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V
ery high success and survival
rates have been reported with
the use of immediately loaded

dental implants.1–10 A predictable out-
come has been reported in immedi-
ately loaded implants.11–13

Osseointegrated immediately loaded
implants have shown a clinical long-term
predictability similar to those of conven-
tionally loaded implants.8 Immediate
loading shortens the total rehabilitation
time with increased patient satisfaction
and the avoidance of delays in the final
rehabilitation with the accompanying
difficulty of wearing a conventional
denture during the healing phase.11,14

Functional loading placed on an
immobile implant is an essential ingre-
dient to achieve osseointegration.15

When primary stability is achieved
and a proper prosthetic treatment plan
is followed, immediate loading is a
feasible concept.15 It seems that pri-
mary stability, more than the anatom-
ical location, may be the fundamental
requirement for immediate loading of
dental implants.15

Histological evidence of osseointe-
gration in clinically successfully os-
seointegrated implants in man is rather
rare in the literature.16–30 Retrieved hu-

man implants are extremely important
for long-term evaluation of implants
subjected to functional loading.24

The aim of the present study was
a histological evaluation of the peri-
implant tissues, in man, in 3 immedi-
ately loaded screw implants retrieved,
for fracture, after a 3 years loading
period.

MATERIALS AND METHODS

A 65-year-old male patient pre-
sented a fracture of 3 implants located
in the premolar region of the maxilla
(Fig. 1). The patient was a heavy
bruxer with a high level of parafunc-
tions. These implants had been in-
serted 3 years previously and had been
loaded the same day with a resin

crown in occlusal contact; after 3
months a definitive prosthesis had
been inserted. The implants had func-
tioned well for 3 years, were stable,
and they had recently fractured in a
4-month period. It was decided to re-
trieve the implants with a 4-mm trephine
bur under abundant saline irrigation.
On removal, mineralized tissues seemed
to be attached to the surface of all 3
implants.

Processing of Specimens

The implants and the surrounding
tissues were stored immediately in 10%
buffered formalin and processed to ob-
tain thin ground sections with the Pre-
cise 1 Automated System (Assing,
Rome, Italy).31 The specimens were de-
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Purpose: The aim of the present
study, in man, was an histologic and
histomorphometric analysis of the
peri-implant tissues in 3 immediately
loaded screw implants retrieved, be-
cause of fracture, after a 3 year
loading period.

Results: Mineralized tissue was
present at the interface of all implants.
The mean bone to implant contact
percentage for the 3 implants was
56.3% � 5%. The histologic and his-
tomorphometric data showed that
mineralized tissues can be obtained in
immediately loaded screw implants
and that these mineralized tissues are
maintained over a period of 3 years.
The response of the osseous tissue was

not disturbed by the stresses and
strains transmitted at the interface.

Conclusion: A high primary sta-
bility, obtained by the large threads
of the screw-shaped implant, was
probably a key factor in the long-term
maintenance of a mineralized bone in-
terface. The primary stability helps to
resist micromotion, i.e., the relative
movements between the implant sur-
face and surrounding bone during
functional loading. (Implant Dent
2008;17:192–199)
Key Words: bone–implant interface,
implant fracture, immediately loaded
implant, retrieved implant, screw-
shaped implant
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hydrated in an ascending series of
alcohol rinses and embedded in a gly-
colmethacrylate resin (Technovit 7200
VLC, Kulzer, Wehrheim, Germany).
After polymerization the specimens
were sectioned longitudinally along the
major axis of the implants with a high-
precision diamond disc at about 150 �m
and ground down to about 30 �m. Three
slides were obtained for each implant.
The slides were stained with basic fuch-
sin and toluidine blue. A double staining
was performed with von Kossa and acid
fuchsin to evaluate the degree of bone
mineralization, and one slide, after pol-
ishing, was immersed in AgNO3 for 30
minutes, and exposed to sunlight; the
slides were then washed under tap wa-
ter, dried, and immersed in basic fuchsin
for 5 minutes, and then washed and
mounted.

Histomorphometry of bone–implant
contact percentage was performed using
a light microscope (Laborlux S, Leitz,
Wetzlar, Germany) connected to a high
resolution video camera (3CCD, JVC
KY-F55B) and interfaced to a monitor
and PC (Intel Pentium III 1200 MMX).
This optical system was associated with
a digitizing pad (Matrix Vision GmbH)
and a histometry software package with
image capturing capabilities (Image-Pro
Plus 4.5, Media Cybernetics Inc., Im-
magini & Computer Snc, Milano, Italy).

RESULTS

All 3 implants were surrounded
by mineralized tissues. At low magni-
fication, it was possible to observe a
high percentage of bone–implant con-
tact (Fig. 2). Bone to implant contact
percentage was 56.3% � 5%. In some
areas of the bone interface, bone
seemed to have been removed during
the trephining process (Fig. 3).

The peri-implant bone was com-
pact, mature (Fig. 4), with the pres-
ence of small marrow spaces or small
resorption lacunae located at the tips
of all the threads (Fig. 5). Haversian
systems and remodeling areas were
present in direct contact with the im-
plant surface (Fig. 6). In many fields it
was possible to observe the presence
of many osteoblasts, actively produc-
ing osteoid matrix (Figs. 7 and 8). In
other areas, it was possible to observe
the presence of osteoblasts that were

undergoing transformation to bone
lining cells (Fig. 9). The newly formed
bone was more strongly stained with
acid fuchsin and it was clearly sepa-
rated from the old, preexisting bone.
The bone was in close and tight con-
tact with the implants surface and no
gaps or connective fibrous tissues
were present at the implant–bone in-
terface (Fig. 10). No inflammatory in-
filtrate was present. No epithelial
downgrowth was present (Fig. 11). In
the areas of remodeling bone it was

Fig. 1. Panoramic x-ray of the screw-shaped
implants.

Fig. 2. At low magnification, it is possible to observe an high percentage of bone-implant
contact. Acid fuchsin-toluidine blue 6�.
Fig. 3. In some areas of the bone-implant interface, bone seems to have been removed during
the trephining process. Acid fuchsin-toluidine blue 6�.
Fig. 4. The peri-implant bone is compact, mature. Acid fuchsin-toluidine blue 40�.
Fig. 5. Small marrow spaces are present in some portions of the interface with the implant
surface. Acid fuchsin-toluidine blue 40�.
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possible to observe bone remodeling
units with vessels, osteoblasts, and os-
teoclasts. Lamellar and woven bone
were separated by a well-defined ir-
regular cement line. The bone sur-
rounding these lacunae presented a
strong affinity for the dyes, wide os-
teocytic lacunae and it seemed to be
undergoing remodeling. In this area,
bone lamellae were organized in a
concentric way around the point of the
thread.

DISCUSSION

Histologic examination provides
the best evidence of the type of tissue

at the interface with dental implants.
Only rarely the histology of human
retrieved immediately loaded implants
have been reported in the litera-
ture.16–29 Even more rarely it is possi-
ble to find histological reports in the
literature of immediately loaded im-
plants with a long-term follow-up.24–29

In our patient 3 screw-shaped implants
fractured over a period of some
months. The patient was a heavy
bruxer and most probably the para-

functions had caused the fractures.
Sometimes, several implants can frac-
ture in the same patient in a limited
period of time. The histological data
of the present specimens show that
mineralized tissues are present at the
interface with immediately loaded
screw implants and that these tissues
are successfully maintained over a
long time period (3 years). The re-
sponse of the bone tissue seemed not
to be disturbed by the stresses and
strains transmitted at the interface. In
blade implants retrieved after 13 and
21 years of function, mature bone in
tight contact with the implant surface
was seen around most of the implant
surface.29 The threshold of critical mi-
cromotion seems to be comprised be-
tween 50 and 150 �m.15 An effective
way to reduce micromovements could
be splinting of the implant, in addition
of using an implant with a retentive
shape (i.e., a screw-shaped im-
plant).32–35 Rigid splinting and mini-
mal lateral forces are critical factors
for success. Implant splinting may cer-
tainly be helpful in decreasing the
amount of micromotion during the
healing period, producing an higher
tolerance to deleterious micromove-
ments.32–35 Implants splinted together
may decrease the risk of overload to
each implant as a result of greater sur-
face and improved biomechanical dis-
tribution.32–35 In our implants, the large
threads of the screw-shaped implants
produced a high primary stability.
Threaded implants present consider-
able advantages compared with press-
fit implants for the immediate-loading
protocol.32 An appropriate thread de-
sign makes a significant contribution
to the initial stability of the implant
during placement.32,34,35 The screws
has a higher mechanical retention and
greater ability to transfer compressive
forces.15 Screw design not only mini-
mizes micromotion of the implant, but
also improves the initial stability.15

Additionally, the threads increase the
surface area of the implant.15 Another
purpose of incorporating thread into
the implant design is the transforma-
tion of shear forces into more resistant
force types at the bone interface.33

Bone, in fact, responds to different
types of loading and is weakest under
shear-loading conditions.33 The bigger
the load on the implant, the higher are

Fig. 6. Haversian systems and remodeling
areas are present near the bone-implant in-
terface. Acid fuchsin-toluidine blue 200�.
Fig. 7. In many fields it is possible to observe
the presence of many osteoblasts. Acid
fuchsin-toluidine blue 400�.
Fig. 8. The osteoblasts are actively produc-
ing osteoid matrix. Acid fuchsin-toluidine blue
400�.

Fig. 9. Osteoblasts undergoing transforma-
tion to bone lining cells are present. Acid
fuchsin-toluidine blue 400�.
Fig. 10. The bone is in close and tight contact
with the implant surface and no gaps or con-
nective fibrous tissues are present at the
implant-bone interface. Acid fuchsin-toluidine
blue 200�.
Fig. 11. No inflammatory infiltrate is present.
No epithelial downgrowth is present. Acid
fuchsin–toluidine blue 400�.
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the bone stresses that are elicited.36

Threads are also used to maximize the
initial contact, improve the initial sta-
bility, enlarge the implant surface
area, and favor dissipation of interfa-
cial stresses.33 An important role is
played also by the precise fit of the
implant in the bone socket and is re-
lated to the implant design. Our histo-
logical results could also be explained
by the fact that functional loading
seems to stimulate bone apposi-
tion.37–41 Wolff formulated his theory
according to which there is a direct
link between mechanical loading and
bone form; Wolff’s law would imply
that increased stresses act as a stimu-
lus to new bone formation whereas
reduced stress tends to produce bone
loss.38–41

CONCLUSION

In a rigidly fixed implant system
no significant distortional strains will
be produced at the interface and in
such a way no fibrous tissue formation
will be stimulated. In our implants
most probably a high primary stability
was a key factor for the very high bone
implant contact percentage maintained
for 3 years.

Additional human specimens of
immediately loaded implants retrieved
after long-term periods will help to
elucidate more clearly the behavior of
the mineralized tissues at the interface.
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Histologischer und histomorphometrischer Bericht über 3
unmittelbar belastete Schraubimplantate, die nach einer
Belastungszeit von 3 Jahren beim Menschen entnommen
wurden

ZUSAMMENFASSUNG: Zielsetzung: Die vorliegende
Studie zielte darauf ab, eine histologische sowie histomor-
phometrische Analyse der das Implantat umlagernden Gewe-
beteile bei drei unmittelbar belasteten Schraubimplantaten
durchzuführen, die nach erfolgtem Bruch nach einem Belas-
tungszeitraum von 3 Jahren beim Menschen entnommen wur-
den. Ergebnisse: An der Schnittstelle zu allen Implantaten
was mineralisiertes Gewebe zu verzeichnen. Der durchschnit-
tliche Prozentsatz an Knochen-Implantat-Kontakt für die drei
Implantate betrug 56,3% �/� 5%. Die histologischen und
histomorphometrischen Daten zeigten, dass unter Verwendung
von unmittelbar belasteten Schraubimplantaten mineralisiertes
Gewebe gewonnen werden kann und dass diese mineralisierten
Gewebeteile für 3 Jahre bestehen bleiben. Die Reaktion des
knöchernen Gewebes wurde nicht durch die an der Schnittstelle
bestehenden Belastungen und Einflüsse beeinträchtigt.
Schlussfolgerung: Eine hohe Primärstabilität, die durch die

großen Köpfe der schraubenförmigen Implantate erreicht wurde,
kann wahrscheinlich als Schlüsselelement für die langfristige
Erhaltung der mineralisierten Knochengewebsschnittstelle gese-
hen werden. Diese primären Stabilitätseigenschaften tragen dazu
bei, einer Mikrobewegung entgegen zu wirken, d.h. der relativen
Bewegung zwischen der Implantatoberfläche und dem umgeb-
enden Knochengewebe während einer funktionalen Belastung.

SCHLÜSSELWÖRTER: Knochen-Implantat-Schnittstelle,
Implantatfraktur, unmittelbar belastetes Implantat, entnom-
menes Implantat, schraubenförmiges Implantat
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Vittoria Perrotti, D.D.S., Ph.D., Adriano Piattelli, M.D.,
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Informe histológico e histomorfométrico de 3 implantes con
tornillos cargados inmediatamente obtenidos de un hombre
luego de un perı́odo de carga de 3 años

ABSTRACTO: Propósito: El objetivo de este estudio, en un
hombre, fue un análisis histológico e histomorfométrico de
los tejidos periimplante en 3 implantes con tornillos cargados
inmediatamente, debido a una fractura, luego de un perı́odo
de carga de 3 años. Resultados: Se encontró tejido mineral-
izado en la interfaz de todos los implantes. El porcentaje
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medio de contacto entre hueso e implante para los 3 implantes
fue de 56,3% �/� 5%. Los datos histológicos e histomorfo-
métricos demostraron que se pueden obtener tejidos miner-
alizados en implantes con tornillos cargados inmediatamente
y que estos tejidos mineralizados se mantienen durante un
perı́odo de 3 años. La respuesta del tejido óseo no se vio
afectada por las tensiones y estreses transmitidos en la inter-
faz. Conclusión: Una alta estabilidad primaria, obtenida por
las grandes roscas del implante con forma de tornillo, fue
posiblemente un factor clave en el mantenimiento a largo
plazo del interfaz de hueso mineralizado. La estabilidad pri-
maria ayuda a resistir el micromovimiento, o sea, los movi-
mientos relativos entre la superficie del implante y el hueso
que lo rodea durante la carga funcional.

PALABRAS CLAVES: interfaz implante-hueso, fractura del
implante, implante cargado inmediatamente, implante
sacado, implante con forma de tornillo
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Relato Histológico e Histomorfométrico de 3 Implantes com
Parafusos Imediatamente Carregados e Recuperados do
Homem Após um Perı́odo de 3 Anos de Carga

RESUMO: Objetivo: O objetivo do presente estudo, no
homem, era uma análise histológica e histomorfométrica dos
tecidos de periimplante em 3 implantes com parafusos ime-
diatamente carregados, por causa de fratura, após um perı́odo
de 3 anos de carga. Resultados: Tecido mineralizado estava
presente na interface de todos os implantes. O osso médio
para a porcentagem de contato do implante para 3 implantes
era 56.3% �/� 5%. Os dados histológicos e histomorformét-
ricos mostraram que tecidos mineralizados podem ser obtidos
em implantes com parafusos imediatamente carregados e que
esses tecidos mineralizados são mantidos por um perı́odo de
3 anos. A resposta do tecido ósseo não foi perturbada pelos
estresses e tensões transmitidos na interface. Conclusão:
Uma alta estabilidade primária, obtida pelos filetes grandes
do implante em forma de parafuso, foi provavelmente um
fator-chave na manutenção de longo prazo de uma interface
de osso mineralizado. A estabilidade primária ajuda a resistir
ao micromovimento, isto é, os movimentos relativos entre a
superfı́cie do implante e o osso circundante durante a carga
funcional.

PALAVRAS-CHAVE: interface de implante único, fratura
do implante, implante imediatamente carregado, implante em
forma de parafuso
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3 Yýllýk Yükleme Periyodundan Sonra Bir Erkek Hastadan
Çýkartýlan 3 Hemen (Ýmmediat) Yüklenmi° Vida Ýmplant-
larýnýn Histolojik ve Histomorfometrik Raporu

ÖZET: Amaç: Bu çalışmanın amacı, 3 yıllık bir yükleme
periyodundan sonra bir erkek hastadan kırık nedeniyle çıkar-
tılan 3 hemen yüklenmiçs vida implantlarındaki peri-implant
dokularının histolojik ve histomorfometrik analizini sun-
maktı. Bulgular: Tüm implantların arayüzünde mineralize
doku mevcuttu. Üç implant için kemiğin implanta ortalama
temas yüzdesi 56.3% �/-5% idi. Histolojik ve histomorfo-
metrik veriler, hemen yüklenmiçs vida implantlarında miner-

alize doku elde edilebildiğini ve bu mineralize dokuların 3 yıl
boyunca muhafaza edildiğini gösterdi. Arayüze iletilen ger-
ilim ve basınç, kemiksel dokudan alınan yanıtı bozmadı.
Sonuç: Mineralize kemik arayüzünün uzun vadede muhafaza
edilmesindeki kritik faktör, muhtemelen vida çseklindeki im-
plantın geniçs yivlerinden sağlanan yüksek birincil stabilite
idi. Birincil stabilite, mikro hareketlere—örn., fonksiyonel
yükleme sırasında implantın yüzeyi ile etrafındaki kemik
arasındaki göreceli harekete—karşı direnç sağlanmasına
yardım eder.

ANAHTAR KELÝMELER: kemik-implant arayüzü, implant
kırığı, hemen yüklenmiçs implant, çıkartılmış implant, vida
çseklinde implant
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