fractured neck.
Figs. 18, 19 Mondani’s intraoral solder used to repair the
blade that underwent stress fracture.
Fig. 20 X-ray taken after welding a new prosthetic abutment;
the arrow indicates that the blade fracture was caused by
mobility of the distal natural abutment.
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21

25

22

Fig. 21 Bicorticalized single-step screw, and soldered balancing
needle.
Fig. 22 Definitive crown, and appearance of the mucosa.

26

23

27

24

Fig. 23 Molecular syncrystallization of two titanium implant
fixtures.
Fig. 24 Magnified detail of the interweaving of the “metal fibers” after
welding with the intraoral solder.

point, it is not a fusion or actual soldering, but
rather a more stable process of molecular syncrystallization (Figs. 23, 24).
Regarding the technical knowledge required to perform intraoral soldering correctly, the physical difference between fusion, soldering and syncrystallization has no practical consequences.
We believe that this brief overview of Mondani’s intraoral solder can suffice to present it as a remarkable step forward in the evolution of implantology
(Figs. 25-30).
We do not intend to provide technical details that
can be found in physics books, as this does not fall
within bounds of the medical-surgical field. Moreover, they are detailed in the brochures of the companies that sell these solders.
Those who limit their practice to submerged implants
(two-step) have seriously underrated the value of this
brilliant device, which is still an essential tool for professionals who exploit all the implant techniques that
can rehabilitate most cases of edentulous ridges.
We will end this chapter with the hope that, in the
future, the technique described here will gain the
consideration it deserves among implantologists
who are not acquainted with it yet (Figs. 31-39)
(19-23).
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29

30

Fig. 25 Loss of the upper central incisor in a young patient;
note the agenesias and diastemas (1984).
Fig. 26 The X-ray of the edentulous area shows the presence
of residual amalgam due to the retrograde obturation of the
natural teeth replanted after trauma; complete rhizolysis
occurred 4 months after replantation.
Fig. 27 Detachment of the flap shows the very thin bone.
Fig. 28 Placement of 3 divergent bicorticalized titanium
needles (diameter 1.2 mm). Fig. 29 Postoperative X-ray.
Note the divergence of the 3 needles, their welding into a single
abutment, and the presence of non-resorbable hydroxyapatite
granules in the area where the amalgam was removed, to avoid
collapse of the repositioning flap.
Fig. 30 Suture and immediate temporary crown.

The Mondani intraoral solder
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33

36

39

Fig. 31 At 3 months, appearance of the mucosa surrounding the abutment after the temporary crown was removed. The immediate
temporary one was useful for aesthetic remodeling of the soft tissue, restoring the architecture of the papillae. Fig. 32 Definitive
gold-porcelain crown (1985). Fig. 33 X-ray (1985). Fig. 34 Follow-up at 5 years (1990). Fig. 35 Radiographic checkup
after 5 years (1990). Fig. 36 Gingival stippling of the peri-coronal mucosa after 12 years (1997).
Fig. 37 Replacement of the crown2 for purely aesthetic reasons, requested by the patient after 12 years of service because her
teeth, with diastemas and maloccluded, were slightly longer than the single-tooth implant, which was still perfectly osseointegrated.
Fig. 38 The new crown; clinical appearance after 15 years (2000). Fig. 39 Radiographic checkup (2000).
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CHAPTER V

THE BLADE
IMPLANT

Introduction
rom a chronological standpoint, this invention pertains to the innovations in implant
dentistry of the 1960s. It rose to fame during the following decade, when it was modified
and improved, becoming the most widespread implant in the world for a certain period. We will
thus review its history, evolution, and current unjustified decline.

F

versatility in terms of application that were more
practical and far broader in scope.
The implant placement is performed in open surgery to visualize the bone, where a groove is made
along the ridge crest to insert the submerged por-

Linkow’s blade implants
The blades that Linkow presented in 1968 mark
another milestone in the evolution of implantology (1).
Although Linkow was still unknown in Europe at
the time, he was certainly not an outsider. His first
work on implants had been published 14 years
earlier (1954), and was followed by 24 others before the one in which he presented his blades. In
short, these implants are not the result of improvisation, but the product of lengthy research to find
an alternative to traditional prostheses (2–26).
The concept, as Linkow himself acknowledged,
has several analogies with a more rudimental and
differently placed implant used towards the end of
1967 by Roberts (27), who employed anchors in
laminated and vented titanium with one or two
external abutments, inserted into linear surgical
grooves. The Italian Pedroni (28) and the American A. Norman Cranin (29) had almost simultaneously presented their anchor blade implants,
which were vaguely similar to Linkow’s blades
(Figs. 1, 2).
This does not detract from Linkow’s work in any
way, as he gave his titanium blades shapes and

1

2

Fig. 1 The various designs of the first-generation Linkow
blade (1968–69).
Fig. 2 Close-up of some of Linkow’s blade shapes.
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Fig. 3 A 700 XXL calibrated bur and one of Pasqualini’s universal blades (used to illustrate the surgical endosteal insertion technique).
Fig. 4 X-ray of a blade receiving site. Fig. 5 Surgical bur mounted on a high-speed handpiece during the execution
of a longitudinal groove. Fig. 6 Detail of the bur working under a water jet. Fig. 7 The blade is placed in the surgical groove
and tapped using an awl and a hammer. Fig. 8 The radiograph shows the correct placement of the blade (the shoulder is buried
2 mm below the level of the alveolar crest).

tion of the blades (Figs. 3–5). The grooves are prepared with fissure burs (700 XL or 700 XXL, according to the shaft length) mounted on a highspeed handpiece. The grooves should accommodate the entire endosseous portion of the blades.
Bone drilling requires the concomitant use of a
water-jet cooling (Figs. 6–8).
The blades have different shapes that can be
adapted to the morphology of the area to be rehabilitated, and they are vented to allow inclusion by
the new bone, which will fill the voids as it forms
(Fig. 9). Manually placed at the groove opening, the
blade is subsequently placed with the aid of an awl
or a chisel, and gently tapped into position with a
hammer made of surgical steel and/or Teflon. The
shoulders of the blade should be buried at least 2–3
mm below the groove margin, so that it will be covered completely by new bone during the healing
period. For curved grooves, the blades must be
bent appropriately before placement. One or two
tall posts emerge above the sutured mucosa and the
author recommends that they be loaded as soon as
possible, joining them with as many residual natu-

9

Fig. 9 Another example of a correctly placed blade.
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ral teeth as possible. Based on his experience, this
procedure promoted their subsequent stability.
Linkow immediately started a very intense campaign to teach this method, not only in order to circulate it, but also to promote the sales of his blades.
He performed surgery on volunteer patients, often
filming the operations to show them to the numerous colleagues who watched the demonstrations.
The commercial organization that took over the
sales of the blades forced him to go on exhausting
world tours, and newspapers and magazines advertised the advantages of his “invention.” Professional ethics aside, this propaganda can nevertheless be
credited with circulating the method, and, indirectly, all other implant rehabilitation techniques.
The author promptly co-wrote a two-volume work
with the Frenchman Cherchève: Theories and Techniques of Oral Implantology (30). On page 92 of the
first volume he reproduced the diagram—which
had already been published a decade earlier—in
which Pasqualini proposed his sagittal groove
among the techniques for making the implant
groove. Fully acknowledging him, Linkow also included a few two-step implants, as well as several
histological and anatomopathological demonstrations of their inclusion by direct bone apposition,
without the juxtaposition of fibrous tissue (31)
(Figs. 10–11).
He aimed to prove that, even within the empty
spaces of his blade-vent implants, the integrating
new bone would form seamlessly, obviating the
need to eliminate external stress, whose importance
he did not fully understand at the time. Indeed, his

The blade implant

10

V

11

Fig. 10 Linkow’s letter asking Pasqualini for permission to publish the latter’s histological study on dogs in Theories and Techniques
of Oral Implantology. Fig. 11 Close-up of Linkow’s citation of Pasqualini’s work.

12

Fig. 12 Example of a case treated in 1970 with a Linkow
blade-vent; it remained in service for many years.

blades had large posts that, unlike Pasqualini’s
cylinders, seemed to have no negative effects on the
osseointegration of the submerged portions (Fig.
12).
Figure 12 illustrates a case that was treated in 1970
and remained successful for many years. In the following chapters, we will examine why other cases
failed.
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CHAPTER VI

MODIFICATIONS TO THE
LINKOW BLADE IMPLANT

Introduction
One of the drawbacks of the Linkow technique
was the need for the constant refurbishment of
the different blades, as the set came with no
“spares” and thus whenever one of the blades was
used it had to be replaced (Fig. 1).
Both Pasqualini and Muratori incorporated different shapes into a single blade, which could be
adapted to the morphology of each implant site.
Muratori’s universal blade implant (Fig. 2) and
Pasqualini’s polymorphic blade, both of which
were presented in 1970, will be described in here
and in the following chapters, along with indications for their optimal use. Other customizable
blades were later designed by Binderman and
Shapiro (1972), Foscarini (1975), Linkow again
(1981), Tramonte (1982), Pierazzini (1983), Lo
Bello (1986) and, in Germany, Grafelmann.

Giordano Muratori’s
universal blade
Muratori invented a universal type of blade implant
that could be modified before insertion to cater to
the morphology of the individual being treated
(1–3). He wrote that several motivations inspired
him to design it:
1) the advantage of having a single blade that could
be adapted for each case, without
having
to choose among a large number of standard
shapes;
2) the execution of simpler prostheses, since the
same readymade caps for his screws could also
be used with the universal blade;
3) optimal exploitation of available bone, since the
universal blade can always be adapted to the exact inner bone structure of the edentulous
ridges;

4) economic benefits because each case can be
treated with just a few blades, without needing
to keep all of Linkow’s different blades on hand
at all times.
The shapes that can be obtained are virtually infinite. Each user can select the design that best fits his
or her approach: perforated or incised blades,
blades with wide or narrow holes, blades that are
vented to a greater or lesser degree, and so on.
Before it is modified, the blade is a smooth titanium plate, with one or two posts that can accommodate the standard caps designed for hollow screws.
The preparation technique, which is relatively simple, is performed in several steps.
1) Intraoral radiography of the site to rehabilitate
is performed with the long-cone paralleling
technique, which produces accurate images
that reflect the longitudinal dimensions of the
ridge.
2) The film that is thus obtained is dried and placed
on a diaphanoscope, and the blade shape best
suited for the morphological conditions of the
site is penciled over it.
3) A clear adhesive sheet is then placed over the
film and the underlying drawing is copied onto
it.

1

2

Fig. 1 Linkow blades of different shapes (1969).
Fig. 2 Muratori’s universal blade (1970).
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Fig. 3 X-ray of a case treated with Muratori’s universal blade (1972). The picture on the right was traced with a marker by Muratori himself to
indicate the two holes and the new outline. Fig. 4 Radiographic detail of the blade implant and the final bridge. Fig. 5 Fracture of the
blade neck after 7 years of service (1979). Fig. 6 Macroscopic appearance of the osseointegrated blade.
Fig. 7 Osteotomy performed for blade removal. Fig. 8 Blade with bone tissue of the well-osseointegrated implant.
Fig. 9 The histological examination confirms osseointegration and the absence of fibrotic tissue (hematoxylin-eosin, 50x) (Muratori, 1979).

4) The clear adhesive sheet with the traced shape is
detached from the film and attached to the blade
plate (with one or two posts, as needed).
5) The blade and the attached sheet are then sent
to the lab, where the contour design will be outlined with a carbide bur and then finished according to the specialist’s indications.
The posts of the universal blades can be bent with
a pair of pliers in both the buccolingual and
mesiodistal directions. The surgical technique for
inserting it is essentially the same as the one proposed by Linkow.
The Muratori’s universal blades were truly custommade. However, the neck of the posts, which could
be bent easily, was too thin to exclude the risk of
stress fractures over time.
Pasqualini observed the fracture of the post of a
universal blade after seven years of service, which
he had to remove altogether with the surrounding
bone tissue, replacing it with a new blade (Figs.
3–9).
Obviously, no implant is free from the risk of stress
fractures, potentially caused by manufacturing defect1 or occlusal overload.

1
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Ugo Pasqualini’s polymorphic
blade implant
Pasqualini described his implant in great detail in
his notes.

10

Fig. 10 The drawing shows that Pasqualini’s implant can be
cut at any angle and placed in different cases of edentulism.

One of the first studies on stress fractures in implant metals was presented at the International GISI (Italian Implant Study Group) Congress in Bologna in
1992 and published by M.E. Pasqualini, Le fratture da fatica dei metalli da impianto in Il Dentista Moderno 1993; 2:31.

Modifications to the Linkow blade implant

I too designed a blade, which incorporated into a single artifact the shapes of Linkow’s original blades (4–9).
Since I had immediately purchased the complete series
of his blades, I could always choose the best one to use,
but I noticed that after insertion of the first blade, the
choice for the subsequent implant turned out to be
very limited. Aside from a certain amount of adaptability that permitted a few minor modifications, after just
a few surgeries I had to reorder the missing blades.
During complex surgeries that required different blade
shapes, I encountered difficulties even when I had the
complete series at my disposal because the standard set
did not allow for the use of two blades for incisors,
since the set contained just one of each shape. Quite often, from an implant standpoint the bone ridges did
not reflect the conditions that had been determined radiographically. More than once I found myself dealing
with cases in which the ridges were too thin right at the
point where, based on the X-ray, I was supposed to
place the post. Therefore, I had to extend the surgical
groove either mesially or distally in order to insert an
emergency device, which was not as well suited for exploiting all the available space. I faced the same difficulties in osteoporotic areas or sockets that had to be
freshened, and that the x-ray had not shown. The same
drawback could also arise with Muratori’s universal
blades, which he fashioned strictly on the basis of the
radiographic images.
To avoid these problems, I designed a blade that could
be adapted to any need via simple on-the-spot modifications.
I overlapped the sketches of all of Linkow’s original
blades and obtained a single profile that encompassed
them all. I instructed the laboratory to manufacture a
vented blade from that solid shape without weakening
the supporting structure. That way, I obtained the profile of a basic “polymorphic” blade, which could be
used to easily fashion the blade suitable for all cases. I
added several landmarks to the main blade, designed
to facilitate the immediate creation of the required
shapes (Fig. 10).
The modifications are made with a memory wire cutter that permits quick and clear cuts, which can be finished off with a bur.
The drawings and images clarify what I have written up
to this point, demonstrating the manifold shapes obtainable from the polymorphic blade (Figs. 11–19).

Other modifications of Linkow’s
blade
The strip blade of Binderman and Shapiro
This blade was presented in 1972 and can be sep-

11

12

13

14

15

16

17

18
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Fig. 11 Pasqualini’s polymorphic blade from 1970.
Fig. 12 The different combinations obtainable from a single blade in
the upper maxilla.
Fig. 13 The combinations for the mandible. On the right, the cutter
used to cut the blade.
Fig. 14 Blade and cutter.
Fig. 15 Case from 1971 with severe edentulism.
Fig. 16 Placement of four blades.
Fig. 17 Postoperative X-ray (1971). Note the morphology of the
blades adapted to the edentulous area.
Fig. 18 Healing of the soft tissues and the prepared natural
abutments.
Fig. 19 Case treated with a gold-resin prosthesis (1971).
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Fig. 20 The strip blade of Binderman and Shapiro.

according to the parallelism required by the prosthesis. Due to its width and number of posts, Tramonte’s blade was very suitable for the genian area,
which is particularly resistant and capable of withstanding loads that are extensible distally, when
joined to removable prostheses.
After Pasqualini had already announced his new
blades with “screwable” abutments, Lo Bello (1979)
and Pierazzini (1983) also designed other plate
form implants that could be adapted easily to various anatomical conditions and fitted them with
“two-step” abutments. We will discuss this in the
chapters that follow.

Giuseppe Foscarini key-shaped blades

21

Fig. 21 Linkow’s multipurpose blade implant.

arated into different parts in order to yield multiple
specimens (Fig. 20) with slightly different configurations (10). The strip blade by Binderman and
Shapiro cannot be employed for single-tooth implants, nor in bone crests that are higher than the
blade itself (Fig. 20).

Linkow’s multipurpose blade
Proposed by Linkow in 1981 (but not published
until 1992) (11), this blade with one or two posts
(Fig. 21) can be modified into 34 different forms,
according to the author’s original scheme. Linkow
does not provide any information other than the
manufacturer’s name and address.

Stefano Tramonte’s “genian” blade
In some cases, Tramonte also used Linkow’s blades
to rehabilitate very thin bone crests that were unfit
for his screws. In 1982 he reduced the wide set of
Linkow’s blades to a single modifiable artifact, in order to obtain implants adaptable to a number of
needs (12). His blade, which differs from the one
designed by Binderman and Shapiro in terms of
width, posts arrangement and hole diameter, consists of a wide vented blade with five large posts
(Fig. 22). It can be modified into several shapes
with a variable number of posts (from 1 to 5). The
modifications are made with the same carbide drills
used for the bone grooves. Its posts can also be bent
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In 1976 Foscarini published the first report on his
key-shaped blades in Dental Press, providing additional details in the book The new blades for oral
implantology, published the following year (13).
Foscarini’s blades developed the concept of adaptability to the various morphological conditions as
well as that of the “least possible extension” and the
principle of the need to increase the bone seal
around the posts, already stated by Norman Cranin
(1971) (14). The author has kindly given us permission to quote the most significant passages from
his book.
I substituted the principle of the least sufficient extension of the blade for that of the maximum extension
possible in a single case. The new principle reduces the
trauma of the implant operation, the number of persons in the operating team, and the rebound effect . . .
. This principle seems correct because it is the same as
that used in the normal construction of buildings: the
wider the foundations are the better will be the stability of the buildings. In fact the living bone as a consequence of the trauma received during the implant operation rejuvenates itself and regenerates new tissue
produced by connective cells, reticulo-endothelial cells
and by the bone’s own cells. We also find in the groove,
white and red corpuscoles [sic], neoformed vessels as
well as proteo-glico and lipo-litic ferments [sic].
In short we do implants in a bone tissue that at the mo-

22

Fig. 22 Tramonte’s blade implant.

Modifications to the Linkow blade implant

ment is hard, but after a short while will no longer be
so. . . . I carefully controlled the data on many hundreds of implants year after year and the result of this
research was that the tissue removed during the execution of the implant regenerate without hypertrophy. In
fact the final hypotrophy was often recognized macroscopically as a disappearance of tissues into the implant
seat. . . . We now realize that the great extension of the
blades is not a positive factor but a negative one because the real support of the prosthesis is not the implanted instrument but the bone in which the implant
acts as an intermediary. . . . The consequence of this is
that the blades do not have to be as wide as possible,
but instead, as narrow as possible. And this is one of
the principles upon which were created my “Keyshaped Blades”.

Foscarini designed six blades to handle almost all
implant conditions (Fig. 23). The novelty does not
reside in the versatility of the six shapes, but rather
in the design of a thin and buried part, fitted with
one or two long extensions, also buried. Only their
final portion protrudes toward the outside and it
could be shortened according to the available
space. Foscarini’s blades are thus not actually shorter in depth, but in the overall metal surface supporting the posts. In fact, the blade lacks the entire
upper portion, so that the closure of the groove required for their insertion will create a wide bone
wall preventing possible resorption along the prosthetic abutments. Foscarini also advised against detaching too much of the mucosa when placing his
blades. In this regard, he wrote: “Mucous mem-
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Fig. 24 Gnalducci’s implant during placement.
Figs. 25, 26 X-rays showing the scarce bony tissue
successfully exploited by this blade.

brane and bone have a strong correlation and thus
the trauma reverberates from one to the other. With
my key-shaped blades it is possible, with the minimum of proficiency, to perform the same implant
without exposing a large part of the bone by limiting the gum incision to 4 mm, 2 along each side,
and by making very narrow gum flaps.”
Therefore, he suggested preparing the groove by
starting with a series of holes made by means of a
long cylindrical bur with a diameter of 1.4 mm and
a triangular tip, mounted on a low-speed handpiece.
“This facilitates the second stage which is that of
transforming the series of holes in a groove with the
use of a bur similar to the preceding one.” The
blades were then inserted by gentle tapping on the
posts.

Marco Gnalducci’s two-step buried blade
Its retentive portion derives from Linkow’s blades,
whereas the prosthetic portion is related to
Pasqualini’s two-step blade implant (which will be
described in detail in Chapter 7). It is a two-step semi-buried implant that, due to its morphology, can
also successfully exploit areas with severe bone atrophy (Figs. 24–26) (15).2
23

Fig. 23 Foscarini’s blade implants.

2

A.E. Edelman and A.J. Viscido had already designed two-step blade
implants in the 1970s (16, 17).
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CHAPTER VII

THE LONG JOURNEY TOWARD
POSTLESS BLADES
Ugo Pasqualini

Introduction
he very intense marketing of the Linkow technique spurred the curiosity of the public
and the demand for implant solutions, despite the justified reservations of academia. Their
critical attitude toward the new method was based
on:
1) the fantastical claims of Linkow’s collaborators/
demonstrators of a success rate approaching
100%;
2) the consequences of commercial marketing that
left novices to practice a method advertised as
extremely simple, but that instead required caution, surgical skill, insight and extensive prosthetic experience;
3) the many failures, attributed—without any scientific backing—to alleged organic disorders,
the lack of hygiene and/or the contamination of
titanium as a result of accidental contact with
other metals (chisels, hammers, pliers, etc.);1
4) the absolute lack of experimental trials on the
causes of the failures “of unknown etiology” and
the reasons for the success of analogous implants, seemingly placed in conditions identical
to those where failures had occurred.
At the same time, the great advantages of successfully placed Linkow blades, which increased the
chance of solving cases of edentulism untreatable
with other types of implants, could not be underestimated. I was one of the first to employ his blades,
both at the university where I was an assistant and
teacher2 at the time, and in my private practice.
Since I performed the surgeries merely for experimental purposes (charging only to cover the laboratory expenses), I was rapidly able to obtain a case
history large enough to plan a series of studies on

T

1
2

the causes of my failures, which—unlike those
claimed by the ads—approached 40%.
The first study was designed to assess if our numerous failures were attributable to the patients’ health
conditions. The ensuing studies were the result of
exceptional circumstances, which allowed me to
conclude that the causes of failure (excepting a few
cases in which a surgical gamble had been taken)
resided in the large and long emerging prosthetic
abutments, and the differences in the static properties of the cancellous and compact integrating bone.

Implants and health conditions
The percentage of my failures with the blade implants was slightly lower than my success rate. The
statement that failures were attributable to the unstable health of the patients was not backed by any
scientific proof. I never found organic deficiencies
serious enough to be considered contraindications
to implant surgery, which was ultimately a minor
operation.
Therefore, I performed checkups on 50 patients
whom I had already treated with blade implants.
My collaborators were Antonio Camera, Director of
the Research and Clinical Analysis Laboratories at
the Ronzoni Hospital of Milan, and later Director of
the Department of Clinical and Anatomopathological and Histological Research at the San Paolo Hospital, also in Milan, and Gianni Zannini, an outside
professional and intern at the Modena Dental Clinic.
We checked 47 patients (3 did not show up for
evaluation). Some of them had stable implants, oth-

The purchase of expensive titanium instruments was recommended to prevent contamination.
The Dental Unit of the University of Modena, directed by Arrigo Provvisionato at the time.
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ENDOSSEOUS IMPIANTS
LABORATORY ANALYSIS
Hemogram

Phospholipids

Electrophoresis

ESR

Triglycerides

ASOT

Azotemia

Lipemia

RF Test

Glycemia

Lipidogram

CRP

Quick Test

Colloid lability
test

Thromboelastography

Blood cholesterol Total serum protein Urinalysis
1

Fig. 1 Diagram of the checkups performed by Camera on
each of the 47 implanted patients.

ers were in the initial phases of failure or failure
had already occurred, and yet others had stable
implants alongside implants that were being expelled.
Camera (blinded about their implant status) performed the same checkup on each subject (Fig. 1).
We could not perform other types of investigations,
which are normally required nowadays, because at
the time (1971–72) laboratory techniques for detecting hepatitis, AIDS (not identified at the time),
alpha-beta-gamma globulin ratio and electrolytes
were unknown.
Zannini added the data to a large chart, using a plus
sign (+) to indicate healthy subjects, a different sign
(x) for subjects with borderline results between
health and the onset of a pathological situation, and
a minus sign (-) for the few whose results were decidedly suspect. Beside the results of each checkup
he indicated the positive or negative evolution of
the implants (Figs. 2, 3). The results, which are very
interesting, can be summarized as follows:
1) the healthy patients, indicated with a (+) sign,
and those whose condition was not as good,
marked with the (x) sign, showed the same failure rate;
2) three of the four patients in worse health conditions, marked with a (-) sign, simultaneously
had stable implants and implants in an expulsive
phase in the same mouth;
3) both of the implants of a fourth patient in very
poor health were stable and functioning properly.
Therefore, we were able to refute—with proven
facts—what others claimed in order to explain the
failures of the blades. Based on our research, those
failures should have been attributed exclusively to
surgical inexperience and/or still-unknown local
causes.
Our study was published in 1972 (Fig. 4) and pre-
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IMPLANT FAILURES
47
positive check-up
check-up within range
negative check-up
3–+

3

26
17
4
1––

Fig. 2 Section of Zannini’s chart. The status of placed
implants can be seen in the right column (with a blue border).
Fig. 3 The results of the checkups of 47 patients. Only 4 of
them were classified as implant failures (3 partially negative and
1 completely negative).

4

Fig. 4 Original university paper of the research conducted in
1972.
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sented the same year at the Symposium on Prosthodontics and Applied Gnathology in Mestre (Venice)
(1–3).

Reasons for the success or failure
of the Linkow blade implant
Introduction
Once we had ascertained that general health problems had no practical influence on failures, a rational study had to be conducted on possible local factors that had been underestimated or were still unknown.
My habit of photographing all my cases before, during and after each surgery was helpful, as it allowed
me to separate (a posteriori again!) conditions of
the implant sites from surgical inaccuracies in order
to explain failed cases (Figs. 5, 6). It was by comparing the photographic sequence of a resounding
success (divulged worldwide by Linkow) against
those of the many failures of other implants, placed
in seemingly similar conditions, that I was able to
demonstrate the different reactions of cancellous
and compact bone to the integration of artifacts
such as Linkow’s blades, which had disproportionately large emerging posts. Before proceeding to
discuss my final considerations on the local causes
behind the success or failure of the Linkow blade, I
would like to offer a detailed description of the “resounding” success mentioned here, which was circulated worldwide and without my authorization to
demonstrate the excellence of the new technique.
For us, it was merely a case study that allowed us
to compare the failures whose etiology was unknown and had yet to be understood.

5

6

Fig. 5 Close-up of the placement of a blade in the lower maxilla.
Fig. 6 Another blade in the upper maxilla.

7

Fig. 7 Oral X-ray of Tramonte’s mother (1970).

The case
In December 1970 Stefano Tramonte referred his
mother to me, asking me to attempt the placement
of a blade3 in the distal area of the mandible, which
was too thin for his screws. As already reported in
Chapter 4, Part III, the lady had been wearing an
upper total fixed bridge on three screw implants
that her son had placed in 1967 (Fig. 7).
After detaching the mucosa, I observed a very thin
bone ridge, where I was very carefully able to prepare
a long sagittal groove in order to place a blade with
a double post (Figs. 8–10). The ridge would have
been high enough to allow the placement of a wider
blade, but I did not have one on hand. Consequent-

3

Linkow’s blades had just appeared on the European market.

8

9

10

Fig. 8 The edentulous ridge before flap opening.
Fig. 9 Detection of a very thin ridge following flap opening.
Fig. 10 The perfect preparation of the surgical groove.
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11

12

Fig. 11 The deep insertion of a blade from Linkow’s smallest series
(1970).
Fig. 12 X-ray of the blade right after placement.

14

15

Figs. 14, 15 Removal of 1 of the 2 mucosal sleeves around
the implant posts.

16

13

Fig. 13 Healing of the soft tissue around the implant posts 6 months
after blade placement.

ly, I employed a narrower and taller implant (Figs.
11, 12). The blade was left unloaded for six months
as my patient was out of town. When I saw her again
the implant was extremely stable, with two posts
emerging from a healthy mucosa and well attached
to the underlying periosteum. The clinical checkup
of the peripheral seal was performed with a periodontal probe, inserted along both posts (Fig. 13).
I was unable to restore the adjacent premolar as it
would have been impossible to recover. Since I had
already performed anesthesia in order to extract the
tooth, my patient allowed me to collect specimens
of the two mucosal sleeves in direct contact with
the necks of the posts (Figs. 14, 15) and detach the
mucosa over the top surface of the blade in order to
check the appearance of the healed tissue. The normalcy of the groove reossification over the blade,
and the absence of macroscopic gaps in the area in
contact with the necks of the posts (where the
probe had halted before the mucosa was detached)
confirmed the unquestionable success of the procedure (Figs. 16, 17).
In Chapter 4, Part III, I noted that I had collected
specimens around the neck of the Tramonte screws
4
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I am still grateful to her and remember her very fondly.

17

Fig. 16 The remarkable healing of the bone tissue around the
blade testifies to its perfect osseointegration (1970).
Fig. 17 The radiographic checkup shows the newly formed
bone tissue over the shoulder of the blade.

placed in the upper arch, because the woman wanted to contribute to a study that would permit comparison of the behavior of the mucosa in contact
with the neck of the blade posts and that of the mucosa in contact with the neck of the self-tapping
screws her son had designed, as well as the gum
surrounding the premolar with periodontitis.4
Tramonte later placed the two fixed prostheses,
which remained in service—with no mobility
whatsoever—until his mother’s death thirteen years
later.
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The histological study
The mucous specimens were paraffin processed,
cut in sections of 4-6 Ì, and stained with hematoxylin-eosin. The histology of the mucosae collected around the neck of the upper screws and around
the lower tooth with periodontitis has already been
reported. Here I refer exclusively to the histological
examination of the sleeves of mucosal tissue adhering to the neck of the blade implants.
Like the specimens collected around the neck of the
Tramonte screws (Figs. 18, 19), one of them was
sectioned horizontally from the surface to the deep
layer of the mucosa. This allowed us to observe the
progressive change in the histological architecture
of the mucosa adjacent to the outer area of the
posts, which showed all the mucous epithelium
layers to the deep area where they appeared as a
single layer of germinative cells over the underlying
corium5 (Fig. 20). The other sleeve, cut parallel to
the main axis of the post (Fig. 21), allowed direct
comparison of the histological behavior of the epithelia “external” and “internal” to the neck area
(Figs. 22–24). The findings were identical to those
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20

21

a

Fig. 20 Close-up of a horizontal
section showing the keratin layer,
all the epithelial layers (a), and the
internal mucosa in contact with
the implant (b), where the keratin
layer is absent.
Corium digitations are virtually
absent in the basal layer of the
internal mucosa.

Fig. 21 Example of a vertical
cut.

A
B

A

B

B

A

18

22

19

Fig. 18 Diagram of one of the horizontal sections obtained
from the deep area of the mucosal sleeves surrounding the
implant post.
Fig. 19 Some of the 2400 histological specimens.
5

24

23

Fig. 22 The even thinning of the
layers of the internal epithelium,
going from the external layer
toward the epithelial attachment
area (hematoxylin-eosin 200x).
Fig. 23 The last cells of the
germinative layer over the dermis
(hematoxylin-eosin 400x).
Fig. 24 Section of a healthy
periodontal pocket surrounding a
natural tooth.

The histological examination of the many sections, identical for the screw specimens and the corresponding specimen from the neck of the
blade, is described in detail in Chapter 4, Part III.
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of similar sections of healthy gum pockets in contact with the neck of natural young and stable teeth.
This research demonstrated that the choice between the two systems (Tramonte’s self-threading
screws versus Linkow’s blades) should be motivated only by considerations of the shape best suited
to the morphology of the edentulous areas to be
treated, a concept that could be extended to any
other implant method using biologically inert alloplastic materials.
The reasons for failures occurring under conditions
that were seemingly identical to those where
Linkow’s blade underwent remarkable osseointegration were yet to be understood (4–9).

25

The causes for failures of unknown
etiology
The remarkable osseointegration of the case I have
just described proved that blade implants were often able to treat many cases of edentulism better
than traditional prostheses.
Nevertheless, the causes of the many failures of
identical implants, placed with the same precautions and using the same surgical technique, were
still unknown. The influence of early or delayed
loading, which seemed to produce almost identical
success and failure rates, was also unknown.
Once the possibility of the negative influence of
general health deficiencies had been ruled out, we
still hoped to identify the unknown factor—unquestionably local—that influenced successes and
failures alike. It was extremely helpful to have the
photographic records of all previously treated cases, checked before, during and after surgery, and
during the prosthetic phase.
I then started to review the first slides of the failures
of the early-loaded implants, followed by those of
implants that were left unloaded for several
months.
The first verification—early loading—confirmed
the constant success of blades that had been placed
and splinted to natural stable abutments, while the
failure of the blades used as terminal abutments
was extremely frequent (Figs. 25, 26). Early loading seemed to have a positive influence in the postoperative splinting of the implants placed between
natural teeth, while it appeared to be harmful for
the early splinting of the terminal implants. Therefore, the immediate loading recommended by
Linkow favored the osseointegration of intermediate implants splinted on both sides to two stable
natural abutments, while it negatively affected the
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26

Fig. 25 A blade placed between two natural abutments,
which acts as “stress breaker” for a long bridge.
Fig. 26 A blade supporting a bridge.

osseointegration of terminal implants, which cyclically underwent compression by local occlusal
forces followed by immediate release due to the
elasticity of the prosthetic metal.
The next examination, conducted by reviewing the
original conditions of the implants left unloaded for
several months after surgery, confirmed that success
tended to occur with thin ridges where there is
abundant compact bone, while failures tended to
occur with wider ridges, which have abundant cancellous bone (Fig. 27).

27

Fig. 27 Left: compact bone right: cancellous bone.
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The comparison between the osseointegration of
the implant placed in Mrs. Tramonte’s thin crest
bone and the expulsion—resulting in tissue loss—
of an implant placed in a similar groove of a wider
bone crest, was very interesting (Figs. 28–31). With

28

32

29

33
30

31

Fig. 28 Surgical groove in an edentulous area with abundant
cancellous bone.
Figs. 29, 30 At 3 months, mobility and loss of the blade with
severe damage of the including bone tissue and disarray of the
histological pattern.
Fig. 31 Histological proof the inflammation and morphological
tissue degeneration of the tissue surrounding the implant.

34

Fig. 32 The arrows point the axial and transverse forces on
supporting tissues of different morphology.
Fig. 33 Compact bone.
Fig. 34 Cancellous bone.
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these unloaded implants, the causes of failure were
thus attributable to the different structure of the
bone sites (Figs. 32–34), bearing in mind that the
crucial precondition for the reparative osteogenesis
of any bone wound is a quiescent phase.
In fact, the fractured ends of long bones are immobilized with casts or orthopedic plates until the osteoblasts have matured into osteocytes and calcium
salts have been deposited, contributing to the final
mineralization of the healing tissue.
I finally realized that the chief cause of almost all
the failures observed with the blade implant was
simply the lack of quiescence during the reparative
osteogenesis phase.

37

Surgical integration, biological integration
or rejection of the blade implants
After surgical creation of the inserting grooves, the
blades placed by percussion achieve natural stabilization within the rigid walls of compact bone. In
cancellous bone, however, they are stabilized only
temporarily by the compression of a few fractured
trabeculae, which are then resorbed before biological osseointegration begins (Figs. 35, 36).
Therefore, the implants inserted into cancellous

35

36

Fig. 35 Blade placed by percussion onto the cancellous
bone.
Fig. 36 The transverse stress exerted by the tongue during
swallowing can mobilize the implant.
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Fig. 37 Close-up of the stress exerted by the tongue on the
blade posts.
Fig. 38 Overloading in centric occlusion during the last phase
of swallowing.

bone are in an increasingly softer medium that is
gradually resorbed by macrophages and osteoclasts,
leaving them virtually afloat in an empty space and
greatly disturbed by the continuous stress exerted
by the posts outside their buried structures.
The stability of the blades placed in thin ridges relies on the rigid walls of the compact tissue of the
two close cortical walls, where resorption, which is
far more moderate, does not affect the state of quiescence required for the progression of osseointegration. Stabilization within the cancellous bone is
very different, since the quiescent state essential for
completing bone integration following ischemia
and resorption of the fractured and compressed trabeculae is instead highly jeopardized.
Even if the blades placed in the cancellous bone
had been left unloaded during reparative osteogenesis, they would nevertheless have suffered serious
damage due to the continuous lateral stresses exerted by the tongue on the external abutments during
the last phase of oropharyngeal swallowing, irreversibly impairing their biological integration (Figs.
37, 38).

Conclusions
The above-mentioned studies on implants checked a
posteriori, confirmed that the etiopathogenesis of my
failures was ascribable to the traumatic stress exerted
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Fig. 39 Removal of the external post.

Fig. 40 The absence of external stress permits reparative osteogenesis
in a state of quiescence.

on the bulky posts outside the submerged portions
of the blades. The 40% failure rate, which was slightly lower than my success rate, was due to the fortunate combination—for which I can take no credit—
of having treated cases of medium difficulty with
more favorable outcomes. Therefore, I decided to replace the bulky external posts with structures that
emerged only slightly, but could nevertheless be used
to join the blades to the prosthesis after inclusive osteogenesis was completed (Figs. 39, 40).
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THE POLYMORPHIC TWO-STEP
BLADE IMPLANTS

Introduction
ll the two-step vented basket implants tested
on dogs ten years earlier (1962) gave excellent results, because each one kept the baskets in a quiescent state during the critical phase of
reparative and integrating osteogenesis. Pasqualini
thus decided to fit the blades with very short threaded emerging posts to prevent external mechanical
stress on the submerged structures (Fig. 1).

A

nal mucosal surface measured an additional 2 mm.
Thus modified, the blades would not interfere with
the quiescent state of reparative osteogenesis, allowing subsequent risk-free loading (Figs. 4, 5).
In August 1972, following the positive outcomes of
all the cases treated using this approach in his private practice and at the Dental Department of University of Modena, Pasqualini published an article

2

1

Fig. 1 Original drawing of Pasqualini’s blade.

There was nothing to prevent him from employing
internal threads that would be completely shielded
by the mucosa, except for the inconvenience of performing another operation -complicated and often
pointless- to connect the abutments. Therefore, he
removed the posts from the polymorphic blade in
order to thread a small portion of the neck to connect the prosthetic abutments at a later date (Figs.
2, 3). The smooth portion of the implant neck,
which emerged 3 mm from the top of the blade,
had to be completely buried within the bone
groove; the threaded portion that grazed the exter-
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3

Fig. 2 Blade, temporary Teflon abutment, and definitive abutment.
Fig. 3 The temporary healing abutment in Teflon models the
mucosa according to the profile of the definitive abutment, which
will be screwed when osteogenesis is complete.

4

5

Fig. 4 Removal of the healing abutment.
Fig. 5 Definitive abutment onto which the crown will be fitted.
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titled “Impianti endoossei: la protezione dell’osteogenesi riparativa con la metodica del ‘moncone
avvitato’. Tecnica personale. Nota Preventiva” in
Dental Cadmos, no. 8 (1) (Fig. 6). He wrote:
The best conditions for rapid healing of the surgical
wounds required for implant insertion, with formation of
new bone around, above and through the vented artifacts, occur only when the implants are completely
buried, with no communication with the external environment. The reason is not merely to avoid the dreaded
but actually nonexistent risk of microbial contamination,
but also to eliminate the lever arm represented by the external posts, which can transmit dangerous mechanical
stress to the buried portions, subjecting them to continuous mobilizations that can jeopardize the evolution of
the integrating osteogenesis. Reparative osteogenesis will
permanently stabilize only the inclusions protected from
external mechanical stress during the healing phase. Given these considerations, which are based on my recent
studies on humans as well as prior testing on animals (2),
I came up with the idea of a “two-step” implant technique
on screwable abutments, which are composed of:
1) an endosseous portion (which can have different
shapes: basket, truncated cone, screw, blade, etc.) fitted with a very short threaded emerging post;
2) a prosthetic abutment that can be screwed onto it
once the biological inclusion of the buried portion has
been completed.

Pasqualini was also granted patents in Italy, Great
Britain and the United States for his polymorphic
blade and the protective principle of reparative osteogenesis, applicable not only to his blade but also to any other type of implant with “internal” or
“external” screwable abutments following the completion of osseointegration. With his patent applications, he was simply protecting himself against
those who might “forget” to recognize his scientific
authorship, as invariably proved to be the case.

The anatomopathological
and histological behavior
of the integrating tissue of blade
implants with screwable abutments
Introduction
The first two anatomopathological and histological
examinations were performed on two polymorphic
blades with screwable abutments that had to be removed due to fracturing of the neck connecting them
to the prosthesis. Consequently, they were explanted

6

Fig. 6 The original 1972
publication.

together with a portion of the integrating tissue.
The fractures occurred at the transition area between the smooth portion of the neck and the end
of the short threaded part at the base of the external abutments of the first series of blades.
The critical area was represented by the last portion
of the thread, which remained outside the lowermost portion of the screwable abutment. Following
these episodes, the external abutments were lengthened to cover an adequate segment of the smooth
portion of the neck, which caused no further problems because there were no longer any areas that
were more susceptible to fracturing.
The explantation of the two polymorphic blades
with the adhering integrating tissue made it possible to verify that the osseointegration of the new
two-step implants was decidedly better than that
observed with the majority of blades with fixed
posts. Interposed between the newly formed integrating bone and the metal, the latter almost always
had a layer of fibrotic tissue that mobilized them
slightly, although stabilization was good enough for
placement of a temporary prosthesis (3).
The third histological examination was performed
using the technique invented by Karl Donath, Director of the Institute of Oral Pathology at the University of Hamburg, on the tissue in contact with
the two-step blade, excised in toto by Pierangelo
Manenti of Bergamo.

Description of the cases
Case one - Polymorphic blade with a screwable
abutment placed in a wide bone crest and loaded five months later with a bridge connected to
the canine.
The blade, used as a distal abutment, remained stable for two years until the threaded post fractured,
making it unusable. At the eight-day checkup, the
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Fig. 7 Correct placement of a Pasqualini blade. Fig. 8 Healing of the mucosa around the temporary abutment.
Fig. 9 Left: close-up of the healed mucosa; right: definitive abutment.
Fig. 10 Blade-canine bridge. Fig. 11 Decementation of the canine caused a stress fracture of the implant neck.
Fig. 12 Intact mucosa covering the fractured blade. The arrow indicates a very small solution of continuity.
Fig. 13 Flap detachment and view of the osseointegration of this blade. Fig. 14 Bone-implant block section. Fig. 15 The specimen
given to American colleagues. Fig. 16 Scanning microscope analysis. Fig. 17 The original 1977 publication.

short residual post was already almost completely
covered by mucosa. The very minor solution of
continuity (Fig. 12) was created by the probe used
to check the pocket depth along the residual portion, which measured about 1 mm.
The flap opening showed a new bone layer above
the blade and around the residual post. The explantation was performed so as to include as much of
the tissue adjacent to the blade as possible. Osseointegration is readily visible above, through and
below the blade implant.
The specimen, fixed in 10% formalin, was given to
Anthony Ricciardi and Angelo Chiarenza of New
York, who attended the procedure, so that they
could examine it with a scanning microscope,
which was unavailable in Italy at the time (1973).
Ricciardi published the results of the specimen
analyses in Quintessence International Dental Digest, No. 1, Vol. 8, in an article titled “A two-year
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report of a human bone block” (4). The comments
to the pictures of the magnified details published in
the journal note that Pasqualini’s implant demonstrated the perfect bone adaptation to the structures
of his polymorphic blade with a screwable abutment: the virtual void between the bone tissue and
the implant, at 1500 magnification, is less than
10μ. Ricciardi also noted the perfect apposition of
bone around the metal structures, without the interposition of fibrous tissue (Figs. 7–17).
Case two - Pasqualini’s polymorphic blade with a
screwable abutment, placed in a hemimandible
and loaded after three months of quiescence.
It remained stable and in service for five years until the neck connected with the prosthetic abutment
fractured.
The specimens were collected so as to preserve part
of the integrating bone. The pictures are very rep-
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Fig. 18 Block section of a blade placed in a hemimandible. Fig. 19 Detail of an osseointegrated blade.
Fig. 20 Another close-up. Fig. 21 The specimen sent to Carlo Zerosi. Fig. 22 The histological examination proves complete
osseointegration without the interposition of fibrous tissue. The left arrows show the neoformation of bone with abundant
mucopolysaccharides (thus showing greater stain uptake). Right: old bone tissue. The different orientation of the lamellae of the newly formed
bone is evident, showing a number of osteocytes in their respective niches (hematoxylin-eosin – 240x). Fig. 23 Detail of a histological
section showing the circumferential area corresponding to the blade arm (toluidine blue – 15x). Fig. 24 Higher magnification of the
previous figure. Note the clear boundary between the new bone and the peripheral bone, in which two intact Havers
channels are visible close to the blade arm (hematoxylin-eosin – 130x).

resentative, and demonstrate that these types of implants undergo remarkable and very effective osseointegration even when placed in cancellous
bone, without the interposition of fibrous tissue
(Figs. 18-24) (5).
We would like to take this opportunity to commemorate the late Carlo Zerosi from the University
of Pavia, who performed the microscopic sections
and the photographic magnifications, and provided
detailed descriptions.
25

Case three
Credit for this study goes to Manenti, who explanted a postless polymorphic blade that was partially
compromised by violent trauma, which damaged
part of the bone crest where it had been placed nine
years earlier. Bone resorption following trauma
comprised a portion of the bony wall adjacent to
the blade, which nevertheless was still stable. Manenti felt that it was best to remove the blade and
replace it with another implant.
In order to proceed with the sophisticated exams allowing the concomitant observation of both the implanted metal and the integrating tissues, he explanted the blade together with an extensive portion of tissue, also removing a section of the maxil-

26

Fig. 25 Upper maxillary bone-implant block section. The
three upper arrows indicate the floor of the maxillary sinus.
Fig. 26 Opposite side of the block section.
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28

29

30

31

32

33

34

Fig. 27 Histological image of the block section (15x). Fig. 28 Detail of the osseointegration at the base of the shoulder of the
blade (250x). Fig. 29 A very high magnification shows how the compact bone is apposed to the “flaws” of the implant
titanium material. Fig. 30 The arrow points the lowermost blade portion in contact with the floor of the maxillary sinus.
Fig. 31 Close-up of the previous image showing that the peri-implant bone after 9 years of loading is compact,
and apposed to the metal surface. Fig. 32 Another section of the blade implant. The arrow points to the area
magnified in the following image. Fig. 33 The peri-implant bone appears as a compact
and well-mineralized mass (250x). Fig. 34 Higher magnification of the previous image, making it possible to see
the symmetrical pattern of the lamellar tissue.

lary sinus floor that had been in contact with the
implant (Figs. 25, 26).
The specimen was sent to Hamburg to Donath, the
inventor of this examination technique. Following
a special preparation (resin inclusion, etc.) he sectioned the specimen as per our specifications. Toluidine blue was employed for the staining of all specimens.

Description of the study
Each of the eight illustrations with the details of the
sections shows the constant and perfect direct apposition of newly formed bone to the metal surface,
with no interposition of fibrous tissue.
The higher magnifications confirm that bone apposition occurred by means of “ankylosis of the integrating bone”, adapting itself in a mirror-like fashion to
even minimal irregularities of the metal surfaces.
The details of these extraordinary findings are described in the captions of the corresponding figures
(Figs. 27-34).
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Improvements to the polymorphic
blades with screwable abutments
1) The prosthetic “osteoprotective” abutment.
Today, nearly all the two-step implants employ the
same prosthetic abutment that Pasqualini devised
for the polymorphic blade (1972) (6, 7). Since only a few of the many imitators are aware of the reasons for its particular profile, which protects the
junctional area between the periosteum and the
neck of the implant, we will briefly describe its
principle (Fig. 5). Most of the fixed implant abutments of the 1960s and 1970s (screws, blades,
etc.) protruded with a sort of “undercut” from a
smooth thinner neck that joined them to the submerged portion. This encouraged the deposition of
perishable organic residues that could irritate the
underlying area comprising the periosteal seal of
the implant neck, which often recessed as a result,
causing mucositis and/or marginal peri-implanti-
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tis. Pasqualini designed the protective profile of the
screwable abutments by replicating the crown
shape of the natural teeth, which have a protective
cingulum that narrows at the neck and shifts the
bolus outside the junctional area (Figs. 35-37).
2) Temporary healing abutment made of Teflon and
titanium.
Once integrating osteogenesis was complete,
screwing the abutments to the short threaded
posts of the polymorphic blades was not an easy
task. During the healing process, the mucosa became firmly attached and had to be removed by
means of minor but complicated surgery (Fig. 38).
Consequently, small temporary Teflon abutments
were manufactured with the same shape as the
lower portion of the future abutments. The temporary abutments were screwed to the threaded posts
right after blade placement. As it healed, the mucosa modeled itself to their exact profiles, which
were identical to those of the lower portion of the
future abutments. The latter were then screwed in
without painful compression of the mucosa or the
need for any surgical preparation (Figs. 3, 4, 8, 9).
The temporary abutments were kept in place
throughout the reparative osteogenesis period, and
were removed only when they had to be replaced
by the abutments. The Teflon temporary abutments can be replaced with titanium abutments,
which induce the same mucous behavior.
3) Removal of excess cement from the prosthetic
abutments.
Screwing the abutments securely to the threaded
posts is not always enough to prevent them from
becoming unscrewed. Consequently, it is advisable
to use an insoluble adhesive to keep the counterthreads firmly in place. Oxyphosphate cement is
not strong enough, since it crystallizes and becomes friable, detaching itself from the metal surfaces. Resin and glass ionomer cements are more
suitable. Forced in by the screwing, the excess material can end up below the abutments, going along
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Fig. 38 The healed mucosa is strongly adherent to the blade’s threaded post.
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Fig. 39 The abutment’s internal hole allows for cement spillage.

the smooth neck and damaging its junctional area
with the surrounding periosteum. The abutments
of the two-step blade implants are thus completely
vented by the internal thread, allowing the cement
to spill over and outside the abutments (Fig. 39).
4) Abutment parallelism.
The implant’s placement direction, which is conditioned by the orientation of the edentulous
ridge, can result in lack of parallelism of the abutment, as in the example shown in the following illustrations. The threaded neck of the blades, removed after the placement test, can be bent easily
to a more suitable angle for the future prosthetic
crown (Figs. 40-49).
5) Ergonomics and convenience of the polymorphic
blade implant.
The following illustrations show many of the dif-
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Fig. 40 A double blade was used to make an implant shape suitable for placement in an edentulous area due to the loss of the upper lateral
incisor. Fig. 41 The cutter used to create the different blade shapes. Fig. 42 Surgical flap. Fig. 43 Blade placement.
Fig. 44 Radiographic checkup. Fig. 45 The definite abutment is not parallel with the adjacent teeth. Fig. 46 After removing the
implant from its surgical site, the abutment can be set parallel and reinserted into the existent surgical opening
Fig. 47 Implant properly placed with the abutment parallel to the adjacent teeth (left); the temporary healing abutment (right)
Fig. 48 Healing of the soft tissues at 3 months. Fig. 49 The single definitive crown.

ferent shapes that can be obtained easily from the
polymorphic blade with a screwable abutment.
The implant was originally designed as a doublepost blade, but is advisable to divide it and, if necessary, place the two sections into two contiguous
grooves. This makes the procedure less complicated and facilitates correct penetration of the blade
below the cortical surface. The next set of photographs demonstrates that a few basic shapes can
yield a sufficient number of blades for the rehabilitation of completely edentulous ridges (Figs. 5054). Despite many years of use and positive results
with these blades, the reader should note that their
osteoprotective principle does not automatically
exempt them from failure caused by inexperience,
surgical gambles and/or the placement of occlusally imbalanced prostheses.

1
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6) Geyer’s cogwheel.
Geyer’s cogwheel is not actually a blade modification, but a drill that simplifies and improves the
preparation of the surgical groove where the blades
will be housed. The cogwheel is a drill for lowspeed contra-angle, made of a cogged disk that is 1
mm thick and has a diameter of 5 mm; it is employed to make a rapid initial groove in the cortical bone, which will be deepened by a fissure bur1.
The clean and accurate incision is shown in Figure
56, whereas a groove made exclusively with fissure
burs will never be as neat, as the operator’s possible unsteadiness or the patient’s movements can
enlarge the groove more than necessary (Figs. 5557). The drill was already used by dental laboratories for cutting plaster casts. Arno Geyer of Hamburg was the first to employ it in implant surgery

The piezoelectric scalpel was recently introduced, making it possible to create a clear-cut surgical groove, fully respecting innervation (e.g. the
mandibular alveolar nerve).
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Fig. 50 Using the cutter, 6 implant shapes and 6 prosthetic abutments can be made from 3 blades. Fig. 51 Radiography of the 3
blades made into 6 implants. Fig. 52 Right:Teflon abutments. Left: threaded abutments and healthy mucosa. Fig. 53 The same
procedure is performed in the upper maxilla. Fig. 54 Left: definitive abutments in situ. Right: the two gold-porcelain prostheses.
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Fig. 55 Geyer’s cogwheel. Fig. 56 The cogwheel permits clean cuts of the bone surface.
Fig. 57 Correct placement of a blade in this very thin edentulous ridge.

to facilitate preparation of the implant grooves, and
it was thus named after him (8). When the cogwheel is inserted up to the mandrel, it automatically maintains the cutting direction because it rests
on the crest while it cuts, thus counterbalancing
movements caused by other types of stress. Although it is used with a low-speed handpiece, it
should be water-jet cooled. A drill with a similar
concept had already been designed and used by Sebastiano Lo Bello for his inverted-T implant (9).

The static superiority
of polymorphic blades with
screwable abutments
The stability of the two-step2 single-tooth front implants - unlike the implants connected to other
abutments - is assured only by the statics of their
biomechanical characteristics, without any further
stabilization. As a result, we have chosen two very
2
3

edifying examples3 to demonstrate the importance
of reparative osteogenesis with the screwable abutment technique (10-13). Single-tooth implants, osseointegrated in a quiescent state, always allow single loading without splinting to the adjacent teeth.
Let’s not forget that the life of these implants is tied
to maintaining the static and dynamic occlusal balance, as shown in the following illustrations.

Case one
Single-tooth blade implant replacing an upper central incisor, placed in a sixteen-year-old boy. It has
been in place for 36 years with no connection to the
adjacent teeth. Placed in 1972, it was left without a
prosthetic abutment for three months. Once the
Teflon abutment was removed, the definitive prosthetic abutment was screwed in and the porcelain
crown cemented. Checked again after six years, the
case was presented in Milan at the National Congress of the Italian Dental Association in 1978, and
published in national and international journals
(14-17). The photographic and radiographic

The terms “blade with screwable abutment” and “two-step blade” are used interchangeably, as the two are equivalent.
Pasqualini’s private practice has a photographic archive composed of no less than 23,000 slides, with 293 documented cases of single-tooth implantations.
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Fig. 58 Loss of the upper central incisor in a sixteen-year-old boy (1972). Fig. 59 Flap detachment and creation of the surgical groove.
Fig. 60 Single-tooth implant obtained from the basic postless polymorphic blade, immediately after placement. Fig. 61 Appearance of the
healed mucosa surrounding the protective Teflon abutment at 3 months. Fig. 62 Definitive abutment (left); the single gold-porcelain crown
immediately after placement (right). Note the boy’s beardless chin (1972). Fig. 63 Postoperative X-ray. Fig. 64 Radiographic checkup
after 27 years. Clear absence of any type of resorption of the integrating tissues (1999). Fig. 65 The gold-porcelain crown after 27 years
(left); the traction test with 5 orthodontic elastics demonstrates the stability of this implant (right). Fig. 66 The smile of the patient, now
adult. Fig. 67 The patient’s mouth in centric occlusion. Fig. 68 Canine disclusion prevents dynamic premature contacts on all the front
teeth (left); likewise, the front teeth are protected during contralateral canine disclusion (right). Fig. 69 Follow-up at 36 years (2008).
Fig. 70 The radiographic checkup does not show any change in the peri-implant bone. Fig. 71 Clinical appearance after 36 years.
Fig. 72 The radiographic magnification shows the formation of a “lamina dura” (arrows) around the implant.

checkups, performed 36 years later, confirm the
perfect osseointegration of the single-tooth implant.
The changes in the patient’s face are quite interesting, as he was beardless when the implant was
placed (he was 16)4, and now he shows the passage
of time! Respect for static and dynamic occlusion,
4
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as well as protection of reparative osteogenesis,
contributed to the life span of this implant, as
demonstrated by the last illustrations (Figs. 58-72).

Case two
Single-tooth premolar implant (Figs. 73-95).

According to current international protocol, it is advisable not to place implants in male patients under the age of 18, due to the risk of shifting with
skeletal maturation.
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Fig. 73 The implant shape chosen for the second case of single tooth loss of an upper left premolar. Fig. 74 Loss of the first
upper left premolar (1988). Fig. 75 The flap opening confirms the presence of a very thin ridge. Fig. 76 First phase of the
surgical groove preparation using Geyer’s cogwheel. Fig. 77 Groove deepening with the 700 XXL fissure bur
Fig. 78 Clean surgical groove for the placement of an “osseointegrable” Pasqualini blade.
Fig. 79 The correctly placed implant: the shoulder of the blade must be set about 2 mm below the edentulous ridge surface (left).
Right: the insertion axis of the implant prevents parallelism of the abutment with respect to the adjacent teeth.
Fig. 80 The implant is removed (left), and its non-parallel abutment is bent with a clamp and universal pliers to achieve correct
parallelism (right). Fig. 81 Verification of parallelism. Fig. 82 Left: unscrewing of the definitive abutment. Right: X-ray.
Fig. 83 Suture and screwing of the Teflon healing abutment (left); healing at 3 months after surgery (right). Fig. 84 Removal of
the Teflon abutment (left), and screwing and cementation of the definitive prosthetic abutment (right). Fig. 85 “Chamfer” finish-line
preparation of the abutment with a fissure bur mounted on a high-speed handpiece, water-cooling jet (left), and placement of the
retracting cord before impression taking (right). Fig. 86 Impression with Impregum following retraction cord removal (1988).
Fig. 87 Three months after surgery we placed a temporary crown shaped to guide the healing process of the soft tissue to recover
the proper aesthetic morphology of the gum. Fig. 88 Definitive gold-porcelain crown.
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Fig. 89 Cementation and check of static occlusion. Fig. 90 Detail of the left and right lateral canine disclusion.
Fig. 91 X-ray of the finished case (1988). Fig. 92 The face of the young patient with the blade implant
and the artificial crown (1988). Fig. 93 Ten-year follow-up (1998).
Fig. 94 Detail of the static occlusion and the artificial crown. Fig. 95 X-ray of this single-tooth implant in static
and dynamic balance (1998).

The figures and corresponding captions underscore the fact that, despite the very thin residual
crest bone and its anomalous inclination, the use
of a single-tooth two-step blade allowed rehabil-
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itation of the edentulous area.

Case three
Illustrated in Figures 96-103 (1987-2007).

98

102

99
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Fig. 96 Severe edentulism of both arches (1987). Fig. 97 Healing of the mucosae around the lower maxillary implants. In this case, two
types of implants were used: blades for the distal areas and single-step screws for the front area.. Fig. 98 The upper maxilla was treated
with two of Pasqualini’s polymorphic blades and a Linkow blade, with preparation of residual natural abutments. Fig. 99 Appearance of the
mucosae around the Teflon healing abutments of the polymorphic blades.
Fig. 100 Gold-porcelain fixed complete bridge at the time of cementation (1987). Fig. 101 Radiographic checkup.
Fig. 102 Twenty years later the upper bridge was removed and the natural abutments were prepared again for a new prosthesis. Note the
beautiful radiological appearance of the integrating bone of these implants, which had been in service for as many as 20 years.
Fig. 103 The finished case (2007).
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Case four

Case five

Illustrated in Figures 104-107 (1988-2006).

Illustrated in Figures 108-116.
This set of photographs clearly shows that the use of
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Fig. 104 Placement of two polymorphic blades in a very
thin ridge.
Fig. 105 Correct placement.
Fig. 106 Healing at 3 months.
Fig. 107 Panoramic X-ray of the finished case, also treated
with screws and pins.
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Fig. 108 Edentulism and atrophy of the distal mandibular
areas (1992).
Fig. 109 Placement of the right blade.
Fig. 110 Another blade is placed on the left side.
Fig. 111 Healing of the soft tissues.
Fig. 112 Close-up of the threaded post and the mucosal
profile created by the healing abutment.
Fig. 113 Natural abutments and implants before placement
of the definitive crowns.
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Fig. 114 Gold-porcelain prosthesis. Fig. 115 X-ray (1992). Fig. 116 The same case 15 years later (2007).

polymorphic two-step blades allows surgery on very
thin and atrophic ridges without the need for grafting
procedures. This also assures a short healing period,
thus rapidly rehabilitating masticatory function,
which represents a great benefit for the patient.
The cases presented here, with follow-ups at 20,
18, and 15 years, were performed by Pierangelo
Manenti, who also employed screws and stabilizing
needles5.

rophic mandible area is the elective edentulous site
for Pasqualini’s two-step polymorphic blade (Figs.
117-120).

Cases six and seven
These last two examples show that the distal at-

117

119

118

Fig. 117 Severe horizontal atrophy after augment grafting
failed. The case was solved with a polymorphic blade.
Fig. 118 Radiographic verification.

5
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The topic will be examined in Chapter 11.

120

Figs. 119, 120 The seventh case.
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The biomechanical principle
of mini-blades in thin ridges
Blade placement in very deep grooves of thin and
mainly compact ridges can be dangerous (Figs.
121-123) (19-23).
The risk is represented by the fragility of the groove
walls, which can shatter when the blade is tapped
in. Consequently, a mini-blade was designed for
placement into thin ridges; its top surface is 1.3 mm
thick. In addition to having a sufficient functional
extension, it can also be completely buried in 10mm-deep bone grooves.
Due to the remarkable stability provided by the
compact and thin walls, the blades have a short definitive abutment. The 4-mm abutment emerges
about 2-3 mm from the sutured gums and is thus
subjected to only minimal external mechanical
stress.
To facilitate the retentive linear bone groove prepa-

121

122

123

Fig. 121 The mini-blade and its fixed abutment.
Fig. 122 Placement.
Fig. 123 Loading.
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ration technique, the first incision is made using the
Geyer’s cogwheel, followed by groove deepening
with a 700 XXL bur (long) that has reference notch
for the required depth. Mucosa detachment, groove
preparation, mini-blade placement and suture take
only a few minutes to complete.
During healing, the mucosa retracts and stretches,
thus freeing the entire abutment by 4 mm, leaving
the underlying portion completely buried and osseointegrated. Although these mini-blades have a
short (4 mm) definitive prosthetic abutment, when
placed in compact bone they enjoy the same advantages offered by the blades with a screwable abutment.
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CHAPTER X
in collaboration with dr. Pierangelo Manenti

OSSEOINTEGRATION OR
“INTEGRATING BONY ANKYLOSIS”

Introduction

T

he topic we are going to cover is of great relevance. It was observed for the first time
when Pierangelo Manenti removed a titanium needle that was completely blocked inside the
bone due to a bony ankylosis process. It was visualized histologically by Donath with his extraordinary
ground section technique, which is ideal for obtaining
well-stained histological specimens including bone
and metal in sections only a few microns thick (1).
Before Donath, on various occasions others had
tried to obtain similar histological sections of periimplant tissues, grinding them coarsely and progressively with the included metal, in order to allow the histologist the direct examination of their
contact areas.
Carlo Zerosi of the University of Pavia commented
on these attempts as early as 1956 (2, 3).
The study of the behavior at the interface between alloplastic structures and host tissues is not an easy task.
The examination of their direct relationships with both
the metal structures and the surrounding tissues would
be highly desirable. Nevertheless, this hoped-for study
is prevented by the enormous technical difficulties involved in obtaining a section of the metal structure and
host tissues thin enough to allow examination without
altering their in vivo relationship: one could resort to
using ground sections, following inclusion in a substance strong enough to hold the metal fragment during mechanical grinding of the section; alternatively,
examination with reflected light could be used, according to the technique employed for the microscopic
study of opaque objects. In our opinion, neither
method permits clear differentiation or adequate staining of the different structural elements. If anything,
they might represent a complement to the traditional
technique whereby, following bone decalcification,
metals are removed in order to analyze the appearance
of the contact surface without them.

In 1958 Zerosi presented a “mixed” histological
specimen (metal and surrounding tissue) (Figs. 1,
2), obtained using the ground section technique.
The technique devised by Zerosi now has purely
historical value, but his specimens allowed him to
present the concomitant histological image of a Vitallium inclusion and its surrounding tissues for the

1

2

Fig. 1 Histological specimen prepared by Zerosi
in 1958 using the ground section technique, showing that the
metal fragment of an experimental subperiosteal implant
placed in a dog is connected with the surrounding
connective sleeve. Fig. 2 This micrograph at higher
magnification shows the strong adhesion between the
connective fibers and the metal surface
(grind section technique, 1958).
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first time. Although they were quite thick, the sections were nevertheless translucent and provided
approximate histological images, thus allowing Zerosi to diagnose that the tissue around the Vitallium
artifact exhibited acanthosis. In fact, to interpret the
sections observed under the microscope beyond
the shadow of a doubt, they could be no thicker
than 10 microns, in order to allow the passage of
light and make the details visible. The reader can
compare the different patterns of the thick ground
sections of 70-100 μ in Figures 1 and 2, and the
histological sections (also performed by Zerosi) of
specimens where the metal inclusions were removed (Figs. 3, 4). Zerosi employed his personal
technique, successfully removing the metal structures of the implant without altering the specimen
at the implant/integrating tissue interface (4). Nevertheless, Donath must be credited with making it
possible to obtain clear and precise ground sections
of metal inclusions and their surrounding tissues,
demonstrating that the presence of macroscopic retentions is not essential for osseointegration, as it
occurs through bony ankylosis that also takes place
along the smooth surfaces of buried fixtures (5, 6).
3

“Bony ankylosis”
of emerging needles

4

Fig. 3 Zerosi’s histological section and original illustration
of a subperiosteal implant on a dog after implant
removal (1958).
Fig. 4 Another section and illustration (1958).
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Many colleagues who employed the tripod with the
smooth emerging needle technique (with no surface treatment) had the chance to observe that, in
cases of accidental fracture, the fractured needle
was sometimes impossible to remove from its bone
site. We are not referring to difficulties in removing
the needle with pliers, but to cases in which it was
impossible to remove even with additional force exerted by repeated and violent percussion. These
episodes were reported as rare occurrences, and no
biomechanical explanation was offered as to the retention of artifacts as smooth as needles. These reports were not occasioned by the singularity of the
extraordinary mechanical retention of the fractured
needles, but by the opportunity to show how the
residual emerging ends could be re-exploited (Figs.
5-13) using the intraoral solder. Through direct microscopic vision, Donath’s ground sections had already demonstrated that even with emerging vented implants kept in a quiescent state during reparative osteogenesis, the newly formed bone apposed
the metal structures without the juxtaposition of
collagen fibers, which was instead a constant finding with any kind of implant subject to external
stress during this rearrangement phase (7-14).

Osseointegration or “integrating bony ankylosis”
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Fig. 5 Very severe post-traumatic bone atrophy treated with 1.1-mm-diameter needles (1987). Fig. 6 Radiographic checkup upon
completion (1987). The needle tips seems to penetrate the nasal cavity, but mastery of this placement technique permits correct bicorticalism
due to the bucco-palatal inclination of the implants, whose tips must reach the deep cortical bone.
Fig. 7 Template for insertion of the needles shown in the previous image. Fig. 8 Fracture of one of the tripods after 3 years (1990).
Fig. 9 The flap opening reveals the exposed needle fragment, which is impossible to remove without a block section. Fig. 10 Fragment
retrieval and placement of new needles. Fig. 11 X-ray of the two new needles welded to the fragment.
Fig. 12 The new finished abutment. Fig. 13 Definitive crown (1990).

Employing Donath’s original technique combined
with their own methods, Quaranta, Scarano and Piattelli confirmed these observations with analogous
findings at the interface area (15, 16). With another ground section technique1 Vito Terribile Wiel
Marin, Piero Passi and Antonino Miotti (17)
demonstrated analogous bone apposition on a Tramonte screw that had been loaded for years before
fracturing.
Supplementing the experiences of his few predecessors, Bianchi conducted a very detailed study on
how peri-implant bone adapts in terms of density
and architecture as a reaction to functional prosthetic stress in vivo. According to Bianchi, the term
“functional ankylosis” was more precise - and better reflected the results of his scanning microscope
study - to describe the outcome between the bone
tissue and the osseointegrated implant. He conducted one of the first studies analyzing the behavior of the integrating bone/metal interface of a hollow cylindrical implant. His article was illustrated
with images at increasing magnification (SEM 19x,
SEM 78x and SEM 200x), in which one can see that
the bone in direct contact with the metal exhibits
characteristic “interwoven fibers”, which can be

1

recognized by their uniform appearance and the absence of mineralized matrix. He drew the same conclusions even after analyzing a block section of a
disk implant (SEM magnification 60x, 65x and
250x), stating that “no evidence of osteoclastic erosion was observed” at the integrating bone/metal interface.
In his third work, conducted using the same
method to study the integrating bone/metal interface, Bianchi added that “between the peri-implant
bone and the surface of the titanium screw there
was virtually always a gap of about 1 μ that, even
at the highest magnification (SEM 250x), did not
show the presence of fibrotic or other types of soft
non-mineralized tissues”. Therefore, he speculated
that this minimal gap was an artifact due to both
the preparation technique of the block section which first required a complex dehydration procedure - and the subsequent sections, which may
have been altered by the fact that metal and tissue
show different resistance to cutting (18).
Nevertheless, while all of these studies incontrovertibly demonstrated that there was no apposition of
non-mineralized tissue at the integrating bone/metal interface, they did not posit that this kind of func-

Interesting method, but based on Donath’s original techniques.
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tional ankylosis has a specific retentive function
linked to its peculiar etiological mechanism, an aspect that would call into question the alleged need
to provide the implants with undercuts and/or retentive profiles. In 1999 we were able to present this
important confirmation for the first time (19).

The retention of smooth metal surfaces
Nobody had yet demonstrated why even smooth
artifacts such as needles (Fig. 11) could be firmly
fixed within the new bone. The block section of the
needle exhibits the same histological pattern, with
the apposition, by ankylosis, of new bone that
strongly adheres to the “smooth” surface of the needle (Fig. 14).
The aforementioned block section was sent to the
Institute of Oral Pathology at the University of
Hamburg, headed by Donath, the inventor of the
very modern ground section technique. Donath
performed ten sections, all perpendicular with respect of the long axis of the needle, in order to visualize the edge of the metal (or a portion of it),
along with its integrating bone, for each specimen.
The sections were stained with toluidine blue since
it is the only stain that can penetrate the specimens
in the special self-curing resin used to obtain the
thin ground sections.
Donath sent the slides back along with the following report. “Needle implant, 1.4 cm long, surrounded by 0.8 cm of bone tissue. The specimen
was cut into ten transverse sections stained with
toluidine blue. Histologically, the compact lamellar
bone is in contact with the implant surface in each
section. Single osteone channels are adjacent to the
bone and the implant surface. Isolated
macrophages are found on the bone surface after
the implant is removed. The adjoining connective
tissue shows isolated lymphocytes. Histological
finding: needle implant in direct contact with the
bone, without the juxtaposition of connective tissue

15

Fig. 15 Donath’s original report (1996).

16

Fig. 16 Original letter with Zerosi’s considerations (1996).

in any of the examined sections” (Fig. 15). The
slides were checked and photographed by Zerosi at
increasing magnification (from 15x to 250x). He
had several considerations to make. “[T]here is no
doubt that the alveolar bone has closely adhered to
the metal without the juxtaposition of connective
fibers. . . . I fully agree that this relationship between the bone and the implant should be considered ankylosis, which has improperly been defined
as osseointegration based on the widespread term
popular today. The sections are exceptional and I
believe that nothing else can be done to improve
them” (Fig. 16).
Following further studies2, it was concluded that
the lower magnifications (80-100x) do not permit
good concomitant focus of the round metal sections
and the respective integrating tissue due to limitations that have to do with optical physics, but at a
higher magnification the remarkable absence of so2
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Fig. 14 The block section
given to Donath.

Study conducted at the Institute of Pathological Anatomy of San Carlo
Borromeo Hospital in Milan, in collaboration with the director, R.
Schmidt and his assistant E. Schiaffino.

Osseointegration or “integrating bony ankylosis”

lutions of continuity at the interface level is evident.
This is demonstrated by the last image (250x) at the
highest magnification. Here we can clearly observe
that the integrating ankylosis of the cancellous bone

X

occurred on a surface that is actually far from being
smooth, as it has countless micro-undercuts.
Readers can find additional details in the figure captions (Figs. 17–31).
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Fig. 17 Histological section showing the metal of the sectioned needle (black), and the perfect bony ankylosis of the integrating bone in the
surrounding area (arrow). The clear areas represent medullar spaces. Even with a small implant surface the new bone
structure is very suitable for load bearing. Fig. 18 Another section at a higher magnification. Figs. 19-28 Progressive magnifications
with remarkable histological details. Fig. 29 This image shows perfect bony ankylosis, the circumferential architecture of the single
osteones, and the presence of osteocytes perfectly included within their niches (toluidine blue – 80x). Fig. 30 Interpenetration of the bone
tissue along the seemingly smooth surface of the needle (toluidine blue – 100x). Fig. 31 Section at 250x showing the perfect
osseointegration, and the countless micro-undercuts of the metal.
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Conclusions
The study of the block section of the smooth needle and surrounding tissue allows us to draw the
several conclusions.
1) It is not true that only buried implants can osseointegrate after months of passive housing below the mucosa.
2) Given their mechanical stabilization by means
of bicorticalized (or tricorticalized) components, partially buried and immediately loaded
implants also undergo successful osseointegration, giving the patient the benefit of wearing
temporary and definitive prostheses almost immediately.
3) When properly placed in a tripod or bipod fashion, or as support for other types of implant,
smooth metal needles can also counteract great
stress and traction, even when their bodies are
set mainly within the cancellous bone above the
cortical bone that houses the needle tip.
There is no need to expound further on the histological patterns, as they are amply described in the
figure captions.
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Figs. 1–4 Courtesy of Carlo Zerosi, University of Pavia.

CHAPTER XI
in collaboration with Franco Rossi and Domenico Colombo

THE QUICK SCREWS

n rare occasions Tramonte’s self-threading
screw implants, like all cylindrical screws
with wide coils, can fail due to accidental
contact with lateral sections of compact bone
along the inserting tunnel. During the forced progression of the screw and after slight impaction of
the first thread against more compact bone,
which cannot be penetrated further, this generates two equally undesirable events:
1) deformation of the screw threads, leading to
compression, ischemia, and subsequent bone
and implant expulsion by resorption;
2) deflection of the long axis (core) of the implant, whose torsion can cause screw fracture
or change its direction toward softer cancellous bone, where the screw destroys the fragile bone trabeculae because of the elliptical
rather than circular progression of the implant
(due to the deformation of the core), thus

O

1

2

jeopardizing the chance of primary stability1.
These problems led to the invention of what have
come to be called “quick” screws, not just as an
alternative to the Tramonte screw implant, but as
a first attempt to overcome these obstacles (1979)
(1-9).
The quick screws are titanium implants with the
same profile as Tramonte’s steel tappers with a
central tapered core, designed to be inserted in
tunnels with a wider diameter than those prepared for the original self-threading screws.
Dubbed “quick” because they are placed without
a tapper, they have a sharp tip with a small outlet
channel, and are designed to continue for a short
segment past beyond the bottom of the preparation site in order to add stability, where needed.
The outlet channel does not add any pathological
stress and prevents the very dangerous expulsive
consequences of overscrewing, which acts like a

3

Fig. 1 The quick screws designed by Pasqualini and the self-centering drill (center). Fig. 2 The principle of the corkscrew effect.
Overscrewing and subsequent ischemia, necrosis, pain and expulsion. Fig. 3 The arrow points to the small outlet channel of the screw.

1

See Figs. 46–48 in Chapter 4, Part II, on the Tramonte screw.
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4

Fig. 4 The self-centering drill and two screws differing in length.

5

7

6

8

11

corkscrew inside the bone (Figs. 1-3).
The housing tunnels, which have a larger diameter (0.1-0.2 mm) than the cores of the quick
screws, are prepared with a series of four selfcentering drills with a triangular section and progressive diameter (1.1, 1.6, 2.1 and 2.6 mm).
The drill tips have sharp cutting edges and
beveled flanks. Since the latter do not exert any
cutting action, they cannot deform the tunnel
walls (Fig. 4).
During preparation of the implant site, it is critical to use all the self-centering drills with increasingly larger diameters. This fully exploits the distinctive characteristics of the sharp triangular tip,
avoiding the risk of bone overheating due to excessive pressure or changes in the direction of the

9

12

10

13

14

Fig. 5 The surgical bore made with a self-centering drill. Fig. 6 Correct placement of the screw and detail of its sharp tip, which adds
stability upon contact with the cortical bone. Fig. 7 Traumatic loss of the upper incisors (1985).
Fig. 8 Flap detachment and view of the surgical field. The arrow points to an area with severe post-traumatic bone resorption.
Fig. 9 A self-centering drill creates the first segment of the surgical groove. Fig. 10 Quick screw right after placement.
Fig. 11 Another screw placed in the avulsed lateral incisor area. Fig. 12 The self-centering drill in the contralateral incisor socket.
Fig. 13 Implant placement. Fig. 14 The arrow points to the placement direction of the last screw.
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15

16

18

19

20

21

22

23

XI

17

Fig. 15 The screw in place. The self-centering drill is on the right. Fig. 16 The area with bone defect is filled with non-resorbable
hydroxyapatite granules, which will prevent the flap from collapsing onto the area (1985). Fig. 17 The suture. Concomitant severe mobility
of the lower incisors (arrows). Fig. 18 Immediate provisionals at surgery completion (1985). Fig. 19 The patient’s smile.
Fig. 20 Ten days after surgery. Fig. 21 Healing of the soft tissues at 40 days after surgery. Fig. 22 The 4 implant abutments and
the fractured gold-porcelain crown due to trauma (circle). Fig. 23 The prepared abutments before impression taking.

initial tunnel, which is made with the thinnest
drill (probe drill) after the first intraoral X-ray
(Figs. 5-14).
If the surgical tunnel does not meet the requirements (note that the diameter of the first self-centering drill is 1.1 mm), the tunnel trajectory can
easily be modified without any further damage to
the bone.
The tip and the smooth flank of this drill, which

24

25

is quite different with respect to the helical types
commonly used in implant surgery, can be decisive - in a positive way - in the event of accidental perforation of the mandibular canal and possible contact with the inferior alveolar nerve.
Nerve contact, which produces a sensation similar to being pricked by a needle, can cause temporary paresthesia but not the permanent lesions
caused by the use of rotating spiral instruments.

26

27

Fig. 24 Placement of the single gold-porcelain crowns. Fig. 25 The finished case (1985). Figs. 26, 27 Radiographic checkup.
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28

29

31

32

35

30

34

33

36

37

38

Fig. 28 The final smile. Fig. 29 Appearance of the mucosae and the crowns (2007). Fig. 30 Detail. Note the gingival stippling.
Fig. 31 The X-ray confirms the optimal stability of these implants and subsequent rehabilitations performed with other types on implants over
the course of 22 years. This was possible thanks to the methodical checks of centric and dynamic occlusion. Fig. 32 Radiographic detail of
the quick screws (April 18, 2007). Fig. 33 The histological behavior of these single-step screws is confirmed by the study of the block
sections reported in the book by Andrea Bianchi, Francesco Sanfilippo, and Davide Zaffe Implantologia e implantoprotesi. Basi biologiche.
Biomeccanica. Applicazioni cliniche. Fig. 34 Detail of the previous image at a higher magnification, showing the titanium thread
flange that has been bent back. Even around the thread defect, the bone pattern looks uniform.
Fig. 35 The bone tissue surrounding this thread of a single-step screw has been perfectly adapted. Note the thin layer of lamellar bone
above a first layer of interwoven fibers in direct contact with the implant surface. Fig. 36 Cancellous bone compaction. The screw removed
after many years of service shows significantly denser bone tissue around it.
Fig. 37 Close-up of the previous image after 12 years of prosthetic loading. Fig. 38 The same thread viewed under the SEM.

The quick-screw implants, composed of five
threads, are manufactured in three different
lengths (13, 16, and 21 mm up to the neck), corresponding to the notches carved on the self-centering drills (Figs. 15-23). They can be used as a
first-choice implant, but are particularly indicated when, during placement of other types of
screws, one encounters - or expects to encounter
- an obstacle along the tunnel, represented by
cortical bone that can deflect the screw trajectory
(Figs. 24-38).
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The MUM mini-implants
Quick screws reduced the rate of failures (rare as
they may have been), but they did not completely overcome the drawbacks described above
Despite their tapered profile, they sometimes ran
into problems similar to those observed with
cylindrical screws when the wider coils hit the
side wall of compact bone.
Studies were conducted based on mechanical
principles, using screws with different profiles ac-

The quick screws

cording to the material into which they are inserted. Therefore, “wood” screws with wide coils are
used for softer materials, whereas “iron” screws,
with less prominent threads, are employed for
very hard materials. These observations made it
possible to design threaded implants with smaller coils, named MUM, an acronym devised from
the initials of the first names of the professionals
who designed them in 1983 (Mimmo Colombo,
Ugo Pasqualini and Marco Pasqualini). Patented
in the United States in 1987, they can also be
used to screw in two-step abutments (Figs. 39,
40).
The real innovation of this type of implant is represented by the thin thread, whereas preparation
of the bone insertion tunnel is the same and is
performed using self-centering drills with a diameter larger than the implant cores. Consequently,
the thinner and smaller threads of the MUM implants are always inserted into bone tunnels larger than their shank, and they penetrate the compact bone walls only marginally, without causing
any deflection or secondary pathological compression.
The diameters of the MUM implant cores are respectively 1.5-2.0 and 2.5 mm, whereas the outer diameters - including threading - are respectively 2.1-2.6 and 3.1 mm. The diameters of the
self-centering drills are respectively 1.1 (probe
drill to assess the distance to the opposite cortical
area), 1.6, 2.1 and 2.6 mm.
The initial unthreaded portion is directional,
while the final part (neck), also unthreaded,
adapts itself perfectly without any compression,
even when placed between the closer walls of
very thin ridges, from which the implant emerges,
surrounded by adequate mucous tissue (Figs. 41,
42).
Implant screwing is always performed manually
using a special hand wrench. The implant core
advances without compression against the tunnel
walls, which are 1/10 mm larger, while the
threaded portion carves the bone to a depth of
just 0.25 mm.
Tapping is advised only in the frontal area of very
atrophic and compact mandibles (Figs. 43-46).
The MUM implant with core of 1.5 and 2.0 mm
should always be bicorticalized and, if necessary,
joined with similar implants or deep balancing
needles by means of intraoral soldering. This
makes them very strong, immediately stable, and
able to withstand the immediate load of single
and multiple temporary prostheses.
The MUM implants must be acknowledged as the
forerunners of the now-numerous family of what

XI

40

39

Fig. 39 The U.S. patent for the MUM mini-implants (1987).
Fig. 40 Original drawing.

41

42

Fig. 41 Demonstrative anatomical sections of the ideal site for MUM
implants: thin bone with close-set cortical walls.
Fig. 42 Three MUM implants with different diameters (arrows) and the
drills used for their placement.

43

45

44

46

Fig. 43 The implant shapes used for the treatment of the following
case. Fig. 44 Panoramic X-ray. Fig. 45 The flap opening
shows severe bone atrophy. Bone grafting procedures were not very
common nor commonly advised at the time (1990).
Fig. 46 Placement of the first MUM mini-implant with
a stabilizing needle.
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47

49

48

Fig. 47 The surgical technique employed in this case of edentulism: a MUM implant with a diameter 2.1 mm and a stabilizing needle
with a diameter of 1.3 mm. Fig. 48 After completion of surgery.
Fig. 49 Radiographic checkup and the reinforced provisional (palatal view), cemented right after surgery. Note the bicorticalism,
deep balancing with stabilizing needles, and intraoral weldings.

have been termed mini-implants, as for all practical purposes they are indeed “mini” (10-12).
Unsurprisingly, as was the case with all the onestep implants, they were immediately criticized
by the mainstream science of the era, which categorically recognized only the validity of two-step
implants, which were passively buried and
shielded from external stresses, deeming singlestep implants to be obsolete and immediate loading unfeasible.
Time has fully proved the unquestionable validity of immediate loading, which has now been
unanimously recognized by the international scientific community (13-16). This favored the advent of several mini-implants proposed by a number of manufacturers. This is a source of immense
satisfaction and it legitimizes the innovativeness
of the MUM implants (Figs. 47-55).
The quick screws in the upper maxilla and miniimplants in the front area of the mandible between the mental foramens can also be employed
as first-choice implants for immediate loading
(17) (Figs. 56-60). This technique guarantees a
high success rate, but must be employed by following a strict operative surgical protocol that can
be divided into four steps.

Step 1. Number of implants
In a single session, it is advisable to place as many
implants as possible, corresponding to the number of the missing teeth (18, 19).

Step 2. Primary stabilization
All implants must reach and penetrate the deep
cortical bone in order to achieve the bicorticalization that determines primary stability (20, 21).
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50

51

52

Fig. 50 Provisional in centric relation occlusion at
suture removal (10 days).
Fig. 51 Definitive gold-porcelain prosthesis made with
two bridges joined by an inlay, due to the need to
compensate for implant inclination, which did not
permit the insertion of a single bridge.
Fig. 52 The finished case (1990).

The quick screws

53

54

XI
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Fig. 53 Lower edentulism was solved with a blade connected to the existing prosthesis
Fig. 54 The patient’s smile (1990).
Fig. 55 The orthopantomography shows marked horizontal atrophy in localized sectors, due to the functional loads on an extremely
reduced bone substrate. The patient has been wearing the same prosthesis for 18 years (2008).

56

57

58

60

59

Step 3. Immediate splinting
Extremely strong and stable splinting of the implants can be obtained using a titanium supporting bar with diameter of 1.2 mm that is placed
palato-lingually with respect to the implants, set

Fig. 56 Self-centering drill (left) and MUM implant (right).
Fig. 57 Edentulous site ideal for the placement of a MUM
implant.
Fig. 58 Correct placement in very compact bone.
Fig. 59 The third MUM implant placed and a follow-up X-ray.
The included premolar (arrow) is asymptomatic.
Fig. 60 The three single crowns on implants.

on the mucosa without any compression and
welded to each implant with the intraoral solder.
The supporting bar must be placed so that the
emerging pre-prosthetic abutments of the implants are free in the oral cavity (3, 22-26).
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Step 4. Temporary prosthesis
During the same session a temporary resin prosthesis is applied immediately: it must have correct
height and be occlusally balanced, without interfering with the static and dynamic equilibrium
(27).
The ideal screws for the upper maxilla are those
with wide threads, as they can provide greater
stability when inserted into bone that is not particularly compact.
The ideal screws for the central mandible area instead have narrower threads that can better penetrate this highly mineralized bone without compressing it. Their shape resembles the iron screws
employed for very compact materials.
The MUM implants, and Garbaccio’s screws offer
these features.

“Deep balancing” of the implant
In terms of resistance to static and dynamic occlusal stress, the one-step implants can also exploit the supporting structures that, joined together, are able to distribute stress across a broader surface.
A natural example can be found in the morphology of molar roots, which are designed to bear
most of the static stress of mastication and deglutition. In addition to being in a region of compact bone, these teeth also distribute the load
across areas that are broader than their occlusal
surface2.

61

Fig. 61 Deep balancing of a screw with a diverging needle
replacing an upper premolar.

2
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Deep balancing of the implant is achieved by infixing a needle that diverges with respect to the
axis of the main implant, which must reach and
penetrate the cortical bone deeply and be soldered to the screw at the point where it emerges
from the bone (Fig. 61).
Titanium needles (Scialom) with diameters of 1.1,
1.2, and 1.3 mm are used as the supporting structures of screw implants, quick screws and especially the MUM mini-implants. They must be
placed so that they diverge with respect to the
screw and must be pushed deeply until they
touch and penetrate the cortical bone. They must
then be soldered to the screw at the point where
they emerge from the bone, using Mondani’s intraoral solder: this is the only way that they can
exert their stabilizing effect.
In addition to increasing resistance to static and
dynamic stress, deep balancing also exerts a
counterclockwise action and provides great immediate primary stability due to the cortical support.
This prevents dangerous micromovements of
more than 150 microns, as they are particularly
harmful and can potentially inhibit osseointegration of the implants (28, 29).
Deep balancing is particularly useful for all single-tooth implants (including post-extractive
ones and those placed in poorly mineralized
bone) that will be loaded immediately. For example, we can cite post-extractive implants placed in
shallow sockets, in which it is virtually impossible to achieve immediate primary stability. Thus,
they cannot be loaded immediately without deep
balancing.
Even when dealing with particularly thin ridges,
when augment surgery is impossible or undesirable, MUM mini-implants (with a smaller diameter of 2.1 and 2.6 mm) are feasible.
These implants are particularly effective because
they are placed between the two close cortical
walls (buccal and palatal or lingual) and, as a
rule, they are supported by the deep cortical
bone. This represents the ideal bone for implants
with very small core diameters, which can withstand static and dynamic masticatory stress for
years without undergoing stress fractures (3032), as long as an adequate number is inserted
and protocol is followed.
In all of these cases, deep balancing - stabilization
by means of needles - ensures increased resist-

See Chapter 6, Part I, on centric occlusion contacts of U. Pasqualini, Le patologie occlusali. Eziopatogenesi e terapia. Milan: Masson, 1993, pp.
43–56.

The quick screws

ance that can withstand the test of time.
The front sector of the mandible is composed of
very compact bone. The screws placed into this
type of bone may sometimes be expelled due to
necrosis, as the tissue is overly compressed by the
screwing action and suffers reduced venous and
lymphatic flow. In these cases, it is advisable to
prepare osteotomies larger than the implant cores
in order to avoid compression.
Deep balancing of screws inserted in tunnels
wider than their core (to avoid ischemia of the
walls) ensures the implant stability required to
achieve osseointegration even with immediate
loading3. This assures:
❚ an antirotational function;

XI
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❚ immediate loading;
❚ primary stability;
❚ greater resistance to static and dynamic stress.
The screw exploits deep balancing when it is used
as a double substitute implant for multi-rooted
teeth. Deep balancing can be obtained by soldering one or two diverging needles to the abutment,
or by joining the abutments of two adjacent
screws to form a single block.
The figures exhaustively illustrate the surgical
technique as well as the long-term outcomes of
this implant method, which is specifically designed for immediate loading.

63

First example
Rehabilitation with immediately loaded implants
in the completely edentulous upper maxilla of a
46-year-old male patient (Fig. 62).
Bone loss in the front area is evident in both
height and width (Fig. 63). Implants were inserted according to the protocol (Fig. 64), with immediate placement of a temporary resin prosthesis that had the correct vertical height and was
occlusally balanced (Fig. 65).
Due to the minimal bone thickness, implants
with a smaller diameter were placed (MUM miniimplants) in the front sector; the thread diameter
ranged from 2.1 to 2.6 mm.
A bicorticalized needle was inserted besides the
mini-implants for reinforcing purposes. It was
placed in the bone with a slightly divergent axis
with respect to the main implant, but parallel to
the abutment emerging into the oral cavity (for
prosthetic needs); it was then welded with Mon-

3

64

65

dani’s intraoral solder, thus achieving deep balancing.
In addition, two implants placed in the right and

See Figs. 21 and 22 in Chapter 9, and Figs. 1–24 in Chapter 13.
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66

69

72

67

68

70

71

73

left maxillary tubers, respectively, made it possible to bypass the large maxillary sinuses (Fig.
66).
The exceptional stability of the implant permitted
good healing of the soft tissues (Fig. 67); the definitive gold-ceramic prosthesis was placed after
three months (Fig. 68).
The panoramic X-ray (dated 1993) demonstrates
the good status of the bone tissue, with no signs of
resorption cones around the implants (Fig. 69).
Figure 70 shows the palatal image of the supporting bar. The prosthetic crowns rest on the bar
without covering it. These conditions clearly facilitate correct oral hygiene.
The picture taken at the eleven-year follow-up also shows two new crowns on the lower canines
(arrows) (Fig. 71). The OPG X-ray, also taken 11
years later, confirms healthy bone conditions
with no signs of lesions (Figs. 72, 73).
Scrupulous periodic checks of the occlusion (using both very thin articulating paper and “Red Indicator” dry self-molding varnish) and of oral hygiene conditions are imperative in such cases.
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Fig. 72 Orthopanoramic of the
finished case (1996).
Fig. 73 X-ray 11
years later (2007). Note
the gold-porcelain
crowns on the lower
canines.

Second example (Figs. 74-85).

74

75

Fig. 74 Female subject, age 67, with a total upper prosthesis
with residual roots in an expulsive phase (2000).
Fig. 75 Panoramic X-ray.

The quick screws
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Fig. 76 The number of implants placed in a single session should correspond as closely as possible to the number
of missing teeth. In this case 14 fixtures were placed: 4 post-extraction implants, and 10 implants with the flapless
mini-invasive technique (Step 1 of the protocol). All implants must reach and penetrate the deep cortical bone to achieve the
bicorticalization that determines primary stability (Step 2 of the protocol). Fig. 77 Immediate splinting is performed
with a titanium supporting bar with a diameter of 1.2 mm, set on the mucosa without any compression and welded to each implant
by means of the intraoral solder (Step 3 of the protocol). The supporting bar must be placed so
that the emerging pre-prosthetic abutments of the implants is free in the oral cavity.
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Fig. 78 A resin provisional restoration is immediately applied during the same session.
It has a correct height and is occlusally balanced, without interfering with static
and dynamic equilibrium (Step 4 of the protocol).
Fig. 79 The panoramic X-ray shows incomplete healing of the post-extraction sockets (5 weeks).

80

81

Fig. 80 Correct positioning of the supporting bar and abutments before cementation of the definitive prosthesis.
Fig. 81 X-ray of the finished case. Reparative osteogenesis is complete (90 days). These data are particularly interesting
because they demonstrate that immediate loading on very stable implants (as per protocol)
not only fails to cause bone resorption, but also allows bone regeneration even in the extraction areas.
Note the spaces between the crowns.
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83

82

Fig. 82 Correct positioning of the abutments and the spaces between them makes it possible to place a definitive gold-porcelain
prosthesis that respects oral physiology, without compressing the soft tissues (2000). Fig. 83 As shown, good oral hygiene can
be maintained even when there is a titanium supporting bar.

84

85

Fig. 84 Follow-up at 7 years. Note the attractive appearance of the mucosae (2007).
Fig. 85 The OPT taken 7 years later (2007) shows the good condition of the bone around all of the implants. The mandible was
rehabilitated in 2002 with a fixed prosthesis on implants, selected according to the different bone sites.

Third example (Figs. 86-93).

86

87

88

89

Fig. 86 Severe damage of the upper arch teeth of a patient with occlusal trauma. Note the single-tooth crossbite relation of the
canine, on the right side (1995). Fig. 87 Panoramic X-ray. Fig. 88 The 9 implants placed in a single session. The distal
implants on both sides are constituted by two soldered screws, to replace the multi-rooted teeth.
Fig. 89 The temporary resin prosthesis, which was loaded immediately.
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90

Fig. 90 Occlusal checkup with
the Pasqualini stopper following
definitive gold-porcelain prosthesis
cementation. The 2.4 shows a
premature contact that must be
eliminated.
Fig. 91 Cemented definitive
prosthesis in occlusal balance.
Fig. 92 Orthopanoramic of the
finished case (1995).
Fig. 93 Detail of the double
substitute implants for the multirooted teeth.

91

92

XI

93

Fourth example (Figs. 94-109).

94

95

96

97

98

99

100

101

102

Figs. 94, 95 Severely compromised mouth of a 42-year-old man, where the upper canines have migrated to the sites of the lateral
incisors, due to agenesis. Fig. 96 The OPT X-ray shows the serious prosthetic mistake that was made by using two extension bridges to
replace the canines. These prostheses, now mobile, do not allow the lateral disclusion. Fig. 97 Placement of two single immediate loading
implants on the canines (1993). Fig. 98 Healing of the soft tissues guided by the provisional crowns.
Fig. 99 The OPT X-ray shows the canine implants. They consist of a pair of bicorticalized MUM screws that were welded together.
The X-ray shows other paired screws in the upper and lower molar regions.
Figs. 100-102 The implant’s emerging abutment before placement of the definitive prosthesis.
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103

104

106

107

108

109

105

Figs. 103-105 The single
gold-ceramic crowns replacing
1.3 and 2.3 are cemented. Note
the good and healthy appearance
of the peri-implant gingiva.
Lateral disclusion is correctly
provided only by the canines.
Fig. 106 The finished case
(1993).
Figs. 107,108 Pictures of
the prostheses at a checkup in
2007.
Fig. 109 After 14 years the
bone tissue is still intact around
all the implants, with no sign of
resorption (2007).

Fifth example4 (Figs. 110-122).

110

111

112

Fig. 110 A 67-year-old completely edentulous male patient. Insertion of 12 one-step bicorticalized screw implants in the upper maxilla: 7
Pasqualini screws and 5 Tramonte screws, splinted by means of soldered bar and immediately loaded with a temporary prosthesis (1996). In
the mandible were placed 12 two-step vented cylinder implants. Fig. 111 Close-up of the placement of the one-step screws in the
upper maxilla. Fig. 112 The two-step implants placed in the mandible.

4
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The photographs of this case are from Implantologia e implantoprotesi. Basi biologiche. Biomeccanica. Applicazioni cliniche by Andrea Bianchi,
Francesco Sanfilippo and Davide Zaffe. The book, published by UTET in 1999, is a very representative and exhaustive study of the behavior of bone
tissue surrounding all types of implants, both two-step and one-step.
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113

116

114

117

XI

115

118

Fig. 113 Orthopanoramic of all the inserted implants (1996). Fig. 114 Healing of the soft tissues around the one-step screws splinted
with a titanium bar. Fig. 115 Upon completion of osseointegration, the splinting bar can be removed, and the implant abutments prepared
and parallelized with a carbide bur mounted on a turbine handpiece. Fig. 116 The two definitive gold-porcelain prostheses immediately
after placement (1996). Fig. 117 Orthopanoramic of the finished case (1996). Fig. 118 The same case 11 years later (2007).

119

120

121

122

Conclusions
All colleagues who employ the intraoral solder apply deep balancing to screw implants in cases similar to those presented here and in many other clin-

Fig. 119 Detail of the good
condition of the soft tissues after so
many years, demonstrating the
optimal status of the underlying
bone.
Fig. 120 The OPG confirms the
stability of both the two-step
implants and the screws, with no
bone resorption. This demonstrates
that the prosthetic functionalphysiological loading is successful
regardless of the type of implant
employed (2007).
Figs. 121, 122
The maintenance of long-term
stability determined the specific
and optimal peri-implant
morphostructural bone
organization, which can withstand
high-intensity stress (2007).

ical situations. This even makes it feasible to treat
cases that would be impossible to solve with any
other technique.
The definitive prosthesis can be placed in furcation
areas, with optimal and enduring aesthetic results.
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This contradicts the mistaken conviction that in implantology bi- and/or trifurcations are harmful for
the periodontium (see the cases described here) (8,
83).
Deep balancing immediately stabilizes the implants
by means of strong mechanical osseointegration
that allows immediate cementation of the temporary prosthesis, also favoring enduring biological
osseointegration, with all the benefits that ensue.

Remarks
There is a risk that screws placed in the compact
bone of the frontal section of the mandible can be
expelled due to tissue necrosis, since the tissue
might be overly compressed by the screwing and
suffer reduced venous and lymphatic flow. The
deep balancing of screws placed in tunnels wider
than their core does not cause ischemia of the bone
walls and increases the chances of bone regeneration inside the “voids” thanks to the immobilization
and stabilization provided by deep balancing.
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in collaboration with dr. Luca dal Carlo

THE GARBACCIO
BICORTICAL SCREWS

he concept of screw bicorticalism, introduced by Dino Garbaccio in the early 1970s,
represents another step forward in the evolution of implantology. The need to reach the cortical wall opposite the needle insertion site had already been suggested by Scialom (1-6), but no one had
ever applied this principle to other types of implants.
Garbaccio must also be credited with other concepts, including:
1) the use of Torpan drills to prepare the tunnel
(Fig. 1), as they:
a) do not overheat the bone since they act like
the blades of a rotating scalpel1;
b) allow the oral surgeon to perceive the different resistance between compact and cancellous
bone, making it possible to stop the drilling and
then the progression of the screw precisely at the
compact wall surface of the deep cortical bone;
2) screws composed of an initial smooth pointed
segment referred to as a nosepiece (Fig. 2),

T

2

which acts as a guide.
The threads, which vary in number, start under the
smooth segment and have progressive diameters.
The helical blade forming the threads has longitudinal notches that, by creating two cuts for each
thread, penetrate the tissue while simultaneously
removing bone fragments (Fig. 3).
After the threads, the screw continues with a
smooth flank with a diameter of 2.25 mm, ending
with a quadrangular portion used to connect the in-

3
1

1
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The comparison was made by Garbaccio himself.

Fig. 3 Close-up of the sharp thread.

The Garbaccio bicortical screws

4

5

Fig. 4 Garbaccio’s principle of bicorticalism.
Fig. 5 The Garbaccio screws.

strument employed for manual placement2 (Figs. 4,
5). With his consent, we have quoted passages from
Garbaccio’s first publication on the self-tapping bicortical screw. The article, which uses less technical
terminology than what is employed today, is nevertheless clear, direct and didactic.
I am presenting this screw after years of testing, convinced of its validity.
The design is based on two principles:
1) bicortical stabilization,
2) protection of the healing processes.

Bicortical stabilization
From a biomechanical point of view the permanent stabilization of the endosseous artefacts should benefit
from the compact support structure situated on the external surface of human bones. The mandible and the
maxilla are no exception. The central spongy bone tissue has less retention and stabilizing capabilities and it
is formed by few trabeculae, poorly mineralized, immersed in abundant medullar spaces.
In 1972 Pasqualini had already proven that the majority of the implant failures “of unknown aetiology”
where surgical error serious general illnesses and occlusal imbalance had been excluded, were due to the
poor retention capability of the medullar tissue, both

2

3
4

XII

during the delicate reparative osteogenesis period, and
the following loading phase (7, 8).
For these reasons I designed a screw that, due to its peculiar morphology, constantly exploits the principle of
the bicortical support, taking advantage both of the resistance of the compact superficial occlusal layer and
the resistance of the opposite compact layer: the sinus
plate or the compact plate of the palatine bone in the
upper jaw, or the compact shell of the lower jaw before
the mental foramen (9, 10).
The bicortical support obtained as such is not accidental as sometimes occurs during placement of some implants, but deliberate and constant.
One limitation is represented by the distal mandibular
areas, where reaching the lower cortical will entail the
risk of lesions of the mandibular canal. . . . The systematic exploitation of bicorticalism allows the rational use
of the maximum biomechanical stability, with virtually
no occurrence of failure.
The screw I am presenting has a particular shape,
which will be described in the next paragraph devoted
to the protection of the healing processes.
I must point out that this shape was also designed to
permit rapid achievement of bicorticalism without the
surgical risk of incorrect placement.
The self-tapping bicortical screw does not require the
use of tappers, and it is directly and permanently
placed inside the bone tissue following preparation of
a small tunnel made with a single drill (Torpan Maillefer, diameters 1.2 mm and 1.3 mm). With this drill the
operator can perceive the different consistency of the
various bone layers. After the resistance encountered in
the compact occlusal layer, the drill easily penetrates
the underlying cancellous layer (which practically poses no resistance) giving the operator the sensation of
advancing in an “empty” space. When the drill tip
meets the distal cortical bone, the operator immediately feels its resistance and must stop advancing the drill.
At this point, the drill (or the hand graduated drill) extracted full of blood will give a perfect evaluation of the
depth reached which will be compared to the screw
shaft, where a reference notch will be made3,4. . . . The
screw is then placed in the tunnel created by the drill,
with no need for further drills with progressive diameters or tappers . . . .
Another visual check, in addition to tactile sensitivity,
is given by the notch made previously on the drill shaft,
which should be at the external mucosal surface level

For a description of the surgical placement of the Garbaccio screw, with the detailed steps and instruments, see the website:
www.garbaccio.it.
By making a small notch with a bur or marking it on the shaft (which must be dry) using a wax pencil.
Garbaccio makes a reference notch on the smooth portion of the screw using a bur mounted on a high-speed handpiece, but an indelible marker can
also be used (being sure to dry the area first).
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when resistance is felt. The bicorticalism, which blocks
the screw between the two compact cortical walls on
both sides, favors definitive consolidation by means of
reparative osteogenesis, thus protecting the “quiescent
state” already indicated by Pasqualini5 as indispensable
for good reparative osteogenesis of the surgical grooves
made for implant placement.

The author describes the other features of the bicortical self-threading screws that contribute to increasing initial stability:
1) minimal tissue trauma, due to the small and thin
smooth apical portion, which guides the threads
along the primary tunnel created by the drill accurately, avoiding friction, fractures and the creation of false routes;
2) the shape of the threads with progressive diameters, each of which broken up by two sharp
notches, which penetrate the bone tissue without compression, thus creating an incision
wound in place of a lacerated and contused
wound, unlike other types of screws.
Healing is fast, with few painful side effects, and no
areas of bone resorption. According to Garbaccio,
the two notches carved on each thread ensure that
the screw will be blocked and cannot be removed
after healing.
Elimination of the tappers, permitted by the unique
screw morphology, ensures exact positioning of the
screw even when the threads are temporarily externalized as they go through a superficial area of very
thin bone, given that further progression of the
screw will house them properly in a wider and
deeper bone area. The operating technique is worth
discussing.
During closed surgery6, which is the author’s preferred approach, Garbaccio performs superficial
anesthesia with a few drops of anesthetic injected
with the Peripress syringe, invented by Americo
Colombo of Como (11-14), into the submucosal
periosteum below the drill insertion site. This procedure, which nevertheless produces immediate
anesthesia that will last throughout the operation,
helps reduced surgical trauma (15).
Before placement of the bicortical screw the author
advises checking the width of the first portion of
the tunnel - widened by oscillating the drill in order to house the last portion of the screw shaft - using an instrument that he named “tunnel check.” Its
5
6

7
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diameter is slightly bigger than that of the end of
the screw shaft, in order to avoid the risk of harmful compression of the bone walls by the rotating
pressure required to deepen the implant, following
a manual check of a sufficient “safety margin” of the
tunnel.
Recently he also added a manual instrument to his
toolkit (the “hand graduated drill,” which reduces
the risk of error as it turns counterclockwise) in order to adjust tunnel roundness after drill oscillation.
The toolkit also features a series of hand drills, and
an excellent cardan joint key, which makes it possible to screw the bicortical implants in a distolingual
direction (16-26).

The histological behavior
of the tissues integrating
the Garbaccio screws
The histological examinations of the behavior of
the tissues integrating the bicortical screws, performed by O. Sarnachiaro, O. Bonal, E. Grato
Bur, and A. Vaamonde at the Histology Department of the Dental College, and the Primates Research Institute (both of which are part of the
University of Buenos Aires), confirmed that, following screw removal, the bioptic specimens
demonstrated several aspects.
1) The soft tissue sections harvested at the screw
neck had a physiological pocket of approximately 1.5 mm, similar to those found around
the neck of healthy human teeth.
2) The deeper sections exhibit a “constant hermetical continuity mirroring the shape of the
screw and its osseointegration7”.
3) The perfect apposition of healthy newly
formed bone, both compact and cancellous,
can be observed around all the metal structures of each screw, without the interposition
of collagen fibers.
The authors added a series of specimens at 400x
collected around the unthreaded segment of the
shaft, around the threads and at the short smooth
apical portion. These additional specimens also
demonstrate the perfect osseointegration that in-

See Chapter 8, p. 115.
We mentioned our reservations in Chapter 4, Part II, although we are well aware that flapless surgery prevents pain and swelling, and promotes very
fast healing of the transfixed tissues.
From the publication of Sarnachiaro, Bonal, Grato Bur and Vaamonde.
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Figs. 6-9 Longitudinal sections of various implant areas with the integrating tissue (Cebus Apella). Masson’s trichrome stain; planar
magnification (Figs. 6, 7). PAS staining. 1: implant area. 2: newly formed peri-implant bone. 3: pre-existing bone (Fig. 8).
Close-up of the implant spiral (Masson’s trichrome stain – 400x) (Fig. 9).

carcerated the screws with no interposition of fibrous tissue (Figs. 6-9) (27-29).
Fascinating histological documentation comes
from the autopsy specimen of the mandible of a
75-year-old woman in whom the Norwegian dentist Damal Johan Nyborg placed six bicortical
screws to support a gold-resin bridge of ten
crowns on March 10, 1980. The mandible was removed in toto from the skull of the patient, who
died 10 years later (February 15, 1990).

The specimen was fixed in formaline (Fig. 10)
and sent to Karl Donath at the Department of
Oral Pathology of the Eppendorf University Hospital of Hamburg; Donath is famed for devising
the revolutionary histological technique that allows the concomitant sectioning of the implants
and their including tissues in very thin layers
(Figs. 11-20).
The specimens confirmed that, after a decade of
service, the bicortical screws maintained an ex-

10
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17
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20

Fig. 10 The mandible explanted (postmortem) from a female patient with six immediately loaded bicortical screws,
after 10 years of service. Figs. 11-20 The block section series performed by Donath, which proved the absence of connective
tissue at the bone/implant interface (toluidine blue).
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cellent histological profile at the peri-implant
mucosal seal and correct osseointegration within the bone tissue in which they had been
placed (30).

the potential risk (nonexistent, but always viewed
as such by anyone undergoing a surgical procedure) is over.

Clinical uses
Practical application
of the Garbaccio screw
The insertion technique of the Garbaccio bicortical screws was described and updated by the inventor himself in the 1980s. Two new types of
screws were also designed during this period:
1) the screw for distal lower edentulous areas fitted with a longer nosepiece (diameter 1.2 mm)
to ease insertion in the small space between
the two cortical bones and the mandibular
canal, and avoid the risk of nerve damage by
the threads;
2) the screw for the tuber area, with a longer tip
(nosepiece) which increases the screw length
to 35 mm and has a diameter of 5.5 mm.
The use of very thin drills, such as the Maillefer
type employed in flapless surgery, is based on the
premise that minimizing surgical injury is crucial.
Over the years, the shape of the threads was also
perfected to permit effective distraction of the
bone tissue cut in a centripetal fashion (toward
the surgical bore), thus employing the cut trabeculae - which would otherwise be lost - as an allograft.
Nevertheless, the Garbaccio screws became so
widespread and were employed in so many different situations that they were successful even in
cases where the conditions were not ideal for
blindly using the original Garbaccio technique.
Often, especially when speed is of the essence,
such as cases in which multiple implants must be
placed in a single surgical session, the sequence
requires the execution of a small superficial hole,
the use of a non-traumatic drill of 2.5 mm inserted up to the working length (corresponding to
the deep cortical bone), and the insertion of an
implant at the same depth. This procedure ensures a pace that makes it possible to complete
surgery without overtiring the patient. As the patient gradually realizes that the implants have
been placed, he/she feels a sense of relief and regains energy.
The subsequent steps, which are useful for the
immediate loading of the implants, are sometimes
laborious, but at the end of the surgery they are
easily endured by the patient who, although tired,
is aware that the surgery has been completed and
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The Garbaccio bicortical screw can be used in
cases of healed edentulous ridge, but also as an
immediate post-extraction implant. It is an exceptionally versatile implant that, when used based
on the proper surgical and prosthetic indications,
provides sure results even when immediately
loaded.
It also promptly solves problems of parallelism,
as the abutment can be bent during surgery. This
feature is particularly important because it permits placement of prostheses with a correct bucco-lingual volume, avoiding dangerous stress on
the implants due to tongue expansion. In fact,
incorrect positioning of the abutment can lead to
the manufacture of a prosthesis that is too big on
the side where the abutment is tilted, with an
overcontour on the opposite side. This problem
must be noted promptly if the implant is going
to be loaded immediately with a temporary prosthesis. Concerning the importance of addressing
the problem immediately, refer to publications
that specifically discuss the effect of the tongue
on the osseointegration of endosseous implants
(31-33). One of these reports notes: “The effect
exerted by the tongue can be reduced by modeling the temporary prosthesis placed on the implants in such a way that the volume occupied
inside the oral cavity is lower than that of the
previous teeth. The tongue, in fact, exerts less
stress if its expansion was previously thwarted by
a larger volume” (33).
The Garbaccio screw is one of a kind due to the
ease with which the post can be bent. There are
two main reasons for this:
1) deep anchoring that is always strong and secure, deriving from the design of the apical
portion of the implant;
2) the use of Grade 2 titanium, a material now
rarely found on the market (2008). This screw
is designed so that the three, four or five apical threads anchor the implant deeply, while
the long shaft, which is more elastic than usual, permits:
a) absorption of the stress originated by occlusal and masticatory movements;
b) achievement of unparalleled osseointegration, due to the fact that, unlike other types of
implants, the metal’s modulus of elasticity is
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more similar to that of the housing bone. This
elasticity prevents fracture of the Garbaccio
screw, which - tellingly - is a very rare occurrence.
Implant bending can be performed with the same
insertion key or pliers for lower root extraction.
The “stump bender” designed by the author is
even better, as it permits more apical curvature.
Bending is easier with immediate post-extractive
implants, since the tunnel is deeper, the shaft is
longer, and the implant is also stabilized by the
lamina dura of the socket during bending (34).
Bending should be performed gradually and gently, moving in only one direction. It should be
stressed that the studies done with computerized
models, according to which the curvature was
predictive of fractures, do not take into account
that the procedure should be performed at the
surgical site (before osseointegration). Moreover,
the tract being bent (bending must be angular to
avoid cortical damage) is then integrated within
the bone. Consequently, later fracturing will not
occur, unless improper torsion was applied during surgery.
In fact, torsion caused by excessive rotation when
the implant is at the bottom of its insertion site is
much more dangerous. Such torsion occurs with
very dense bone, and when the indications about
the correct working length during drill insertion
have not been followed. With these screws it is also important to work systematically, even if they
are more “forgiving” than other types of implants.
If the implants are to be welded together with a
titanium wire (or bar) and Mondani’s intraoral
solder (35, 36), this volume should also be taken
into account, because when the wire or the bar
are placed lingually they increase the structure’s
lingual volume. In this case, the curvature should
be slightly accentuated buccally to avoid manufacturing an overcontoured prosthesis on the lingual side, which will create modeling problems
and food stagnation.

Speed of application
The Garbaccio screw facilitates the surgical procedure, as it is designed to find the tunnel extremely easily and permit subsequent engagement,
proceeding toward the bottom of the surgical site
without any obstacles (37, 38).
Rotation with the finger key does not interfere
with the tactile sensitivity required to detect unforeseen obstacles to screw penetration, which
could cause torsion of the implant neck. In fact,
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rotation of the 30-mm-long bicortical screw is associated with torques that Garbaccio had already
taken into account and solved before presenting
the screw.
Other monoblock implants with emerging screws
that are currently on the market continue to show
unsolved torsional problems, due to the design of
their spirals and the abutment size. Such features
can cause immediate or later fracture of the neck
if the implant encountered obstacles during deep
insertion. The obstruction of implant rotation is
often not perceived by the oral surgeon, who unfortunately continues to operate to reach the
working depth, leading to possible fracture of the
implant.
The usual solutions adopted by implant manufacturers to overcome these problems are high-grade
titanium and larger implant diameters. With this
approach, however, implant versatility is lost and
as a result its indications are also diminished.
1) A rigid implant is not suitable for areas with
elastic bone properties such as the first and
second lower premolar regions, as already reported in literature (39). The elastic deformation of the mandible was studied extensively
by many authors during the 1970s and 1980s
(40-49). Some of them tried to follow
mandibular flexion using cylindrical implants
with a large diameter, namely the IMZ implant
system. The ensuing solution, the “intramobile
element” made of Teflon, which was supposed
to cushion the implant/prosthesis interface,
was not very successful in clinical practice.
The use of low-grade titanium implants with a
smaller diameter - such as the Garbaccio screw
- is still the only viable solution for treating the
first and second premolar region, permitting
complete osseointegration of the endosseous
portion of the implant. With rigid fixtures
such as submerged implants, which must necessarily be made of high-grade titanium due to
the critical thickness at the implant/abutment
connection area, angular bone defects are regularly observed. This represents a lack of integration at the superficial areas, rather than resorption per se.
2) Very rigid materials make mechanical correction of parallelism impossible. The implant
must thus be perfectly aligned during placement, but this is not always possible.
The Garbaccio screw can be used to treat most
anatomical morphologies, making it an ideal implant both for neophytes as well as experienced
implantologists who want to supplement their
implant instrumentation.
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Naturally, there is also a drawback, namely the
small size of the abutment, which prevents the
application of prostheses with crown diameter of
more than 5 mm. This is why the Garbaccio screw
is ideal for the lower incisor area, and suitable for
the premolar and canine regions, but not for the
molar areas. For the latter, the type of implant
must be chosen on the basis of surgical and individual biomechanical parameters, opting for a
large diameter implant where possible.

Clinical cases
The following are documented clinical cases illustrating the use potential of the Garbaccio
screws.

replacement with a Garbaccio bicortical screw implant. Mechanical bending of the abutment and immediate loading with the crown of the extracted
tooth. Clinical and radiographic checkup a few
years after surgery.
The patient decided to keep the natural crown used
for the immediate loading of the implant.

Case three
Abutment bending
in the upper arch (Figs. 31-34)
Abutment bending in the upper arch (Figs. 31–34)
Placement of a Garbaccio bicortical screw implant
following extraction of the upper left lateral incisor, during complete rehabilitation of the upper
arch.
The Garbaccio screw was chosen in order to correct parallelism immediately; submerged screw im-

Case one
Lower incisors (Figs. 21-24)
Placement of three bicortical Garbaccio screws following the extraction of 4.2, 4.1 and 3.1, and immediate loading with a temporary prosthesis, followed by a definitive prosthesis. In the lower incisor region, the use of implants with a diameter of
2-2.5 mm was advisable to promote correct papillary architecture (50).
25

26

27

28

Case two
Lower incisors (Figs. 25-30)
Extraction of a mobile lower incisor and immediate

21

22

29

23

24

Fig. 21 Three Garbaccio screw implants placed following extraction
of three lower incisors.
Fig. 22 Appearance of the peri-implant mucosae after healing.
Fig. 23 Cemented definitive prosthesis.
Fig. 24 X-ray.
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30

Fig. 25 The mobile tooth 4.1.
Fig. 26 The linguoverted bicortical screw placed immediately
after extraction.
Fig. 27 Mechanical bending permits immediate parallelism
with the adjacent teeth.
Fig. 28 The temporary prosthesis cemented after surgery.
Fig. 29 The case at the three-year checkup.
Fig. 30 X-ray at 5 years.
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31

33

32

34

Fig. 31 Implant abutment before mechanical bending.. Fig. 32 Parallelism has been attained.
Fig. 34 OPG of the finished case.

Fig. 33 X-ray of the 1.2-1.3 area.

plants and a Pasqualini blade implant were used
for the rest of the arch (51, 52).

account the space taken up by the splinting wire, as
clearly shown in the photographs.

Case four
Complete lower prosthesis on implants with
a welded splinting wire (Figs. 35-40)
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Fig. 35 Eight Garbaccio screw implants were placed in the areas 4.4 -3.4. Note the linguoverted abutments.
Fig. 36 Correct parallelism.
Fig. 37 Soldering of a splinting wire and suture at the end of the surgery. The implants were immediately loaded with temporary prostheses.
Fig. 38 Appearance of the mucosae 3 months after immediate loading, during cementation of the fixed definitive prosthesis.
Fig. 39 Cemented definitive fixed prosthesis.
Fig. 40 OPG of the finished case.
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IMMEDIATE FIXED TEMPORARY
PROSTHESES AND DEFINITIVE
PROSTHESES ON IMPLANTS
Introduction
ll two-step implants require a consolidation
period that forces patients to remain edentulous or endure the discomforts (and risks) of
wearing temporary removable prostheses (1, 2).
Other types of implants, such as soldered needles
and self-tapping, bicortical, rapid and MUM
screws, can instead immediately offer the aesthetic
and functional advantages of fixed and immediate
temporary prostheses (3-7). With the exception of
very particular cases, patients are always discharged
with temporary fixed prostheses for cosmetic reasons, with no harm to the supporting implants. In
any case, the procedures should be performed respecting the static and dynamic occlusal principles
that are crucial for the stability of natural teeth, in
addition to the occlusal static principles applicable
to the “emerging” implants that have been discussed. In this section we will briefly examine these
principles, which have been extensively described,
demonstrated and discussed in Le patologie occlusali. Eziopatogenesi e terapia, which is recommended to readers who would like to learn more about
this science, as it is the cornerstone of dentistry as
a whole, including implantology.

A

Constructing fixed temporary
prostheses
Temporary prostheses on implants, as on natural
teeth, can be traumatic if they fail to respect static
and dynamic occlusal balance. We will summarize
basic and crucial recommendations for temporary
or fixed implant and prosthetic rehabilitation.

Front single-tooth implant1
The replacement of a single front tooth represents the
most “classic” implant indication. The immediate
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loading of front single-tooth implants requires comprehensive knowledge of occlusal physiology, which
can be summed up based on two indications.
1) No front tooth, including canines, should have
static contacts with the opposite teeth. These
contacts are pathological due to the different
loading direction with respect to the root inclination.
2) Premolars and molars are the only teeth that can
safely withstand static occlusal force, since they
distribute the load along the main axis of the
roots.
The purpose of the practical examples that follow is
to give the reader insight into these aspects. Patients
who have lost or are about to lose one or more front
teeth due to occlusal trauma frequently ask for temporary prosthetic rehabilitation, as in the case of the
typical patient shown in the following illustrations.
Replacing the tooth that is about to be expelled with
a single-tooth implant and crown placed without
previous occlusal rebalancing of both arches would
subject the new restoration to the selfsame expulsive
causes, thus slating the implant for failure.
Those who are unaware of the importance of occlusal balance would likely attribute failure to the
fact the single-tooth implant was not splinted to the
adjacent teeth or, as too often happens, to the fact
that submerged implants were not been employed,
and/or to microbial causes.
The following series of photographs (Figs. 1-24)
shows that, after removal of the premature distal
contacts leading to expulsion of the central incisor
by traumatic mandible translation, it was possible
1

In order to avoid repetitions and made the chapter easier to follow, the
term “single-tooth implant” is used broadly to indicate the
replacement of a single tooth both with a single implant or with several
implants joined to form a single prosthetic abutment (screw stabilized
with one or more needles, tripods made of needles, two screws).
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Fig. 1 Left upper central incisor in the expulsive phase (1984). Fig. 2 Radiographic validation. Fig. 3 Premature contacts in centric
occlusion after condylar repositioning in hinge axis. Fig. 4 The arrows point the premature contacts caused by malocclusion due to
previous extractions. Fig. 5 The premature contacts in centric occlusion prevent swallowing, and the mandible shifts forward in order to
find acentric contacts that will allows a tongue positioning suitable for peristaltic movements. Fig. 6 Mandible translation causes
pathological contact of the incisor with subsequent mobilization and expulsion. Fig. 7 In order to obtain correct occlusal balance, selective
grinding is required before any oral implant rehabilitation. Fig. 8 Surgical phase: note the bone lesion.
Fig. 9 X-ray image of the Garbaccio bicortical screw placed according to the longer axis of the available bone.
Fig. 10 Rendering of the surgical screw insertion path. Fig. 11 To increase implant retention we placed
a stabilizing needle with a divergent and palatal axis with respect to the adjacent tooth (1984). Fig. 12 The bone defect is filled
with non-resorbable hydroxyapatite granules (to prevent cosmetic problems in the area).
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Fig. 13 Lyophilized dura mater free “graft” to reduce possible bone resorption in the area of the repositioning flap schisis.
Fig. 14 Suture. Fig. 15 Radiographic checkup: the arrow at the bottom points to the coronal welding of a small titanium bar,
placed for prosthetic reasons (to increase the volume of the external abutment). Fig. 16 Immediate temporary crown after
surgery (1984). Fig. 17 Temporary crown and healthy stippled mucosa at one month. Fig. 18 Definitive gold-porcelain crown
(1985). Fig. 19 Checkup X-ray (1985). Fig. 20 Traction test with 5 orthodontic elastics: note the ischemic finger,
demonstrating the great pressure applied. Fig. 21 Checkup after 16 years (2000). Fig. 22 Clinical appearance (2000).
Fig. 23 Another checkup (2004). Fig. 24 Radiographic validation after 20 years (2004).

to replace the tooth with a single-tooth implant
with an emerging abutment. Despite the scarce
residual bone crest, this permitted immediate temporary loading and subsequent placement of a single definitive gold-porcelain crown, which proved
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its validity at the regular checkups performed over
the next twenty years (1984-2004).

The importance of dynamic occlusal balance
The second part of Le patologie occlusali. Eziopatoge-
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nesi e terapia is devoted to the physiology of dynamic balance and the pathological consequences of its
absence.
The 430 pages that the book devotes to the topic
can be summed up in a single rule, which we will
supplement with significant practical examples in
order to demonstrate the importance of this knowledge in virtually every branch of dentistry, particularly implantology.

XIII

reported that the trouble with the left implant started
immediately after placement of an amalgam filling on
a molar by her dentist (who also referred her to us).
With the aid of a Pasqualini stopper, we detected a
single premature contact - on the “beautiful” filling
made by our colleague! Removing it sufficed to re-es-

❚ Like the other front teeth, canines should have
no static contact with the opposite teeth. However, they can easily withstand dynamic contacts, protecting - during their lateral movements - all the other teeth in the arches from any
pathological contact. This function is thus
known as “canine disclusion.”
25

Due to lack of space we cannot expand on the
“non-existence of the condylar guide,” the disclusive physiology of the “maximum moment” of the
canines, their peculiar bone stabilization in the juga alveolaria, and the reason for the thicker enamel layer that protects the surface of their dynamic
disclusion path during Bennett movements. This
demonstration will thus rely on the sole evidence of
the examples presented here, which must be examined carefully.

Clinical example
A young woman with congenital agenesis of the upper lateral incisors, orthodontically treated with
distalization of both canines to create the space for
two single implants in order to replace the missing
teeth (Figs. 25-43) (8).
After the flapless insertion of two bicortical screws,
two temporary crowns were placed immediately,
following careful check of the absence of premature
static contacts with the antagonist teeth.
After healing of the periodontal soft tissues, the
temporary resin crowns were replaced by two single porcelain ones, made respecting the same occlusal principles (static and dynamic). The young
woman was observed three years later, as she was
worried about the sudden mobility of the left implant and the severe gingival irritation of the area.
The X-rays showed the different osseointegration pattern between the stable right implant and the left mobile one, where an initial peri-implant bone resorption was detected. The different superficial appearance of the related mucosae was also apparent. The
lateral leftward movement showed the loss of canine
disclusion with premature contact on the compromised single-tooth implant, while the contralateral
canine exhibited physiological disclusion. The patient

26

27

28

Fig. 25 Agenesis of the lateral incisors in a young patient (1986).
Fig. 26 X-ray of two quick screws.
Fig. 27 The two single-tooth implants were placed during
flapless surgery (1986).
Fig. 28 The two definitive gold-porcelain crowns.
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Fig. 29 Three years later the single-tooth left implant appears compromised and some papillae are bleeding (arrow). Fig. 30 The
radiographic checkup shows resorption of the peri-implant bone around the threads. Fig. 31 Manual condyle repositioning in the
hinge axis, which immediately reveals the presence of instable distal contacts. Fig. 32 The arrow points to trauma of the left singletooth implant following translation in static occlusion. Fig. 33 The trauma (arrows) is also worsened by the loss of canine disclusion
(dynamic trauma). Fig. 34 The occlusal plane of the upper arch shows good amalgam fillings made by a colleague.
Fig. 35 Occlusal check with the aid of the Pasqualini stopper. Fig. 36 The premature contact marked on the occlusal surface of
an amalgam filling must be removed immediately to restore both the centric and dynamic balance. Fig. 37 The pathological
situation before restoration of the occlusal balance. Fig. 38 The new morphology of the peri-implant mucosa, healed “simply” after
occlusal balance was restored. Fig. 39 Check of canine disclusion. Fig. 40 Replacement of the old crown (1989).

tablish centric occlusion of the mandible, and it
solved the translation that had shifted it forward and
prevented left disclusion.
At the one-month checkup the patient showed
complete healing of the soft tissue inflammation
above the implant, which had regained its complete
original stability. Since the previous dynamic trau-
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ma displaced the crown and created a diastema, the
former was replaced and the occlusion checked.
Comparison of the two X-rays (Figs. 30, 43), taken
at the time of implant involvement and after crown
replacement, is fascinating, showing the remarkable
recovery of the peri-implant bone tissue one year
after occlusal rebalancing.
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41

42

XIII

43

Fig. 41 Fig. 41 The new crown shaped according to the morphology of the healed epithelium (1989). Fig. 42 Canine disclusion.
Fig. 43 The X-ray taken after one year (1990) underscore the remarkable neoformation of peri-implant tissue.
Note: compare to the X-ray in Figure 30.

Single-tooth implants on canines
The next photographs show that single-tooth implants on canines require strict observance of the
same occlusal principles (Figs. 44-68), the only dif-

44

47

50

ference being that on the immediate temporary
prostheses both static and dynamic contacts must
be excluded as a precautionary measure, as they
can be harmful during integrating osteogenesis.

45

48
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52

Fig. 44 Loss (iatrogenic) of the canine of this very young patient (1987). Fig. 45 The lack of canine disclusion determines severe
dynamic premature contacts. Fig. 46 The temporary “spider” wore by the patient strictly for cosmetic reasons (1987) and with no dynamic
function. Fig. 47 The X-ray shows the post-extraction socket area. Fig. 48 Flap incision. Fig. 49 The flap detachment shows bone
loss along the juga alveolaria of premolar and incisor (horizontal atrophy) caused by the lack of canine disclusion, and unquestionably not due
to bacterial infection. Fig. 50 Two surgical phases. Fig. 51 Use of the self-centering drill.
Fig. 52 The 3.1-mm MUM implant before insertion in the surgical tunnel.
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Fig. 53 Implant correctly placed up to contact and penetration of the deep cortical bone.
Fig. 54 The radiographic checkup shows successful bicorticalism and the use of a 1.1-mm self-centering drill for the subsequent placement
of a stabilizing needle. Fig. 55 Insertion of the stabilizing needle (personal technique).
Fig. 56 Intraoral soldering. Fig. 57 Radiographic checkup: note the bicorticalism of the two implants.
Fig. 58 The single-tooth implant. Note the soldering mark and the loss of bone tissue on the premolar (arrow).
Fig. 59 Immediate temporary crown upon completion of surgery. Since this tooth is a canine, it requires al least 2 months of “resting” after
complete osseointegration before it can regaining its physiological disclusion function.
Fig. 60 Healing of the soft tissues at 60 days indicates complete osteogenesis. Fig. 61 The subgingival preparation of the implant
abutment and impression taking. Fig. 62 Perfect healing of the peri-implant mucosa “despite” the presence of a bifurcation.
Fig. 63 Definitive gold-porcelain crown immediately after placement.
Fig. 64 Radiographic checkup (1987). Fig. 65 Correct disclusion and the absence of dynamic premature contacts.
Fig. 66 Palatal view. Fig. 67 The same canine 21 years later (2008).
Fig. 68 The X-ray shows only mild initial conical resorption (2008).

174

Immediate fixed temporary prostheses and definitive prostheses on implants

The temporary periodontal involvement of the other teeth of the arch, due to the absence of canine
disclusion, will be offset by their quick return to
normality after physiological disclusion is restored
with the definitive gold-porcelain crown placed on
the single-tooth implant after osteogenesis of the integrating tissue has been completed.
Close attention should be paid to the next case,
which we consider very interesting from an educational standpoint. It demonstrates that even crowns
on single-tooth implants in the canine area must
bear the dynamic contact during disclusion. Vascular fragility, marginal gingival hypertrophy and the
evident horizontal bone atrophy affecting the adjacent teeth disappeared a few weeks after the crown
was cemented on the canine and disclusion was restored. The crown has been in service for many
years, and is perfectly functional and stable.

Single-tooth implant in the lower front area
The next case shows the favorable evolution of a
single-tooth implant replacing a lower lateral inci-
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sor, consisting of a single 2.6 mm MUM implant
without balancing needles, as no other solutions
were feasible due to the narrowness of the available
space (Figs. 69-93). The photographs show the absence of peri-implant gaps, which can instead be
noted next to the root of the natural central incisor,
where the pathological widening of the periodontal
space was appreciable (1991).
The placement of a provisional crown on a singletooth implant with no lateral stabilization, such as the
one in question, could have been risky, but the crown
was splinted to the adjacent teeth - which were still
stable - via contact areas that acted as natural “welds.”
The temporary crown on the single-tooth implant was
also checked for the presence of pathological contacts,
both static and dynamic; the same precautions were
taken when shaping the definitive porcelain crown
that was later cemented to the implant abutment.
However, the cementation caused a slight height increase due to the incompressibility of fluid cements,
which can happen on occasion. This was subsequently eliminated along with premature dynamic
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Fig. 69 Loss of the right lower lateral incisor (1991). Fig. 70 The X-ray highlights a pathological increase of the periodontal space of the
central incisor adjacent to the edentulous area (arrows). Fig. 71 The arrows point to enamel abrasion, sign of dynamic trauma due to
displacement of the lower canine. Fig. 72 Flap detachment and preparation of a surgical tunnel in a very thin bone. Fig. 73 Placement of
a 2-mm MUM implant at the neck. Note (arrow) the transparency of the labial bone. In this case, flapless surgery would have been difficult and
would probably have culminated in failure. Fig. 74 Cut and preparation of the abutment. Fig. 75 X-ray (1991). Fig. 76 Suture and
immediate temporary crown. Fig. 77 Check of the disclusion. The arrow points to a dynamic premature contact that will be removed later.
Fig. 78 The temporary crown and mucosal healing. Fig. 79 Before placement of the definitive crown.
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Fig. 80 Definitive gold-porcelain crown (1991). Fig. 81 Interdental contact points are crucial, since placement of a stabilizing needle is
unfeasible due to reduced space. Fig. 82 Occlusal contact marking with articulating paper, to check for the presence of premature
contacts in centric occlusion. Fig. 83 The two black dots (arrows) indicate the corrections to make on the incisal margins,
both on the artificial crown and the natural tooth. Fig. 84 The correction.
Fig. 85 Canine disclusion (arrow) indicates the presence of a premature dynamic contact. Fig. 86 Use of “Red Indicator” dry selfmolding varnish. Fig. 87 Lateral movement to the right. Fig. 88 The small premature contact (arrow) must be removed immediately
to avoid implant damage. Fig. 89 Disclusion in the incisor area is now free from premature contacts.
Fig. 90 Lateral movement toward left. Fig. 91 The same case at a later checkup (1993). Fig. 92 The X-ray shows healing of the
periodontal damage along the root of the adjacent incisor, and the good osseointegration of the MUM implant.
Fig. 93 Close-up of the healthy appearance of the mucosa (1993).

contacts on the contiguous lateral incisor (9).
Follow-up X-rays taken two years later demonstrate
the resolution of periodontal disease along the
whole root of the natural incisor and perfect osseointegration of the MUM implant.
What we have said so far about the immediate loading of front upper and lower implants - single or
multiple - is of little value if static occlusion is not
borne by the distal teeth, molars and premolars, in
occlusal balance.
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In the absence of molars and premolars or when
they are present but the antagonist tooth is missing,
we usually observe mobile and compromised front
teeth that are often still in place for purely cosmetic reasons. In such cases, we proceed as follows:
1) we initially place the distal implants without extracting the mobile front teeth;
2) after 2–3 weeks, when the surgical wounds of the
mucosae have reached a satisfactory level of initial
healing, we extract the front teeth and replace
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them with at least four implants, which are temporarily splinted using one or more bars soldered
to the distal implants. We then take impressions of
the whole arch, and one or two days later we place
a temporary bridge fixed with definitive cement,
carefully checking the load distribution along the
whole length, making sure that it has no harmful
effects on the supporting implants.
In exceptional cases, when the patient can endure
the placement of all the distal and frontal implants
in a single session, we immediately take the impression and place a temporary prosthesis, avoiding
multiple surgeries in two or three sessions (10-12).

Implant-anchored definitive
prostheses
Prostheses on implants should be manufactured
following the same principles adopted for traditional ones: The crown borders should end below the
gingival border of the implants, with intermediate
pontics fashioned with a “flute beak” shape, and interdental spaces as similar as possible to those
found between natural teeth.
The introduction of “flute beak” pontics contributed to the elimination of both of the old “vaulted” pontics and “hygienic” ones, which are now
generally constructed as a “flute beak” and are perfectly functional, with no discomfort for the patient.
The implant abutments should be made to permit
placement of definitive crowns, manufactured with
the classic protective profile of the gingival sulcus
of the natural abutments. The fact that crowns on
implants also end below the gingival margin serves
both cosmetic and hygienic purposes, since this
feature assures food removal from the critical impaction area, and avoid its penetration if there are
steps or undercuts above the gum.
The intermediate pontics should also be constructed with the self-cleaning “flute beak” profile. The
interdental spaces of the prosthetic pontic should
not be too wide, not only because they are poorly
tolerated by the patient but also because they are
hygienically inadequate, since the tongue - expanding during deglutition - should be able to perform
cleaning and massaging action without pushing the
food bolus below the pontic (13-15).
The wide interdental spaces proposed in some publications represent a prosthetic throwback because, in
the name of a wrongful concept of mechanical cleaning, they deprive the patient of the natural cleaning
action exerted by cheeks and tongue, forcing him/her
to resort to specific devices such as waterpicks, inter-
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dental brushes, electric toothbrushes and so on.
Furthermore, we avoid the free-end saddle bridges
that are suggested by these publications (16-30) to
overcome the intrinsic limitations of the type of implants they recommend. In fact, all such extensions
are kept ridiculously below the occlusal plane and
thus have a reduced masticatory function. These
kinds of extensions are subject to modifications,
which are required when the implants need to be
placed in areas that do not coincide with the original
sites of the missing teeth. These are all consequences
of the use of a single type of implant that does not always permit implant placement in the site corresponding to the natural tooth that was lost (31).

Impression taking with implant
abutments
Since there is no difference between the shape of prostheses on implants and those on natural abutments
(except for the fact that titanium is not caries-susceptible and can thus be undercut) the impression-taking
technique is the same. The old method - which used
aluminum transfers for natural abutments and premade transfers for implants, and was the best available at a time when impressions were taken using
copper rings and Kerr thermoplastic paste - has now
been surpassed, in terms of precision, by modern impression techniques using retraction cords (also used
for implant abutments) and elastomeric impression
materials, polyethers, silicones, etc.
We have been using the latter technique alone for
many years, and it is always employed after parallelism of the natural and implant abutments has
been achieved. We must point out that, unlike natural abutments consisting of dentine, which is more
fragile, implant abutments can be reduced more in
size due to the higher resistance and incorruptibility of titanium. Nevertheless, it is not always possible to give the implant abutments an optimal inclination, since they are inserted in relation to the
slope of the available bone crest and not based on
future prosthetic needs.
All abutments are prepared by taking care that the
drill tip will always reach the subgingival space,
even around the implant abutments. Due to the
tenacious apposition of the mucosa on the titanium
abutment surface, a few drops of local anesthetic
are almost always injected.
Following insertion of the retraction cord to create
a gingival sulcus, which is indispensable for each
type of preparation, we take impressions of both
the implants and natural abutments.
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The antagonist dental arch impression is taken with
quick-setting alginate, wrapped in a disinfectantsoaked paper towel and sent to the laboratory in
sealed plastic bags. The wax-bite occlusal registration, taken by manual manipulation of the patient’s
mandible in centric relation, is extremely important.
We have already mentioned Le patologie occlusali.
Eziopatogenesi e terapia, but would like to emphasize the importance of respecting and/or restoring
static and dynamic occlusal harmony for both natural and artificial teeth, as it is fundamental for the
long life of any implant.

overbrushing. In turn, the contraindications are
represented by the risk of fractures of the porcelain
or of the metal framework, which always have serious consequences.
Gold-resin prostheses are preferred because of the
lower risk of fracture, better “occlusal cushioning”
and progressive (and, according to many authors,
desirable) compensatory abrasion.
Currently we are seeing the comeback of composite resins, which have been improved in strength
and resistance to fracture.

Prostheses on single-tooth implants
Cementation of implant abutments
Implant abutments should never be fixed with temporary cement because of possible imbalance in the
event of partial decementation, nor with definitive
oxyphosphate cement since the adhesion between
gold and/or crown metal and titanium is not stable.
Our protocol always calls for strong resin cement to
fit the titanium abutments securely to the crowns,
as once it is polymerized it will prevent decementation. The use of fluid resin cements is indispensable in order to avoid height increases, which are
very difficult to adjust. As soon as a change in
height is detected, the bridge must immediately be
removed and cleaned, and the entire procedure
must be repeated from scratch.
For bridges or mixed prostheses supported by implants or natural abutments, we prefer concomitant
cementation of the crowns on natural teeth with
oxyphosphate, using glass ionomer cement for the
crown placed on titanium abutments2.
The dental assistants (preferably two) should be
used to working together, coordinating the different
preparation times of the two materials (personal
technique). It is also advisable to remove excess
resin cement from the crowns immediately, because
once it hardens it will require finishing that is not
only difficult to perform but also imprecise.

Gold-resin versus gold-porcelain prostheses
At every conference and hands-on course, there is a
participant who asks the germane question of
whether the prostheses should be made of gold-resin
or gold-porcelain. The answer invariably depends on
the teacher’s opinion and experience. Both solutions
(gold-resin and gold-porcelain) have valid indications, but just as many serious contraindications.
The reasons for using porcelain crowns have to do
with better aesthetics, longer life and the absence of
occlusal surface damage caused by abrasion or

2
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The definitive prosthesis on single-tooth implants
should always be made with single porcelain
crowns. The choice of porcelain is justified by the
following considerations.
Since single-tooth implants replace single dental elements between natural teeth, they must resemble
the contiguous teeth from a cosmetic standpoint.
No material can surpass the aesthetics, functionality, duration and fracture resistance of single porcelain crowns.
Le patologie occlusali. Eziopatogenesi e terapia clarified that even single porcelain crowns must comply
with the same static and dynamic principles of the
teeth they are replacing, which are often lost due to
occlusal imbalance disharmony. It would be inexcusable if the crowns on single implants replicated the
same pathological conditions that caused expulsion
of the natural teeth or caused new ones.
Furthermore, single porcelain crowns on central
and lateral incisors (upper and lower) must be free
of lateral premature dynamic contacts, and possibly
protrusive ones, the sole exception being canines,
as they are the only teeth in the arch that can withstand them, due to their position of “maximum
movement” (see detail in Figs. 25-93).
Like incisors, the canines must be free of static contacts, but they should be able to disclude all the remaining teeth of both arches during lateral movements.
In presence of Class II or III, or ectopic canines, disclusion is impossible. In this case, the teeth should
be checked to be sure that they are not subject to
premature static contacts, since (preventive) orthodontic correction, which would theoretically be
ideal, is not always possible.
The single crowns on premolars and molars, which
naturally have static contacts in centric occlusion,
should always be protected by canine disclusion,
which should prevent dynamic interference. There-

A single type of cement (i.e. glass ionomer) can also be used both on natural and titanium abutments.
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fore, they must be checked to be sure that there are
no premature dynamic contacts, which must be
corrected using articulating paper and “Red Indicator” dry self-molding varnish, as described in Le patologie occlusali. Eziopatogenesi e terapia.
After cementation, it is crucial to verify that there
are no pathological premature contacts.

Partial prosthesis
When partial prostheses are placed between sectors
composed of sound natural teeth in occlusal balance,
they should be manufactured in gold-porcelain or
resin with gold occlusal surfaces, in order to match the
elasticity and occlusal hardness of the other sectors.
In the case of lower prostheses including the canine,
it is advisable to manufacture at least the canine in
gold-porcelain, which can easily be soldered to other
parts of the gold-resin prosthesis. The reason is that
the labial resin surface would be subject to abrasion,
preventing the tooth’s disclusive function3.

Complete fixed prostheses
No rule can be advocated with respect to the choice
of porcelain versus gold-resin for manufacturing
complete fixed prostheses, since their advantages
and disadvantages are compensated by their respective features.
What we propose to “smart” patients with fewer aesthetic requirements is a canine-canine (or premolarpremolar) porcelain prosthesis joined with a goldresin prosthesis with gold occlusal surfaces on the distal teeth, an option that offers excellent functional and
cost benefits. We never propose fixed porcelain works
if there the antagonist teeth are made of resin.
For the long-term success of both types of prosthesis (porcelain and resin), knowledge of occlusal
principles is crucial. These principles can be summarized as follows:
1) concomitant static and centric contacts only on
the teeth distal to the canines;
2) dynamic contacts only on the canines;
3) all front teeth, canines included, must always be
free of pathological static contacts.

Complete fixed prostheses on
implants in place of dentures
For completely edentulous patients with sufficiently wide ridges, both in the front and distal areas (at
3
4
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least up to the first molar), fixed rehabilitation is
theoretically always possible. However, some fundamental rules must be respected in order to avoid
mistakes that could thwart rehabilitation efforts.
1) In each arch, all surgery should be completed in
a single session, to immediately provide the patients with a temporary prosthesis (fixed, if possible) in occlusal balance.
2) The bone height should be checked with X-rays
and/or CT, followed by assessment of the width
by means of occlusal and bucco-palato-lingual
probing. Targeted tomographic analysis and
calipers are very useful for this, also making it
possible to establish implant diameters in advance.
The measurements are very useful both for flapless
surgery as well as open surgery. Some areas that are
seemingly suited for implant placement may instead be too thin to permit insertion. This unfortunate situation is even more embarrassing when it
occurs suddenly, thwarting and/or complicating the
work that has already been done. These problems
can be almost always solved with needles or MUM
implants, balanced by means of the intraoral solder.
The safest thing to do is to splint all the implants
temporarily with welded bars, in order to achieve
uniform load distribution until placement of the
definitive prosthesis.
Another rule is never to attempt total rehabilitation
of the upper arch if there are still good front teeth
in the mandible. In these cases, permanent rehabilitation of the complete lower arch is required first,
in order to avoid imbalance and expulsion of the
upper prosthesis due to the presence of the front
teeth.
If the remaining lower teeth are still anchored to
partial removable prostheses, the absence of mucosal resilience should be carefully assessed, as it
will force contact with the more stable front teeth,
sustaining the aforementioned imbalance.
We must again stress the need for preventive rehabilitation of the lower arch with a stable prosthesis.
Otherwise, the patient will soon render even the
most resistant prosthesis on implants unstable (destroying it), for the same reasons that led to mobilization and loss of the front teeth in the first place4.
This will be followed by failure of the complete
prosthesis on the residual teeth or instability of the
complete denture, which he/she cannot tolerate.
The patient will thus end up asking to have it replaced with a more stable one on implants.

Zirconia-porcelain prosthetic elements have recently been used successfully, with excellent cosmetic results.
Too often attributed to microbial causes and/or lack of hygiene.

179

TREATISE OF IMPLANT DENTISTRY

Implant-anchored removable
dentures
So far we have examined the indications and contraindications for replacing upper and lower dentures with implant-supported complete fixed prostheses. At this point, we will deal with the rehabilitation of edentulous atrophic distal areas, where
the successful anchoring of dentures to a few implants friction-fitted Dolder and Ackerman bars or
telescopic prostheses is still possible (21-25).
Removable dentures on implants make it possible
to eliminate the palate from the upper prosthesis
and manufacture less bulky lower dentures, thus
making them more stable and functional.
Any reference to partial removable prostheses goes
beyond the scope of this chapter. When they are
connected to implants, they can cause nothing but
damage, even if the most “inventive” connection
systems are used.
We will deal exclusively with complete removable
dentures anchored to a few supporting implants.
The patient will still be able to remove them, but after they are anchored by “snapping” them onto the
implants or bars he/she will immediately perceive
the positive difference compared to common dentures.

Manufacturing technique for removable
dentures. Advantages and problems
We must premise this section by noting that only
two-step implants (after completion of the osseointegration phase) permit the placement of removable
dentures and can withstand loading.
Considering that this type of prostheses can be
placed only on completely edentulous subjects, the
patients should be advised that they will not be able
to wear them until the two-step implants are fully
consolidated5,6.
Osseointegration time varies according to the type
of implants employed; it is directly proportional to
their immediate post-surgical stabilization and inversely proportional to the need for a later stabilization by including osteogenesis. The two steps needed for the implants are due to the fact that only a
few patients are willing to endure - while toothless
- both the time required for their osseointegration
and the shorter time needed for the mucosae to
heal. Therefore, we are forced to place implants

5
6
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with screwable abutments that do not interfere with
the base of the temporary dentures, which must be
put back into the oral cavity after surgery, after they
have been relieved in the areas above the implants
and the sutures.
Postoperative swallowing and mucosal edema following anesthesia will make the dentures unstable.
Due to local pain, they are worn primarily for cosmetic reasons, at least during the first week. Unfortunately, as the pain caused by pressure subsides,
the patient begins to use them for chewing, applying adhesives that break the suture and displace the
mucosa detached for surgery. Healing, which would
otherwise be very fast, is thus prolonged and often
occurs by second intention.
After an initial healing phase, during which the mucosa adheres to the periosteum, relining and adjustments of the old denture are required, but below
the relining material the mucosa may exert excessive pressure on buried implants, leading to mobilization and failure.

Troubleshooting
Most professionals opt for submerged implants because they consider them trauma-free and due to
the fact that the implants achieve consolidation
without any problems. We have just examined the
causes of failures, due chiefly to the fact that after
denture relining the implant site is no longer detectable with any level of certainty. This means that
the prosthesis can be relieved only marginally,
which can lead to unpleasant consequences.
We advise patients to refrain from using adhesives
until suture removal and, even then, only after our
approval. The waiting period required for definitive
osseointegration is not risk-free when the upper
denture is not stable on the remaining edentulous
areas (especially the retromolar trigones) and the
hard palate, and if the denture is not strongly relieved by the implants.
A final piece of advice: do not use the old denture
unless strictly necessary. It is best to manufacture a
new denture with optimal occlusal balance.

Removable lower prostheses
When the front sector of the mandible still has good
height and cancellous bone above the basal one,
implant placement does not require precautions
other than those recommended for manufacturing
upper removable dentures. Very often, however, we

The term “consolidation time” is easier for patients to understand than “osseointegration time”.
This “temporary disability” can be overcome using mini-implants placed in between the two-step implants (26, 27), allowing the patient to wear a
rather stable temporary prosthesis.
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need to rehabilitate atrophic mandibles that are
very low and are reduced to the basal bone.
Such mandibles make any kind of effective removable rehabilitation almost impossible. The conditions of these patients are truly compromised, and
professionals are forced to deal with very complex
situations. Several pre-prosthetic surgeries have
been designed to provide edentulous ridges,
vestibular fornices and/or the sublingual area with
higher retentive possibilities (28-34).
With the two-step implants we achieve good results
by following these precautions.
1) We always employ two-step implants that are
specifically designed for this purpose and have
variable lengths and threads. Their diameters are
always suitable for the rehabilitation of sufficiently wide atrophic crests.
2) Incision of the mucosa is followed by minimal
flap detachment, without lingual or buccal extension, which is sufficient to visualize the occlusal crest surface. This approach prevents laceration of the small capillaries coming from the
periosteum, which would affect the already severely reduced venous and lymphatic flow.
3) The insertion tunnel is carefully prepared.
4) The implants designed for compact bone have
large threads in order to bear the load, compensating reduced height with increased width The
threads are very sharp, but could nevertheless
impact the tunnel walls. Therefore, this surgery
requires a great deal of caution and patience,
with the sequential use of tappers with progressively larger thread diameters up to the final dimensions of the definitive implant, which will
be screwed in manually without using tappers.
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Following insertion, the healing screw is put in
place and the mucosa is sutured, making sure
that the upper part of the screw protrudes only
slightly from the mucosa or is completely submerged. Stress protection is achieved by following the same rules outlined for the upper implants, relieving the denture only well above the
implants.
5) Implants designed for the compact bone can be
loaded after three months without the risk of
mobilization. Once the healing screws have been
removed, and the abutments placed and parallelized, the supporting bars for denture retention
are added.

Conclusions
The numerous details sketched out here may seem
excessive, but we are convinced that they are necessary for the success of these types of removable
denture. Indeed, when well executed these dentures allow patients to enjoy stable, effective, and
long-lasting artificial dentition (Figs. 94-100, 101107, 108-113).
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Fig. 94 Case of severe atrophy of the upper maxilla. Fig. 95 Surgical phase in the placement of two-step implants.
Fig. 96 Healing of the mucosae and bone tissue at 6 months. Fig. 97 Dolder bar screwed to the implants.
Fig. 98 The finished definitive overdenture. Fig. 99 Palatal view. Fig. 100 The final radiography.
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Fig. 101 Lower edentulism
treated with 4 two-step implants.
Fig. 102 The screwed bar.
Fig. 103 The overdenture.
Fig. 104 The same case,
upper maxilla; it was also
treated with two-step implants
and a bar.
Fig. 105 The two prostheses
anchored to the bars.
Fig. 106 View of the upper
overdenture without the palate.
Fig. 107 Radiography of the
finished case.
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Fig. 108 Another case successfully treated with two-step implants. Fig. 109 Close-up of the resin block of the positioning transfers with
Duralay. Fig. 110 The impression. Fig. 111 The two screwed bars. Fig. 112 Finished case. Fig. 113 The final radiography.
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CHAPTER XIV
in collaboration with dr. Silvano U. Tramonte

OPERATING PROTOCOL FOR
THE IMMEDIATE-LOAD IMPLANTOLOGY
OF THE ITALIAN SCHOOL
Introduction
he greatest expression of the circulation of
this implant technique was represented by
the national and international congresses
held by the historic GISI (Gruppo Italiano Studi
Implantari, Italian Implant Study Group), founded
and directed by Giordano Muratori. From 1970 to
1997 the GISI congresses saw the participation of
the most distinguished experts, documented by
their published conference proceedings.
The recent conversion of delayed-load implantology to immediate loading has generated confusion
in terms of concepts and definitions. The emerging
implants used for immediate loading by the
Swedish school, and identical to those employed
for delayed loading, actually maintained the
marked differences between the Swedish and Italian schools, since the immediate loading of the former is based on implants that are completely different from those employed by the latter. These substantial differences require a separate classification
of the two approaches and identification by the
names of the two schools to which they refer: the
Italian school, on the strength of over half a century of experience, and the Swedish one, which has
yielded to clinical and scientific evidence only recently.
Despite its belated acknowledgement of immediate
loading, the Swedish school managed to produce
vast literature in a very short time, thanks to its
comprehensive and widespread presence within academia. Such literature comprises studies on the IL
protocol (1-15), immediate loading with implants
whose design features are still linked to delayed
loading. Therefore, we feel it is essential to clarify
the matter with a written protocol that can be used
as a reference for the immediate loading and implant techniques of the Italian school.
This chapter will thus attempt to remedy for this
shortcoming by briefly outlining the principles and

T

184

indications that constitute the protocol and guidelines of the immediate loading technique of the Italian school.
Definitions
Immediate loading is an incontrovertible physiological fact that occurs starting with embryonic development, which constantly applies forces and exerts functions on the skeletal apparatus (16).
Immediate loading induces two concomitant activities in the peri-implant bone: functional activity
and tissue cicatrization. The latter will evolve toward a reparative function (osseointegration) when
there is an adequate load or a defensive one (fibrointegration) in the presence of an inadequate
load. Fibrointegration is one of the two phases of
implant failure, the other one being mobility, culminating with implant loss. It is obvious that the
basic principles and techniques pertaining to immediate loading are quite different and sometimes
contrast with those employed for delayed loading,
which envisions healing of the peri-implant tissue
without any loading. This partially explains why
the surgical and prosthetic techniques can be perfectly outlined in a protocol in the case of submerged implants, while they can only partially be
specified for emerging implants, whose range of applications is decidedly more complex and subjects
these implants to a wide range of unplanned and
unpredictable situations in delayed-load implantology.
By definition, a protocol is a strict operating manual that should guarantee the success of the procedure, based on case selection and the exclusion of
variables. This is what makes delayed loading and to an even greater extent - immediate loading derived from the two-step implants harder to manage.
Consequently it is difficult to provide a suitable answer to the wide range of individual clinical situa-
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tions. The exact opposite can be said of immediate
loading with the implants and techniques devised
by the Italian school.
The immediate loading used by the Italian school
follows a protocol, wherever possible, and suggests
the guidelines to preserve the full range of application options of these types of implants and this
technique.
A protocol is a set of standards that regulates the sequence, preparation and execution of serial procedures that can “predictably” lead to a certain result.
It is thus a set of strict and self-dependent rules that
- from a mechanistic standpoint - influence a procedure, which should be adaptable to the different
clinical situations and able to modulate a highly
personalized therapeutic answer. To reduce the
number of variables and keep all conditions under
control, the procedure effectively becomes very selective, excluding a large number of patients from
treatment.
Inversely, a guideline is a “trail” to be followed wisely, one that is full of advice and suggestions. It influences but is not completely binding. In other
words, it respects the patient’s individuality and
special needs, leaving the oral surgeon free to make
the most of the situation while also ensuring indispensable scientific support and reliable results, and
drawing on previous experience.
Therefore, based on these considerations, we will
identify three fundamental steps in immediateloading rehabilitation according to the Italian
school:
1) First or preoperative phase: guidelines and protocol;
2) Second or surgical phase: guidelines and protocol;
3) Third or postoperative phase: guidelines and
protocol.

First or preoperative phase
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fined by Ugo Pasqualini) (20).
However, if we are planning a procedure with immediate loading, we will need more than this.
There are absolute and relative contraindications
to implant surgery in general and, as usual, they
are equally important. In certain conditions the
execution of immediate loading is more delicate
and has a very high risk rate.
Aside from all the diagnostic tests that are closely
connected with the surgery (17-21), we also need
additional data about our patient. We need to verify that the bone metabolism is that of healthy
bone tissue with a physiological turnover. For
complete treatment of this topic, which goes beyond the scope of this chapter, readers can consult specific publications (22). Here we would
merely like to point out that it is important to assess the normalcy of basic indicators such as:
blood sugar, calcemia, phosphatemia, alkaline
phosphatase, cholesterolemia, triglyceridemia,
hematocrit with leukocyte formula, ESR (erythrocyte sedimentation rate), blood protein electrophoresis, transaminases, calciuria, phosphaturia, urinary hydroxyproline, and for female patients in menopause, also BMD (bone mineral
densitometry).
Significant alterations in blood glucose, lipids,
transaminases, calcium and phosphorus (both
serum and urinary), phosphatase and hydroxyproline may indicate the presence of diseases
that directly or indirectly affect the bone. These
diseases do not fall within our area of competence, but we nevertheless recommend taking a
cautious and careful attitude when planning implant surgery (23).
If there are any pathologies, we can examine the
data and intervene by referring the patient to a
specialist, but nothing can be done when patients
are unwilling to cooperate or are careless. Consequently, before placing immediate-load implants,
it is advisable to examine their general attitude,
psychology, and gender.

Guidelines
During the preoperative phase we must obviously be sure to plan carefully, as we would do for
any other implant surgery (17-19). The diagnosis
will be based on the classic principles required to
achieve both functional and cosmetic rehabilitation, where possible, while respecting at least the
basic gnathological principle of a mutually protected occlusion (correct occlusal harmony as de-
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Psychodiagnostics1
We can control and sometimes intervene by referring the patient to a specialist for a specific medical condition. Likewise, it is advisable to take the
same precautions when dealing with certain psychological problems (personality disorders, phobias, idiosyncrasies) that affect some patients.
These issues are rarely considered so serious as to
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be classified as frankly psychopathological, but
there is no question that, for the reasons we are
about to examine, inadequate consideration of
the patient’s “psychology” can affect compliance,
especially in the postoperative phase, and it will
strongly influence the patient’s “perceived satisfaction” (24-27). It is important to bear in mind
that the mouth as a whole represents a crucial somatopsychic crossroads in the evolution of
mankind.
During the so-called oral phase, through the relationship with his/her mother’s breast, the newborn comes into contact with the “outside” world
for the first time, in a veritable melting pot of feelings, emotions, perceptions and somatopsychic
hallucinations that represent the building blocks
of mental life. At a later stage of human development, but also in primates, teeth acquire special
meaning due to their social function.
Teeth are shown to frighten, threaten and attack,
but also to meet, learn, approach and seduce. The
loss of teeth, in both dreams and conscious life, is
perceived as a loss of vitality, strength, energy,
power, charm and relational skills in general.
Entering the mouth of a patient and operating on
teeth always represents an act of “intimacy” that
the patient might not be able to accept, despite
the motivations to undergo implant surgery. As a
result, any action involving the oral cavity, even if
minor or minimally invasive, represents - on a
psychological level - an event that can trigger possible regressive behavior in the patient, who will
thus raise defensive barriers that can significantly
undermine the outcome of the procedure.
Gender1
The patient’s gender determines very different approaches and variable reactions during the various rehabilitation phases.
Women are generally more attentive and compliant, and they readily accept postoperative limitations and inconvenience. They show up for follow-up appointments without complaining, call
promptly to be sure that everything is normal,
follow instructions and express any doubts they
may have.
Men, instead, tend to be more independent and
less willing to consult the physician after the surgery. Because of their concept of “oral virility,”
their postoperative recovery can be as fast as it is
fallacious.
Implantations and the placement of temporary
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prostheses are perceived as “gratifying” (the use of
teeth as tools, strong chewing, dental aggression,
percussion of the teeth, etc.) in order to prove
that they are healthy; this is especially true among
men. Predictably, women are much more concerned with the appearance of their smile.
Stress1
This is a very important factor, with no distinctions
between men and women. It must be evaluated
carefully because it will unquestionably produce
new parafunctions, repetitive behavior, microtraumas, increased sensitivity to pain and so on. Stress
leads to hyperactivity of the fixtures and subsequent overloads. For these types of patients the prescription of mouthguards is a good rule of thumb,
as is the short-term use of benzodiazepines (where
needed).
Histrionic personality1
This type of patient is naturally extroverted, essentially optimistic, fond of social interaction and always at
ease in such circumstances, and usually rather selfconfident. Far from being an advantage, however, this
actually poses a concealed and less manageable risk.
In fact, these patients tend to feel “good” right after
temporary prosthesis cementation. They tend to consider the implant and prosthetic structure as indestructible (this is particularly true among men) because of the sensation of strength that such devices
immediately convey (due to the lack of proprioceptive sensitivity and when there is no irritation).
Moreover, these patients tend to:
❚ forget to follow instructions, even when they are
given to them in writing; it is essential to draw
up an official document, asking the patient to
sign a form indicating that they have received the
set of instructions and the list of restrictions outlined by the implantologist;
❚ underestimate initial mobility of the temporary
prosthesis, thinking that they can wait until it
“moves more” before contacting the specialist;
❚ stop taking prescribed drugs, saying that they feel fine; these are patients who do not worry and
believe that everything will go smoothly, that the
prosthesis is very well made and that everyone
else, included their own doctor, is probably overly concerned;
❚ avoid calling, since they believe that what is happening or has already happened is negligible, in
spite of the fact that the problem may indeed carry some risks.

Operating protocol for the immediate-load implantology of the italian school

The only thing we can do with such patients is to
“identify” them, first of all, and then set up more
frequent appointments in order to keep everything
under control. We can identify the behavior of this
type of patient by examining the occlusal surfaces
of the temporary prosthesis, which should be manufactured in soft acrylic resin. Typically, these patients should not be given the idea of being “needy”
and if they are not treated coldly or aloofly, they are
happy to cooperate with their doctor. Moreover, referring them to the protocol will also help achieve
this objective.
Introverted personality1
This type of patient, unlike the preceding one, is
pessimistic, reticent and easily depressed. These patients have a hard time understanding the appropriate use of their implants. They have many doubts
that we will never fully understand. They are also
patients who conceal the truth. The fear of having
ruined everything and the ensuing sense of guilt
leads the patient to forget or deny certain facts. We
should maintain a patient, respectful, blameless,
sympathetic and attentive attitude. Our chief goal is
to gain and maintain the trust of these patients, the
trust they have probably never received from anyone and thus do not expect from their doctor either.
It is, however, important to acknowledge their efforts in following instructions and show them a
willingness to listen.
Hypochondriac personality1
These patients are unwittingly against solving
their problem. This opposition can be pathological, and it represents psychological discomfort
or aggressive conflict. In their minds, they never
find the right doctor or definitive treatment. The
patient-physician relationship is usually doomed
to fail because this is the only way that the patient is entitled to continue feeling sick and complain about the doctors who took care of
him/her, then turning to yet other specialists.
These patients represent a great diagnostic and
therapeutic challenge, due to the problems the
doctor must face in order to investigate the case
and then the difficulty in identifying the “problem” to be solved. This is by no means a cooperative patient, despite his/her full (but only apparent) trust in the treatment. There is nothing to
gain by objecting with him/her and it is instead
advisable to “share” his/her unshakable skepticism. In this type of patient, there can be phobic
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reactions to the implant, bordering on rejection.
Surgery must be planned with the utmost care,
respecting of the timing of the patient, who
should feel in control.
Narcissistic personality1
These patients are not very reliable. They underestimate or do not properly evaluate the perception of minor irritation that should immediately
urge them to consult the doctor. Their hypertrophic ego makes them feel overly self-confident,
which often drives them to transgression; they refuse to recognize authority and tend to push
things to the limit, looking for immediate satisfaction of their needs.
For instance, a patient who has had to refrain
from fine dining for a long time may be unable to
avoid giving in to certain temptations, for no apparent reason. Paralleling the behavior of histrionic patients, those with a narcissistic personality go as far as modifying instructions, changing
medication, stopping treatment or turning to “alternative” medicines because, for example, they
do not trust antibiotics. They stop taking the prescribed medication because, according to them,
they are “dangerous” or unnecessary. Of course,
all of this is done without consulting their implantologist. This is a patient who needs to dominate out of fear of being dominated. Naturally,
the indication here is to avoid any form of symmetrical escalation.
Failure to understand the implications
of the implant
In this case, the patient fails to understand and/or
remember that an immediately loaded implant is
designed to perform two concomitant functions,
i.e. chewing and osseointegration.
Lack of proprioceptive sensitivity
In completely edentulous patients this lack of sensitivity may lead to the exertion of excessive masticatory force (28).
Parafunctions1
Regardless of how they are caused or implemented,
parafunctions represent the greatest danger during
the first weeks after placement of immediately
loaded implants.
In edentulous patients the habits acquired with removable prostheses (parafunctions) remain, and
this may cause overload. The forces applied on the
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implants will constantly lead to overload and this
will always occur during lateral movements, since
stress is almost never applied along the main axis of
the fixture.
In totally or partially edentulous patients, there is
no way to avoid this. Consequently, prompt placement of a mouthguard is advisable (29).

Planning protocol
Number of implants to be placed
The number of implants to be placed depends on
many factors and specific conditions, and as a
general rule we should try to match the number
of teeth to be replaced. If possible, all implants
should be placed during the same surgical session
(30-32).
Implant size
In order to implement immediate loading, it is
advisable to choose (for equivalent cores) a fixture with a larger thread diameter, according to
the density and thickness of the bone tissue, and
to reach maximum depth, preferably deep bicorticalism, respecting the anatomical structures that
are considered to be at risk (mandibular canal,
maxillary sinus), in order to maximize the ratio
between the submerged and emerging structures.2
Any support implant, needles and/or mini-implants will be adapted to the existing bone morphology.
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Fig. 1 Note the broader support
offered by unparallel implants
compared to parallel ones, and the
greater ability of the former to
withstand and dissipate lateral loads.
Fig. 2 Bipod formed by a quick
screw and a stabilizing needle.

Insertion axis
The insertion axis should permit placement of the
longest possible implant, respecting the ideal loading axis in the case of single-tooth implants or the
resultant of the axes for bipods, tripods or multiple
implantations. The lack of parallelism of the cores
of endosseous implant fixtures permits greater stability under stress. Finally, the insertion axis should
make it possible to achieve bicorticalism wherever
possible (Fig. 1).
Surgical planning
In general, it can be said that implant loading
should be proportionate to the individual bone’s
ability to withstand it. This necessarily implies a final assessment by the surgeon when he/she drills,
taps and inserts the implant. Consequently, this is
the time to make final decisions regarding the size
and morphology of the implant.
Each implant must ensure maximum support of the
site chosen for its placement. To accomplish this,
several things must be done.
1) Implants that can best exploit the dimensional
and morphological characteristics of the bone
should be used: screws that can ensure the
broadest possible contact surface and maximum mechanical interpenetration with the
bone, with wide threads and a large screw
pitch for cancellous bone, and a narrower
screw pitch for compact bone; bicortical
screws to add support for the internal cortical
bones, wherever possible; needles for cortical
support even when dealing with very thin
bone or for bipods or tripods joined together
or connected to screws; blades to achieve maximum support for lateral loads in very narrow
bone. To achieve this and all the following
points, the implants should be adaptable to
the various bone morphologies, and should be
parallelized by bending and/or drilling at the
emerging site right after insertion.
2) Crestal, basal, buccal, palatal or lingual multicorticalism (the maximum possible cortical support) must be implemented. When this is not
feasible and support relies entirely on the thread,
the implant should have wide threads and a
large screw pitch that is inversely proportional to
the type of bone: the lower the bone density, the
greater the width and pitch of the screw.
3) Placement should coincide with the bone’s long
axis, even if this means resorting to a fixture an2

Additional surface treatments (acid-etching, sandblasting,
electrochemical treatments, etc.) increase the contact area at the
bone/implant interface (33-35).
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gled with respect to the ideal axis of the emerging post.
4) Divergent implants, both in the mesiodistal and
buccopalatal or buccolingual direction, must be
inserted in order to broaden the support base
and thus achieve greater primary stability. It is
important that the axes be divergent, counteracting each other, and that the resultant be as
close as possible to the ideal loading axis.
5) Bipods and tripods (Fig. 2), implant complexes
consisting of two or three implants, must be
made with endosseous portions that diverge but
are joined together at their emergence from the
bone. This can be done by means of multiple
implantations in the same site or close unparallel insertions, using various types of implants.
The more difficult the case, the more useful and
advisable the use of endosseous tripods.

Second or surgical phase
Guidelines
During the second phase, i.e. surgery, the most
important objective is to achieve the best possible
primary stability. This is done through extremely
careful placements that are as atraumatic as possible, while trying to perform gradual drilling,
without overheating the bone and with a very delicate insertion. Implant progression should be
performed very carefully, without subjecting the
bone tissue to excessive stress.
The purpose of each placement is to achieve internal cortical support (bicorticalism) that can
guarantee the best immediate primary stability.
This represents a crucial moment because as soon
as the inner cortical bone is reached, we must immediately halt progression to avoid applying extractive forces (“corkscrew” effect) on the
medullary bone in contact with the coronal surfaces of the threads, as this will produce severe
damage, causing vascular injury and subsequent
ischemic necrosis of the bone in between.
Only the surgeon’s experience and sensitivity can
tell him/her when to halt. Therefore, the procedure requires the utmost attention and caution,
resisting the temptation of trying to attain greater
stability.
Exceeding the limit during the coupling between
the tip of implant and the cortical surface will inevitably lead to lesions and fractures between the
bone contained in the threads and the portion
that lies outside them.
In the case of single-tooth implants, the protocol
recommends stabilization by means of a second

3

XIV

Fig. 3 Radiographic checkup of
a bipod 6 years after placement
(2001-07). Note the perfect
osseointegration.

implant soldered to the first one. The additional
implant can be normal in size if there is enough
space (molars), or it can be a needle implant or a
screw with variable diameters if there is less space
available (premolars and incisors) (Fig. 3).

Protocol
Soldered bar
Let’s assume that surgery ends with soldering of
the supporting bar. This is a technique recommended to achieve immediate loading in the
safest possible way: immediate splinting (30-34)
(Fig. 4).
It is done with a circular and/or rectangular bar of
Grade 2 titanium, with a diameter ranging from 1 to
1.5 mm, placed palatally or lingually with respect to
the fixtures, laid above the mucosa without compression, and soldered to each implant by means of
the intraoral solder. This creates extremely stable,
strong and reliable implant splinting (Fig. 5).

4

Fig. 4 The image shows the
soldered bar below the
temporary prosthesis, which
should be placed so as to leave
a sufficient gap between its
base and the gum to allow
proper hygiene practices
during the post-surgical phase.
The solder makes the structure
more rigid, allowing each
implant to dissipate stress
and reducing the lever arm
due to the presence of the
soldered bar.
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In the case of isolated implants, atraumatic splinting can be obtained using a provisional crown
with retention wings fixed to the adjacent natural
teeth, as long as they are stable.
An isolated implant stabilized by a diverging needle is much more reliable and predictable, so the
technique that exploits a natural supporting
structure should be employed only in those cases
where the placement of a diverging needle is not
feasible.
The use of the intraoral solder (Fig. 6) is indispensable. This need is acknowledged by the protocol, as its function is to ensure that the implants’ micromovements fall within an acceptable
range and do not jeopardize the final osseointegration.
Electrowelding, when used by experienced implantologists, offers the following advantages:
1) it permits implant splinting at the end of the
surgical session, and independently of the
placement of a temporary prosthesis; this
means that any decementation or fracture of
the temporary prosthesis will not affect the implants, which will still be protected by the stable primary splinting;
2) it creates reliable implant stabilization during
the osteoclastic phase, which is the most dangerous moment for stability due to “grip” loss
of the implant surfaces by the bone;
3) it dissipates and distributes the loads more ef-
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fectively across the abutments, as well as any
possible overload; even when the professional
is able to provide the temporary prosthesis
with an occlusion free of premature contacts
(not always achievable), the patient’s movements cannot be controlled and this can lead
to unwise or simply unconscious activities;
4) it is the only technique that permits bipods,
tripods and unparallel insertions in the same
area, and a single abutment by soldering together the posts of the individual implants;
5) it makes it possible to attain structures with
axial compensation;
6) it can be removed before placement of the final prosthesis or can be left in place, depending on the postoperative conditions and the
degree of osseointegration.
The soldered bar should be kept in place for no
less than 8 weeks, and ideally for 12.
Before proceeding with preparation of the final
prosthesis, the bar should be removed to ensure
proper evaluation of all implant abutments, but
due also to the frequent need to adapt it to the final morphology of the soft tissues or the different
requirements of the definitive prosthesis.
Final assessment of osseointegration is crucial:
implants must exhibit optimal stability before
placement of the definitive prosthesis.
Even for implantologists with extensive experience, evaluation of strongly splinted implants, especially when positioned close to each other, is
sometimes difficult and is directly proportional to
the diameter of the bar employed.
Removal of the bar is thus a fundamental step for
correctly diagnosing possible flaws in the osseointegration process of every single implant. Indeed, because of the visual obstacle represented
by the bar itself, such flaws would remain hidden
but still dangerously active.
In advanced implant surgery on patients whose
bone conditions make removal inadvisable, the
bar can be maintained or repositioned based on
vertical dimensional modifications of the peri-implant mucosa.
After the soldered bar has been removed, the state
of osseointegration of immediate-load implants
will make them fully comparable to any other
type of implant. In short, the bar no longer serves
any purpose, as it has been remarkably replaced
by the bone apposition around the implants.
Keeping the bar in place when this is not absolutely necessary can lead to a less cosmetic
prosthesis and reduced control over oral hygiene.
Keeping the bar in place offers the following advantages:
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1) protection of the peri-implant tissue: clearly,
the presence of the bar allows more efficient
distribution and dissipation of the loads, protecting the mucosa and peri-implant bone and
reducing the risk of resorption (34);
2) preservation of the structure: isolated implants
may be subject to several negative conditions
(partial decementation and/or fracture of the
prosthesis, occasional or continuous trauma,
parafunctions, etc.) that a perfectly splinted
structure can withstand better;
3) an increased number of treatable cases: keeping the bar permits treatment of extremely difficult conditions caused by the volumetric or
densitometric scarcity of the available bone.
The disadvantages of keeping the bar in place are:
1) cosmetic problems, as the morphological conditions do not always permit perfect or total
concealment of the bar;
2) an unnatural sensation due to the internal position of the bar (lingual or palatal), particularly sensitive patients sometimes find it difficult
to accept an unnatural presence that “forces”
the tip of the tongue to a constant contact,
with effects that can be unpleasant at times;
3) hygienic problems, as perfect cleaning of the
interdental spaces is not always possible;
4) prosthetic problems, which arise not only from
the complex morphology at the junction between the bar and the abutment, but also the
significant height reduction due to the presence of the bar, causing retention or cementation problems;
5) clinical visual obstacle, i.e. the presence of the
bar makes it very difficult to observe any
pathological peri-implant event, delaying diagnosis because it greatly diminishes signs and
symptoms.
The presence of the bar in the patient’s mouth ad
vitam is thus up to the clinician’s discretion,
based on correct assessment of the balance between advantages and disadvantages with respect
to the many and sometimes complex variables of
each case.
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a correct vertical dimension and, more importantly,
correct occlusion.
The temporary prosthesis must be prepared in advance, placed, relined intraorally and properly cemented. The use of a reinforced temporary prosthesis is advisable to ensure optimum function for a
period of no less than 2-3 months (23, 30).
The temporary prosthesis should respect occlusal
principles, providing a balanced occlusion both at
the centric relation position and during lateral
movements.
Sometimes a provisional crown with palatal or lingual retention wings, or with an interproximal-distal concavity (Fig. 7) can be used to support stabilization even further, exploiting the adjacent stable
teeth in cases with isolated implants.
Application of immediate loading through immediate temporary prosthesis
Balanced load application allows faster and better
osseointegration.
To make a temporary prosthesis with the specific
characteristics needed for immediate loading, the
following principles should be respected.

Assessment of the applicable load:
physiological or reduced
The load should be proportional to the surface and
support area of the implant, and to the overall bone
quality. Therefore, we can distinguish the load as
physiological when there is good bone quality, and
reduced in all other cases. The load will be adjusted according to:
1) reduction of the occlusal surface by reducing
transverse diameters (Figs. 8-14);
2) underocclusion of the crown by reducing occlusal contacts (Fig. 9);
3) flat plane occlusion by eliminating occlusal contacts (Fig. 10);

Third or postoperative phase
Protocol
The third or postoperative phase has several
steps.
Placement of the temporary prosthesis
An acrylic temporary prosthesis will be placed immediately in the same surgical session, establishing
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4) progressive loading, starting from a very reduced
occlusion and proceeding by progressive increases until correct occlusion has been attained
(Fig. 11).

Lateral stress control
With reference to lateral stress, we must clarify that
in a theoretical stomatognathic model, lateral loads
are nonexistent with the exception of the canine,
which is the only tooth physiologically designed to
withstand lateral forces (20). A gnathologically correct prosthesis based on this model does not have
lateral loads. In a real patient showing parafunctions and automatisms (bruxism, etc.), with intermaxillary relationships that are completely subverted by vertical and centripetal resorption, the application of lateral forces with significant angles with
respect to the implant and the ideal loading axes is
almost inevitable.
The lateral load is always the most dangerous type
of stress when applied to needle or screw implants,
especially those with a small core, as this can lead to
implant fracture (25) or mobility. We thus recommend careful evaluation of implant position with re-

spect to mobile anatomical structures such as the
tongue (19, 20, 36), cheeks and muscle insertions.
The size of the tongue should also be taken in due
consideration. The morphology, position and inclination of the antagonist teeth must also be assessed.
Stress control can be achieved by means of:
1) correct canine disclusion, with a more pronounced slope if necessary, and possible reduction of the cusps of diatoric teeth, down to zero
(Fig. 12);
2) reduction of the buccolingual and buccopalatal
surfaces (Fig. 13);
3) reduction of the mesiodistal surface (Fig. 14).

Follow-up
The occlusal check is performed with traditional
means: articulating paper and specific detector solutions (Red Indicator) (37). The former is very
practical, whereas the latter are more complex to
use but very precise. Alternatively, the occlusal
check can be performed with the aid of more sophisticated electronic tools (23) such as electromyographers.
The percussion sound test should be performed
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with the temporary prosthesis in place, which
should be removed in case of doubt for direct examination of the implants. An implant emitting a
non-metallic sound should be checked for mobility (possibly by cutting the bar). At this stage, X-rays
are not decisive, since radiographic signs are visible
only later (Fig. 15).

Guidelines
Solutions to possible problems
Assessing the implant’s mobility is very difficult when
the fixture is soldered to the titanium bar. The percussion test remains the most reliable examination.
When the implant, tapped at the top and along its
main axis, produces a non-metallic sound, its stability should be assessed again upon solder removal.
If the implant shows mobility, it should be removed
and immediately replaced with another one with a
larger diameter, or removed and replaced 30 days
later with another one with the same diameter, in
both cases after careful surgical curettage. The bar
is then repositioned and soldered to the implant.
If the mobile implant is isolated, it should be removed nevertheless and replaced with another one
with a larger diameter, and then immediately stabilized by a supporting needle.
In the case of isolated implants, this type of double
placement should be planned beforehand in order
to avoid unscrewing, a common phenomenon observed with single immediate-load implants. Lateral forces can unscrew the implant during the peak
of the osteoclastic phase (approximately around
week 4-5), when the primary fixation becomes
weaker (due to a decrease in bone compression).
Figures 16 and 17 show an example of maximum
lateral stress: a canine replaced by an immediately
loaded electrowelded bipodal implant and a gold-
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ceramic crown.
Isolated implants placed in the lower left and upper
right areas are more readily subject to unscrewing
during the postoperative osteoclastic phase, due to
the action of the tongue, which pushes forward vigorously and applies a torque vector to the lingualpalatal surfaces of temporary crowns.
The needle soldered to the single screw counteracts
rotation, thus preventing unscrewing.
Physiological and biodynamic principles
of immediate loading
An immediately loaded implant is housed within a
bone in a very active phase: reparative osteogenesis.
The successful process leads to osseointegration,
while its failure causes a defense reaction against
the exogenous noxa: the attempt to expel the implant (early mobilization) or encapsulate it (fibrointegration). This means that, unlike delayed loading,
immediate loading requires rapid action and
prompt troubleshooting. It is imperative to act and
solve any problem when the intervention can still
be considered minimal and no significant bone loss
has occurred yet.
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Above all, immediate loading requires a thorough
understanding of the phenomenon and its biomechanical principles, and thus it means learning how
to manage it. This is the exact opposite of delayed
loading, which involves simply waiting for the bone
reparative process to take place.
Immediate loading induces and enhances all the
mechanisms involved in tissue healing by means of
direct action on the restorative cellular capacity, increasing it (38) through the functional activation of
homeostatic mechanisms, on the basis of the stimulus-response principle (39, 40). During the first 2040 days after surgery, absolute immobility of the implant is crucial in order to prevent degeneration of the
newly formed osteoid toward fibrous tissue (41). This
immobility can be obtained through two antithetical
protocols: exclusion of the function according to the
Swedish school or functionalization by splinting (42,
43) according to the Italian school, which ensures
rigid stability and thus complete immobility of the
implants through constant and perfect splinting of
each implant (30, 32, 34, 44). The Italian school is
still the only one that - since 1978 - has availed itself
of an extraordinary tool that can ensure reliable and
predictable functionalization by splinting: Mondani’s
intraoral solder (45).
Currently, the protocol that entails the exclusion of
function is still considered the most advisable due
to its predictability, since it is believed to provide
greater protection of the primary stability during
the crucial postoperative phase. Nevertheless, we
should also note that the studies conducted to date
have not investigated immediate loading with specific implants based on the principles of the Italian
school (Apolloni, Bellavia, Bianchi, Garbaccio,
Hruska, Lo Bello, Marini, Mondani, Muratori,
Pasqualini, Pierazzini, Tramonte) and of prominent
institutions such as the GISI, and AISI (Accademia
Italiana di Stomatologia Implantoprotesica) (46).
Moreover, the principles of delayed loading, considered “dogma” for far too long, have been applied
to immediate loading only recently, but absurdly
applying techniques pertaining strictly to delayed
loading. The apparent scientific bias of protocols on
delayed loading does not justify disregard for the
existing techniques tested for the Italian school’s
immediate loading. In reality, the importance of using implants with large threads and cortical support
has never been fully recognized (47, 48), let alone
the use of the intraoral solder. Schnitman (49) in
1990 and Wohrley (50) in 1992 had already
demonstrated that osseointegration can be achieved
and maintained with immediate loading. In 2002
Bertolai et al. (51) showed that Italian implants
with wide threads and reduced emergent portions
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are more effective for immediate loading that those
with narrow threads and a prosthetic connection.
In 1999 Bianchi (18) employed immediate loading
with temporary immediate splinting (with the supporting bar soldered intraorally) and subsequent
definitive prosthesis (upon removal of the bar) for
a very interesting case of immediate loading versus
delayed load (see Chapter 11, pp. 154, 155).
Recent studies have acknowledged the effectiveness of
electrowelding for two-step implants as well (52-56).
Histological research has demonstrated the ability
of implants with wide threads and narrow emergent
portions to form an adequate epithelial seal (Fig.
18) (57), the indispensable prerequisite for optimal
bone healing and subsequent osseointegration (18)
(Figs. 19-21).
The choice of immediate loading is justified by
virtue of an indisputable advantage in achieving
more specific organization of the peri-implant
bone, not only with respect to the bone/implant interface, but also as the expression of a morphostructural adaptation of the entire bone area affected by the propagation of functional stimuli (5863). The regenerative phase of the surgical wound,
after implant inclusion and with replacement of the
hematoma by the fibrocellular blastema, has significant potential from a qualitative and quantitative
standpoint, due to the ability of the connective elements to differentiate into the distinctive cellular
phenotypes of the support tissues. The local metabolic status, already enhanced by the induction of
growth factors, can be further increased by the direct action of the mechanical loads, which also participate in the phenotypical expression of the undifferentiated connective tissue. As far back as 1995,
Salama et al. (64) forecast the evolution of the implant protocol, from load-free healing to a protocol
that emphasizes and ensures healing with loaded
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Fig. 18 Close-up
of the epithelial
attachment on an
implant. Note the
absence of keratinic
protection and the
progressive reduction
of the cell layers
(below), consisting
only of germinal
basal cells.
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implants, albeit without overloading and preserving primary stability. Stability is obtained with an
immediate loading protocol that can yield fully predictable outcomes, due to splinting of the implants
to a titanium bar by intraoral soldering.
Immediate loading offers the great advantage of re-
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ducing rehabilitation time by enhancing the bone’s
regenerative response according to the theory of the
causal histogenesis of bone tissue (47, 65), not
merely with the aim of bone healing, but also by influencing its formation and orientation, in keeping
with the trajectory patterns suitable for the dissipation of force along the most appropriate directrixes.
The studies of Salama (64) (1995), Schnitman (49)
(1997) and Tarnow (66) (1997) show that a prosthesis that can ensure the stability and immobility
of the implants can produce a stable and predictable long-term bone/implant relationship.

Conclusions
Immediate loading is a highly reliable and predictable technique, thanks to the possibilities offered
by the soldering of implants to titanium bars, the use
of implants that can be parallelized immediately by
bending their necks, the possibility of employing angled placement techniques that permit the manufacture of any design, making the surgical and prosthetic phases more effective, and - lastly - the possibility
of finding a prompt solution to the lack of primary
fixation that can always affect implants, regardless
the type of technique that is used.
In most cases, complications and failures can be
avoided through careful and correct diagnosis, and
specific planning.
Nevertheless, these complications can easily be overcome with quick, simple and effective solutions.
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Fig. 19 Osseointegration of a Tramonte screw (close-up of a
thread).
Fig. 20 Osseointegration of a Garbaccio screw.
Fig. 21 Osseointegration of a Scialom-Mondani needle.
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CHAPTER XV

TREATISE OF IMPLANT DENTISTRY

in collaboration with Paolo Mezzanotte

PRE-IMPLANT
RADIOLOGY

Introduction
oday the diagnostic options for a correct
approach to implants are virtually infinite.
Radiology classically divides pre-implant
investigations into first- and second-level examinations. For pre-implant planning, the former include orthopantomography (OPG) and intraoral
radiographies, the latter specific tomographic
imaging (CT). This chapter will deal mainly with
tomography, although first-level analyses permit a
general evaluation of the clinical case.
Unlike first-level examinations, where equipment
and software have led to standardized results, for
second-level examinations and precision tests when conditions and indications are met - the
choice of one device over another depends on the
level of accuracy that is needed.
Guidelines have been proposed for the optimal
use of technology and as a way to obtain unambiguous answers to the problems faced by dentists and maxillofacial surgeons. Nonetheless, it
seems useful to examine the motives behind a
reasonable request for additional second-level radiological information, because there is a specific
device that is preferable for each examination.
It is appropriate to examine the reasons that seem
to contraindicate CT examinations and explain
how they must be used responsibly:
❚ longer time frames;
❚ radiation doses.

T

Longer time frames
The wide view afforded by panoramic X-rays is
an indispensable complement to CT examination. As paradoxical as it may seem, teeth and
voids are better observed through the comprehensive view offered by the orthopanoramic Xray than in CT imaging. We seek different answers from tomography, which by definition
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identifies smaller sectors with a view of details as
diagnostic elements within the three explorable
dimensions. At the same time, a template with
opaque markers in the areas of interest should always be used so that, following a panoramic Xray as a preliminary examination, a CT targeting
the area of interest can be performed. The radiologist must always take the panoramic X-ray
with a template to better target the subsequent
CT.
Just as the radiologist is willing to accept a longer
time frame for performing the first-level investigation prior to the CT, so too must the dentist be
aware that the preoperative template is a necessary aid for accurate surgery, regardless of its
preparation time. Exceptions can be represented
by emergencies, e.g. immediate post-extractive
implantations.

Radiation doses
It is interesting to note that the absorbed radiation varies depending on the equipment that is
used.
The dentist should be aware that - diagnostic results being equal - some devices have a lower radiation emission. He/she must thus recommend
that it is essential to undergo only the prescribed
radiographic investigations, explaining this to the
patient.
Modern CT equipment (such as the volumetric
scanners described ahead) emits very low radiation, even if the doses are higher than those emitted during orthopantomography.
The reasons for conducting a second-level investigation are the following:
❚ surgical safety;
❚ more accurate measurements;
❚ legal issues.

Pre-implant radiology

Surgical safety
By surgical safety we mean a set of objective and
subjective reasons for performing the examinations. They can be identified as follows:
❚ aesthetic planning, especially for edentulous
patients;
❚ questionable OPG images;
❚ unforeseen bone mineralization problems;
❚ patient perception of the dentist’s professionalism.
Aesthetic planning
We must premise this by saying that CT is the only test that can clarify the three fundamental aspects for which it is used. The peri-implant assessment should, in fact, provide information on
the following anatomical parameters:
❚ height;
❚ thickness;
❚ degree of mineralization.
Even if the OPG is able to provide approximate information on the height of the structures (and, in
part, their mineralization), only the CT scan can also assess bone thickness. With this three-dimensional view, the dedicated CT examination is the
only analysis that can provide an exact image for
model construction, not only on the articulator but
also for masticatory function, laying the groundwork for correct morphofunctional rehabilitation.
The CT examination will thus answer the three
questions we always ask, but it will also provide
valuable information on measurements and reference points that would be unattainable otherwise.
In short, this is what we refer to as radioguided
implantology.
Questionable OPG images and unforeseen
mineralization problems
The more we learn about the merits of orthopanoramic radiography, the more we can understand its limitations.
From a spatial standpoint, it seems futile to repeat
that the two-dimensionality of the reference images is an insurmountable limit for the implantologist who would like to know the alveolar thickness. This aspect and possible mineralization artifacts are why orthopanoramic X-rays cannot be
considered a comprehensive diagnostic examination for pre-implant assessment.
Patient perception
of the dentist’s professionalism
What is the basis for the perception of the den-
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tist’s professionalism by the patient and among
the community in general? What is the patient’s
opinion when his/her care provider does or does
not prescribe preliminary examinations before
implant surgery?
The answer is based in my own experience, as I
am often asked: “Doctor, can you place an implant?”
The radiologist’s opinion cannot be definitive
based on orthopanoramic X-rays alone. In fact,
how can one answer based only on a view of the
height (which, moreover, is not always accurate)?
How can one decide without a clear image of the
mandibular nerve, when there is a sinus close to
the alveolus, when there is an artifact, and so on?
Therefore, the radiologist cannot fail to mention
that a specific tomographic investigation exists,
and that it will permit better insight and assessment of the clinical case.
In this specific case, modern equipment is so
highly specific (volumetric CT) that, considering
the risk-benefit balance between “therapeutic value and radiation dose”, it is clearly more beneficial to undergo to a radiological examination with
a low radiation risk than to avoid in-depth diagnostic studies.
It is crucial for the patient to understand the utility of in-depth radiological examinations. Furthermore, it is advisable to provide him/her with
a written note to give the radiologist so that the
report will be aimed at implant planning.
More accurate measurements
Investigations that provide accurate 1:1 dimensional measurements allow the dentist to plan
carefully and select the implant with the most
suitable size and best material.
There is no doubt that, without a tomography
and the certainty of accurate measurements obtained by a well-executed examination, the cautious dentist will opt for smaller implants, thus
creating the “ideological” basis for choosing a material with less potential for good primary stability inside the bone: an objectionable choice when
the actual dimensions involved effectively require
longer and/or larger implants.
Legal issues
Radiographs should not be taken only for medicolegal purposes. The medicolegal significance of radiographs cannot be ignored (Paolo Mezzanotte).

Having acknowledged the validity of further investigations that engender no real risk of biologi-
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cal damage, the only remaining doubt involves
selecting those that emit lower radiations - while
assuring equivalent diagnostic results - among the
specific equipment now available. The consensus
conferences aimed at drawing up guidelines to
minimize the margin of discretion, benefiting the
safety of the patient, who is often psychologically
submissive or misinformed, introduce the concept of informed consent. In this regard, tomography has acquired probative value in medical
malpractice cases, and lawsuits can be lost if CT
imaging is not included in the clinical protocol.

Radiological protocol

1

Fig. 1 Fan-beam technique.

CT imaging is acquired by radiologists whose reports will provide the dentist with information
about measurements and bone status. To arrive at
these results, the specialist relies on a protocol
that strictly follows standardized execution procedures accompanied by accurate preparation of
the patient through precise indications and, if
possible, known landmarks in the oral cavity. The
radiologist follows a meticulous process to obtain
the definitive answer, carefully selecting among
various options concerning:
❚ equipment;
❚ projections;
❚ reference images;
❚ reports.

Equipment
CT imaging employs different technologies,
which can basically be split up into two categories: fan-beam scanners (Fig. 1), and conebeam scanners (Fig. 2). The illustrations show the
reciprocal movements between objects and X-ray
tube in the two main equipment categories.
A fan-beam (spiral) CT scanner uses a dedicated
program called Denta Scan, which is a software
application for implantology and is loaded into
the equipment, as opposed to the programs designed for cone-beam (volumetric) CT scanners,
which have the same cognitive purposes but operating modes that vary from machine to machine.
Figures 3 and 4 show the typical configuration of
a cone-beam CT scanner.

Projections
Implant planning relies on a clinical protocol in
order to obtain images with fixed 1:1 magnifica-
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2

Fig. 2 Cone-beam technique.

3

Fig. 3 Cone-beam equipment.
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Before image printing, it has to be underscored
that the examination should always include good
landmark assessment.

Reference images

4

Fig. 4 Cone-beam configuration.

tion parameters. Consequently, images orthogonal to each other and that fulfill these characteristics are preferable.
Figure 5 show the basic projections, which are
sagittal (the same principle employed for
panoramic-like X-rays, which follow the curvilinear profile of the bone), transverse (or cross or
paraxial), axial slices, and coronal or frontal slices
used for comparison and for a general overview.
The elaboration of these combined projections
yields the final report.

5

Fig. 5 CT projections.

Images obtained by positioning a template, which
can vary in shape and material, and indicating the
areas of interest on the CT scan are referred to as
reference images.
Templates are usually manufactured from opaque
materials by the dental technician or dentist. They
are preferably small in size and cylindrical, in order
to indicate on the radiographs not only the site but
possibly also the bucco-lingual-palatal inclination.
Once composed of metal beads (but with limitations in radiographic quality and information about
inclination), today these markers tend to be made
from less dense materials that are more visible on
the CT scan. They are represented by:
❚ gutta-percha and titanium markers;
❚ markers consisting of opaque crowns (bariumloaded resins).
Figures 6-13 show examples of classic markers
made of these materials. In particular, Figures 14
and 15 also show the results in 3D sections.

Report
The report is the result of a careful choice of the
appropriate projections needed by the dentist for
information about thickness, available height and
bone mineralization status (when possible), along
with measurements, angles and significant remarks.
The report thus represents the conclusions of the
radiological examination that will be used by the
dental specialist. With modern technology, they can
also be copied to a CD or DVD for handy consultation and record keeping.
The upper maxilla and the mandible usually show
slight differences in the formation of the images,
and this is useful for diagnostic purposes.
Upper maxilla
The following illustrations show the sequential image elaboration process from the raw data of the irradiated area of interest.
Note that the CT examination follows the execution
of an orthopanoramic X-ray (Fig. 16), possibly taken with reference markers.
Elaboration of the report generally begins with a
scout view (Fig. 17), which is a lateral projection of
the skull used to choose the most suitable axial reference to locate the sites of interest.
The panoramic-like projections (Fig. 19) are cho-
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6

7

9

10

12

14

8

11

13

15

16

Fig. 6 Opaque markers (beads) on templates. Fig. 7 Barium-loaded resin opaque markers.
Fig. 8 Barium-loaded resin opaque markers. Fig. 9 Titanium markers.
Fig. 10 OPG with a gutta-percha marker. Fig. 11 OPG with gutta-percha markers.
Fig. 12 Panoramic-like CT image with perforated titanium markers. Fig. 13 OPG with perforated titanium markers.
Fig. 14 3D CT with barium-loaded resin markers. Fig. 15 3D CT with barium-loaded resin markers.
Fig. 16 A good starting point: OPG with markers.
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sen on the axial reference of the upper arch (Fig.
18), which are useful to identify the segment needed by the dentist. The segment may include one or
more sites or the whole arch.
The transverse or cross-sectional projections are
then extracted from the axial reference by means of
dedicated programs such as Denta Scan, which will
determine the size of the alveoli (Figs. 20, 21).
With some programs, the markers can often clearly
outline the limits of the segment of interest (Fig. 22).
The report will thus show the axial reference projection, the panoramic-like images indicating the
segment of interest, the cross-sectional slices with
the measurements of the available height and thickness, as well as any other significant information
such as the distance between the alveoli and the
maxillary sinus.
An additional sheet with axial projections will identify any pathological conditions of the maxillary sinus, which is very useful to know in case of sinus
lift procedures.
In the event of sinus conditions, assessment of the
sequential involvement of the dental elements affected by the inflammatory process can also be useful. The diagnosis will be formulated on the basis of
the subsequent bucco-palatal slices through the execution of sagittal projections.
The following images show a report of the upper
arch both with the cone-beam technique, which is
usually more detailed (Figs. 2-26), and the fanbeam technique (Figs. 27, 28).
There are axial, cross-sectional and panoramic-like
slice images, variously combined, and sometimes
also sagittal slices in order to better evaluate the
concomitant sinus disease.

20
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17

19

18

Fig. 17 Cone-beam CT: lateral scout view.
Fig. 18 Cone-beam CT: axial reference.
Fig. 19 Cone-beam CT: panoramic-like images.

Lower maxilla (mandible)
In this case the axial reference of greatest interest,
akin to a scout view, is chosen. The mandibular
slice with the metal reference markers does not always correspond to the same slice that shows the
mandibular nerve course, as required by the dentist.
Therefore, using the OPG as a reference (Fig. 29),
the two axial references of interest (Fig. 30) extrapolated from the CT are identified, one with the
markers and the other with the mandibular nerve

21

Figs. 20, 21 Cone-beam CT: cross-sectional image extrapolation from axial projection.
Fig. 22 Panoramic-like (NewTom program) (above) and axial images of the segment of interest with the
cone-beam CT and reference points (red) (below).

22
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23

25

24

26

Figs. 23-25 Cone-beam CT scan report of the upper arch. Fig. 26 Cone-beam CT: set of bucco-palatal sagittal projections
to visualize the sinus pathology.

28

27
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Figs. 27, 28 Fan-beam CT scan report of the upper arch,
showing analogous results.
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(Figs. 31, 32).
Figure 33 show all the axial references used for
elaboration of the cross-sectional images of interest.
Figure 34 shows the cross-sectional slices of interest of Figure 35 in the axial projection, where the
measurements and references for the identification
and direction of the opaque marker, the mandibular nerve, and so on are indicated.
Figures 36–38 show the report of the mandible,
both with the cone-beam and the fan-beam techniques. Unless a clear pathological condition of the
jaw is present, the set of axial projections can usually be omitted from the report.
It is useful to stress that when a bifid mandibular
nerve - of various configurations - is suspected,
evaluation of the superficial bone with a 3D projection may be helpful (Figs. 39, 40).

XV

29

Fig. 29 Reference OPG of the lower arch, with two opaque markers.

The (already present) future
Within the sphere of CT imaging, we must emphasize that an accurate response is the result of a wellplanned examination, which in turn is the fruit of
constant and specific cooperation between dentist
and radiologist.
More and more often, the complexity of the clinical
cases requires that the radiological examination go
beyond the bounds of the radiologist’s report to
form part of a comprehensive analysis that will culminate in a three-dimensional image to be used by
the dentist. The final stereolithographic model (Fig.
41), obtained thanks to the standardization of
methods, can be stored and retrieved in DICOM
format (Digital Imaging and Communications in
Medicine).
Similarly, the method of applying a reconstruction
model to raw data is also evolving, making it possible to insert preoperative templates prepared
based on the CT examination. This makes it possible to identify the bucco-lingual-palatal or
mesiodistal implant placement directions using
dedicated software, such as the recent SimPlant and
Brånemark programs.
In this respect the dentist usually takes the place of
the radiologist, according to his/her own clinical
needs.
Of course, much more remains to be done. In particular, information on bone mineralization status is
currently done in the form of punctiform recordings, whereas it would be more useful by homogeneous areas. The same holds true for the parameters pertaining to bone density, expressed as
Hounsfield units (HU), ranging from negative val-

30

Fig. 30 OPG: diagram
showing the choice
of the two panoramic-like
images of interest.

31

32

Figs. 31, 32 Cone-beam CT: panoramic-like images and
corresponding axial images.

ues (air = -1000 HU) to very high values (compact
bone = +1600 HU), and encompassing a very wide
range of values within the Misch classification (4
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34

33

Fig. 33 All the axial images included in the segment of
interest.

classes) or with smaller ranges of the gray scale, also derived from highly variable punctiform density
values.
In conclusion, modern radiology gives dentists
tools with a level of safety and precision that was
once unimaginable. We can rightly state that the
current achievements in the field of surgical implantology have made by taking giant steps hand in
hand with radiology, which follows clinical indications to provide appropriate answers.

36

37

35

Figs. 34, 35 Cross-sections of interest in axial projection,
showing the measurements and references for the identification
and direction of the opaque marker, and the mandibular nerve.

38

Figs. 36-38 Cone-beam CT scan of the lower arch. Analogous fan-beam CT scan report.
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39

XV

40

Figs. 39, 40 Cone-beam CT, panoramic-like images and 3D image: the two buccal points
of emergence of the mandibular nerve.

41

Fig. 41 Stereolithographic models.
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CONCLUSIONS

Conclusions

Endosseous implants are among the great achievements of reconstructive surgery, and thanks to
them the sad situations of edentulism that mortified so many patients until only a few years ago
are now disappearing. Unfortunately, in Italy - as elsewhere - far too many people are still unable to benefit fully from this technology, due to the paucity of scientific information and inadequate teaching of this treatment option.
Today implantations are offered by almost all dental practices, but these services are often limited to a single method, due to misinformation about the better rehabilitation options offered by
other techniques, which are deemed unsuitable because they were experimented in the more distant past (albeit with excellent results).
A large part of this book is devoted to illustrating - with proven facts - why this attitude is wrong
and how much better one could operate if familiar with the great reconstructive possibilities offered by bicorticalized emerging implants, intraoral soldering, emerging implants and blades. Many of the cases presented in the book, detailed regarding the surgical technique, prosthetic solutions and follow-ups, could not have been treated with the methods that currently enjoy more
prestige than they deserve, considering their therapeutic potential. Indeed, any failures of the latter methods are attributed to causes that make no reference to planning mistakes, surgical techniques or the choice of unsuitable artifacts, yet these are the real culprits.
We must add another comment. In Italy and other countries there are renowned professionals
who have successfully been placing thousands of implants considered to be “obsolete.” Why don’t research institutes offer these implantologists the chance to teach and divulge their methods
free of charge? We and a handful of other professionals are the only ones who, for years, have
had the chance to teach on a university level, imparting everything we have deemed useful for
enriching our students’ stock of knowledge on implant dentistry. As a result, they can now choose the most effective - yet less advertised - techniques on a case-by-case basis.
We have no intention of entering into debates that have been avoided so far, but we could detail
a long list of dental institutes where only implants of the “latest generation” are adopted, opposing any other type of implant (many of which are better) on the basis of unjustifiable principles.
The fact is that we are witnessing the beginning of a new course, because many of those institutes are starting to embrace, albeit cautiously, the “old.”

Ugo and Marco E. Pasqualini
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