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The aim of this investigation was to conduct a comparative histometric analysis of bone-implant inter-
face between a rough titanium surface and smooth implants in low-density human jawbone after 3, 6,
and 12 months of submerged, undisturbed healing. Six adult volunteer patients undergoing standard
implant placement were enrolled in this project. Each patient received 1 smooth and 1 rough implant.
After 3, 6, and 12 months, the implants were harvested for histometric analysis. The values of bone-
implant contact were the following: 3 months smooth 6.2%, 3 months rough 58.9%, 6 months smooth

3.55%, 6 months rough 72.9%, 12 months smooth 6.7%, and 12 months rough 76.75%. The results
showed that in low-density bone the rough surface dramatically enhanced the amount of bone-to-
implant contact. Because of the small number of implants examined, definite conclusions cannot be
drawn, even though the statistical analysis showed significant differences between the smooth and
rough groups (P = .0129; F = 76.065). Nevertheless, a trend was evident in these observations: while a
rough implant surface may enhance the rate of osseointegration, it is not able to significantly change
the bone density, and an implant placed in low-density bone is at a higher risk of failure when occlusal

loading begins.
(INT J ORAL MAXILLOFAC IMPLANTS 1999;14:689-698)
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Osseointegrated implants made of commer-
cially pure (cp) titanium are used for the fixa-
tion of dental prostheses with good long-term clin-
ical results.1:?2 Even though osseointegration is a
biologic concept clinically functioning, many
aspects of this “living bone in direct contact with
an implant surface at the light microscopic level”
phenomenon need clarification.®4 The design of
implants must suit the desired application, and in
implant dentistry, screw and cylindric implants are
the preferred shapes because they are relatively
easy to place and to remove.>® Primary stability is
essential to achieve ideal osseointegration and it
depends on both macroscopic and microscopic
implant characteristics, as well as bone structure.”

*Private Practice, Pescara, Italy; and Scientific Director, Bio-
materials Clinical Research Association, Pescara, Italy.
**Private Practice, Pavia, Italy.
***Private Practice, Genova, Italy.

Reprint requests: Dr Paolo Trisi, Biomaterials Clinical Research
Association, Via San Silvestro 163/3, 65132 Pescara, Italy. Fax:
+39-85-693351. E-mail: paulbioc@tin.it

CoPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING
OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF
THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.

The intimate mechanisms by which titanium
implants are anchored to bone are not completely
understood. The percentage of bone-to-implant
contact (BIC) at the interface level seems to be a
crucial factor. Implants with roughened surfaces
demonstrate better early anchorage in bone tissue
than implants with smooth surfaces.®® Resistance
to unscrewing up to 12 months following place-
ment for screw-shaped titanium implants increases
with time in proportion to the increase in bone-to-
implant contact.%10

Traditionally, histometric measurements of BIC
have been made in animal studies. Some studies
have shown that machined-prepared smooth tita-
nium surfaces allow a good percentage of bone
contact.®11.12 On the other hand, implants with a
rough surface have demonstrated a higher percent-
age of bone-to-implant contact.®8 A rougher sur-
face has been shown to result in faster'® as well as
firmer bone integration.* Results of the animal
experiments were then extrapolated to humans,
but no histologic data, to the authors’ knowledge,
has been reported to confirm these findings in
human beings, although many commercially avail-
able implants do have a rough surface.
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Fig 1a Experimental mini-implant, 5
mm X 3.3 mm, used for the histologic
evaluation.

Long-term success rates seem better when
implants are placed in areas with denser bone (Types
1 and 2) and lowest in areas with low bone density
(Types 3 and 4).1516 This reduction in the success
rate in low-density bone seems to be the result of
lower biomechanical anchorage of the implants in
trabecular bone. If rough implants are able to
enhance the amount of bone-implant contact, they
should be able to enhance anchorage of the implant
in bone, particularly in areas where bone density is
lower, thus improving the success rate.

The aim of this report was to histometrically
compare the percentage of BIC of a rough titanium
surface and a smooth implant in low-density
human jawbone, after 3, 6, and 12 months of sub-
merged, undisturbed healing.

Materials and Methods

Test Device. Twelve experimental implants were
manufactured by Exacta (Biaggini Ormco lItalia,
La Spezia, Italy). The test device was a conical
screw-shaped implant, 3.3 mm wide and 5 mm
long (Fig 1a). The implants were made of cp tita-
nium grade 3 (Uni 9763/2) with 2 different
implant surfaces. In the control group the implant
surface was polished to obtain a smooth texture
(Fig 1b). In the test group, the implant surface was
roughened using a corundum-blasting procedure
(Fig 1c). The blasted surface showed a mean Ra of
1.329 (Rt = 21.557; Rmax = 20.847). The
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Fig 1b Reflected light micrograph of Fig 1c Reflected light micrograph of
the titanium surface of the smooth
implant (original magnification X50).

the titanium surface of the rough implant
(original magnification X50).

implants were surgically placed and retrieved after
3, 6, and 12 months, so that 3 test and 3 control
groups were analyzed.

Surgical Procedure. Nine adult volunteers (5
males and 4 females) undergoing standard implant
procedure for implant placement were provision-
ally enrolled in this report. All the experimentation
was done in accordance with the Helsinki Declara-
tion of 1975, as revised in 1983. Exhaustive med-
ical histories were collected. All the patients were
healthy and did not present any contraindication
to oral surgical procedures.

The patients underwent standard implant place-
ment in the posterior jaws (both arches). A peri-
apical radiograph was obtained before surgery to
provide a general assessment of bone density. If the
radiographic analysis showed low density, then the
patients were provisionally enrolled in the study.
The bone density, as determined by surgical hand
drilling resistance, had to be Type 3 or 4 according
to Mischl’ and Trisi and Rao.1® If during drilling
the registered drilling resistance yielded a value of
3 or 4, then the patient was definitively enrolled in
the study. At the end of the selection process, 6
patients met the prerequisite for enrollment.

During stage 1 surgery, 2 mini-implants were
placed distally to the most distal standard implant,
in sites where the bone height was insufficient for
the placement of a standard implant. Each patient
received 1 smooth and 1 rough implant. The
patients were informed that the surgical proce-
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Table 1 Bone-Implant Contact in Implants Examined

Time/implant type Count
3 months smooth 2
6 months smooth 2
12 months smooth 2
3 months rough 2
6 months rough 2
12 months rough 2

Mean contact SD SE
6.200 1.556 1.100
3.550 5.020 3.550
6.700 2.121 1.500

58.900 5.091 3.600
72.900 12.162 8.600
76.750 12.657 8.950

SD = standard deviation; SE = standard error.

dures used to position the mini-implants presented
the same risks as standard dental implant proce-
dures and gave their informed consent to partici-
pate in the project. The minimal distance between
the standard implants and the mini-implants was 6
mm to avoid any risk for the standard implants.
Prior to surgery, the patients were given a single
dose of 2 grams of amoxicillin.

Following local anesthesia, a mucoperiosteal
flap was elevated with a crestal incision utilizing a
#15 blade. The flap was wide enough to allow for
positioning of the therapeutic implants and the 2
mini-implants. Using low-speed calibrated burs,
under copious irrigation with cooled sterile saline
solution, the implant sites were prepared, taking
care to always obtain primary stability. The mini-
implants were placed at a crestal level to allow
submerged healing. Following implant placement,
the flap was adapted and sutured with 4.0 silk
suture, thus obtaining primary wound closure.
Postoperative therapy included 2 g of amoxicillin
per day and 3 daily rinses with 0.12% chlorhexi-
dine for 7 days after surgery. Weekly examinations
in the first month and a monthly control in the fol-
lowing months were scheduled to evaluate possible
complications. After 3, 6, and 12 months, the
implants were uncovered and the mini-implants
were harvested. Under local anesthesia, the experi-
mental implants were carefully retrieved, along
with a small portion of surrounding bone. The
area of surgery was thoroughly rinsed with sterile
saline solution, and a regenerative procedure
involved placement of a collagen barrier mem-
brane to obtain healing of the residual defect.

Histologic and Histometric Procedure. All bone
biopsies were immediately rinsed in saline, fixed in
10% neutral buffered formalin, and processed
to obtain thin ground sections. The specimens were
dehydrated in an ascending series of alcohol rinses
and then embedded in Remacryl resin (an experi-
mental resin created by Mr Cesare Scala, Istituto di
Microscopia Elettronica Clinica, Ospedale San-
t’Orsola, Bologna, Italy). After polymerization, the
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specimens were sectioned at 200 to 250 pm by a
Micromet high-speed rotating blade microtome
(Remet, Bologna, Italy), and ground to about 40 to
50 um by an LS2 (Remet) grinding machine,
according to Donath and Breuner.!® The histologic
slides were routinely stained with toluidine blue,
Masson-Goldner, or von Kossa staining solutions.

After the sectioning process was completed,
each slide was histometrically analyzed to quantify
the percentage of BIC around each implant. The
histometric analysis was performed by counting, in
a rectangular integrating grid eyepiece with hori-
zontal and vertical lines, the length of the surface
of the implant covered by bony trabeculae over the
total length of the implant surface. These measure-
ments were made using a 10X objective in all spec-
imen fields, by counting the intersections over the
implant surface. For each implant 3 sections were
analyzed. Finally, the results were expressed as a
percentage of the implant surface covered by bone.
These measurements were made on each specimen
and the results were recorded in the corresponding
groups. Thereafter, a repeated-measures analysis of
variance (ANOVA) test was applied to obtain
some estimate of the probability that the results
could be explained by chance.

Results

All patients healed without complication after stage
I and stage Il surgery. Six months after implant
retrieval, radiographic examination showed com-
plete filling of the bony defects at the site of the
mini-implant removal. The patients were dismissed
from the study but they are still examined 3 times a
year to evaluate the long-term stability of the
implants and to ensure oral hygiene compliance.
Histometric results may be found in Table 1.
Smooth Implants at 3 Months. The bone density
was Type 3. The mean percentage of BIC was
6.2% (Fig 2a). Although bone trabeculae sur-
rounded almost all of the implants, few areas of
BIC were visible. The titanium was separated from
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the bone by a layer of loose marrow tissue without
inflammatory cells. The bone trabeculae showed
many layers of newly formed bone with osteoid
seams that occasionally made contact with the
implant (Fig 2b). At this stage most bone forma-
tion was of the lamellar type, even if areas of
woven bone were visible (Fig 2b). The bone surface
facing the implant did not match the implant pro-
file, thus demonstrating that this gap was not an
artifact caused by the retrieval surgery or specimen
processing. Moreover, this gap was filled with cells
and fibers that were well organized and preserved.

Rough Implants at 3 Months.The mean percent-
age of BIC was 58.9% (Fig 3a). The bone density
was Type 3. New bone grew from the wall of the
pre-existing drilled bone and, in many areas, filled
the space up to the implant surface, thus providing
the opportunity for osseointegration. This newly
formed bone had the appearance of woven bone,
with many thin trabeculae surrounding a network
of capillaries (Figs 3a and 3b). Most of the mar-
row spaces at the level of the implant surface were
closed by the newly formed bone (Fig 3a). Areas of
lamellar bone apposition, with osteoid layers and
osteoblast cells, were also visible on the implant
surface and between the trabeculae of the woven
bone. Bone remodeling was also present, with the
coupling activity of the osteoclasts and the
osteoblasts near the implant surfaces.

Smooth Implants at 6 Months. The mean per-
centage of BIC was 3.5%. The implants were also
placed in low-density Type 3 or 4 bone (Fig 4a).
Very few and thin bony trabeculae surrounded the
implant, and only very small areas of bone-to-
implant contact were visible (Fig 4a). A layer of
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Fig 2a (Left) Histologic section of a 3-
month smooth specimen. The density of
the bone is nearly 50%, but very few
areas of bone-to-implant contact are
present (original magnification x10,
Masson-Goldner staining).

Fig 2b  (Right) Magnified view of the
smooth implant surface at 3 months. The
bone facing the implant surface is a
composite bone made of areas of woven
bone (W) and layers of lamellar (L) bone.
Also some osteoid (O) seams are visible.
It is possible to observe a few contact
points between the implant and bone
(original magnification x50, Masson-
Goldner staining).

sound marrow tissue, without signs of inflamma-
tory cells, was interposed between the titanium
and bone (Fig 4b). The trabeculae were composed
of cores of woven bone surrounded by few layers
of lamellar bone (Fig 4b). Few signs of osteoid tis-
sue and remodeling activity were visible.

Rough Implants at 6 Months. The mean per-
centage of BIC was 72.9%, and the bone density
was Type 3 or 4. The blasted implants were sur-
rounded by a network of thin bony trabeculae (Fig
5a). This thin layer of newly formed bony trabecu-
lae was in direct contact with a large portion of
the implant surface and was mineralized, as shown
by von Kossa staining (Fig 5b). The bone contact
stopped suddenly at the level of the cover screw,
which was not blasted (Fig 5a). This layer of bone
was composed of 2 or 3 bone lamellae. Few signs
of bone-forming activity or remodeling activity
were present. In some areas, where medullary
spaces came into contact with the implant surface,
loose bone marrow tissue was present. The bone
surrounding the implants seemed to form a basket
of thin trabecular bone, similar to a very thin alve-
olar cortex.

Smooth Implants at 12 Months. The mean per-
centage of BIC was 6.7% (Fig 6a). The bone qual-
ity was low and there was little BIC contact. A
thin layer of trabecular bone surrounded almost
all the implant surface, but it was separated from
the titanium surface by a layer of marrow tissue
(Fig 6b). This bone formed a thin capsule around
all of the implant surface, but only in small limited
areas did the bone face the implant surface, imply-
ing there might be osseointegration. The bone had
the appearance of very thin and brittle bony
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Fig 3a Histologic section of a 3-month blasted specimen. The
implant was placed in bone with almost the same density as the
bone surrounding the smooth implant. The gap (arrowheads)
between the prepared bone bed and the implant is still visible
at the apex of the implant. A layer of woven bone (W) is closing
this gap and enhancing the percentage of osseointegration. In
the other areas of the implant surface, the marrow spaces in
contact with the blasted titanium are being closed by newly
formed bone (N) (original magnification X8, Masson-Goldner
staining).

Trisi et al

Fig 3b Magnified light micrograph of the blasted 3-month
specimen showing the woven aspect of the new bone (N)
formed over the implant surface. This new bone is close to the
medullary spaces at the level of the implant surface and fills the
gap (arrows) between the old pre-existing bone (O) and the
implant surface (original magnification x50, Masson-Goldner
staining).

Fig 4a Histologic section of a 6-month smooth implant show-
ing the very low density of bone and an almost complete
absence of bone-to-implant contact. The bone trabeculae
around the implant surface are very thin and brittle (original
magnification X 25, toluidine blue staining).
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Fig 4b  High-power view of the section in Fig 4a. The connec-
tive tissue layer interposed between the bone and the implant
demonstrates that the implant is not osseointegrated. Few
fibrous cells are visible (original magnification X100, Masson-
Goldner staining).
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trabeculae, mainly composed of woven bone with
small spots of lamellar bone (Fig 6b). The scaffold
of bone surrounding the implant seemed to be a
little bit more mature than at 6 months. The peri-
implant bone trabeculae were organized in a layer
parallel to the implant surface but were mostly
separated from the titanium. Loose marrow tissue
without signs of inflammatory cells outlined the
trabeculae around the implant.

Rough Implants at 12 Months. The mean per-
centage of BIC was 76.7% (Fig 7a). Implants
placed in low-density bone showed a high percent-
age of bone-to-implant contact. In this case, the
implants were surrounded only by a thin layer of
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Fig 5a (Left) Histologic section of a 6-
month blasted implant showing very low
bone quality. A very thin layer of bone
(arrowheads) is in contact with the
implant surface, despite the very low
bone quality and the almost complete
absence of bony trabeculae around the
implant. Note that the bone contact
reaches the neck of the implant (arrow),
but stops at the level of the cover screw,
which is not blasted (original magnifica-
tion X12, toluidine blue staining).

Fig 5b  (Right) Magnified view of the 6-
month blasted implant. A very thin layer
of bone (B) is present directly attached to
the implant (I) surface. Few cells and
some capillaries (asterisk) are present in
the surrounding soft tissue. The layer of
bone attached to the titanium is so thin
that high-power magnification was
needed to observe it clearly (original
magnification X200, von Kossa staining).

Fig 6a (Left) Histologic section of a 12-
month smooth implant. The bone density
is very low and the implant is not in con-
tact with the surrounding bone trabecu-
lae. Only at the apex of the threads was
a limited area of bone contact visible.
Nevertheless, a thin basket of new bone
surrounded the entire implant (original
magnification X8, toluidine blue stain-
ing).

Fig 6b (Right) Soft tissue encapsulation
of the 12-month smooth implant. A layer
of loose marrow tissue (C) is interposed
between the implant (I) and the shield of
bone (B). Few fibroblasts and no inflam-
matory cells are visible in this space. The
bone surface facing the implant shows a
resting appearance without osteoid or
bone resorption. The bone is composed
mainly of areas of woven (W) bone sur-
rounded by layers of lamellar (L) bone
(original magnification X200, Masson-
Goldner staining).

mature lamellar bone composed of few bone lamel-
lae (Fig 7b). Also in this case, the new bone was
organized to form a basket or thin shell, similar to
the alveolar cortex, that seemed to be isolated in the
bone marrow soft tissue, since very few trabeculae
were present around this basket. Layers of osteoid
tissue were visible, as were areas of bone cortical-
ization (Fig 7c). Primary osteons were present in the
vicinity of the implant surface (Fig 7c). Loose con-
nective tissue without signs of inflammatory cells
outlined the trabeculae around the implant.
Statistical Results. Repeated-measures ANOVA
showed that a significant difference (P = .0129; F =
76.065) existed between the mean percentage of
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Fig 7a (Left) Twelve-month blasted
implant. The bone density is very low,
but the implant is surrounded by a thin
layer of bony trabeculae perfectly adher-
ent to the titanium surface (arrowheads)
(original magnification X8, toluidine
blue staining).

Fig 7b  (Right) Magnified photomicro-
graph of the previous section. The thread
and the body of the implant (l) are cov-
ered by a very thin layer of bone (L)
composed mainly of few bone lamellae.
Outside the capsule of bone, connective
tissue (C) lines the peri-implant bone
(original magnification X200, Masson-
Goldner staining).

contact of the smooth titanium surface and the
mean percentage of contact of the rough titanium
surface. The BIC of the rough implants was signifi-
cantly higher than the BIC of the smooth implants.
Despite the very small number of the analyzed
specimens, the power of the statistical analysis, ie,
the probability of rejecting the null hypothesis,
appeared to be high (97.7%).

Discussion

Results from the present investigation in human
jaws showed that the rough titanium-blasted sur-
face achieved a high rate of BIC, even in low-den-
sity bone. The percentage of BIC on the rough
surfaces was high after 3 months of healing,
improved at 6 months, and did not improve after
the initial 6 months of healing; but it remained sta-
ble after 12 months of healing without functional
loading. On the other hand, the BIC rate for the
smooth implants was low at 3 months and
remained low at 12 months. Because of the small
number of specimens in each group, it was not
possible to draw definite conclusions from the
present investigation.

A number of experiments have been performed
to increase the anchorage of bone to the implants
by modifying the surface structure of the
implants.8-1420 The process whereby some cells,
such as macrophages, prefer rough surfaces was
established by Rich and Harris2! and described as
“rugophilia.” Other studies have been published
elucidating the mechanisms behind the behavior of
cells on rough surfaces.?2-2° Osteogenic cells either
find the roughened surface better for attachment,
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Fig 7c  Magnified view of the previous implant, showing the
lamellar bone (L) at the apex. Primary osteons (O) and a layer of
osteoid tissue are present near the implant surface (I). A seam of
osteoblasts is forming new bone (arrowheads) (original magnifi-
cation X200, Masson-Goldner staining).

or the environment provided by the surface some-
how enhances osteogenesis. In vivo research has
shown that a smooth titanium surface may favor
fibrous tissue encapsulation, preventing direct
bone-implant contact in the transcortical
model.2430 A series of investigations showed that
grit-blasted titanium implants achieve a higher
level of removal torque and bone-implant contact
than smooth machined titanium surfaces.5:31-36
Several commercial implant systems are
machined with a turning process. The roughness of
a turned surface, as measured by Wennerberg et
al, %% has a S(a) equal to 0.77 pm, compared to the
roughness of a blasted surface, which exhibits a
mean surface roughness ranging from 1.16 to 1.94

The International Journal of Oral & Maxillofacial Implants 695



Trisi et al

pm. Other studies have shown that a surface
roughness ranging between 1 and 1.5 pm has a
better bone fixation than standard machined cp
titanium implants, which have a mean surface
roughness of 0.6 to 0.7 um.31-34 Implant surfaces
that were sandblasted and acid-etched achieved
greater bone-implant contact than the rougher tita-
nium plasma-sprayed (TPS) surfaces.® Implant sur-
faces that were sandblasted or acid-etched consis-
tently performed better (ie, resisted push-out/
torque forces) than implant surfaces that were
either corundum-blasted,3” sandblasted and acid-
pickled, or plasma-spray—coated.®® From these
studies it is interesting to note that topographically
rougher TPS surfaces, as well as corundum-blasted
and sandblasted surfaces, appear to be inferior to
surfaces that were treated with a combination of
sandblasting and acid-etching. Several investiga-
tors have demonstrated that implant surface
roughness enhances the biomechanical anchorage
(osseointegration) of implants to bone, as deter-
mined by torque removal tests.”-37-39

The degree of surface roughness may not be the
only aspect of surface topography that affects
osseointegration. Intimacy of bone contact with
the implant surface may also be important, as may
the ionic charge, surface energy, surface tension,
and other still undefined properties of the surface.
Some of these characteristics could explain the
ability of the cells to form bone directly on the
titanium surface.

Results of the present work showed that
smooth titanium barely achieved osseointegration
in low-density bone. The low level of bone-to-
implant contact seen around the smooth implants
placed in low-density bone could be explained by
considering that at the initial placement, the
implant surface achieved only a limited amount of
primary contact with the bony trabeculae. For this
reason, this implant may be considered similar to
an implant placed in an improperly prepared
implant bed.

In a clinical study of osseointegration, the fail-
ures of direct bone bonding were attributed to
inadequate primary contact of the implant with
bone.* As stated by Branemark et al,*! one of the
prerequisites for osseointegration is perfect adapta-
tion between the implant and the prepared bone
bed. However, the blasted surface, because of its
roughness or other unidentified properties, is able
to enhance cell attachment and to initiate bone
formation directly over the implant surface. Pres-
ent results showed that a rough titanium surface
induced the formation of a layer of bone over the
entire implant surface in areas where the bone
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would not otherwise be found. Moreover, this
bone was completely attached to the titanium sur-
face after 3 months of healing.

One disadvantage of rough surfaces could be
their enhanced ability to attach bacteria of the
plague, thus enhancing the risk of infection of the
peri-implant gingiva. Tillmanns et al*? clinically
evaluated, monitored, and compared the progres-
sion of ligature-induced peri-implantitis around
different types of endosseous implants with 3 dif-
ferent surfaces in the canine mandible, namely
smooth, blasted, and HA-coated. The results of
Tillmanns’s study revealed that all implants tested
showed plaque accumulation and typical signs of
peri-implant lesions. After 3 and 6 months of eval-
uation, all the implants showed the same level of
bone loss. No statistically significant differences
were noted among the 3 experimental implant
types. The clinical parameters of the experimental
implants were equally susceptible to ligature-
induced peri-implantitis.

To date, no study, to the authors’ knowledge,
has compared the effect of different titanium sur-
faces in low-density bone, where the rough sur-
faces may have an effective advantage. Even
though a high rate of bone-implant contact was
found on rough surfaces, the biomechanical ability
of this thin bony layer to withstand occlusal load is
guestionable because bone density did not improve
with implant placement. Although the results of
the mechanical tests published have shown a
higher resistance of roughened implants, these tests
were not performed in low-density bone.

In areas of low bone density, the long-term
implant survival rate is lower than in areas with
good bone quality.1516 Even though rough
implants, as well as HA-coated implants, achieve a
higher rate of bone-implant contact, caution
should be used when placing any type of implant
in soft bone. When analyzing the bone-implant
interface, researchers should thus take into
account not only the percentage of bone-to-
implant contact, but also the density of the bone
around the implant, since clinical studies have
revealed that bone density is an important factor
in long-term implant survival. The present analysis
in humans confirms results from animal studies,
but also suggests an important additional factor.
Bone density does not change or improve by modi-
fying the implant surface. The biomechanical effec-
tiveness of rough surfaces in soft bone should be
evaluated in an experimental model that duplicates
the low-density bone found in critical areas of
human jaws. It is questionable whether or not this
bone is able to withstand a functional occlusal
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load at the end of the healing period. The use of an
active surface is certainly an advantage but does
not modify the density of the bone, and one should
expect a higher rate of failure with any type of
implant placed in very low-density bone.

It has been shown that functional loading stim-
ulates bone corticalization,*14344 but this process
involves a mechanism of bone modeling and
remodeling that requires at least 1 year of adapta-
tion to the occlusal load.**4* A heavy occlusal
load on implants placed in very low-density bone
may induce microfractures of the thin bony trabec-
ulae that provide the osseointegration, thus lead-
ing, ultimately, to implant failure. In these cases,
progressive bone loading could stimulate remodel-
ing activity, inducing the corticalization of the
bone and enhancing bone densityl” without over-
coming bone biomechanical limits.

Conclusion

With all the limitations of the present investiga-
tion, it may be concluded that even though a
rough implant surface may enhance the rate of
osseointegration, it is not able to improve bone
density. For this reason, more biomechanical stud-
ies should be performed to evaluate the biome-
chanical advantages of rough implants when
placed in low-density bone, where they seem to
have the highest benefits, and to clarify bone resis-
tance in these settings to occlusal load.

Acknowledgments

This work was funded by the nonprofit research foundation
Biomaterial Clinical Research Association. The authors are
grateful to the Biagini, Ormco, Italia, for having provided the
experimental implants, and to Prof Giambattista Ravera (Uni-
versita degli Studi di Genova, Departimento di Scienza della
Salute, Sezione di Biostatistica, Italy) for the invaluable statisti-
cal assistance in the evaluation of the data.

References

1. Adell R, Lekholm U, Rockler B, Branemark P-I. A 15-year
study of osseointegrated implants in the treatment of eden-
tulous jaws. Int J Oral Maxillofac Surg 1981;10:387-416.

2. Adell R. Clinical results of osseointegrated implants sup-
porting fixed prostheses in edentulous jaws. J Prosthet
Dent 1983;50:251-254.

3. Albrektsson T, Branemark P-1, Hansson HA, Lindstrém J.
Osseointegrated titanium implants. Acta Orthop Scand
1981;52:155-170.

4. Albrektsson T, Zarb G A, Worthington P, Eriksson AR.
The long-term efficacy of currently used dental implants: A
review and proposed criteria of success. Int J Oral Maxillo-
fac Implants 1986;1:11-25.

CoPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING
OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF
THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

Trisi et al

. Gotfredsen K, Harder F, Hildestad P, Hjgrting-Hansen E.

Explantation of ITI implants Type F. Danish Dent J 1988;
92:102-105.

. Gotfredsen K, Nimb L, Hjgrting-Hansen E, Jensen JS, Hol-

men A. Histomorphometric and removal torque analysis
for TiO,-blasted titanium implants. An experimental study
in dogs. Clin Oral Implants Res 1992;3:77-84.

. Carlson L, Rostlund T, Albrektsson B, Albrektsson T.

Implant fixation improved by close fit. Acta Orthop Scand
1988;59:272-275.

. Buser D, Schenk RK, Steineman S, Fiorellini JP, Fox CH,

Stich H. Influence of surface characteristics on bone inte-
gration of titanium implants. A histomorphometric study
in miniature pigs. J Biomed Mater Res 1991;25:889-902.

. Johansson C, Albrektsson T. Integration of screw implants

in the rabbit. A 1-year follow-up of removal torque of tita-
nium implants. Int J Oral Maxillofac Implants 1987;2:
69-75.

Albrektsson T, Sennerby L. Direct bone anchorage of oral
implants: Clinical and experimental considerations of the
concept of osseointegration. Int J Prosthodont 1990;3:
30-41.

Johansson CB, Albrektsson T. A removal torque and histo-
morphometric study of commercially pure nobium and
titanium implants in rabbit bone. Clin Oral Implants Res
1991,;2:24-29.

Ericsson I, Johansson CB, Bystedt H, Norton MR. A histo-
morphometric evaluation of bone-to-implant contact on
machine-prepared and roughened titanium dental implants.
Clin Oral Implants Res 1994;55:202-206.

Kirsch A, Donath K. Tierexperimentelle untersuchungen
zur Bedeutung der Mikromorphologie von Titanium-plan-
tatoberflachen. Fortschr Zahnértzl Implantol 984;1:35-40.
Thomas KA, Cook SD. An evaluation of variables influenc-
ing implant fixation by direct bone apposition. J Biomed
Mater Res 1985;19:875-901.

Jaffin RA, Berman CL. The excessive loss of Branemark
fixtures in type 1V bone: A 5-year analysis. J Periodontol
1991;62:2-4.

Zarb GA, Schmitt A. Osseointegration and the edentulous
predicament. The 10-year Toronto study. Br Dent J 1991;
170:139-144.

Misch CE. Contemporary Implant Dentistry. St Louis:
Mosby-Year Book, 1993.

Trisi P, Rao W. Bone classification: Clinical-histomorpho-
metric comparison. Clin Oral Implants Res 1999;10:1-7.
Donath K, Breuner G. A method for the study of undecalci-
fied bones and teeth with attached soft tissues. J Oral
Pathol 1982;11:318-326.

Grossner-Schreiber B, Tuan RS. The influence of the tita-
nium implant surface on the process of osseointegration.
Dtsch Zahnértzl Z 1991;46:691-693.

Rich A, Harris AK. Anomalous preferences of cultured
macrophages for hydrophobic and roughened substrata. J
Cell Sci 1981;50:1-7.

Brunette DM, Ratkay J, Chehroudi B. Behaviour of
osteoblasts on micromachined surface. In: Davies JE (ed).
The Bone-Biomaterial Interface. Toronto: Univ of Toronto
Press, 1991:169-180.

Cheroudi B, Gould TRL, Brunette DM. Effects of a
grooved surface on epithelial cell behaviour in vitro and in
vivo. J Biomed Mater Res 1989;23:1067-1085.

. Cheroudi B, Gould TRL, Brunette DM. Titanium-coated

micromachined grooves of different dimensions affect
epithelial and connective tissue cells differently in vivo. J
Biomed Mater Res 1990;24:1203-1213.

The International Journal of Oral & Maxillofacial Implants 697



Trisi et al

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Martin JY, Schwartz Z, Hummert TW, Schraub DM, Simp-
son J, Lankford J Jr, et al. Effect of titanium surface rough-
ness on proliferation, differentiation, and protein synthesis
of human osteoblast-like cells (MG63). J Biomed Mater
Res 1995;29:389-401.

Batzer R, Liu Y, Cochran DL, Szmuckler-Moncler S, Dean
DD, Boyan BD, Schwartz Z. Prostaglandins mediate the
effects of titanium surface roughness on MG63 osteoblast-
like cells and alter cell responsiveness to 1 alpha,25-
(OH)2D3. J Biomed Mater Res 1998;41:489-496.

Boyan BD, Batzer R, Kieswetter K, Liu Y, Cochran DL,
Szmuckler-Moncler S, et al. Titanium surface roughness
alters responsivenss of MG63 osteoblast-like cells to 1
alpha,25-(OH)2D3. J Biomed Mater Res 1998;39:77-85.
Kieswetter K, Schwartz Z, Hummert TW, Cochran DL,
Simpson J, Dean DD, Boyan BD. Surface roughness modu-
lates the local production of growth factors and cytokines
by osteoblast-like MG-63 cells. J Biomed Mater Res 1996;
32:55-63.

Bowers KT, Keller JC, Randolph BA, Wick DG, Michaels
CM. Optimization of surface micromorphology for
enhanced osteoblast response in vitro. Int J Oral Maxillo-
fac Implants 1992;7:302-310.

Ricci JL, Spivak JM, Blumenthal NC, Alexander H. Modu-
lation of bone ingrowth by surface chemistry and rough-
ness. In: Davies JE (ed). The Bone-Biomaterial Interface.
Toronto: Univ of Toronto Press, 1991:334-339.
Wennerberg A, Albrektsson T, Andersson B, Kroll JJ. A his-
tomorphometric and removal torque study of screw-shaped
titanium implants with three different surface topogra-
phies. Clin Oral Implants Res 1995;6:24-30.

Wennerberg A, Albrektsson T, Andersson B. An animal
study of c. p. titanium screws with different surface
topographies. J Mater Sci Mater Med 1995;6:302-309.
Wennerberg A, Albrektsson T, Johansson C, Andersson B.
An experimental study of turned and grit-blasted screw-
shaped implants with special emphasis on effects of blast-
ing materials and surface topography. Biomaterials 1996;
17:15-22.

Wennerberg A, Albrektsson T, Andersson B. Bone tissue
response to commercially pure titanium implants blasted
with fine and coarse particles of aluminum oxide. IntJ
Oral Maxillofac Implants 1996;11:38-45.

698 Volume 14, Number 5, 1999

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

Wennerberg A, Albrektsson T, Lausmaa J. Torque and his-
tomorphometric evaluation of c. p. titanium screws blasted
with 25 and 75-mme-sized particles of Al,O5. J Biomed
Mater Res 1996;30:251-260.

Wennerberg A, Ektessabi A, Albrektsson T, Johansson C,
Andersson B. A 1-year follow-up of implants of differing
surface roughness placed in rabbit bone. Int J Oral Max-
illofac Implants 1997;12:486-494.

Wong M, Eulenberger J, Shenk R, Hunziker E. Effect of
surface topology on the osseointegration of implant materi-
als in trabecular bone. J Biomed Mater Res 1995;29:
1567-1575.

Wilke HJ, Claes L, Steinemann S. The influence of various
titanium surfaces on the interface shear strength between
implants and bone. Clinical implants materials. In: Heimke
G (ed). Osseointegrated Implants. Boca Raton, FL: CRC
Press, 1990.

Klokkevold PR, Nihimura RD, Adachi M, Caputo A.
Osseointegration enhanced by chemical etching of the tita-
nium surface: A torque removal study in the rabbit. Clin
Oral Implants Res 1997;8:442-447.

Linder L, Carlsson A, Marsla L, Bjursten LM, Branemark
P-1. Clinical aspects of osseointegration in joint replace-
ment: A histological study of titanium implants. J Bone
Joint Surg [Br] 1988;70:550-555.

Branemark P-1, Zarb GA, Albrektsson T (eds). Tissue-Inte-
grated Prostheses: Osseointegration in Clinical Dentistry.
Chicago: Quintessence, 1985.

Tillmanns HWS, Hermann JS, Cagna DR, Burgess AV,
Meffert RM. Evaluation of three different dental implants
in ligature-induced peri-implantitis in the beagle dog. Part
I. Clinical evaluation. Int J Oral Implantol 1997;5:
611-620.

Frost HM. Mechanical determinants of bone remodelling.
Metab Bone Dis Relat Res 1982;4:217-229.

Roberts WE, Smith RK, Zilberman Y, Mozary PG, Smith
RS. Osseous adaptation to continuous loading of rigid
endosseous implants. Am J Orthod 1984;86:95-111.

CoPYRIGHT © 2000 BY QUINTESSENCE PUBLISHING CO, INC. PRINTING
OF THIS DOCUMENT IS RESTRICTED TO PERSONAL USE ONLY. NO PART OF
THIS ARTICLE MAY BE REPRODUCED OR TRANSMITTED IN ANY FORM WITH-
OUT WRITTEN PERMISSION FROM THE PUBLISHER.



