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1. Introduction

The use of osseointgrated dental implants to replace missing teeth is a highly predictable
procedure. The scientific lierature is replete with reports of high success rates over long
periods of time. Since the phenomenon of osseointegration was first introduced by
Brédnemark, this procedure has gained great popularity.

One of the measurements for success of an osseointegrated implant is that it be load-bearing
and transmit these occlusal forces directly to the adjacent bone. Controlling this load is
considered a determinant factor in the long term success of the implant. A related
consideration is how this load or mechanical stress influences bone metabolism around the
osseointegated implant.

Mechanical stress may lead to an alteration in bone quality and architecture and a distinct
reaction within the bone cells at the bone-implant interface. However, there is little
published data to support this theory. A few studies have suggested that occlusal overload
may contribute to bone loss around an implant and/or loss of integration of a successfully
integrated implant. (Rangert et al., 1995; Miyata et al., 2000; Piattelli et al., 2003). Isidor
reported implant mobility caused by progressive peri-implant bone loss after the implant
were expose to mechanical occlusal trauma for 18 month (Isidor, 1997, 1998). Others report
that peri-implant bone loss and/or loss of osseointegration is associated with biological
complications such as peri-implant infection (Lang at al., 2000).

A certain level of mechanical loading is required for normal, healthy bone remodeling
(Frost, 1989). Misch observed that the change in bone strength from loading and
mineralization after one year alters the stress-strain relationship and reduces the risk of
microfracture during following years. Mechanical stress might induce a metabolic turnover
of the bone based on the changes in osteocyte responses around the implant, resulting in
bone remodeling (Misch, 1999).

This chapter is to investigate the dynamic changes in bone metabolism around
osseointegrated implants under mechanical loading.
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2. Basic information

2.1 Bone formation

Bone forms by either endochondral or intramembranous ossification. In endochondral
ossification or long bone formation, there is an intermediate cartilage phase. All craniofacial
bones are formed by intramembranous ossification. Wong and Rabie showed that
demineralized intramembranous bone matrix induces bone without an intermediate
cartilage stage, mesenchymal stem cells differentiate directly into bone cells (Wong & Rabie,
1999). The mesenchymal stem cells differentiate into osteoblasts and form osteoid in a
collagen matrix (Palacci et al., 2001). Mineralization of osteoid occurs and the osteoblasts
become trapped in mineralized bone and become osteocytes.

Appositional bone formation occurs when osteoblasts produce bone on existing bone
surfaces. Examples of appositional bone formation occur in the periosteal enlargement of
bones during growth and remodeling. Histological studies show woven bone formation by
appositional growth may only begin to form the second week after implant insertion, at a
rate of 30 to 50 microns per day. The bone to implant contact is weakest and at the highest
risk of overload at approximately 3 to 5 weeks after implant placement (Strid, 1985).

2.2 Osseointegration process

Osseointegration is defined as direct bone deposition on an implant surfaces at the light
microscopic level (Branemark et al., 1997). It generally follows three stages: (1) incorporation
by woven bone formation, (2) adaptation of bone mass to load (lamellar and parallel-fibered
deposition) and (3) adaptation of bone structure to load (bone remodeling) (Schenk & Buser,
1998). During the third stage, when functional loading has been initiated, the bony
structures adapt to the load by improving the quality of the bone; replacing pre-existing,
necrotic and/or initially formed more primitive woven bone with mature, viable lamellar
bone. This leads to functional adaptation of the bony structures to the load. The dimensions
and orientation of the supporting elements change. In vitro studies have illustrated the
importance of loading forces on the nature of the interface between an implant and the
surrounding tissues (Brunski, 1988). Even if implants were initially integrated, the
application of excessive loading can create microfractures and mobility which may promote
bone resorption around the implant and may promote repair by the undesirable growth of
fibrous tissue (Roberts et al., 1989). An undisturbed healing period along with adequate
quality and quantity of bone available at the implant site are essential for proper
osseointegration. (Wood, 2004). In addition, primary implant stability is determined by bone
quality and quantity, implant design, and surgical technique (Sennerby et al., 1998).

2.3 Implant mechano-biology

Factors that influence mechano-implant studies are mechanical loading and detachment of
cells. Previous in vivo data have demonstrated that optimal mechanical loading led to more
favorable bone quality and quantity than situations with no loading. The testing equipment
used for most of these studies were stretching devices borrowed from orthopedic stress-
strain research measuring elastic stress relative to joint prostheses. Their application in
dental implant research is not optimal as there is mostly shear stress and little elastic stress.
More recently, in vitro studies of osteoblastic behavior on titanium following loading have
been developed. Movement seems to generate negative effects on osteointegration in terms
of decreased Alkaline Phosphatase (ALP) activity and osteocalcin, which is consistent with
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the results in mechano-cell studies. The supressed ALP activity may be attributed to PGE2
production (Bannister et al., 2002). With respect to osteoblast maturation following stimuli,
biphasic ALP activity and triphasi osteocalcin level in a 3D study differed from 2D cultures
characterized by typical gene expression pattern with time (early up-regulation of collagen
and ALP) and osteocalcin production (Akhouayri et al., 1999). It was assumed that actin
cables and collagen fibers would be aligned to amplify the mechanical forces and to supply
bone maximum strength with little amount of material. This research has demonstrated that
number of complex elements exist in the human body environment and it is still necessary
to improve experimental designs in order to provide reliable in vivo implant data.

2.4 Implant under loading

It is clear that successful osseointegration depends on unfavorable loading. Other factors to
consider are the timing of initiation, magnitude, and duration of the load or stress.
Excessive occlusal loading will lead to disintegration while adequate loading leads to
adaptive remodeling of the bone around the implant (Quirynen, 1992). However, there are
some differences in data reported among rearchers.

Gotfredsen et al. demonstrated that implants subjected to a static lateral expansion load
showed increased bone density and mineralized bone-to-implant contact compared with
control implants (Gotfredsen et al., 2001a, 2001b, 2001c, 2002). Melsen and Lang reported
that there was significantly higher bone apposition around loaded implants than unloaded
implants but the dimensions of the applied load did not affect the turnover characteristics of
the peri-implant alveolar bone (Melsen & Lang, 2001). Vandamme et al. also indicated
significantly more osteoid in contact with the implant was found for the loaded conditions
compared with no loading. Well-controlled micromovement favorably influenced bone
formation at the interface of an implant (Vandamme et al., 2007). In an animal model,
Berglundth et al. described osteoclastic activity as early as four days following implant
placement and new bone was noted at one week post placement (Berglundth et al., 2003).
These results suggest that bone metabolic activity is changed by mechanical stress and that
it depends on the loading conditions.

These reports indicate that functinal loading does promote osseointegatein and that
overloading or favorable loading may contribute to implant failure. Occlusal overload could
result in progressive marginal bone loss or loss of osseointegration. Long ago, Adell
recognized that early implant failure may be associated with overload (Adell et al., 1981). In
a more recent study, Miyata et al. reported the outcome of occlusal overloading at three
different occlusal heights (100pm, 180pm, 250pm) on implant prostheses for four weeks.
Bone destruction was observed in the 180pm and 250pm excess occlusal height groups
(Miyata et al., 2000).

Bruxism, a non-physiological parafunctional habit is more significant than the forces
associated with normal mastication. Excessive micromovement creates stress or occlusal
overload and leads to soft tissue encapsulation and prevents osseointegration, thus causing
implant failure (Brunski et al., 1979). The occlusal scheme may jeopardize the success rates
of immediately loaded implants; they found that 75% of failures in immediately loaded
implants occurred in patients with bruxism (Balshi &Wolfinger, 1997). To avoid fibrous
encapsulation and subsequent implant failure, implants must withstand functional load
with less than 150 microns (Schincalglia et al., 2007). It is the excess of micromotion caused
by excessive loading during the healing phase that interferes with bone repair. A threshold
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of tolerated micromotion exists, that is somewhere between 50 pm and 150 pm in human
case. Therefore, keeping the amount of micromotion beneath the threshold of deleterious
micromotion might enable the loading protocols to be shortened (Szmukler-Moncler et al.,
2010).

2.5 Immediate and early loading

Immediate and early loading of dental implants are concepts introduced to shorten
treatment time and further improve a patient’s quality of life (Barone, 2003). Linked to this is
the fact that appropriate mechanical stimulation is a positive factor for bone formation. In
fact, several studies have demonstrated that early functional loading is helpful in preventing
marginal bone resorption and enhancement of osteointegration at the implant surface. In a
human clinical case report, Ganeles et al. demonstrated that Straumann® implants placed in
the posterior mandible and maxilla are safe and predictable when used with immediate and
early loading procedures (Ganeles et al., 2008; Esposito et al., 2009). In poor quality bone,
survival rates were comparable with those from conventional or delayed loading. The mean
bone level change was not deemed to be clinically significant and compared well with the
typical bone resorption observed in conventional implant loading (Kinsel & Liss, 2007;
Fischer et al., 2008). Several animal studies also reported favorable results when using
immediate and early loading principles.

In a study of radiographic evaluation in dogs, Corso et al. showed that immediate
masticatory loading of single-standing dental implants did not jeopardize tissue integration,
provided the implants had excellent primary stability (Corso et al., 1999). Cha et al. asserted
that immediate loading of mini-implants in the dog model is possible for orthodontic
applications with a high bone-implant contact and 100% survival rate (Cha et al., 2009).
Some immediate loading studies involving the biting stress of mastication showed the
potential to increase bone density and prevent crestal bone loss. With respect to histological
bone implant contacts, no significant difference between immediately loaded implants and
those of delayed loaded or those of unloaded was observed. It was postulated that
mechanical stimulation quite possibly enhanced bone formation (Romanos et al., 2002, 2003)
Kawahara et al. studied the effect of immediate loading at the implant interface in dogs and
concluded that micromotion of less than 30pm did not impede bone ingrowth (Kawahara et
al., 2003). For an immediate loading model with varying degrees of implant displacement,
micromotion had a positive effect on bone formation around a roughened implant surface
and a negative effect on a turned implant surface (Vandamme et al., 2007). De Smet reported
that early loading enhanced bone reaction around implant and contributed to stability of the
implant (De Smet et al., 2005, 2006). At the same time, it has been reported that excessive
loading leads to creater-like bone defects around implants, indicating bone resorption
(Duyck et al., 2001).

The benefit of immediate loading was futher borne out by clinical and histological studies
indicating that immediately loaded implants had a higher bone-to-implant contact (BIC)
value than non-immediately loaded implants. In one case report, the BIC was 64.2% greater
with immediately loaded Osseotite® implants (Testori et al., 2002). In another study,
histological comparison of non-submerged unloaded and early-loaded implants in a
monkey model found a tight contact with new bone to implant surfaces in both study
groups (Piattelli et al., 1997, 1998). But the authors found that the bone of the loaded
implants had a more compact appearance than non-loaded controls and the mean BIC of
immediate-loaded implants was 67.2% in the maxilla and 80.7% mandible.
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Fig. 1. Changeover from priomary stability created at the time of implant placement to
secondary stability created by deposition of new bone (osseointegration) in humans.
(Raghavendra et al., 2005)

They felt that the most critical factor in successful osseointegration of an implant is the
stability in the bone at the time of placement since a static condition was thought to be a
prerequisite during the early healing period. This initial mechanical stability is later
replaced by biologic stability as the bone remodels and osseointegartion occurs
(Raghavendra et al., 2005). This reportedly occurs during a 2 to 3 week transition phase
following implant placement. Ostman listed requirements for long-term success with
immediate-loaded implants as high primary implant stability, moderately rough implant
surface, prolonged implant stabilization by splinting, controlled occlusion, and
biocompatible prosthetic material (Ostman et al., 2008).

The actual type of bone healing around unloaded and loaded implants was investigated by
Slaets et al. (Slaets et al., 2006, 2007). These studies showed that the manifestation and duration
of the biological processes including the osseointegration of the implant were dependent on
the type of bone, cortical or trabecular. Furthermore, the immediate loading protocol caused
no differences in the sequential events leading to osseointegration in cortical bone (Slaets et al.,
2009). In an unpublished study using bone scintigraphy, the current authors reproted on both
immediate and early of loading of implants. The bone metabolic activity increased for the firts
seven days after load application and then decreased gradually until returning to the baseline
level despite continuous load-application with same magnitude. These results suggest that this
change may be attributed to adaptive bone remodeling and immediate and early loading
might not prolong the period until achievement of osseointegration.

3. Nuclear medicine approach with bone scintigraphy

Regarding bone metabolic activity, such as bone remodeling and adaptation, histological
studies can merely depict static and cross-sectional aspects of the bone activity and
phenomena in the remodeling process. In contrast, a nuclear medicine approach with
radionuclide bone scanning, including scintigraphy, is widely used to evaluate the dynamic
and longitudinal processes in biological response and to help in comprehending the
condition of osseointegration (Bambini et al., 2004). Areas with an observed accumulation of
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radiopharmaceutical isotopes show an increased level of bone metabolic activity, suggesting
that this method enables measurement of the changes in bone metabolic activity around
implants in vivo (Fleisch, 1998; Chisin et al., 1988). In vivo scintigraphic imaging using
Tc99m-MDP enables the same region to be observed numerous times without sacrificing the
host animal. Although the specific binding location of Tc99m-MDP remains unknown, it is
associated with areas of bone growth and osteoblast activity (Lysell & Rohlin 1985;
Kanishi, 1993; Schwartz et al., 1993; Okamoto,1997). Furthermore, bone scintigraphy makes it
possible to observe the accumulations with more sensitivity and higher reactivity over time
than with conventional radiology (Bijvoet et al., 1995).

3.1 Materials and methods

3.1.1 Animals and insertion of Implants

Thirty-two 12-week-postnatal male Wistar rats were used. Nine rats were used to
investigate the biological process of the osseointegration after implant insertion; and twenty-
three rats addition to those nine rats were used to investigate the bone metabolic activity
under loading. The rats were anesthetized with sodium pentobarbital (50 mg/kg)
intraperitoneally with supplemental ether inhalation. Two titanium implants
(Orthoanchor®, Dentsply-Sankin, Japan), 1.2 mm in diameter and 9.25 mm in length, were
installed in the tibiae perpendicular to the bone surface; the implant heads were exposed
about 5 mm. In each rat, one implant was installed 10 mm from the knee joint. The other
was installed 13 mm from the first and in the distal aspect.

3.1.2 Loading with coil spring

Healing and osseointegration had gained at eight weeks after insertion. To clarify the
biological responses around the implants under continuous loading, closed coil springs
(Sentalloy®, Tomy International, Japan) with 0.5 N were attached to the implant heads of
nine rats for seven weeks to apply a continuous mechanical stress (Fig 2a). Closed coil
springs with 1.0, 2.0, or 4.0 N were also attached to the implant heads of eight, seven, and
eight, respectively. The group of rats with two 2.0-N springs is defined as the 4.0-N loading
group (Fig 2b). It comprised a tension coil and a hook attachment. The effective length of the
tension coil was 12 mm. The springs thus applied the same magnitude of loading
continuously within their effective length (10 to 22 mm).

S

Fig. 2. Attached closed coil springs. Eight weeks after implant insertion, closed coil springs
were attached to implant heads. With loading of 0.5, 1.0, or 2.0 N, closed coil spring was set
prospectively (a). Two closed coil springs with loading of 2.0 N each were set in parallel for
total loading of 4.0 N (b). Arrows show loading directions.
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3.1.3 Scintigraphic imaging

Scintigraphic images of the bone were taken using a gamma camera (ZLC7500, Siemens,
Japan) with a modified high-resolution pinhole collimator (pinhole diameter: 2 mm).
Technetium-99m methylene diphosphonate was used as a radioisotope tracer. Sodium
pertechnetate (Na*mTc-O4) was eluted from a generator (Ultra-Techne Kow®, Daiichi
Radioisotope Laboratories, Japan) and mixed with methylene diphosphonate (Techne® MDP
injection solution, Daiichi Radioisotope Laboratories, Japan). The Tc99m-MDP was injected
into a vein of a tail of each rat (74 MBq/rat). Static-planar acquisition was initiated two
hours after the injection and finished at 50,000 counts with a 512x512 matrix size. The rats
were fixed on an exclusive table in the dorsal position, with the implant heads turned to
vertical. The images were taken from the backside direction of the rat.

To clarify the bone metabolic activity around the implants during osseointegration, images
were taken at 1, 4, 7, and 10 days and 2, 3, 4, 7, and 8 weeks post-implantation. To clarify the
bone metabolic activity around the implants under continuous loading, images were taken
at three days and every week up to seven weeks after loading with the coil springs.

Fig. 3. Image analysis. Photograph on left shows tibia fixation on exclusive table. Device
fixes tibia horizontally to equalize distance of implants from pinhole collimator. Scintigram
in center and x-ray image on right show planar image. Guide tubes (arrows) were used to
overlap two images and to define region of interest (open circles).

3.1.4 X-rayimaging

To identify the region of the reference site and the installed implants, an x-ray image was
taken of each rat on the table using an imaging plate (IP; BAS-SR2505, Fuji Film, Japan).
Each IP was then scanned with an imaging analyzer (BAS5000, Fuji Film, Japan). The
exclusive table had three markers. Before the scintigraphic imaging, Tc99m-MDP was
placed in each tube, resulting in an accumulation of Tc99m-MDP in the tube regions on the
scintigrams for each rat. These markers indicate the points of overlap with the lead regions
in the x-ray images, enabling identification of the implant and reference sites (Fig 3).

3.1.5 Data processing

The scintigrams were translated into TIFF format (16 bits) with a data processing unit
(Scintipac 700, Shimazu, Japan) and conversion software (picMAO, Shimazu, Japan).
Analysis processing was conducted with image analysis software (Osiris, Geneva University
Hospital, Italy). After identification of the implant and reference sites by the overlapping the
x-ray images and scintigrams, a round ROI (region of interest, 161 pixels) was defined
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around both sites and the accumulations of Tc99m-MDP in both regions were measured. As
a metric, the ratio of the metabolic activity around the implants to that around the reference
site (uptake ratio) was used. The collected data were analyzed using Friedman, Steel, and
Tukey tests with statistical software (SPSS 11.0, SPSS Inc., Chicago, IL, USA.). P-values <0.05
were deemed statistically significant.

3.2 Results

3.2.1 Metabolic changes after insertion of Implants

The uptake ratio increased during the first week after implant insertion and then decreased
gradually. It was significantly higher than baseline on days 4, 7, and 10 and during the
second and third weeks. However, it was not significantly higher on 4 weeks and 7 weeks,
in other words, metabolic activity had returned to the baseline level (Fig 4). No clinical
mobility of the implants was observed during the healing period. These results suggest that
osseointegration is obtained about four weeks after implant insertion. In addition, the
timing of the peak level of and subsequent decrease in bone metabolic activity found in this
study correspond very well to those of a previous report on Tc99m-MDP activity around
implants using bone scintigraphy (McCracken et al., 2001). Therefore, it should be possible
to observe in real time the osseointegration process and the degrees and stages of bone
metabolism using this method longitudinally.
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Fig. 4. Change in uptake ratio after insertion of implants using 9 rats.There were significant
differences at days 4, 7, and 10 and second and third weeks after insertion. Blue = control. (*
p<0.05, **p<0.01) (Sasaki et al., 2008).

3.2.2 Effect of loading period
The uptake ratio changed with the loading. With 2.0- and 4.0-N loading, both changes of

activities over the seven-week experimental period were almost the same in terms of
magnitude and timing. The ratio reached a maximum during the first week (more than
twice that without loading) and then decreased a little. Metabolic activity had returned to
the baseline level. The ratio then returned to baseline level of about two on seven weeks
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after loading. The ratio from three days to six weeks after loading was significantly higher
than without loading. There was no significant difference seven weeks after loading.

The results for the 0.5- and 1.0-N loading groups were similar but differed from those for the
2.0- and 4.0-N loading groups. With the smaller loadings, the uptake ratio gradually
increased after loading and returned to the baseline level at seven days. It then decreased,
reaching about two on seven weeks after loading. With 1.0-N loading, the uptake ratio did
not differ among measurement points.

3.2.3 Effect of loading magnitude
The uptake ratios with the 2.0- and 4.0-N loadings were significantly higher than those with

the 0.5- and 1.0-N loadings (Tukey test, p < 0.05) (Fig 5). This indicates that the metabolic
activities are affected by the magnitude of the mechanical loading on the implant. The
uptake ratio showed dynamic changes, and the peak levels were similar in the heavy
loading group, i.e., there was no difference between 2.0- and 4.0-N loading. It is conceivable
that the bone metabolic activity may have an upper limit as far as the loading does not
exceed the physiologic threshold of bone adaptation (Frost, 1994). On the other hand, it is
possible that the bone metabolic activity increases remarkably when excessive loading is
applied to the implant, causing implant disintegration.

® 05N
*10N
i A20N

m40N

Uptake ratio

0 L} L] L] L} L]

0 10 20 30 40 50
Time after loading (d)

Fig. 5. Change in uptake ratio after loading with coil springs using 32 rats. There were
significant differences between 2.0- and 4.0-N loadings and 0.5- and 1.0-N loadings. With
2.0- and 4.0-N loading, the ratio from 3 days to 6 weeks after loading was significantly
higher than without loading (Sasaki et al., 2008).

3.3 Discussion

The bone metabolic activity gradually decreased from the peak level despite a static force
being applied to the implants and it eventually returned to the pre-loading level. This
change can be attributed to an adaptive bone remodeling process similar to those previously
reported. Saxon et al. demonstrated that mechanical loading on the rat ulna greatly
improved bone formation during the first five weeks of loading, while continual loading
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reduced the osteogenic response. Moreover, restoring the same level of loading after a
period of no loading increased bone formation again (Saxon et al., 2005). Warden et al.
investigated the use of mechanical loading with rat ulna to induce bone adaptation and
found that fatigue resistance was advanced than control because the structural properties
changed due to loading (Warden et al., 2005). Mechanical loading is thus an important factor
in the formation and maintenance of skeletal architecture. Bone morphology adapts to the
functional loading patterns by responding to the size and distribution of strains that loading
engenders in the bone tissue (Lanyon, 1987, 1992). It is concluded that the bone around the
implants adapted to the mechanical stress of long-term loading by structurally changing and
that the responsiveness to the loading diminished over time.

Mobility normally occurs during the osseous remodeling process (Ganeles et al., 2002).
Remodeling is a variable process with balanced osteoclastic and osteoblastic activity, so that
a stable implant is preserved during osseointegration (Schnitman et al., 1997). However,
clinically stable implants may exhibit mobility on the micro-level when loaded. Sennerby
and Meredith revealed that all implants display varying degrees of stability or resistance to
load (Sennerby & Meredith, 2008). That is, functional adaptation and maintenance of the
bony structures around implants would be caused by cells (i.e., osteocyte, osteoblast, or
osteoclast) in active response to environmental biophysical stimuli, in other word,
mechanical stress. Microstrain levels 100 times less than the ultimate strength of bone may
be responsible for remodeling rates within the structure, since the bone sell membrance are
able to act as a mechanosensory system in bone (Cowin & Moss-Salentyin ,1991). In other
words, the cellular behavior of bone cells is largely determined by the mechanical
environment of strain or deformation of the bone cell (Jones et al., 1991).

At the interface of implant, osteoblasts and osteocytes play roles of transducers of received
strain, leading bone modeling and remodeling phase. Verborgt et al. found that fatigue
loading produced a large number of osteocytes in bone surrounding microcracks, and stated
a strong association between microdamages, osteocyte apotosis, and subsequent bone
remodeling (Verborgt et al., 2000). Noble et al. showed that mechanical loading of the bone
can be used to regulate osteocyte apoptosis, which has a mechanism for the precise targeting
of osteoclasts for bone adaptation (Noble et al., 2003). Miyata et al. speculated that long-term
occlusal stress on implants within the physiologic tolerance might stimulate blood
circulation, which has an intraosseous bone-inducing factor that promotes bone metabolism
and, consequently, enhances bone remodeling to obtain the width needed to counter
occlusal stress (Miyata et al., 2000). Futhermore, Isidor indicated that depending on the
properties of the tissue, a given force may affect different bones or bone tissues differently,
but mechanically loaded bones adapt to the load. If the strain in the bone surrounding an
oral implant is in the mild overload range, apposition of bone seems to be the biological
response. On the other hand, strain in the bone beyond this range will at some point result
in fatigue fracture and bone resorption (Isidor, 2006).

4. Conclusion

Changes in bone metabolic activity around dental implants are dependent on mechanical
stress relative to timing, direction, quality, and duration of loading conditions.

The mechanical stress induces metabolic bone remodeling and adptation around
osseointegrated implants with structurally changing.

www.intechopen.com



Changes in Bone Metabolisim Around Osseointegrated Implants Under Loading 213

5. Acknowledgment

This work was supported by grants-in-Aid for scientific research (grant no. 14370626,
19592226), from the Ministry of Education, Science, and Culture of Japan.

6. References

Adell R, Ericsson B, Lekholm U, Bolender C et al. (1990). Long-term follow-up study of
osseointegrated implants in the treatment of totally edentulous jaws. Int ] Oral
Maxillofac Implants, Vol.5, No.4, pp. 347-359.

Akhouayri O, Lafage-Proust MH, Rattner A, Laroche N, Caillot-Augusseau A, Alexandre C,
Vico L. (1999). Effects of static or dynamic mechanical stresses on osteoblast
phenotype expression in three-dimensional contractile collagen gels. | Cell Biochem,
Vol.76, No.2, (Decenber 1999), pp.217-230.

Balshi TJ, Wolfinger GJ. (1997). Immediate loading of Branemark implants in edentulous
mandibles: a preliminary report. Implant Dent, Vol.6, No.2, pp. 83-88.

Bambini F, Meme L, Procaccini M, Rossi B, Lo Muzio L. (2004). Bone scintigraphy and
SPECT in the evaluation of the osseointegrative response to immediate prosthetic
loading of endosseous implants: a pilot study. Int | Oral Maxillofac Implants, Vol.19,
No.1, (January-Februry 2004), pp. 80-86.

Bannister SR, Lohmann CH, Liu Y, Sylvia VL, Cochran DL, Dean DD, Boyan BD, Schwartz
Z. (2002). Shear force modulates osteoblast response to surface roughness. | Biomed
Mater Res, Vol.60, No. 1, pp. 167-74.

Barone A, Covani U, Cornelini R, Gherlone E. (2003). Radiographic bone density around
immediately loaded oral implants. Clin Oral Implants Res, Vol.14, No.5, (October
2003), pp. 610-615.

Berglundh T, Abrahamsson I, Lang NP, Lindhe ]. (2003). De novo alveolar bone formation
adjacent to endosseous implants. Clin Oral Implants Res, Vol.14, No.3, (January
2003), pp. 251-262.

Berglundh T, Abrahamsson I, Welander M, Lang NP, Lindhe J. (2007). Morphogenesis of the
peri-implant mucosa: an experimental study in dogs. Clin Oral Implants Res, Vol.18,
No.1, (January 2007), pp. 1-8.

Bijvoet OLM, Fleisch HA, Canfield RE, Russel RGG. (1995).Bisphosphonate on bones,
ELSEVIER, pp.87-107, ISBN 978-0-12-260371-6, Vienna, Netherlands

Branemark PI, Hansson BO, Adell R, Breine U, Lindstrom ], Hallen O, Ohman A.(1997).
Osseointegrated implants in the treatment of the edentulous jaw. Experience from a
10-year period. Scand | Plast Reconstr Surg Suppl. , Vol.16, No.4, pp. 1-132

Brunski JB, Moccia AFJ, Pollack SR, Korostoff E, Trachtenberg DI. (1979). The influence of f
unctional use of endosseous dental implant son the tissue-implant interface. I.
Histological aspects. ] Dent Rest, Vol.58, No.10, (October 1979), pp. 1953-1969.

Brunski JB. (1988).Biomaterials and biomechanics in dental implant design. Int | Oral
Macxillofac Implants , Vol.3, No.2, pp. 85-97.

Cha JY, Lim JK, Song JW, Sato D, Kenmotsu M, Inoue T, Park YC. (2009). Influence of the
length of the loading period after placement of orthodontic mini-implants on
changes in bone histomorphology: microcomputed tomographic and histologic
analysis. Int | Oral Maxillofac Implants, Vol.24, No.5, (September- October 2009) pp.
842-849.

www.intechopen.com



214 Implant Dentistry — The Most Promising Discipline of Dentistry

Chisin R, Gazit D, Ulmansky M, Laron A, Atlan H, Sela J. (1988). 9mTc-MDP uptake and
histological changes during rat bone marrow regeneration. Int | Rad Appl Instrum B,
Vol.15, No.4, pp. 469-476.

Corso M, Sirota C, Fiorellini ], Rasool F, Szmukler-Moncler S, Weber HP. (1999). Clinical and
radiographic evaluation of early loaded free-standing dental implants with various
coatings in beagle dogs. | Prosthet Dent, Vol. 82, No.4, (October 1999), pp. 428-435.

Cowin SC, Moss-Salentyin L. (1991). Candidates for mechanosensory system in bone. |
Biomech Engineer, Vol.113, No.2, (May 1991), pp. 191-197.

De Smet E, Jaecques SV, Wevers M, Jansen JA, Jacobs R, Sloten JV, Naert IE. (2006). Effect of
controlled early implant loading on bone healing and bone mass in guinea pigs, as
assessed by micro-CT and histology. Eur | Oral Sci, Vol.114, No.3, (June 2006), pp.
232-242.

De Smet E, Jaecques S, Vandamme K, Vander Sloten J, Naert I. (2005). Positive effect of early
loading on implant stability in the bi-cortical guinea-pig model. Clin Oral Implants
Res,PMID:16117763 Vol.16, No.4, (August 2005), pp. 402-407.

Duyck J, Van Oosterwyck H, Vander Sloten ], De Cooman M, Puers R, Naert 1. (2001). Pre-
load on oral implants after screw tightening fixed full prostheses: an in vivo study.
J Oral Rehabil, Vol.28, No.3, (March 2001), pp. 226-233.

Esposito M, Grusovin MG, Achille H, Coulthard P, Worthington HV. (2009). Interventions
for replacing missing teeth: different times for loading dental implants. Cochrane
Database Syst Rev, Vol.21, No.1, (January 2009), CD003878.

Fischer K, Stenberg T, Hedin M, Sennerby L. (2008). Five-year results from a randomized,
controlled trial on early and delayed loading of implants supporting full-arch
prosthesis in the edentulous maxilla. Clin Oral Implants Res, Vol.19, No.5, (May
2008), pp. 433-441.

Fleisch H. (1998). Bisphosphonates: mechanisms of action. Endocr Rev, Vol.19, No.l,
(February 1998), pp. 80-100.

Frost HM.(1989). Mechanical adaptation. Frost’s mechanostat theory. In: Martin RB, Burr DB, eds.
Structure, Function and Adaption of Compact Bone, pp. 179-181. ISBN 978-
08816750096, New York: Raven Press, USA.

Frost HM. (1994). Wolff's Law and bone’s structural adaptations to mechanical usage: an
overview for clinicians. Angle Orthod, Vol.64, No.4, pp. 175-188.

Ganeles J, Rosenberg MM, Holt RL, Reichman LH. (2002). Immediate loading of implants
with fixed restorations in the completely edentulous mandible: report of 27 patients
from a private practice. Int | Oral Maxillofac Implants, Vol.16, No.3, (May-June 2002),
pp- 418-426.

Ganeles ], Zollner A, Jackowski ], ten Bruggenkate C, Beagle J, Guerra F. (2008). Immediate
and early loading of Straumann implants with a chemically modified surface
(SLActive) in the posterior mandible and maxilla: 1-year results from a prospective
multicenter study. Clin Oral Implants Res, Vol.19, No.11, (November 2008), pp. 1119-
1128.

Gotfredsen K, Berglundh T, Lindhe J. (2001). Bone reactions adjacent to titanium implants
subjected to static load. A study in the dog (I). Clin Oral Implant Res, Vol.12, No.1,
(February 2001), pp. 1-8.

www.intechopen.com



Changes in Bone Metabolisim Around Osseointegrated Implants Under Loading 215

Gotfredsen K, Berglundh T, Lindhe J. (2001). Bone reactions adjacent to titanium implants
with different surface characteristics subjected to static load. A study in the dog (II)
Clin Oral Implant Res, Vol.12, No.3, (June 2001), pp. 196-201.

Gotfredsen K, Berglundh T, Lindhe J. (2001). Bone reactions adjacent to titanium implants
subjected to static load of different duration. A study in the dog (Ill) Clin Oral
Implant Res, Vol.12, No.6, (December 2001), pp. 552-558.

Gotfredsen K, Berglundh T, Lindhe J. (2002). Bone reactions at implants subjected to
experimental peri-implantitis and static load. A study in the dog. | Clin Periodontol,
Vol.29, No.2, (February 2002), pp. 144-151.

Isidor F. (1997). Histological evaluation of peri-implant bone at implants subjected to
occlusal overload or plaque accumulation. Clinical Oral Implants Research, Vol.8,
No.1, (February 1997), pp. 1-9.

Isidor F. (1998). Mobility assessment with the Periotest system in relation to histologic
findings of oral implants. International Journal of Oral & Maxillofacial Implants,
Vol.13, No.3, (May-June 1998), pp. 377-383.

Isidor F. (2006). Influence of forces on peri-implant bone. Clin Oral Implants Res, Vol.17, No.
2, (October 2006), pp. 8-18.

Jones DB, Nolte H, Scholubbers ]G, Turner E, Veltel D. (1991). Biochemical signal
transduction of mechanical strain in osteoblast-like cells. Biomateriales, Vol.12, No.2,
(March 1991), pp. 101-110.

Kanishi D. (1993). 9mTc-MDP accumulation mechanisms in bone. Oral Surg Oral Med Oral
Pathol, Vol.75, No.2, (February 1993), pp. 239-246.

Kawahara H, Kawahara D, Hayakawa M, Tamai Y, Kuremoto T, Matsuda S. (2003).
Osseointegration under immediate loading: biomechanical stress-strain and bone
formation--resorption. Implant Dent, Vol.12, No.1, pp. 61-68.

Kinsel RP, Liss M. (2007). Retrospective analysis of 56 edentulous dental arches restored
with 344 single-stage implants using an immediate loading fixed provisional
protocol: statistical predictors on implant failure. Int | Oral Maxillofac Implants,
Vol.22, No.5, (September-October 2007), pp. 823-830.

Lang N.P., Wilson, T.G., Corbet, E.F. (2000). Biological complications with dental implants:
their prevention, diagnosis and treatment. Clinical Oral Implants Research, 11 Vol.8,
(Suppl.), pp. 146-155.

Lanyon LE. (1992). Control of bone architecture by functional load bearing. | Bone Miner Res,
Vol.7, (Suppl 2), pp. 369-375.

Lanyon LE. (1987). Functional strain in bone tissue as an objective, and controlling stimulus
for adaptive bone remodeling. | Biomech, Vol.20, No.11-12, pp. 1083-1093.

Lysell L, Rohlin M. (1985). Initial Tc-99m diphosphonate uptake in mineralized and
demineralized bone implants in rats. Int ] Oral Surg, Vol.14, No.4, (August 1987),
pp. 371-375.

McCracken M, Zinn K, Lemons JE, Thompson JA, Feldman D. (2001). Radioimaging of
implants in rats using Tc-99m-MDP. Clin Oral Implant Res, Vol.12, No.4, (August
2001), pp. 372-378.

Melsen B, Lang NP. (2001). Biological reactions of alveolar bone to orthodontic loading of
oral implants. Clin Oral Implants Res, Vol.12, No.2, (April 2001), pp. 144-152.

www.intechopen.com



216 Implant Dentistry — The Most Promising Discipline of Dentistry

Misch CE.(1999). Dental evaluation: Factors of stress. In Misch CE, ed. Contemporary
Implant Dentistry, “2nd ed, pp.122-123. ISBN 0-8151-7059-9 St. Louis: Mosby,
USA.

Miyata T, Kobayashi Y, Araki H, Ohto T, Shin K.(2000). The influence of controlled occlusal
overload on peri-implant tissue. Part 3: A histologic study in monkeys. International
Journal of Oral & Maxillofacial Implants, Vol.15, No.3, (May-June 2000), pp. 425-431.

Noble BS, Peet N, Stevens HY, Brabbs A, Mosley JR, Reilly GC, Reeve ], Skerry TM, Lanyon
LE. (2003). Mechanical loading: biphasic osteocyte survival and targeting of
osteoclasts for bone destruction in rat cortical bone. Am | Physiol Cell Physiol,
Vol.284, No.4, (April 2002), pp. 934-943.

Okamoto YM. (1997). Mechanism of accumulation of %mTc-MDP to bone: correlation of in
vivo data with in vitro data. Radiat Med, Vol.15, No.4, (July-August 1997), pp. 209-
215.

Ostman PO, Hellman M, Sennerby L. (2008) Immediate Occlusal loading of implants in the
partially edentate mandible: a prospective 1-year radiographic and 4-year clinical
study. Int | Oral Maxillofac Implants, Vol.23, No.2, (March-April 2008), pp.315-322.

Palacci P, Ericsson I. (2001). Esthetic Implant Dentistry: Soft and Hard Tissue Management.
Carl Stream; pp.15-31. ISBN 0-86715-382-2, Illinois: Quintessence Pub Co.

Piattelli A, Corigliano M, Scarano A, Quaranta M. (1997). Bone reactions to early occlusal
loading of two-stage titanium plasma-sprayed implants: a pilot study in monkeys.
Int | Periodontics Restorative Dent, Vol.17, No.2, (April 1997), pp. 162-169.

Piatelli A, Corigliano M, Scarano A, Costigliola G, Paolantonio M. (1998). Immediate loading
of titanium plasma-sprayed implants: An histologic analysis in monkeys. ]|
Periodontol, Vol.69, No.3, (March 1998), pp. 321-327.

Piattelli A, Scarano A, Favero L, lezzi G, Petrone G, Favero GA. (2003). Clinical and
histologic aspects of dental implants removed due to mobility. Journal of
Periodontology, Vol.74, No.3, (March 2003), pp. 385-390.

Quirynen M, Naert I, van Steenberghe D. (1992). Fixture design and overload influence
marginal bone loss and fixture success in the Branemark system. Clin Oral Implants
Res, Vol.3, No.3, (September 1992), pp.104-111.

Rangert B, Krogh PH, Langer B, Van Roekel N. (1995). Bending overload and implant
fracture: a retrospective clinical analysis. International Journal of Oral & Maxillofacial
Implants, Vol.10, No.3, (May-June 1995), pp. 326-334.

Raghavendra S, Wood MC, Taylor TD. (2005). Early wound healing around endosseous
implants: a review of the literature. Int | Oral maxillofac implants, Vol.20, No.3, (May-
June 2005), pp. 425-431.

Roberts WE, Garetto LP, De Castro RA. (1989). Remodeling of devitalized bone threatens
periosteal margin integrity of endosseous titanium implants with treated or smooth
surfaces: indications for provisional loading and axillary directed occlusion. |
Indiana Dental Association, Vol.68, No.4, (July-August 1989), pp. 19-24.

Romanos GE, Toh CG, Siar CH, Swaminathan D. (2002). Histologic and histomorphometric
evaluation of peri-implant bone subjected to immediate loading: an experimental
study with Macaca fascicularis. Int | Oral Maxillofac Implants, Vol.17, No.1, (January-
February 2002), pp. 44-51.

Romanos GE, Toh CG, Siar CH, Wicht H, Yacoob H, Nentwig GH. (2003). Bone-implant
interface around titanium implants under different loading conditions: a

www.intechopen.com



Changes in Bone Metabolisim Around Osseointegrated Implants Under Loading 217

histomorphometrical analysis in the Macaca fascicularis monkey. | Periodontol,
Vol.74, No.10, (October 2003), pp. 1483-1490.

Sasaki H, Koyama S, Yokoyama M, Yamaguchi K, Itoh M, Sasaki K. (2008). Bone Metabolic
Activity Around Dental implants Under Loading Observed Using bone
Scintigraphy. Intl | Oral and Maxillofac Implants, Vol.23, No.5, (September-October
2008), pp- 827-834.

Saxon LK, Robling AG, Alam I, Turner CH. (2005). Mechanosensitivity of the rat skeleton
decreases after a long period of loading, but is improved with time off. Bone, Vol.36,
No.3, (March 2005), pp. 454-464.

Schenk RK, Buser D. Osseointegration: a reality. (1998). Periodontology 2000, Vol.17, pp. 22-35.

Schincalglia G, Marzola R, Scapioli C, Scotti R. (2007). Immediate Loading of Dental
Implants Supporting Fixed Partial Dentures in the Posterior Mandible: A
Randomized Controlled Split-Mouth Study-Machined Versus Titanium Oxide
Implant Surface. Int | Oral Maxilllofac Implants, Vol.22, No.1, (January- February
2007), pp.35-46.

Schnitman PA, Wohrle PS, Rubenstein JE, DaSilva JD, Wang NH. (1997). Ten-year results for
Branemark implants immediately loaded with fixed prostheses at implant placement.
Int | Oral Maxillofac Implants, Vol.12, No.4, (July- August 1997), pp.495-503.

Schwartz Z, Shani ], Soskolne WA, Touma H, Amir D, Sela ]. (1993). Uptake and
biodistribution of technetium-99m-MD32P during rat tibial bone repair. | Nucl Med ,
Vol.34, No.1, (January 1993), pp.104-108.

Sennerby L, Meredith N. (2008). Implant stability measurements using resonance frequency
analysis: biological and biomechanical aspects and clinical implications. Periodontol
2000, Vol.47, pp. 51- 66.

Slaets E, Carmeliet G, Naert I, Duyck J. (2006). Early cellular responses in cortical bone
healing around unloaded titanium implants: an animal study. Journal of
Periodontology, Vol.77, No.6, (June 2006), pp. 1015-1024.

Slaets E, Carmeliet G, Naert I, Duyck ]. (2007). Early trabecular bone healing around
titanium implants: a histological study in the rabbit. Journal of Periodontology,
Vol.78, No.3, March 2007), pp. 510-517.

Slaets E, Naert I, Carmeliet G, Duyck J. (2009). Early cortical bone healing around loaded
titanium implants: a histological study in the rabbit. Clin Oral Impl Res, Vol.20,
No.2, (February 2009), pp. 126-134.

Strid KG. (1985). Tissue-Integrated Prostheses: Osseointegration in Clinical Dentistry.Radiographic
results. In: Branemark PI, Zarb GA, Albrektsson T, eds. pp. 187-191. Quintessence:
Chicago

Szmukler-Moncler S, Piattelli A, Favero GA, Dubruille JH. (2000). Considerations
preliminary to the application of early and immediate loading protocols in dental
implantology. Clin Oral Implants Res, Vol.11, No.1, (February 2000), pp. 12-25.

Testori T, Szmukler-Moncler S, Francetti L, Del Fabbro M, Trisi P, Weinstein RL. (2002).
Healing of Osseotite implants under submerged and immediate loading conditions
in a single patient: a case report and interface analysis after 2 months. Int |
Periodontics Restorative Dent, Vol.22, No.4, (August 2002), pp.345-353.

Vandamme K, Naert I, Geris L, Vander Sloten ], Puers R, Duyck J. (2007). The effect of
micro-motion on the tissue response around immediately loaded roughened

www.intechopen.com



218 Implant Dentistry — The Most Promising Discipline of Dentistry

titanium implants in the rabbit. Eur | Oral Sci, Vol.115, No.1, (February 2007), pp.
21-29.

Verborgt O, Gibson GJ, Schaffler MB. (2000). Loss of osteocyte integrity in association with
microdamage and bone remodeling after fatigue in vivo. | Bone Miner Res, Vol.15,
No.1, (January 2000), pp. 60-67.

Warden S], Hurst JA, Sanders MS, Turner CH, Burr DB, Li ]J. (2005). Bone adaptation to a
mechanical loading program significantly increases skeletal fatigue resistance. |
Bone Miner Res, Vol.20, No.5, (December 2005), pp. 809-816.

Wong RW, Rabie AB. (1999). A quantitative assessment of the healing of intramembranous
and endochondral autogenous bone grafts. Eur | Orthod, Vol.21, No.2, (April 1999),
pp- 119-126.

www.intechopen.com



Implant Dentistry - The Most Promising Discipline of Dentistry

IMPLANT DENTISTRY — THE
MOST PROMISING DISCIPLINE
OF DENTISTRY

Lritted try Ther Tieriyilnag

Edited by Prof. llser Turkyilmaz

<t _ ISBN 978-953-307-481-8

Hard cover, 476 pages

Publisher InTech

Published online 30, September, 2011

B Published in print edition September, 2011

Since Dr. Branemark presented the osseointegration concept with dental implants, implant dentistry has
changed and improved dramatically. The use of dental implants has skyrocketed in the past thirty years. As
the benefits of therapy became apparent, implant treatment earned a widespread acceptance. The need for
dental implants has resulted in a rapid expansion of the market worldwide. To date, general dentists and a
variety of specialists offer implants as a solution to partial and complete edentulism. Implant dentistry
continues to advance with the development of new surgical and prosthodontic techniques. The purpose of
Implant Dentistry - The Most Promising Discipline of Dentistry is to present a comtemporary resource for
dentists who want to replace missing teeth with dental implants. It is a text that integrates common threads
among basic science, clinical experience and future concepts. This book consists of twenty-one chapters
divided into four sections.

How to reference
In order to correctly reference this scholarly work, feel free to copy and paste the following:

Shigeto Koyama, Hiroto Sasaki, Masayoshi Yokoyama, Miou Yamamoto, Naoko Sato, David Reisberg and
Keiichi Sasaki (2011). Changes in Bone Metabolisim Around Osseointegrated Implants Under Loading, Implant
Dentistry - The Most Promising Discipline of Dentistry, Prof. llser Turkyilmaz (Ed.), ISBN: 978-953-307-481-8,
InTech, Available from: http://www.intechopen.com/books/implant-dentistry-the-most-promising-discipline-of-
dentistry/changes-in-bone-metabolisim-around-osseointegrated-implants-under-loading

INTECH

open science | open minds

InTech Europe InTech China

University Campus STeP Ri Unit 405, Office Block, Hotel Equatorial Shanghai

Slavka Krautzeka 83/A No.65, Yan An Road (West), Shanghai, 200040, China

51000 Rijeka, Croatia FE EBHIERFEK6SS iEEPrRE ARG DA E4058TT
Phone: +385 (51) 770 447 Phone: +86-21-62489820

Fax: +385 (51) 686 166 Fax: +86-21-62489821

www.intechopen.com



© 2011 The Author(s). Licensee IntechOpen. This chapter is distributed
under the terms of the Creative Commons Attribution-NonCommercial-
ShareAlike-3.0 License, which permits use, distribution and reproduction for
non-commercial purposes, provided the original is properly cited and

derivative works building on this content are distributed under the same
license.




