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ABSTRACT
Background: The original treatment protocol for osseointegrated implants prescribed an unloaded
healing period of 3 to 6 months before connection of the prosthetic superstructure. During the last years
shortened healing time and rapid loading have become more frequently used. Clinical follow-up studies
have reported positive clinical outcomes. However, there are few controlled studies of immediate/early
loading in the maxilla.

Aims: The aim of this thesis is to test the hypothesis that immediate/early loading of dental implants in
the maxilla results in the same clinical outcomes as when using delayed loading.

Material and Methods: Papers I, II and III compared the treatment outcome of early and delayed loading
of moderately roughened implants (SLA) in 24 patients for support of a fixed bridge in the totally
edentulous maxilla after one, three and five years, respectively. The patients were randomly alotted to
either early (n=16, test group) or delayed loading (n=8, control group).
Paper IV evaluated the clinical outcomes and development of implant stability with resonance frequency
analysis (RFA) of 53 moderately rough implants (oxidized) in 32 patients when subjected to immediate
(single tooth, n=16) or early loading (partial bridge, n=16) in their partially edentulous maxilla during one
year.
Paper V  investigated in the relation between implant stability measurements and marginal bone loss
measurements after three and five years of function in the edentulous maxilla in the same 24 patients as
in Papers I, II and III.

Results: Papers I, II and III. In total, 142 implants were placed and 139 were loaded with full-arch
prostheses: 94 in the test group and 45 in the control group. One test and two control implants were lost
before loading. Another four failures were observed in the test group at the five-year follow-up giving a
survival rate of  94.7 % for the test and 95.7 % for the control group, respectively (ns). The test group
showed significantly better sulcus bleeding index and plaque index scores than the control group after
one year. At the 3-year follow-up there were no significant differences between the groups. At the 5-year
follow-up more test than control patients presented with plaque. A higher proportion of patients as well
as implants in the control group had pocket depths > 3 mm. The average bone loss was greater for test
than for control implants during five years, 0.8 (SD 1.2) mm vs 0.3 (SD1.1) mm (p< 0.05). However, the
bone level was situated more coronally for the test implants during the study period (p<0.05). Technical
complications were mainly resin-related.
Paper IV. One single tooth implant was lost, given an overall survival rate of 98.1 % (93.8 % for single
and 100% for partial bridges) after one year. The average bone loss during the period was 1.1 (SD 1.0) mm
(1.5 mm (SD 1.0) in single tooth and 0.9 (SD1.0) mm in partial cases). A statistically significant increase of
implant stability with, on average, 3.3 (SD 5.0) ISQ units was observed for both single tooth and partial
bridge implants.
Paper V. RFA measurements after three and five years correlated with marginal bone levels as measured
in intraoral radiographs. RFA measurements registered at three years could not predict implant failures at
the five-year follow-up.

Conclusion: It is concluded that immediate /early loading of dental implants in the maxilla results in
the same clinical outcomes as for delayed loading.

Keywords: dental implant, clinical study, randomized study, immediate loading, early loading,
resonance frequency analysis

ISBN: 978-91-628-7363-9

Correspondence: Kerstin Fischer, Strandvagen 54, SE-791 42 Falun , Sweden, e-mail;
kerstin.fischer@swipnet.se



1

   List of papers

This dissertation is based on the following papers, which will be referred to in the text by
their Roman numerals (papers reprinted by kind permission of journal editors):

Fischer K & Stenberg T. Early loading of ITI implants supporting a maxillary
full-arch prosthesis: 1-year data of a prospective, randomized study.
Int J Oral  Maxillofac Impl 2004; 19: 374-381.

Fischer K & Stenberg T. Three-year data from a randomized, controlled study
of early loading of single-stage dental implants supporting maxillary full-arch
prostheses.  Int J Oral Maxillofac Impl 2006; 21: 245-252.

Fischer K, Stenberg T, Hedin M and Sennerby L. 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 Impl Res 2008; In press.

Fischer K, Bäckström M and Sennerby L. Immediate and early loading of
oxidized tapered implants in the partially edentulous maxilla.  A one-year prospective
clinical, radiographic and resonance frequency analysis study.
Clin Implant Dent Rel Res 2008; In press.

Fischer K, Stenberg T, Billström C and Sennerby L. Influence of
marginal bone level on implant stability measurements using resonance
frequency analysis (RFA). In manuscript.

I.

II.

III.

IV.

V.



1

Contents

INTRODUCTION 7
BIOLOGICAL ASPECTS 7
CLINICAL ASPECTS OF THE SURGICAL  PROCEDURE 13
CLINICAL ASPECTS OF IMMEDIATE / EARLY LOADING 16

Summary of viewpoints on rapid loading 24

AIMS 25

MATERIAL AND METHODS 26
Papers I, II and III 26
Paper IV 32
Paper V 35
STATISTICS 36

RESULTS 37
Papers I-III 37
Paper IV 44
Paper V 46

DISCUSSION 49
EVIDENCE BASED METHOD 49
IMPLANT SUCCESS / SURVIVAL 50
IMPLANT SURFACES 51
RADIOGRAPHIC EXAMINATION and BONE LEVEL 52
RESONANCE FREQUENCY ANALYSIS (RFA) 53
OUTCOME OF PROSTHESES 55

CONCLUSION 57

Acknowledgements 58

REFERENCES 60

Papers I-V 76



7

INTRODUCTION

One of the most important significant scientific breakthroughs in clinical dentistry was
undoubtedly the introduction, of osseointegrated implants for anchorage of fixed bridges 40
years ago. Today this is an established clinical routine with predictable outcomes.   Until the
advent of implants, the only treatment alternative was to replace missing teeth with tooth-
supported crowns and bridges, or removable dentures. Although fixed appliances may be
well accepted, not all patients can adapt successfully to removable dentures and in many
cases experience functional and / or psychological problems (Trulsson et al 2002).

Based on the initial concept of osseointegration, many new implant systems have
been developed and variations in materials and treatment protocols have been introduced.
The original treatment protocol for osseointegrated implants prescribed an unloaded healing
period of 3 to 6 months before connection of the prosthetic superstructure and functional
loading (Brånemark et al 1969, Albrektsson et al 1981).

Although most treatment routines still include a healing period between implant insertion
and loading with a prosthetic superstructure, research during the last 10 years has increasingly
focused on loading immediately, or very soon after implant placement. The use of so called
immediate/ early loading protocols has obvious advantages for the patients. Only one surgical
procedure is required. Both function and aesthetics can be immediately restored with a
temporary crown or bridge. However, concerns have been raised about the possibility of
increased failure rates.

Today, histology from experimental and clinical studies has demonstrated that functional
loads do not impair osseointegration (Piattelli et al 1998, Rocci et al 2003). Moreover, with
respect to mandibular implants, clinical follow-up studies of one-stage implants have reported
similar positive clinical outcomes as for two-stage procedures.However, there are few
controlled studies of maxillary implants (Attard & Zarb 2005).

BIOLOGICAL ASPECTS
————————————————————————————————

The use of osseointegrated implants for treatment of totally edentulous patients was
first described by Brånemark et al (1969). The term “osseointegration” was defined as a
direct contact between the surface of an implant and the surrounding bone (Brånemark et al
1977).  Schroeder et al used the term “functional ankylosis” for the same condition (Schroeder
et al 1981). Later, osseointegration was defined as, -”a process whereby clinically
asymptomatic rigid fixation of alloplastic materials is achieved, and maintained, in bone during
functional loading” (Albrektsson and Zarb 1993).
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Titanium

Titanium is element number 22 in the periodic table and was discovered in Cornwall,
England in 1791 by an amateur geologist, William Gregor.  In 1795 a German chemist, Martin
Klaproth (Fig.1), rediscovered the element and named it for the Titans
of Greek mythology. When titanium is exposed to air, a surface oxide is
rapidly formed (Kasemo 1983). Thus, the oxide layer and not the bulk
metal is exposed to the host tissue and it is this layer which determines
the biological response. An important characteristic of titanium is that it
can osseointegrate, a property which was discovered by chance over
40 years ago. In the 1960’s tooth root analogues were made of titanium
by Brånemark and collaborators in Gothenburg.

Bone tissue

Bone is a connective tissue consisting of cells and a mineralized extracellular matrix.
It comprises about 65% mineral (mostly hydroxypatite), 25% organic matrix and 10% water.
There are two macro architectural forms – trabecular (cancellous or spongy) and cortical
bone (compact or cortex), which are found in various proportions and structural patterns to
form the individual bones of the body.  In total, the skeleton consists of around 80 % cortical
and 20 % trabecular bone. Bone has an outer dense compact layer (cortex), covered by
periosteum. The interior of bone is a trabecular bone marrow. The trabeculae are oriented
predominantly according to stress.

Bone is constantly resorbed and formed by two processes known as modelling and
remodelling. Bone modelling starts during fetal life and continues to the end of the second
decade of life, while bone remodelling continues throughout life, replacing old bone with new,
maintaining equilibrium between bone deposition and resorption. The bones are remodelled
to an ideal shape that best withstands mechanical stress, thereby adapting to functional loading.
Load on bone can affect bone quality and quantity and it seems that muscles exert influence
on bone mineral content (BMC) as well as on bone mineral density (BMD). The membrane
covering the outer surface of the bone is the periosteum . It comprises an outer fibrous layer
of dense irregular connective tissue with blood and lymphatic vessels and nerves. The periosteum
is involved in bone growth and can form an extra callus during fracture healing.

Bone healing

Bone healing in jaws resembles that of intramembranous bone formation. Bone is
unique, being able to heal with regenerated tissue of equally high structural organization, without
leaving a scar at least under ideal conditions. There are two stages of healing, an initial primary
repair stage, (indirect) and a secondary remodelling stage (direct) (Simmons 1985, Schenk

Fig.1. Klaproth
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1994). A hemorrhage occurs at the site of the injury. Granulocytes, monocytes and lymphocytes
migrate into the wound, accompanied by mesenchymal pluripotent stem cells. An exudate is
produced, containing cytokines and inflammatory mediators. Various factors are released
which stimulate cell differentiation and proliferation to e.g. osteoblasts. The bone formation
phase always starts with deposition of an osteoid, which later mineralizes.

Based on the orientation of the collagen fibrils, three types of bone tissue are
distinguished: woven, lamellar and an intermediate type. Woven bone is the least mineralized
form and contains randomly oriented collagen fibrils. In the second stage of bone healing, the
woven bone is replaced by lamellar bone, which is characterized by several layers of parallel
collagen fibrils. Woven bone is more rapidly formed than lamellar bone: 1 to 3 days compared
to 10 days. Remodelling of woven bone to lamellar bone improves the quality of the tissue,
both mechanically and metabolically (Aubin and Kahn 1996). The resorption phase of the
remodelling process is the function of the osteoclast, a cell derived from circulating monocytes.
The mechanism regulating the remodeling process has yet to be clarified.

           Integration of turned titanium implants in bone

The structure of the bone-titanium interface was described by Sennerby et al (1993a,
1993b). In rabbit cortical bone, the healing process around screw-shaped implants of
commercially pure titanium was observed 3 days after insertion. The process starts with
migration of mesenchymal cells and macrophages from the marrow into a hemorrhage which
occupies the entire bone-titanium interface. In this rabbit model, bone formation was first
observed on day 7 at the endosteal surface of the original cortex, as a lattice of trabecular
woven bone approaching the implant and as solitary woven bone formation near the implant
surface. The latter type of bone serves as a base for the production of an osteoid seam. With
time the two types of bone fuse and fill the implant threads. Thus the increased bone-titanium
contact is a result of ingrowth of bone from the surroundings and does not start at the implant
surface. Calcification of the interface is seen as an accumulation of scattered hydroxyapatite
crystals in the collagen matrix.
In clinically retrieved implants, the ultra structure of the mineralized
bone-titanium interface was very similar to that seen in rabbit
(Fig 2). In general, a non-mineralized amorphous layer, less than
0.5 μm thick, borders the mineralized bone with an electron dense
lamina limitans-like line (50nm thick). Multinuclear cells fill out
the sites on the implant surface not covered by bone (Piattelli et
al 1996).

Biomechanical tests such as removal torque
measurements have commonly been used to evaluate
osseointegration. Johansson and Albrektsson (1987)
demonstrated an increased resistance to torque forces with time,

Fig.2. Light micrograph of
the bone-titanium interface.
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parallel with an increasing degree of bone-implant contact.  Sennerby (1991) found a
relationship between the amount of compact bone in the interface of the threaded implants
and the removal torque when unscrewing the turned implants after 6 weeks, 3 and 6 months.
On unscrewing the implant, rupture occured close to the implant, with no fractures of the
bone. This led to the conclusion that the stability of threaded turned titanium implants is due to
mechanical interlocking.

Different implant surfaces

It is recognized that the characteristics of the implant surface are critical determinants
of successful osseointegration (Albrektsson et al 1981). The original studies on osseointegration
were conducted on implants with turned surfaces. Enhanced implant surface technology was
introduced to improve the predictability, rate and degree of osseointegration. The aim was to
attain a greater surface area for bone attachment. The implant surface was modified through
additive or subtractive techniques.  Surface roughness was demonstrated to be effective in
enhancing the biomechanical properties of bone-anchored implants: it was shown that the
amount of bone in contact with an implant surface is greater around moderately rougher than
around smooth implant surfaces and that moderately rough surface implants have stronger
bone-to-implant bonds.

A number of studies have compared implants with different surfaces in terms of the
hard tissue-to-implant interface. Carlsson et al (1986) compared removal torques and bone-
to-implant contact, measured by histomorphometry, around polished and rough commercially-
pure titanium implant screws six weeks after insertion in the condyles of rabbit tibiae and
femurs. The study demonstrated a positive correlation between increasing roughness of the
implant surface and the extent of the bone-implant interface. The data demonstrated that the
rough-surfaced implants had significantly higher removal torque than had the smooth-surfaced
implants. In a direct comparison of surface characteristics of similarly-shaped implants, rougher
implant surface had greater bone-to-implant contact than smoother surfaces (Buser et al 1991).
The titanium-plasma-sprayed (TPS) surface is obtained by thermal spraying of titanium onto
the titanium implant. The sandblasted, large grit, acid-etched (SLA) surface is produced by a
large grit sand-blasting process with corundum particles, which produces macro-roughness
of the titanium surface. The sand-blasting is followed by immersion for several minutes in a
strong acid-etching bath of HCl/H2SO4 at elevated temperature. This produces 2-4 ì m
micropits superimposed on the rough-blasted surface. The surface is not microporous thereby
allegedly preventing harbouring of trapped bacteria. TPS surfaces is rougher than SLA surfaces.

A study by Wennerberg and Albrektsson (1995) evaluated screws blasted with 25
ìm particles of titanium and 75 ìm particles of aluminium oxide, respectively. These implants
demonstrated higher removal torque and interfacial bone contact than turned titanium implants.
Ellingsen (1998) found that compared to titanium controls, fluoride treated titanium implants
improved the bone response 3-4 fold in rabbit ulnae after four and eight weeks of healing,
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measured by a push out technique. In a study of implants, Suzuki et al (1997) showed in
rabbit femur that the increased bone volume of moderately rough-surfaced titanium implants
is due to less remodelling activity during the early stage after implantation compared with the
smooth-surfaced implants. To allow comparison of the results of surface roughness studies in
different implant systems it is important that a standard procedure is adopted (Wennerberg
and Albrektsson 2000). In summary, the effects of the implant surface on bone healing have
been extensively investigated, both in vitro and in vivo. Based on experimental results, clinical
studies were conducted to evaluate the effect of loading SLA implants after a reduced healing
period of only 6 weeks. After follow-up of 5 years the success rate was shown to be greater
than 99 % (Bornstein et al 2005).

Besides surface topography, surface chemistry is another key factor for bone-implant
apposition, since it influences the degree of contact with the physiologic environment, For
example, increased wettability enhances interaction between the implant surface and the
biological environment (Kilpadi  and Lemons  1994). Recently, a chemically modified titanium
surface was shown to achieve stronger bone anchorage at the early stages of bone healing,
thereby  presumably allowing earlier loading without impairing implant survival (Ferguson et al
2006). A modified sand-blasted acid etched (SLActive) titanium surface was produced: after
sand-blasting and acid-etching, the implants were rinsed in NaCl under N2 protection and
stored in an isotonic NaCl solution to preserve the  surface conditions until implant placement.
It was shown that the modified SLActive surface enhanced bone apposition during the early
stages of bone regeneration compared to SLA controls. The underlying mechanism  may be
the establishment of stable contact between the surface and the early blood clot and fibrin
network. This facilitates migration of pre-cursor cells, differentiation and finally bone formation
at the surface (Buser et al 2004; Cooper et al 2005).

Anodic oxidation resulted in increased thickness of the oxide layer and the formation
of a porous surface structure (Schüpbach et al 2005). Evaluation of removal torque values
showed that the  characteristics of the oxidized implant influenced the bone tissue response.
Two mechanisms were proposed for osseointegration: mechanical interlocking through bone
growth into pores/other surface irregularities and biomechanical bonding (Sul et al 2002).  A
histologic study in human jawbone demonstrated significantly higher bone response for anodic
oxidized titanium implants than for implants with a turned surface (Ivanoff et al 2003). In
another study (Sul et al 2005), two groups of different titanium oxidized implants were inserted
in rabbit bone. One of the implant groups had magnesium ions incorporated  in the surfaces.
After six weeks of follow-up, this group showed a significantly higher mean peak of removal
torque than the group of  oxidized implants.  In conclusion, in the great majority of published
studies, moderately rough surfaces have demonstrated stronger bone responses than minimally
rough, machined surfaces.
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Implant design

With respect to initial stability, screw-shaped implants are superior to cylindrical ones
(Carlsson et al 1988, Gotfredsen 1992). Threads have advantages as they engage the implant
site during insertion, depending on press-fit as well as on an axial compression of the bone
between the threads and the coronal part of the implant. Most implants used today are self-
tapping.

An implant with double threads was developed to allegedly enable faster installation
(Mark IV Nobel Biocare). The implant body is slightly tapered for better engagement of the
cortical layer. The idea is to enhance primary stability in poor bone quality by inserting a
tapered implant into a standard parallel-sided hole. This implant was compared to Brånemark
standard implants in a multi-center study by Åstrand et al (2003). No differences between the
two implant designs could be shown. O´Sullivan et al (2000) investigated in five different
designs of dental implants in a human cadaver study. All implants were placed in the maxillary
bone less than 48 hours post-mortem with most being tested within 30 hours. The Mark IV
implants appeared to maintain a high primary stability even in bone quality 4. However, this
was not verified in a clinical multi center study by Friberg et al (2003), comparing a prototype
of the Mark IV implant and standard Brånemark implants in jaw regions of Type 4 bone.

In another study by O´Sullivan et al (2004) primary and secondary stability were
evaluated in an animal study, comparing a dental implant with 1Ú of taper and a standard
Brånemark implant. For placement of the implants the tapered implant needed a significantly
higher insertion torque and a higher value was recorded on resonance frequency analysis. It
was concluded that implants with 1Ú of taper showed enhanced primary stability. In a three-
dimensional finite-element model of a posterior mandible with two different bone densities
Petrie et al (2005) studied the crestal strain gradient for implants of varying diameter, length
and taper. To minimize peri-implant strain in the crestal alveolar bone, a wide and relatively
long and untapered design was most favourable. Narrow, short implants with taper in the
crestal region should be avoided, especially in low-density bone.

It is proposed that microthreads on the coronal portion at the implant neck help to
stabilize the marginal bone (Hansson 1999). A 3-year follow-up by Lee et al (2007) evaluated
the effect of microthread on the maintenance of marginal bone level. The results indicated that
microthreads might have an effect in maintaining the marginal height against loading.
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CLINICAL ASPECTS OF THE SURGICAL  PROCEDURE
————————————————————————————————

There are several factors determining the achievement of osseointegration
(Albrektsson 1981). These include:

• Biocompatibility of the implant material
• Implant design
• Implant surface conditions
• The host bed
• Surgical technique
• Implant loading conditions

In the original Brånemark technique, an implant with a turned machined surface was
submerged into the jaw-bone and depending on bone density, allowed to heal for 3 to 6
months before loading. Maxillary implants required a longer healing period than mandibular
implants. The two-stage procedure was considered necessary to ensure implant stability, by
minimizing the risk of infection and allowing undisturbed bone formation and remodelling,
prior to loading, since implants are more stable after bone formation and remodelling. It was
believed that premature loading could lead to fibrous tissue encapsulation (Albrektsson et al
1981). The recommended healing period of 3 – 6 months was empirical and not supported
by evidence-based studies.

In a collaborative project between the University of Bern, Switzerland, and the Institute
Straumann AG, a one-stage approach was developed, using an implant with a rough surface
and a non-submerged technique (Schroeder et al 1976, 1981). This technique allowed the
implants to be loaded after 12 weeks of healing, in either the maxilla or the mandible. Provided
the clinical protocol was closely adhered to, the one-stage approach was found to achieve
complication-free tissue integration with a high predictability. Successful use of one-stage
(non-submerged) procedures with healing periods of 3-6 months was documented by Buser
et al (1991). Two studies of non-submerged implants in the maxillae of monkeys showed the
development of a circular ligament of densely packed collagen fibres and inflammatory cells
running parallel around the implant (Ruggeri et al 1992). The two-stage procedure as well as
the one-stage technique relied on healed jaw-bone and implants were not placed in extraction
sockets.

Studies in monkeys (Gotfredsen 1990) and dogs (Ericsson 1996) found no difference
in bone response between submerged and non-submerged implants. These results were
confirmed by Ericsson et al (1994, 1997) in a split-jaw clinical study of mandibular Brånemark
implants. Furthermore, a study by Becker et al (2000) comparing one- and two-stage titanium
screw-shaped implants with one-stage plasma-sprayed solid-screw implants showed similar
cumulative survival rates, but more bone resorption of the implants with plasma sprayed surface.
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The short term results (one year follow-up) of a study by Heydenrijk et al (2002) indicated
that two-part implants inserted in a one-stage procedure were as predictable as those inserted
in a two-stage procedure.  Today it is evident that an early connection between the oral cavity
and the jaw bone during healing need not jeopardize osseointegration .

Implant stability

Successful clinical outcomes depend on the establishment and maintenance of implant
stability. The degree of primary implant stability after installation depends on factors related to
the implant, bone and surgical technique. The biomechanical properties of bone are determined
by the ratio of cortical and trabecular bone at the implant site. Cortical bone is more rigid than
trabecular bone and offers better support for an implant. Firm primary stability reduces the
risk of micromotion and negative responses such as formation of fibrous scar tissue at the
bone-implant interface.

Implant stability is also influenced by surgical technique, such as the choice of drill
diameters, the depth of preparation and whether pretapping is used or not. The implant design,
including the shape of the threads, also impacts on primary stability. Early implant failure due
to lack of osseointegration was reported to be more frequent in jaw bone of low density
(Sennerby and Roos 1998) and high failure rates have been reported for implants placed in
soft bone (Engquist et al 1988, Jaffin & Berman 1991 and Jemt 1993).

Radiographs yield information about anatomical characteristics and offer the potential
to assess the composition of compact and cancellous bone. Brånemark (1985) did not
recommend radiographs immediately after implant placement due to his fear of potential
radiographic side-effects. Lekholm  and Zarb (1985) proposed a jaw bone classification by
rating the bone quality from 1 to 4, depending on the amount of compact and cancellous bone
present. Class I bone is predominantly cortical as in the mandibular anterior region, while
Class 4 bone is almost all trabecular, as often found in the maxillary posterior region. Lekholm
and Zarb stressed it is not always possible to determine bone quality from radiographic
assessment alone, as the cortical layer may obscure the quality of the internal bone. They
suggested that it is first during explorative drilling in implant sites that the true bone quality of
the jaw can be determined. However, this assessment is subjective and based on the surgeon´s
personal experience. The accuracy of this classification was questioned in a study by Lindh et
al (1996) as the interobserver and the intraobserver evaluations varied greatly.  These authors
recommended a new classification with reference images for assessing the trabecular pattern
in periapical radiographs before implant treatment. Despite the shortcomings, the Lekholm &
Zarb index is probably the most commonly used system for grading of bone quality.
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Assessment of implant stability

A method was described by Johansson and Strid (1994) whereby torque is registered
by an electric current during low-speed tapping. This registration reflected the bone quality,
expressed as the energy needed to cut out a specific amount of bone material with the tool.
The measurement torque consisted of two parts, the true cutting resistance and the friction.
Special computer software was used. A specially prepared motor hand piece was developed
to eliminate differences in hand pressure on the screw tap as well as deviations of the screw
tap from the axis of the prepared bone site, which could influence the measurement. According
to Friberg et al (1995) this was found to be a reliable technique for identifying variations in
bone density. In another study Friberg et al (1999a) reported a statistically significant difference
in cutting torque values of maxilla and mandible and also a tendency toward declining values
from anterior to posterior regions in the maxilla. Furthermore, significant correlations were
found between values of cutting torque and bone quality. One disadvantage with the technique
is that the measurement of the bone density is determined first during low-speed threading of
implant placement.

Periotest is a non-invasive, electronic device which provides a measurement of the
reaction of the periodontium to a defined impact load. Percussion is applied by an electronically
controlled tapping head and a value is calculated and displayed as a Periotest value (PTV).
The reading represents an objective indication of the extent of periodontal bone loss. Tricio et
al (1995) showed significant correlations between PTV and insertion torque as well as bone
density. In a comparison of different implant diameters, lower PTV values were associated
with wider implants (Aparicio and Orozco 1998). The Periotest device is operator sensitive
and its clinical value has been questioned (Meredith et al 1998). In   biomechanical tests by
Ivanoff et al (1997) the peak torque required to loosen an implant was assessed. A statistically
significant increase of removal torque was shown with increasing implant diameter.

Resonance frequency analysis (RFA) is a non-invasive diagnostic technique  developed
by Meredith and coworkers (1994, 1996, 1997). Bone formation around an implant is studied
by measuring the resonance frequency of a small transducer attached to an implant. The first
and second generation transducers had their own fundamental resonance frequency. This has
been corrected in the Osstell system, which comprises transducers  calibrated by the
manufacturer. The measurement is presented in a new unit, the Implant Stability Quotient
(ISQ). The transducer comprises a modified cantilever beam to which two piezoceramic
elements are attached. The beam vibrates by exciting one of the piezoelectric elements with a
sinusoidal signal of increasing frequencies from 5 to 15 kHz by means of a frequency response
analyzer and a computer.

Friberg et al (1999b) evaluated the correlation between cutting torque measurements
and resonance frequency analyses in Brånemark implants placed in edentulous maxillae.
Measurements were taken at implant placement, at abutment connection and after one year
of loading. The values increased with time, irrespective of bone quality and primary stability.
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On the other hand, in a study comparing maxillary and mandibular implants from placement
up to 6 months of loading, implants with low primary stability showed a marked increase
while implants with very high primary stability showed no changes or even  decreased values
(Sennerby et al 2000).

The RFA technique has been applied in a number of in vitro and in vivo studies to
assess implant healing in various situations. In an animal study using RFA measurements, the
use of a barrier membrane at exposed implant threads did not contribute to implant stability
and the stability of implants placed 3-4 months after Le Fort I osteotomy with interpositional
cortico-cancellous bone grafts seemed to increase with time (Rasmusson et al 1998). Hallman
et al (2005) showed that the stability of dental implants placed in grafted maxillas and measured
with RFA after three years of functional loading was similar to the stability of implants placed
in non-grafted maxillary bone. Low primary stability, measured with RFA, indicates a risk for
implant failure in the grafted maxilla.  Sjöström et al (2007) therefore proposed that the ISQ
value at the time of placement can probably serve as an indicator of level of risk for implant
failure. ISQ values of 50-80 after implant placement are considered to reflect good primary
stability: the lower values are typical of softer bone e.g. the maxilla and the higher values
typical for the mandible.  A value below 45 indicates poor prognosis. The length of the implant
protruding above the marginal bone level has a pronounced influence on the measurement.
This fact needs to be taken into account when comparing ISQ values and different implant
systems. During bone healing a significant increase in ISQ was observed, related to the increase
in rigidity. This is of practical relevance when comparing ISQ values of the same implant over
time, in cases where there is doubt as to whether or not the implant should be loaded RFA
may help in the decision the most appropriate time-to-load: immediate, early or delayed.

CLINICAL ASPECTS OF IMMEDIATE / EARLY LOADING
————————————————————————————————

Definitions

A healing period of 3 to 6 months before loading was originally considered essential.
Long-term follow-ups of implants with turned, machined surfaces, using a submerged technique
and delayed loading protocols, showed survival rates around 95 % in all indications over a 5-
year period of time (Esposito et al 1998, Berglundh et al 2002).  However, over the last 10
years the conventional treatment protocol has been questioned and there are now numerous
studies reporting the outcomes of different loading protocols.
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Terminology for the timing of implant loading

The terminology for different loading protocols remains confusing, despite several attempts to
reach consensus on definitions. Aparicio et al  (2003) reported from a conference on immediate
and early loading in Spain at which  the following definitions were suggested:
Immediate loading: The prosthesis is attached to the implants on the
same day as the implant surgery
Early loading: The prosthesis is attached as a separate, later procedure, but earlier than the
conventional healing period of 3 to 6 months; time of loading should be stated in days/weeks
Delayed loading: The prosthesis is attached as a second procedure after
a conventional healing period of 3 to 6 months.

Terminology for implant loading

Occlusal loading: The crown/bridge is in contact with the opposing
dentition in centric occlusion
Nonocclusal loading: The crown/bridge is not in contact in centric
occlusion with the opposing dentition in natural jaw positions

In 2004 at an ITI Consensus Conference in Gstaad the following terminology was proposed
for immediate and early loading (Cochran et al 2004).
Immediate restoration:A restoration inserted within 48 hours of implant placement but not
in occlusion with the opposing dentition
Immediate loading: A restoration placed in occlusion with the opposing dentition within 48
hours of implant placement
Conventional loading: The prosthesis is attached in a second procedure after a healing
period of 3 to 6 months
Early loading: A restoration in contact with the opposing dentition and placed at least 48
hours after implant placement but not later than 3 months afterward
Delayed loading: The prosthesis is attached in a second procedure that takes place some
time later than the conventional healing period of 3 to 6 months.

The outcome of short loading times is dependent on
• The amount of primary bone contact
• The quality of bone at the implant site
• The rapidity of bone formation around the implant
• The experience of the operator
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The ultimate loading protocol would be the immediate one, especially from the dentist´s
perspective. Immediate loading was first described for the completely edentulous mandible.
In the anterior mandible, where bone is typically very dense, there is extensive primary bone
contact, giving the implant immediate stability. Combined with a rigid connection of the implants,
this provides for adequate immediate stability of the implants. In this setting,, the early loading
protocol can be very successful, but the quality of the bone is a major determinant. Where the
quality of bone is less than ideal, the ability to stimulate bone formation is important. Under
these conditions, early loading is more likely to be successful than immediate loading (Ericsson
et al 2000a).

Foreshortened loading protocols are perceived to be operator sensitive. Clinical studies
are generally conducted under controlled conditions, with well-defined inclusion criteria. There
are few clinical studies evaluating the outcome of implants with reduced healing time under
routine general practice conditions. In a field study by Cochran et al (2007) 86 investigators
treated 509 patients with 990 implants. The implants were predominantly placed in the mandible
(73%) and loaded within 63 days. The cumulative survival rate was 99 % at 3 years and 97
% at 5 years.

Evidence of immediate and early loading of dental implants

The effect of immediate loading is not clearly understood as it relates to the timeline of
osseointegration. It is clear however, that under functional loading, the processes of osseous
remodelling and osseointegration occur simultaneously. The interaction of these biological and
mechanical forces would seem to be critical to the successful integration of the implant. Initial
stability and continued stability during the healing phase are necessary for osseointegration
and splinting together of implants improves the likelihood of success.

Cameron et al (1973) found that micromotion amounting to about 200 ìm at the
bone-to-implant interface results in invasion by fibrous tissue which prevents bone-to-implant
contact. Brunski et al (1999) proposed that micromotion of about 100 ìm is tolerated for
turned, machined surfaces. According to Søballe et al (1993) the threshold level for porous
hydroxy-coated implants was 50 - 150 ìm.  If micromovement at the bone-implant interphase
is minimal during osseointegration, immediate loading of implants could become a successful
intervention, with a resulting gradual reduction of the healing period.

Immediate loading including occlusal contact with the opposing teeth was reported as
early as 1979 in a case presentation by Ledermann et al (1979) showing that immediate
loading of TPS implants in the mandible could support overdentures. The first report on
immediate loading of Brånemark implants with fixed prostheses was presented by Schnitman
et al (1990). There are now numerous published clinical studies of the outcomes of different
loading protocols. However, the limited number of subjects in each trial is usually too small to
allow extrapolation of conclusions, due to lack of statistical power.



19

The Cochrane Oral Health Group aims to produce systematic reviews which primarily
include randomised controlled trials (RCTs). In one such review, the clinical performance of
implants loaded at different times was evaluated 6 months to 1 year after loading (Esposito et
al 2007). The main outcome assessed in these type of studies is the success of the prosthesis;
implant loss may not necessarily jeopardize prosthesis success. Eleven RCTs were included:
six trials compared immediate versus conventional loading, three trials early versus conventional
loading and two trials immediate versus early loading. In total 790 implants were originally
placed in 300 patients. Mandibular implants predominated; about a third were maxillary implants.
Sixty-four of the maxillary implants were loaded immediately, 132 were loaded early and 90
were conventionally loaded. The inclusion criteria were very strict and only patients known to
be ideal candidates for implant treatment were recruited. In addition, the operators were
highly experienced. When the different loading regimens were compared, no statistical
differences emerged with respect to prosthesis success, implant success or marginal bone
levels. The number of trials and patients included might be insufficient to draw definitive
conclusions. It was concluded that while immediate or early loading can be successful in
selected patients, not all clinicians may achieve optimal results with immediate loading.

In the Cochrane review several studies were excluded because they failed to meet all
the inclusion criteria. However, these studies may offer  relevant clinical information. In general,
the success rate was very high (Roccuzzo et al 2001; Testori et al 2003; Salvi et al 2004;
Lindeboom et al 2006; Turkyilmaz et al 2006a; Cannizzaro et al 2007).  Most of these studies
used techniques to increase torque values at implant placement and it can be concluded that a
high degree of primary stability at implant insertion is a key factor for successful immediate or
early loading. Another aspect to be considered is whether the immediate loading was non-
occlusal or occlusal, i.e. a temporary restoration is placed on the implant but kept out of
contact with the opposite dentition, or the restoration is in full occlusal contact with the opposite
dentition, a true immediate loading procedure.

Randomized studies of shortened loading protocols in the maxilla

To date there are no published randomized controlled trials comparing immediate and
conventional loading of maxillary implants. However, in a randomized study by Hall et al
(2007) 14 immediately (4 hours) restored single tooth implants were compared with 14 two-
stage implants restored 26 weeks after surgery and followed for one year. The implants were
surface modified tapered implants. One control implant failed at abutment connection. There
were no statistically significant differences between the groups with regard to failure or marginal
bone loss.
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Immediate loading in the edentulous maxilla

Bergkvist et al (2005) studied the survival rate of immediately loaded SLA implants in
28 patients treated for maxillary edentulism. A fixed provisional prosthesis was provided within
24 hours of implantation. After a mean interval of 15 weeks, the permanent fixed prosthesis
was inserted. Of 168 implants, three were lost during the healing period. Bergkvist et al
emphasised the importance of splinting the implants immediately after placement. Degidi et al
(2005) followed 43 patients with a total of 388 implants immediately loaded with cross-arch
acrylic provisional restorations.  At the 5 year follow-up the survival rate was 98 %. All
failures had occurred within 6 months of loading. The authors also reported a higher risk of
failure associated with implants of wider diameter. Balshi et al (2005) evaluated immediate
loading of Brånemark System implants in 55 patients treated for maxillary edentulism; a mean
number of 10 implants was placed in each patient. After 5 years follow-up the survival rate
was 98 %. Van Steenberghe et al (2004) used flapless surgery in a multi-centre study in which
24 patients were followed for 1 year. The implants were immediately loaded using computer-
assisted techniques based on a CT scan. A survival rate of 100 % was achieved.

A cohort study by Östman et al (2006) analysed immediately loaded implants in the
edentulous maxilla. One hundred and twenty-six immediately loaded implants were compared
to 120 submerged implants treated with a conventional loading protocol. Resonance Frequency
Analysis showed a tendency toward steeper increase and higher secondary stability for the
immediately loaded implants than for those with a 6-month healing period. In addition, a
tendency towards less marginal bone resorption was observed.

Early loading in the edentulous maxilla

Olsson et al (2003) treated 10 patients with provisional fixed full-arch bridges 1 to 9
days after implant placement.  One patient lost all implants after 10 weeks of loading, due to
an infection. Nordin et al (2007) investigated the outcome of early loading of implants passively
fitted with abutment-free permanently fixed full maxillary dentures. In all, 116 implants with
SLA surfaces were inserted. Sixty-six per cent of the implants were inserted into fresh extraction
sockets. All were loaded within 14 days. After 2-3 years of follow-up, two implants were lost
due to framework fracture. Early functional loading of SLA implants passively fitted with a
permanent fixed complete denture was found to be a reliable treatment. However, the authors
emphasised the importance of early splinting of the implants.

Immediate loading in the partially edentulous maxilla

Few reports can be found in the literature regarding immediate loading in the partially
edentulous maxilla. It is difficult to draw conclusions from studies with short follow-up times
and grouping of different types of prostheses. Almost all the available literature relates to
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immediate restoration rather than immediate loading. In the posterior region of the jaws the
implants are often placed in a straight line, which is considered unfavourable, especially in
view of the heavier biting forces exerted in the posterior region compared to  the anterior
region. In addition the bone in the maxillary molar and premolar regions is  usually softer than
in the anterior region.

Calandriello et al (2003) evaluated immediate loading of Brånemark System implants.
Of a total of 50 implants, 16  were placed in the partially edentulous maxilla and supported by
temporary partial dentures in light occlusion on the same day as surgery was performed. No
cantilevers were used. After 5 months the final restorations were made. The overall survival
rate in the study was 98 % and none of the implants supporting a partial denture was lost.

In a study by Drago and Lazzara (2004) 93 Osseotite implants were placed in 38
partially edentulous patients, with immediate provisional restoration. There is no information
as to whether these were maxillary or mandibular implants. The survival rate after 18 months
was 97.4 %.

Luongo et al (2005) presented a multicenter one-year follow up study of an immediate/
early loading protocol in the posterior maxilla and mandible. Inclusion in the study required
that 2 implants should support either 2 splinted crowns or a 3 unit bridge. In total, eighty-two
ITI sandblasted, acid-etched (SLA) implants in 40 patients were loaded between 0 and 11
days after implant placement. A temporary prosthesis in full occlusion was fitted on the same
day as surgery in 25 % of the patients. However, only 10 out of the eighty-two implants were
placed in the maxilla. At 1 year, the overall survival rate of the implants was 98.8%.

Östman et al (2007) and Albrektsson et al (2007) evaluated respectively 115 and
492 immediately loaded one-piece implants with the TiUnite surface and tapered design
(Nobel Direct® and Nobel Perfect®). Forty-eight patients provided with 115 implants showed
a mean marginal bone loss of 2.1 mm (SD1.3) after 1 year in function. Fifty-eight (11.8%) out
of 492 immediately loaded implants were lost after an average follow-up time of 1 year. The
reason for the poor results may be attributed to the particular concept with the combined use
of a one-piece implant, flap-less surgery, in situ high-speed grinding, direct loading and a
rough oxidized surface in contact with the mucosa.

Immediate loading of single implants in the maxilla

Immediate loading of single implants in the aesthetic zone is a strong challenge to the
clinician. While immediate loading of single-tooth implants has rarely been reported, numerous
authors have evaluated the survival and success rates of immediately restored implants. Kan
et al (2003) followed 35 cases in which a tooth was extracted, an implant immediately inserted
and restored with a temporary crown. The permanent crown was provided after 5 months.
The implants used were hydroxyapatite-coated and tapered implants (Replace, Nobel Biocare).
All 35 implants were stable after 1 year of function.
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Ericsson and coworkers (2000b) performed a prospective study on single tooth
replacements with artificial crowns retained to implants installed according to an immediate
loading protocol, compared to the conventional 2-stage concept. The immediate loading group
comprised 14 implants, of which 11 were maxillary. The 2-stage control group comprised 8
implants, of which 7 were maxillary. For inclusion in the study the patients were required to be
non-smokers and have sufficient bone to harvest a 13 mm implant of regular platform, i.e.
3.75 mm.  In the immediately loaded group, a temporary crown was connected to the implant
within 24 h of implant installation. Six months later this crown was replaced with a permanent
one. In the 2 stage group the surgical and prosthetic treatments followed the standard protocol.
Of the 11 maxillary implants in the immediately loaded group, 2 were lost up to 5 months in
function. No implants were lost in the 2-stage group. The analyses of the radiographs of both
groups showed a mean change of bone support of about 0.1 mm at 12-months follow-up.

Another prospective clinical study by Hui and et al (2001) comprised 24 patients
who underwent single-tooth implant replacement of maxillary anterior teeth according to an
immediate provisional protocol. Thirteen of the 24 patients had immediate implant placement
after tooth extraction. Within the follow-up period of 1-15 months, all fixtures in the 24 patients
were stable. Norton (2004) evaluated 28 Astra Tech ST implants in 25 patients. After abutment
connection immediately after surgery, a temporary autopolymerized acrylic resin crown was
fabricated over the coping. The temporary crowns were carefully contoured and polished to
achieve proper emergence profiles. Permanent restorations were provided after a mean interval
of 4.5 months. One implant was lost at the 1-month review, yielding a survival rate of 96.4 %.

Rocci and co-workers (2003) evaluated 97 Brånemark System Mk IV implants
placed with a flap-less technique and immediate loading. Twenty-seven implants were single
tooth replacements. Nine implants in 8 patients failed during the first 8 weeks of loading. Five
of the 8 patients lost single-tooth implants, of which two had been inserted into fresh extraction
sites. The survival rate for implants in single restorations was 81% after 3 years of prosthetic
loading. The marginal bone resorption was on average 1.0 mm during the first year of loading,
0.4 mm during the second year and 0.1 mm during the third year.

Lorenzoni et al (2003) evaluated the clinical outcomes of immediately loaded frialit-2
Synchro implants 12 months after placement in the maxillary incisor region.  The implants
were inserted with an increasing torque up to 45 Ncm. All implants were immediately restored
with unsplinted acrylic resin provisional crowns and the patients provided with occlusal splints.
No implant failed up to 12 months after insertion, resulting in a 100% survival rate. The
authors reported that coronal bone resorption assessed on radiographs at 6 and 12 months
was even less than that for implants placed in a standard two-stage procedure.

Glauser et al (2005) reported a study of 20 patients who received single-tooth
Brånemark TiUnite implants, predominantly placed in soft bone. The fixed prosthetic
reconstructions were connected on the day of implant insertion. Three maxillary implants in
one patient were removed at the 8-week follow-up. There was no further implant loss, giving
a cumulative implant success rate of 97.1 % after 4 years in function.
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Early loading in the partially edentulous maxilla

Cochran et al (2002) presented a prospective, multicenter study on 383 SLA implants,
46 of which were maxillary implants. The mean healing time was 49 days for implants in Class
1-3 bone and 105 days in Class 4 bone. The survival rate after 1 year follow-up was 99.1%.
In a multicenter field study by Cochran and coworkers (2007) a total of 590 patients and 990
implants met the inclusion criteria, including placement of an abutment and provisional restoration
within 63 days of surgical placement. The purpose of the study was to determine whether the
reduced healing times could be achieved under more realistic practice conditions where patient
selection was not as restrictive and technique and monitoring were controlled less stringently.
Twenty-seven percent were maxillary implants. The cumulative survival rate for all implants
was 99.26 at 5 years. Data from this prospective, multicenter study demonstrated that implants
with the SLA surface can be restored under private-practice conditions within 6 to 8 weeks,
with predictable results.

Roccuzzo and Wilson (2002) evaluated the efficacy of a modified surgical protocol
followed by loading at 6 weeks. The material comprised 36 SLA implants placed in the
posterior maxilla. Drilling was limited to a minimum and most of the site preparation was done
with osteotomes. Abutment connection was undertaken after 43 days and the implants were
loaded with a temporary bridge in infra-occlusion. After a further 6 weeks the permanent
prostheses were inserted. One implant failed, giving a survival rate of 97.2% after one year of
loading.

Nordin and coworkers (2004) presented a prospective study with in total 54 patients
treated with an early loading protocol. Fifty-nine implants with a sandblasted acid-etched
surface were used to treat partial maxillary edentulism in 19 patients. The fixed prostheses
were inserted after a mean interval of 9 days. One implant was lost during the 1-year follow-
up. Marginal bone loss ranged from 0 to 3.5 mm.

Vanden Bogaerde et al (2004) included 31 consecutive patients in a multicenter study.
A total of 111 implants with a TiUnite surface were inserted, 69 of which were inserted in
partially edentulous maxillae. Bruxism and uncontrolled periodontal disease were exclusion
criteria. Temporary prostheses were generally provided within 9 days but not later than 16
days after implant placement. The occlusion was adjusted to light centric contacts, avoiding
any lateral or protrusive contacts. Permanently fixed prostheses were inserted after 3 to 6
months. The patients were observed for 18 months. One maxillary implant failed. All prostheses
remained stable and free of complications. The prosthesis survival was 100%. The radiographs
were readable for 81% of the implants at baseline, 84% at placement of the final prosthesis,
and 88% at 1 year after placement of the final prostheses. The marginal bone resorption from
readable x-rays was 0.8 mm.

Achilli and coworkers (2007) investigated whether there is a difference between
immediate and early loading in premolar and molar areas. 120 tapered implants (Replace
Select Tapered) were placed in the posterior regions of the jaws.  Thirty-two implants were
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placed in maxillary first or second molar regions. Each patient received a temporary restoration
within 24 hours. The prostheses had flat occlusal surfaces to reduce lateral contacts. All
patients were followed for 1 year. No implant failure occurred.

Bornstein et al (2007) reported a 3 year follow-up of  SLA implants in the aesthetic
zone. While immediate loading of single-tooth implants has rarely been reported, outcomes of
151 posterior wide-body implants with sandblasted acid-etched surfaces. The implants were
loaded with cemented crowns or fixed partial dentures after a healing period of 6 to 8 weeks,
or 10 to 14 weeks; the latter when bone augmentation was performed. Forty-four were
maxillary implants. During healing, one maxillary implant had to be removed due to a peri-
implant infection. The average crestal bone level changed less than 0.5 mm for 129 implants.

Early loading of single implants in the maxilla

A study by Andersen and coworkers (2002) evaluated the success rate of single
tooth ITI implants with solid plasma-sprayed surface (TPS) in the anterior maxilla. Eight
implants were loaded after one week with a temporary acrylic resin restoration which was
replaced after six months with a permanent restoration. No implants were lost during the 5-
year observation period.

Nineteen patients were treated with 26 Brånemark System Mark III TiUnite maxillary
implants, which were restored with single crowns 6 weeks later. Both implant and prosthesis
success rates were 94% after 3 years. The average marginal bone loss was 0.97 mm
(Turkyilmaz 2006b). Long-term follow-up of Astra Tech maxillary anterior implants using an
early functional loading protocol was reported by Cooper et al (2007).  The implants were
restored 3 weeks after one-stage surgery. Three of 54 implants failed within the first year.
Peri-implant bone levels were stable for the 3-year period following implant placement. No
abutment screw loosening or fracture occurred.

Summary of viewpoints on rapid loading
————————————————————————————————

Although there are numerous published reports of the clinical outcomes of various
immediate/early loading protocols in both jaws, immediate/early loading of maxillary implant-
supported prostheses is less extensively reported.  Moreover, few randomized clinical trials
could be found in the literature.
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AIMS

General  aim:

To test the hypothesis that immediate/early loading of dental implants in the maxilla
results in the same clinical outcomes as when using delayed loading.

Specific  aims:

1. To compare the clinical treatment outcomes of early and  delayed loading of dental
implants with a moderately roughened surface (sandblasted, acid-etched SLA) for
support of a fixed bridge in the totally edentulous maxilla after one year (Paper I).

2. To compare the clinical and technical treatment outcomes of early and delayed loading
of dental implants (SLA) for support of a fixed bridge in the totally edentulous maxilla
after three years (Paper II).

3. To compare the clinical and technical treatment outcomes of early and delayed loading
of dental implants (SLA) for support of a fixed bridge in the totally edentulous maxilla
after five years (Paper III).

4. To evaluate the clinical treatment outcomes and development of implant stability of
moderately rough (oxidized) implants when subjected to immediate or early loading
in the partially edentulous maxilla to support a partial bridge or a single tooth
replacement during one year (Paper IV).

5. To investigate the relation between implant stability and marginal bone loss
measurements after three and five years of function in the maxilla (Paper V).
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MATERIAL AND METHODS

Papers I, II and III

The subjects comprised 24 patients (16 females and 8 males, mean age 64 years)
with completely edentulous maxillae. Each patient underwent placement of 5 or 6 dental
implants with sandblasted, large-grit, acid-etched (SLA) surfaces, (Esthetic Plus, Straumann
Dental Implant System, Institute AG, Basel, Switzerland). The follow-up time was five years.

The patients were selected from consecutive referrals to the Department of Oral and
Maxillofacial Surgery, County Hospital, Falun, Sweden and the Department of Prosthodontics,
Specialist Centre for Oral Rehabilitation, Falun, Sweden between April 1999 and September
2000. An initial evaluation was conducted to determine whether a patient met the study inclusion
criteria and to exclude patients with systemic and/or local contraindications. The evaluation
included a clinical examination, taken an appropriate medical history and details of any
medication.

Inclusion criteria
• Totally edentulous maxilla
• The expectation of good occlusion
• Bone quality and quantity  to support 5 or 6 implants

Exclusion criteria (systemic and local)
• General health conditions not permitting implant surgery
• Smoking more than 10 cigarettes per day
• Unhealed extraction sites
• The use of GBR procedures at implant sites

Ethic approval and Randomization procedure

The study protocol was approved by the research ethics committee at County Hospital,
Falun, Sweden in December 1998. Informed consent was obtained from all patients. A
randomisation schedule was prepared by the sponsor and kept in sealed, consecutively
numbered envelopes (1-24). After the patient had signed the informed consent, the envelopes
were opened serially. Thus, neither the surgeon nor the patients was aware of which group the
patient was going to be allotted to until surgery was performed. The patients were randomly
allotted to one of two groups, test or control, in a 2:1 ratio.
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Radiographic examination

The radiographic examinations included an orthopantomogram (OPG), a lateral
cephalogram and a computerized tomography (CT) for assessment of the intended surgical
areas, including any pathologic condition.  CT was used to evaluate the width and height of
the crestal bone.

Clinical examination

The opposing dentition was assessed, including any abnormal occlusion that the implant-
supported prosthesis might encounter. The quality of the mucosa and the intermandibular
relationship were also determined. Data of the opposing dentition are presented in Table 1.
Impressions were taken of both jaws and a wax bite record was obtained. A mounted diagnostic
cast was fabricated and the location of possible implant sites was determined, taken also into
account occlusion, articulation and future restoration design. An acrylic stent was fabricated
and 5 mm diameter steel ball bearings were affixed to the stent with sticky wax in the desired
implant positions. With the stent in position, a panoramic radiograph was taken to evaluate the
anatomy of each implant site. If the analysis indicated sufficient space for the implant, the stent
was perforated at the site of the steel balls. The steel balls were adjusted when necessary. The
location of the perforations was marked on the mucosa at the time for surgery. Preoperative
oral hygiene instruction was given.

Surgery

Preoperative oral sedation with Midazolam (Midazolam Alpharma, Stockholm,
Sweden) was given to all patients. Antibiotics, penicillin 1g (Kåvepenin, Astra, Södertälje,
Sweden), were given one hour preoperatively. For the next seven days following surgery 3 g
penicillin was given. In one patient with penicillin-allergy clindamycin 150 mg (Dalacin,
Pharmacia, Stockholm, Sweden) was given one hour preoperatively and followed by 150 mg
three times daily for 7 days. Surgery was performed under local infiltration using approximately
10 ml 2 % lidocaine with 12.5 ìg epinephrine (Xylocaine-Adrenalin, Astra, Södertälje, Sweden).
Surgical procedures followed the guidelines in the standard ITI instruction manual related to
bone preparation and placement of the implants. Prior to the incision, the acrylic resin stent
was used to mark the implant site on the mucosa with a sterile pen.

Implants and abutments

Solid screw implants, 4.1 mm diameter, with a sand-blasted large grit acid-etched
(SLA) surface (Esthetic Plus® ) and Octa ® abutments plus all associated components were
supplied by Straumann Institute AG, Basel, Switzerland (Fig 3). The implants were placed
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from maxillary left second premolar to the right second premolar. In the test group the Octa®

abutment were preassembled at factory. The intention was to eliminate insertion forces when
connecting the abutment to the implant. In the control group, Esthetic Plus® implants were
used, except for the first patient in this group who received standard implants. Abutments
were placed on the implants at the time of impression taking. In all, 142 implants were placed.
All implants were 8 to 12 mm in lengths and 4.1 mm in
diameter. The distribution between the groups is shown in
Fig 4. The implants were placed without pretapping. In the
test group, Octa® transfer copings were placed before suturing
the flap. In the control group healing cups were attached to
the implants. All surgery was undertaken by one surgeon (KF),
who also evaluated the bone quality according to the
classification described by Lekholm and Zarb. The percentage
of test and control implants in each group is shown in Fig 5.
The patients were instructed not to brush in the upper jaw
and rinsing with chlorhexidine twice daily was prescribed. Fig. 3. Test and control implants

Fig. 4. Distribution of 4.1
diameter implants by length

Fig. 5. Percentage of test and
control implants in different
types of bone quality
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Prosthetic procedure
The  prosthetic procedure differed between the test and control groups.

• Test group

Maxillary and mandibular impressions were taken immediately after surgery. Octa® titanium
copings were placed on the abutments in the canine regions and centric relation was recorded
using a silicone putty material. Protective caps were placed on the abutments and patients
were instructed not to use their maxillary denture.One prosthodontist (TS) carried out all
prosthetic procedures and all prostheses were undertaken by the same dental technician.
Casts of the maxillary and mandibular arches were fabricated and within a few days, the wax-
up was tried in. A rigid titanium framework was then fabricated. The full arch prosthesis was
completed with acrylic teeth. After a mean interval of 13 days the prosthesis was attached to
the abutments using SCS titanium occlusal screws.

• Control group

The sutures were removed approximately nine days after surgery. At the same time the maxillary
dentures were relined and delivered to the patient. Octa® abutments were connected to the
implants. Impressions were taken and the same procedure was followed as for the test group.
The full dentures were inserted after a mean interval of 3.7 months.

Distal extensions of cantilevers of the prostheses for both groups are shown in Table 1.

CLINICAL EVALUATION

All patients were recalled after one, three and five years for clinical and radiographic
evaluations. The results from each follow-up were compared between the two groups and
statistically analysed.

Left Right  
mm (mean) range mm (mean) range 

Test group 7.56 2-13 8.94 3-14 
Control group 9.25 5-15 10.0 5-16 
 

Table 1. Distal cantilevers of the cross-arch
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Implants

At the one year follow-up the stability of the full-arch prostheses was assessed
manually. At the three and five year follow-ups the fixed prostheses were removed to allow
access to each individual implant. The mobility of each implant was assessed manually.
Resonance frequency measurements were made and the implant stability quotient was recorded
according to Meredith and coworkers 1997. The instrument used was the Osstell™(Instrument
Device Integration Diagnostics AB, Gothenburg, Sweden). At the three years follow-up the
transducer was attached to the implants and measurements were taken in one direction,
perpendicular to the alveolar crest (bucco-lingual). However, at the five years follow-up the
implant stability quotient measurements were taken in two directions with the beam
perpendicular to the alveolar crest and also parallel to the crest (mesio-distal).

Soft tissue health

Oral hygiene and width of keratinized
gingival were assessed. Sulcus bleeding index
and plaque index were measured according to
the scale shown in Table 2.

Technical complications and
Maintenance

At every follow-up the full-arch
prostheses were checked for any technical
problems. Special effort was made to access
all patient case records to determine the number
and reason for dental appointments during the
follow-up period. Resin-related and metal-
related adverse events were recorded separately. The number of times the bridge was removed
and replaced was counted separately. Special attention was paid to evidence of bruxism.
Patients showing signs of bruxism were either provided with either a removable resilient
mandibular occlusal splint or a lingual gold bar in the maxillary anterior region.

Marginal bone loss

Periapical radiographs were taken using a standard paralleling technique so that the
cervical implant threads were clearly visible. Care was taken to obtain an optimal image of the
implant threads and most implants were imaged on at least two films. The distance from the

Table 2. Sulcus Bleeding and Modified
Plaque Index

Sulcus Bleeding Index 
0= No bleeding 
1= Isolated bleeding 
2= Blood forms redline on margin 
3= Heavy or profuse bleeding 
 
Modfied Plaque Index 
0= No plaque 
1= Plaque seen on running probe 
2= Plaque seen by naked eye 
3= Abundance of soft matter 
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implant shoulder to the crestal bone was measured with a scale loupe (Peak, Tokyo, Japan).
The point measured on the crestal bone was the most coronal bone-to-bone implant contact
point. If a vertical bony pocket was observed, the deepest level of the pocket was measured.
The known distance between two threads was used for calibration of each radiograph (Fig
6). A mean bone level value was calculated for each implant based on corrected mesial and
distal measurements. Marginal bone loss was calculated as the difference in bone level between
baseline and follow-ups. All radiographs were evaluated by a specialist in oral radiology: the
same radiologist evaluated the radiographs from the one and three year follow-ups and the
five year follow-up was evaluated by one of the authors of Paper III (MH).

Patient satisfaction and Esthetics

Comfort, ability to chew and ability to taste and general satisfaction were graded
by the patient into four different levels,

• Excellent
• Good
• Fair
• Poor

The same grading was applied by the prosthodontist to subjectively grade the esthetic
outcome.

 

Height of implant
shoulder = 1.8 mm

Distance implant
to bone (DIB)

Crestal bone

Distance between
two threads = 2.5 mm

Height of implant
shoulder = 1.8 mm

Distance implant
to bone (DIB)

Crestal bone

Distance between
two threads = 2.5 mm

Fig. 6. Schematic picture of implant used in Papers I,II,III and V.
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Paper IV

This study included a total of 32 patients.
• Sixteen patients (9 females and 7 males, mean age 54 years) were treated with one

implant for a  maxillary single-tooth replacement.
• Another sixteen patients (9 females and 7 males, mean age 65 years) were provided

with two or three implants each  in their partially edentulous maxillas for support of a
fixed partial bridge. In total 37 implants were placed.

The patients were consecutively selected from the waiting list of patients requiring
implant treatment for a partially edentulous maxilla at a private dental clinic in Falun, Sweden
(MB). Patients were enrolled in the study from June 2003 to May 2005 and followed for one
year after loading of the dental implants.

Ethical approval

The protocol for the study was approved by the Ethics Committee of the Faculty of
Medicine, Uppsala University, Sweden and informed consent was obtained. The patients
were included if general and local health permitted oral surgery and a sufficient amount of
bone was available for placement of dental implants.

Implants

Replace Select Tapered implants with anoxidized surface (TiUnite) (Nobel Biocare
AB, Gothenburg, Sweden) were used in the study. The sites of the implants in the maxilla are
shown in Fig 7a and 7b. The length and diameter of the implants are presented in Table 3.

Table 3.  Implant diameters and lengths used in the study.
 SINGLE IMPLANTS 

(n=16) 

PARTIAL BRIDGES 
(n=16) 

Diameter 
(mm) 

Length 
(mm) 

Placed 

 

Placed 

5,0 10 1 5 
5,0 13 2 2 
5,0 16 0 1 
4,3 10 1 5 
4,3 13 7 12 
4,3 16 5 12 

TOTAL 16 37 
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Surgery

Prophylactic antibiotics were
administered orally to all patients 1 hour
prior to surgery. The implants were inserted
without pretapping. The surgeon determined
the bone quality according to Lekholm and
Zarb´s criteria (1985) (Table 4). Before
suturing the mucoperiosteal flap impression
copings were attached to the implants.  One
surgeon (KF) performed all surgery.

Quality 1 2 3 4 
Implants 0 9 6 1  
 

Table 4a. Bone quality at implant sites for single
implants according to Lekholm and Zarb. (n=16).

Quality 1 2 3 4 
Implants 1 20 14 2 
 

Table 4b. Bone quality at implant sites for partial
bridges according to Lekholm and Zarb. (n=37).

Fig. 7a. Number of implants in different tooth positions for single implants in the maxilla (n= 16 )

Fig. 7b. Number of implants in different tooth positions for partial bridges in the maxilla (n= 37)
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Prosthetic procedure, Single Implants

One dentist (MB) undertook all the prosthodontic
treatment. Immediately after surgery impressions
(Impregum Penta®, 3M ESPE Dental AG, Seefeld,
Germany) were taken. Healing abutment was placed on
the implant. The single provisional crowns were fabricated
by a dental laboratory and delivered within 6 hours and
placed in light occlusion and with light interproximal
contacts and articulation to minimize lateral forces. After a
mean interval of 3 months and 10 days (range 2 m and 27
d to 4 m and 15 d) a permanent crown was delivered
from the laboratory. The crown was screw-retained and
tightened to 35 Ncm. The abutments were all Goldadapt
(Nobel Biocare AB, Gothenburg, Sweden).  For the partial
bridges the permanent construction was delivered after a
mean interval of 16 days (range 14 to 24 d). Healing
abutments were attached to the implants during this time.

Implant stability

The subjective primary implant stability was graded as 1 = poor, 2 = good, 3 =
excellent. The objective implant stability quotient (ISQ) measurements were recorded for
each implant as described by Meredith and coworkers (1997). The instrument used was the
Osstell™ instrument (Integration Diagnostics AB, Gothenburg, Sweden). The resonance
frequency measurements were taken at implant placement, at installation of the permanent
crown and at 3, 6 and 12 months follow-up. The cover screw was removed and a transducer
(type F13L5) for the electronic device was attached in a bucco-lingual direction, perpendicular
to the bone, by screw attachment to the top of the implant, using a metallic hex screwdriver.
The measurement was taken, and the ISQ value was recorded. Only those measurements
that exhibited graphs with a distinct resonance peak were included and analyzed.

Radiographic examination

Radiographs were taken at implant placement, at installation of the permanent crown
and at 12 months follow-up. The method for taking intraoral radiographs was not standardized.
Digital films were exposed with a paralleling technique such that the cervical implant threads
were visible. Marginal bone level was measured by an independent specialist in oral radiology
(Fig 8).

Fig. 8.  Schematic picture of implant
used in Paper IV.
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Paper V

This study compromised the patients presented in Papers II and III. Since no clinical
differences were presented all implants placed in the twenty-four patients were used in the
present study as one group. Twenty-four patients received in total 142 implants. Three implants
were lost before loading and four implants were found to be non-integrated at the five year
follow-up. All 24 patients attended the three year follow-up and one patient failed to attend
the 5 year follow-up, giving in total 139 implants analyzed at the 3 year follow-up and 129
after five years.

Implant stability measurement

The correlation between implant stability quotient measurements (ISQ) at three and
five year follow-ups and marginal bone loss as measured on periapical radiographs was
recorded. At the 3 and 5 year follow-ups ISQ measurements were taken using an Osstell™
(Instrument Device Integration Diagnostics AB, Gothenburg, Sweden). At the 3 year follow-
up  measurements were taken with the Osstell™transducer attached to the implant
perpendicular to the crest and at the 5 year follow up RFA measurements were taken in two
directions, perpendicular as well as parallel to the crest.

Radiographic examination

The periapical radiographs were taken using a paralleling technique so the cervical
implant threads were shown on at least two films. The distance from the implant shoulder to
the most coronal bone-to-bone implant contact point was measured with a scale loupe (x 7
magnification, Peak, Tokyo, Japan) in tenths of a millimetre. The known distance between
two threads was used for calibration of each radiograph. The ratio of the absolute values
versus the measurements observed on radiographs was calculated using a validated algorithm.
A mean bone level value was calculated for each implant based on corrected mesial and distal
measurements.
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STATISTICS

Papers I and II
The test and control groups were compared using the Kolmogorov-Smirnov test,  the Mann-
Whitney test and the MANOVA model  using  a SPSS statistical package (SPSS Inc, Chicago,
Illinois, USA) and an ML (Multiprocess Multilevel Modeling from EconWare, Los Angeles,
California, USA). A significant difference was considered when p< 0.05.

Paper III
The test and control groups were compared with regard to survival rate, marginal bone level,
and marginal bone resorption and implant stability using the implant as unit. The Student’s t-
test, The Mann-Whitney test and the Kolmogorov-Smirnov test were applied using a SPSS
statistical package (SPSS Ltd, Chicago, USA). A significant difference was considered when
p< 0.05.

Paper IV
The Wilcoxon Sign Rank test was used for evaluation of possible differences in implant stability
and marginal bone level over time. The Spearman correlation test was used to find possible
correlations between implant stability. A statistically significant change or correlation was
considered if p < 0.05.

Paper V
Non-parametric correlation analyses were used to measure the relationship between the
variables and using the implant as the unit.
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RESULTS

Papers I-III

Comparative outcomes of early and delayed loading protocols for
implants supporting maxillary full dentures: clinical and radiographic
findings, resonance frequency measurements and technical
complications.

Clinical results

Implant and Prosthesis survival

All patients were followed for five years except
one patient in the control group, who did not attend the
last follow-up. Of the 142 implants with a sand-blasted
large grit acid-etched (SLA) surface, 139 were loaded with
full-arch prostheses: 94 in the test group and 45 in the
control group. One test patient is shown in Fig. 9. Three
failures occured prior to loading, one in the test and two in
the control group. Based on clinical findings, all the loaded
implants were successful at 1 and 3 year follow-ups. Four
late failures were observed in the test group after 5 years.
The overall failure rates were 5.3% in the test group and
4.3 % in the control group. The difference was not
statistically significant. A life-table of  implants over five
years is shown in Table 5. Despite these implant failures,
all protheses remained stable during the five year follow-
up.

Implant failures

One test implant with poor primary stability was lost the day after insertion. The first
early failure in the control group occured after 52 days: the patient was a smoker  with a
history of periodontitis. A second control implant which failed after 4.5 months had been
placed in an area of poor bone density. The four late failures showed extensive marginal bone
resorption and signs of peri-implantitis of which three are shown in Fig. 10.

Fig. 9. Clinical photograph and
panoramic radiograph of a patient
at the 5 year follow-up
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Table 5. Life-tables of implants in the study. There was no statistically significant difference between
test and control implants.

Interval Test 
implants 

Failures 
(Implants/patients) 

Drop-outs 
(Implants/patients) 

Survival rate 
(%) 

Placement-loading 95 1 / 1 0 98.9% 
Loading – 1y 94 0 0 98.9% 
1y – 2 y 94 0 0 98.9% 
2y – 3 y 94 0 0 98.9% 
3y – 4y 94 0 0 98.9% 
4y – 5y 94 4 / 2 0 94.7% 
5 y - 90 - - - 
 

Interval Control 
implants 

Failures 
(Implants/patients) 

Drop-outs 
(Implants/patients) 

Survival rate 
(%) 

Placement-loading 47 2 / 2 0 95.7% 
Loading – 1y 45 0 0 95.7% 
1y – 2 y 45 0 0 95.7% 
2y – 3 y 45 0 0 95.7% 
3y – 4y 45 0 0 95.7% 
4y – 5y 45 0 6 / 1 95.7% 
5 y - 39 - - - 
 

Interval All 
implants 

Failures 
(Implants/patients) 

Drop-outs 
(Implants/patients) 

Survival rate 
 (%) 

Placement-loading 142 3 / 3 - 97.9 
Loading – 1y 139 0 - 97.9 
1y – 2 y 139 0 - 97.9 
2y – 3 y 139 0 - 97.9 
3y – 4y 139 0 - 97.9 
4y – 5y 139 4/2 6 / 1 95.1 
5y - 129 - - - 
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Soft tissue

At the one-year follow-up, there were significant differences between test and  control
groups with respect to Sulcus Bleeding Index, Plaque Index and the width of keratinized
gingiva: the test group had lower scores for Sulcus Bleeding Index and Plaque Index and less
keratinized gingival mucosa than the control group. At 3-year follow-up there were no significant
differences (P >.05 in all cases)  between the groups with respect to any of the above variables
or oral hygiene, gingival level, probing depth width of attched mucosa midfacial of implant,
attachment level, estethics, opposing dentition or patient satisfaction.

At the 5-year follow-up more test than control patients presented with plaque (Table
6 ). However, the control group had more bleeding on probing, at both patient and implant
levels (Table 7) and a higher proportion of patients as well as implants in the control group had
pocket depths > 3 mm (Table 8).

Radiographic  findings

At all time points, the marginal bone level was located significantly more coronally for
test than control implants (Table 9). After five years, the average marginal bone level was 2.9
mm (SD1.1) below the implant shoulder for test implants and 3.7 mm (SD1.2) for the controls.
Over this period, the average bone loss was observed for test and control implants 0.8 mm
(SD1.2) and 0.3 mm (SD1.0) respectively (p>0.05) (Table 10).

Fig. 10. Implants showing extensive bone loss at the 5 year follow-up.
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A similar proportion of patients had one or more implants with >2 mm bone loss
(Table 11a). More patients and implants in the test group showed >3 mm bone loss over 5
years (Table 11b).

Table 6.  Plaque index at the 5th annual check-up.

Table 7. Bleeding index at the 5th annual check-up.

Table 8. Results from probing depth measurements at the 5th annual
check-up.

Test Control  
 
Score Patients Implants Patients Implants 

0 8 
(50 %) 

67 
(74.4 %) 

5 
(71.4 %) 

29 
(74.3%) 

1 3 
(18.8 %) 

8 
(8.9 %) 

1 
(14.3 %) 

4 
(10.3 %) 

2 5 
(31.2 %) 

15 
(16.7 %) 

1 
(14.3 %) 

6 
(15.4 %) 

3 - 
 

- - - 

Σ 
1+2+3 

8 
(50 %) 

23 
(25.6 %) 

2 
(28.6 %) 

10 
(25.6 %) 

Test Control  
 
Score Patients Implants Patients Implants 

0 8 
(50%) 

62 
(68.9 %) 

1 
(14.3 %) 

20 
(51.3) 

1 6 
(37.5 %) 

20 
(22.2 %) 

5 
(71.4 %) 

13 
(33.3 %) 

2 2 
(12.5 %) 

8 
(8.9 %) 

1 
(14.3 %) 

6 
(15.4 %) 

3 - - - 
 

- 

Σ 
1+2+3 

8 
(50 %) 

28 
(31.1 %) 

6 
(85.7 %) 

19 
(48.7) 

Test Control  
 
Probing depth Patients Implants Patients Implants 

> 3mm 5 
(31.3 %) 

12 
(13.2 %) 

3 
(42.8 %) 

6 
(15.4) 
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Table 11b. Incidence of  2 and 3 mm bone loss during 5 years on implant level.

Table 11a. Incidences of  2 and 3 mm bone loss during 5 years on patient level.

Table 10. Loss of marginal bone from baseline to the 5th annual check-up for test and control implants.

 Test group  Control group 
Bone loss 1 year 

(n=16) 
3 years 
(n=16) 

5 years 
(n=16) 

 1 year 
(n=8) 

3 years 
(n=8) 

5 years 
(n=7) 

> 2 mm 0 
(0 %) 

3 
(18.8 %) 

5  
(31.3%) 

 0 
(0 %) 

2  
(25 %) 

2  
(28.6%) 

> 3 mm 1  
(6.3 %) 

1  
(6.3 %) 

3  
(18.8 %) 

 0 
(0 %) 

1  
(12.5 %) 

0 
(0 %) 

 

 Test group  Control group 
Bone loss 1 year  

(n=94) 
3 years  
(n=93) 

5 years  
(n=90) 

 1 year  
(n=45) 

3 years 
(n=45) 

5 years 
(n=39) 

> 2 mm 1 
(1.1 %) 

8 
(8.6 %) 

8 
(8.9 %) 

 0 
(0 %) 

3 
(6.6 %) 

2 
(4.4 %) 

> 3 mm 1 
(1.1 %) 

3 
(3.2 %) 

4 
(4.4 %) 

 0 
(0 %) 

1 
(2.2 %) 

0 
(0 %) 

 

 Test 
Bone level 
mm (SD) 

Control 
Bone level 
mm (SD) 

Statistics 
p-value 

Baseline 2.1 (0.7) 3.5 (1.1) 0.00 
1 year 2.5 (0.7) 3.3 (0.9) 0.00 
3 year 2.7 (1.4) 3.5 (1.2) 0.001 
5 year 2.9 (1.1) 3.7 (1.2) 0.001 
 

Table  9. Levels of the marginal bone in relation to the upper part of the implant shoulder for test and
control implants.

 Test 
 

Control p-value 

Baseline to  
5 years 

-0.8 (1.2) -0.3 (1.0) 0.006 
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Technical complications

Technical complications associated with the acrylic superstructure were more frequent
in control than in test patients, 1.1 versus 1.5 events / prosthesis over 5 years (Table 12). The
occurrence of adverse events after treatment with resilient bite plane and gold onlays is shown
in Table 13. Gold onlay treatment was effective in preventing technical complications,
irrespective if test or control group (Table 14). A gold onlay is shown in Fig 11.

TYPE of COMPLICATION Test Control 

Resin related / Tooth fracture 
                               

18 
(1.1) 

12 
(1.5) 

Metal-related / Loose assembly screw 1 
(0.06) 

- 

 

Table 12. Number and type of technical complications during 5 years.
Number of complications per bridge within brackets.

            1 YR           2 YRS           3 YRS           5 YRS 

TYPE  OF TREATMENT TEST 

(N=16) 

CONT
ROL 

(N=8) 

TEST 

(N=16) 

CONTR
OL 

(N=8) 

TEST 

(N=16) 

CONTR 

OL 

(N=8) 

TEST 

(N=16) 

CONTR
OL 

(N=7) 

BRIDGE ON AND OFF 6 3 1 2 2 1 1 1 

GOLD ONLAY 4  1 1 1    

RESILIENT MOUTH GUARD 3 1  2   2 1 

RECEMENTATION OR  

REPLACEMENT OF TOOTH  
5 2 1 2 2 1 6 2 

FILLING WITH RESIN MATERIAL 3 2  1 2 1 3 5 

ASSEMBLY SCREW TIGHTENING     1    

FLAP OPERATION  1    1  1 

 

Table 13.  Type and number of measures taken in conjunction with technical complications.
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Resonance Frequency Measurements (RFA)

The mean ISQ value for all implants, measured in bucco-palatal direction, was 55.7
(SD6.0) after three years and 56.6 (SD6.9) after five years (p<0.05). The mesio-distal ISQ
value was 66.1 (SD6.0) after five years, significantly higher than for the  bucco-palatal direction.
There were no significant differences between implants with early and delayed loading (Table
15).

Table 14. Occurrence of technical complications after treatment with
resilient bite plane and gold onlay

Resilient bite plane (n=9) Gold onlay (n=7) 
Technical 

 complication 
Technical 

 complication 
Patient 

Number/ Test or 
Control Yes no 

Patient  
Number/ Test or 

Control Yes No 
1 /       Test x  7  /       Test  x 
 5 /  Control x  8  /       Test x  
8 /       Test x  13 /      Test  x 
10 / Control x  16 /      Test  x 
13 /      Test x   20 /  Control  x 
14 /      Test x  22 /      Test  x 
15 /      Test x  24 /      Test  x 
18 /  Control x     
20 / Control  x    

 

 Test group Control group Statistics 
Buccal-palatal 56.7 (7.1) 56.2 (6.6) NS 
Mesial-distal 66.6 (6.1) 65.0 (5.6) NS 
 

Table 15. Results from RFA measurements at the five-year examination

Fig. 11. Gold onlay
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Paper IV

Evaluation of clinical and radiographic outcomes of immediate and
early loading of dental implants in the partially edentulous maxilla.

Clinical results

One implant was lost, giving an overall survival rate of 98.1% after one year. This
implant belonged to the single tooth group which showed a survival rate of 93.8%. For the
partial prosthesis group, the survival rate was 100 %. The failed implant had been inserted in
quality 4 bone in the right second premolar region. Primary stability was poor (ISQ 56); the
implant was found to be mobile and removed 7 weeks after installation and prior to loading
with a permanent crown.

Radiographic findings

For all implants, the marginal bone level was located 0.7 mm (SD1.1) above the
reference point at baseline and 0.5 mm (SD 1.2) below the reference point after one year in
function: the average bone loss during this period was 1.1 mm (SD 1.0). For single tooth
replacements, the marginal bone level at baseline was 0.5 mm (SD 0.7) above the reference
point and  1.0 mm (SD 0.9) below the reference point after one year. The corresponding
values for implants supporting partial prosthesis were 0.7 mm (SD 1.1) and 0.2 (SD 1.2) at
baseline and one year, respectively. Thus, the average marginal bone loss during the first year
was 1.5 mm (SD 1.0) and 0.9 (SD1.0) for single crown and partial prosthesis implants
respectively. The change was statistically significant (p < 0.001). The proportions of implants
showing > 2 mm bone loss after one year were 18 % (all implants): 25% (single crown) and
14.7 % (partial prosthesis).  The corresponding proportions of implants with >3 mm resorption
were 6% (all implants) 6.3% (single crown) and 5.9% (partial prosthesis) (Table 16).

Resonance frequency analyses findings

Implant stability expressed as RFA improved over time, with no differences between
implants supporting single crowns and those supporting partial prosthesis (Fig.12). For all
implants, the mean ISQ was 63.3 (SD 6.1) at baseline and 64.3 (SD 5.3), 65.0 (SD 4.6) and
66.8 (SD 5.6) after 3, 6 and 12 months, respectively. The average change from baseline to
one year was 3.3 ISQ (SD 5.0) and statistically significant (p<0.05).
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 Single 
 

Partial 
 

All 
 

Bone level baseline 0.5 (0.7) 0.7 (1.1) 0.7 (1.1) 
Bone level 1 year -1.0 (0.9) -0.2 (1.2) -0.5 (1.2) 
Mean  bone loss -1.5 (1.0) -0.9 (1.0) -1.1 (1.o) 
> 2 mm 25 % 14.7 % 18 % 
> 3 mm 6.3 % 5.9 % 6  % 

 

Table 16. Marginal bone levels and bone loss for immediately or early loaded Replace Select
tapered implants in the maxilla when used for single tooth replacements or partial bridges.
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Fig. 12. Results from RFA measurements. * = p< 0.05 compared with baseline.
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Paper V

Influence of marginal bone level on implant stability measurements

The mean marginal bone level was 3.0 mm (SD1.4) below the reference point after
three years and 3.1 mm (SD1.2) after 5 years (p<0.05). A transducer attached to an implant
is shown in Fig 13. There was a statistically significant correlation between marginal bone
levels and ISQ values after three and five years (Fig. 14a-c). No correlation was found
between marginal bone loss and changes of ISQ values from three to five years (Table 17).
Furthermore, no correlation was found between ISQ measurements after three years and
failures after five years. However, a correlation was seen for marginal bone level (Table 18)
(Fig.15-16).

 ISQ CHANGE  
3 TO 5 YEARS 

Bone Level Change 3 to 5 Years p = 0.385 
 

Table 17. Correlation between ISQ changes and marginal bone
level changes from three to five years.

 IMPLANT STATUS 
(SURVIVAL OR FAILURE) 

ISQ 3 Year p = 0.430 
Bone Level 3 Year p = 0.003* 

Table 18. Correlation between implant status (survival or failure) and RFA
values and bone levels at three year visit.

Fig. 13. Showing RFA measurements of a maxillary implant with the
transducer perpendicular (buccal-palatal) and parallel (mesial-distal) with
the bone crest.
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Fig. 15. Graph showing the three-year ISQ values (single and mean) for the fourimplants that failed
after five years and the mean three-year values for the remaining stable implants.

Fig. 16. Graph showing the three-year marginal bone levels (single and mean) for the four implants that
failed after five years and the mean three-year values for the remaining stable implants.
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DISCUSSION

The clinical work on which this thesis is based spanned over 10 years. The
hypothesis tested in the thesis is that immediate/early loading of dental implants in the maxilla
results in the same outcomes as for delayed loading. In this context, the studies on which this
thesis is based support the hypothesis since good clinical and radiographic outcomes were
obtained following immediate/early loading of two different dental implant systems in the maxilla
after a follow-up period from one to five years. According to the present studies, there is no
long-term negative impact of early loading on the outcome of implant treatment in the edentulous
maxilla: after 5 years of follow-up the clinical and radiographic outcomes were comparable
with those of a conventional loading protocol. Comparison of different loading protocols over
long-term is therefore probably of limited value. However, it has been suggested that a proper
evaluation of an implant system or procedure requires at least five years of follow-up
(Albrektsson et al 1986).

EVIDENCE BASED METHOD

Ethical considerations

All new treatment concepts in implant dentistry require careful examination
before application in general dental practice. Several authors have stressed the necessity of
prospective, longitudinal randomized clinical trials (Cochran et al 2004; Gapski et al 2003)
and also the need to summarize the results in systematic reviews (Esposito et al 2001a, 2001b).
At the time of initiation of the first clinical study of the present thesis, the documentation of
immediate/early laoding consisted mainly of a few case reports. Today, this is a well-documented
technique in the mandible but there are few long-term clinical studies evaluating the outcome
of maxillary implants (Attard & Zarb 2005; Nkenke & Fenner 2006).

Ethical approval is essential before commencing research projects on human
subjects, as stated in the declaration of Helsinki. The present studies were approved by ethic
committees according to Swedish law and regulations.

Randomization

In an article outlining the determinants of correct clinical reporting, Albrektsson
and Zarb (1998), stated that prospective studies are preferable to retrospective ones, and
that if different patients are used for control and test procedures, proper randomization of
these patients must be carried out. The importance of clearly adequate randomization and
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concealment of allocation to test or control group has also been stressed in an article on the
quality assessment of randomized controlled trials of oral implants (Esposito et al 2001a,
2001b). These criteria have partly been fulfilled in the present study (Paper I, II, III and V).
Patients were consecutively randomized, but it should be noted that the inclusion criteria
stipulated that only patients with sufficient height and width of maxillary bone, assessed
radiographically, could be included. This may have influenced the treatment outcome. However,
the same patient selection criteria as used in clinical routine at this time period (1999) for
treatment of the totally edentulous maxilla were applied. Randomization procedures were
done prior to the start of the study: group allocation was concealed from both surgeon and
patient until the time of the surgical procedure. Professional statisticians were used for planning
of the study. The number of patients was partially determined by the availability of patients at
the time for the study. Although the total number of patients was limited, the two groups were
well-balanced with respect to gender and age. The distribution of number of implants and
implant length was also similar for the two groups. Kinsel and Liss (2007) reported reduced
implant length as a sole significant predictor of failure. The radiographic examinations in the
present studies could have been blinded, but this was not the case.

IMPLANT SURVIVAL

The one- to five-year clinical outcomes in Papers I, II and III demonstrated no
differences in survival rate between early and delayed loading of one-stage SLA implants in
the totally edentulous maxilla. Throughout the follow-up period, all patients successfully retained
their fixed bridges. However, prior to loading, three implants were lost, of which two were in
the control group. Thus, a higher failure rate, although not statistically significant, was seen for
delayed loaded implants (4.3 % vs 1.1 %). It is possible that the early failures in the control
groups indicate unfavourable loading of the one-stage implants with an overdenture as also
discussed by Friberg et al (1999c). After five years, four late implant failures occurred in two
patients in the test group. One of these two patients was comparatively young and was
edentulous even in the mandible. It was not possible to conclusively determine the reason for
this total loss of teeth before the age of 40 years, but it was most probably attributable to
periodontal disease. It is unlikely that the early loading protocol had an effect on post-loading
implant failures in the test group.  It is more likely that failure was associated with smoking and
poor hygiene, as concluded by Quirynen et al (2002), DeLuca and Zarb (2006a, 2006b) and
Jemt and Häger (2006).  In a study by Jansson et al (2005), smoking and positive IL-1
genotype were reported to have a synergistic effect on implant loss. In a recently published
study by Roos-Janaker et al (2006) a nine- to fourteen-year follow-up of two hundred and
ninety-four patients was presented. The overall survival rate was 95.7 % and implant losses
appeared as clusters in a few patients. Early failures were more common than late failures.
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Moreover it was concluded that individuals with a history of periodontitis and those who
smoke are more likely to develop peri-implant lesions

One patient in the control group failed to complete the study (Paper III). An
isolated drop-out should not influence the outcome of a study, because it can be compensated
for in the life-table. Since the implants in this particular patient were known not to have failed,
the results of the study are not affected by the drop-out. However, if the drop-out patient had
been the one who experienced failure of four implants, the study outcome would have been
affected.

In Paper IV, one tapered implant supporting a single tooth replacement was lost
seven weeks after surgery. The temporary crown was still in place, the permanent crown had
not yet been provided. In this case, the absence of osseointegration is attributed primarily to
the very low-density trabecular bone, assessed at surgery as bone quality 4, contributing to
poor primary stability. This is in accordance with a report by Jaffin et al (1991). Because of
the poor bone quality, delayed loading should probably have been considered for this single
implant crown. However, the only inclusion criteria of at least 32 Ncm insertion torque was
fulfilled in spite of the unfavourable conditions.  In Paper IV, no implant was lost when an early
loading protocol was used for partial bridges, which indicate that splinting is favourable for
integration of early loaded implants.

.

IMPLANT SURFACES

In the present thesis, dental implants with moderately roughened surfaces, SLA
and TiUnite surfaces, were used in the clinical studies. In a review article focusing on clinical
knowledge Albrektsson & Wennerberg (2004a) summarized that SLA surface implants showed
survival rates from 97.5 to 100% in studies with follow-ups from 1 to 3 years and TiUnite
surface implants showed 93.4% to 100% survival after follow-up times of 6 to 12 months.
Studies using both rapid and delayed loading protocols were reviewed in that study. The
present studies demonstrated an overall implant survival of 95.1 % in the edentulous maxilla
after five years and 93.8 % and 100 % for single crown and partial cases respectively, after
one year which correspond well to the findings by Albrektsson & Wennerberg (2004b).

Dental implants with moderately roughened implant surfaces have previously shown
predictable results with respect to reduced healing times (Cochran et al 2002; Roccuzzo and
Wilson 2002; Testori et al 2002; Vanden Bogaerde et al  2004; Cooper et al  2001). With
respect to implant survival, Papers I and II of the present thesis disclosed no differences
between early and delayed loading after one and three years of follow-up. After five years
(Paper III) four implants were lost, all in the test group. However, it is not likely that the early
loading protocol had an effect on late failures but that other explanations are more plausible.
One patient in the test group lost three of six implants. This patient had been assessed as
having good bone quality and quantity at surgery. Moreover, there was no obvious overload
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situation: the lower jaw was edentulous and no denture was used. However, this patient
exhibited a combination of other negative factors: smoking, poor oral hygiene and history of
periodontitis. The three implants were lost due to ongoing marginal bone loss and another 2
implants which were stable after 5 years showed extensive bone loss.

In a one year follow-up, Åstrand et al (2000) investigated 28 patients with edentulous
maxillae, who were rehabilitated with four to eight implants with titanium plasma sprayed
surfaces (TPS), loaded about 7 months postoperatively. In total 167 implants were inserted.
Twelve implants, 10 prior to and 2 after loading, were lost, giving a survival rate of 92.8 %.
Nine implants were lost in two patients. Eight of the remaining stable implants had bone loss
exceeding 8 mm. Several factors were seen as possible explanations for the outcome after
one year: the rough surface, the influence of dentures during the healing period and the fact
that fifty percent of the included patients were smokers. The TPS surface is rougher than the
SLA surface, hence the TPS surface is regarded as more susceptible to peri-implant lesions
than moderately roughened surfaces.

Recently, Östman et al (2007) and Albrektsson et al (2007) reported failure
rates of 5.2% and 11.8% with immediately loaded one-piece implants with the same implant
surface (TiUnite) as used in Paper IV. Albrektsson et al concluded that the recommended
clinical handling procedures for these one-piece implants, including a punch procedure, grinding
down in situ and loading directly, resulted in unusually high failure rates. The tapered implants
used in Paper IV were handled in a flap procedure. There was no grinding in situ and immediate
or early loading was performed.

RADIOGRAPHIC EXAMINATION and BONE LEVEL

The outcomes of implant treatment are commonly based on both clinical and
radiographic parameters. However, the accuracy of radiographic measurements has been a
controversial subject in the literature. The quality of radiographs may differ in respect to
projection and radiographic density. According to some authors, early signs of integration
failures are subtle and hence often not discernible on radiographs (Zarb and Schmitt 1990). A
report by Grunder et al (1993) found that metric underestimation of horizontal and vertical
bone loss on radiographs resulted in overestimation of the prevailing bone attachment.
Assessment of bone level changes over time requires methods with a high degree of precision
and the measurements obtained should be similar when repeated either by the same or another
observer. Although the radiographs in the present study were taken without stents, attention
was paid to standardize the imaging procedures. The periapical films should show undistorted
images of the implant threads and every implant was imaged on at least two films. A study by
Gröndahl et al (1998) evaluated inter- and intraobserver variability in radiographic bone level
assessment of Brånemark fixtures. The results showed a small interobserver variation (0.14
mm) with the intraobserver variation (0.08 mm) as its largest component. The radiographic
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density and the degree of bone loss showed the strongest influence on the intraobserver
variation.

The radiographs in the present study were examined by two specialists in oral
radiology, one at the 1 and 3 yr follow-ups and another at the five year follow-up.  The time
of loading was selected as the baseline for radiographic evaluation in Papers I, II and III, i.e.
after 9 to 18 days for the test group and after 2.1 to 5.1 months for the control group. This
intergroup difference in the interval between implant insertion and initial radiographic evaluation
has implications with respect to the stage of osseointegration and comparison of the radiographs
as discussed below.

The radiographic evaluations in Papers I, II and III showed some differences between
the groups, which in part can be explained by different insertion depths. The baseline bone
levels were located 2.1 mm and 3.5 mm below the implant shoulder for test and control
implants, respectively. It is generally anticipated that the marginal bone cannot stabilize at a
smooth vertical surface (Quirynen et al 1992; Malevez et al 1996), and it is possible that the
bone loss for the test group was due to the fact that about 30 % of test implants showed
baseline bone levels above 1.8 mm, i.e. at the machined collar. None of the control implants
had the marginal bone levels at the machined collar. Hänggi et al (2005) reported that bone
remodelling and bone loss were most pronounced during healing of the same type of implant
as used in the present study. About 1 mm of bone was lost during healing in that study.  In the
present study, the baseline radiographs were taken at delivery of the bridge and, thus some
initial bone loss may have occurred during healing of the control implants. If anticipating that 1
mm of bone was lost during healing of the control implants in the present study, the marginal
bone may have been at a similar level after placement. If so, the overall bone loss was less at
the test implants. The control implants had the marginal bone at a more coronal level throughout
the study which may indicate less bone resorption. However, due to the fact that no radiographs
were taken after placement of the control implants, this cannot be proven. Other studies on
the same implant design have reported similar bone levels as in the present study (Nordin et al
2004; Bornstein et al 2005).

RESONANCE FREQUENCY ANALYSIS (RFA)

Implant stability

Resonance frequency measurements expressed in ISQ (implant stability quotient)
units were used to assess implant stability in Papers II, III and IV. At the time of the start of the
first study and the 1st annual check-up (Paper I), the RFA technique was not commercially
available. The routine at the Falun clinic at this time for evaluating the stability of the implants
was to apply bending (by hand) and percussion tests (mirror handle) to the whole prosthetic
construction. The value of this procedure can be questioned. The RFA technique was used at
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the three year follow-up as presented in Paper II. The recommendations from the manufacturer
and the literature were to measure with the transducer beam placed in a bucco-palatally
direction. In paper III, measurements were taken in both mesial-distal and bucco-palatal
directions. Interestingly, the bucco-palatal measurements were some 10 ISQ units lower than
the mesio-distal readings, which is in accordance with the findings of Veltri et al (2007). The
RFA technique measures stability as a function of interface stiffness and the results indicate a
higher stiffness in mesio-distal direction, which can be explained by the fact that the bone is
thinner at the buccal and palatal aspects of the implants. However, the manufacturers’
recommendation to make measurements perpendicular to the jaw bone which may give a
false impression of low stability. The new generation RFA instrument utilizes a wireless technique
to measure the RF of a peg that is attached to the implant (Osstell Mentor) (Valderrama et al
2007). According to the manufacturer, both the highest and lowest ISQ value can be detected
from one measurement if there is a distinct difference. In contrast to the old technique,
measurements are not forced in a special direction but are done in 360 degrees, which probably
give more accurate measurements.

Marginal bone level

Paper V investigated the relationship between marginal bone level, measured on
radiographs, and RFA. The RF is related to the stiffness of the bone-implant interface and,
consequently, implants placed in bone of low density will show a low RF and implants in
dense bone a high RF (Friberg et al 1999b, Östman et al 2006).  Moreover, changes of the
stiffness of the bone-implant interface due to healing, remodelling or failure may be detected
as a change in RF over time (Friberg et al. 1999c). The RF value is also determined by the
distance from the transducer to the first bone contact which means that it is sensitive to changes
of the marginal bone level (Meredith et al 1996, Meredith et al 1997, Sennerby et al 2005,
Turkyilmaz et al 2006c). This is accordance with the findings in paper V, showing a correlation
between RFA measurements after three and five years, with marginal bone levels as measured
in intraoral radiographs. Thus, the RFA technique seems to be a sensitive tool for monitoring
the clinical performance of implants and may be useful for identifying implants at risk of failure
due to gradual loss of integration and/or continuous marginal bone resorption. However, in
the present study, the RFA measurements at three years did not clearly identify the implants
with severe bone loss. The fact that measurements were made in buccal-palatal directions
only may have had an impact.  Moreover, RFA measurements could not be used to predict
implant failures observed at the five years follow-up.

In a review of different biomechanical testing techniques, Aparicio et al (2006)
concluded that the prognostic value of RFA to detect loss of stability has yet to be established
in prospective clinical studies. Consequently, the value of the RFA technique to predict implant
failure and to identify implants with ongoing marginal bone resorption is at present not well
documented.
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OUTCOME OF PROSTHESES

One single crown in Paper IV was removed due to instability of the implant after 7
weeks. All remaining original prosthetic constructions were in situ at the final check-up. Early
splinting in a rigid, fixed construction may protect the implants from unfavorable and
uncontrolled loading and improve healing conditions (Bergqvist et al 2005). This was performed
in the test group in Papers I, II and III and moreover in the partially edentulous group of
patients in Paper IV. For single tooth replacement the presence of rotation forces is seen as a
clear risk factor for failure (Ericsson et al 2000a). In the present study, the temporary crown
was placed in light occlusion in an attempt to reduce the rotational forces. However, passive
forces from lips, chins and active forces during chewing of food can probably not be avoided.

In a study by Gervais and Wilson (2007) the importance of retrievability of
fixed, implant-supported prostheses was emphasized. All prostheses in this thesis are retrievable.
In the present study the cumulative success rate (CSR) of the cast titanium frameworks was
100 %. The corresponding figure for cast frameworks made of Type III gold alloy was 95.9
% (Jemt 1994). In a 10-year follow-up study of titanium frameworks made by laser welded
prefabricated titanium components according to an old and a new protocol, the five-year
CSR was 91.4 and 97.8 % respectively (Örtorp & Jemt 2006). Thus the cast titanium
framework is a viable treatment alternative to gold alloy. The biological, mechanical and physical
properties of titanium, laser welding technique and the conventional casting technique to make
titanium frameworks are described by Örtorp (2005). Resin-related complications caused
the most problems over the five years of follow-up in Paper III. This is in accordance with
results obtained in several other studies (Johansson et al 1990; Jemt 1994; Berglundh et al
2002). No metal-related complications were found. However, in one patient two assembly
screws had to be retightened. In order to reduce the incidence of resin-related complications
due to mechanical fatigue, the patients were either provided with a resilient mouth guard in the
mandible or a lingual gold onlay in the front area. These two therapies have been used in other
studies (Jemt 1994; Göthberg et al 2003; Lindfors et al. 2006). The results obtained in paper
III showed that a lingual gold onlay is the therapy of choice to prevent resin-related
complications.

Occlusal factors and masticatory function are thought to be related and have
an impact on the outcome of the prosthetic construction, in general prosthetic treatment as
well as in implant treatment. The status of the opposing dentition is accordingly of importance.
No differences were found in the opposing mandibular dentition between the examinations in
Paper I and Paper II. However, at the five years follow-up one patient in the test group had
been provided with an implant-retained overdenture.

The most important benefits from rehabilitation with implant-supported
prostheses are the improvement in quality of life and increased utility. However, it is not only
the initial costs of a treatment that are of importance when evaluating it from an economic
point of view. The frequency of various complications and the need for supplementary and
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maintenance treatment must also be taken into account (Göthberg 2003).  Several reports
have addressed these aspects (Johansson and Palmqvist 1990; Jemt 1994, Walton 1998;
Pjetursson et al 2004; Kreissl et al 2006). At the five years follow-up all case records were
retrospectively scrutinized and the number and type of measures are reported in Paper III.

The option of selecting an immediate or early loading protocol in appropriate
cases may be of importance to both patient and dentist. Conventional loading protocols are
associated with unnecessary delays in treatment and are therefore less beneficial than early
loading protocols.
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CONCLUSIONS

The results from the studies in the present thesis support the hypothesis that
immediate/early loading of dental implants in the maxilla results in the same clinical
outcomes as for delayed loading.

1.

2.

3.

4.

5.

Similar treatment outcomes can be achieved with early and delayed implant loading
in the totally edentulous maxilla after one year in function. Better PI and SBI scores
and more coronal bone levels are seen for early loaded implants. The early loading
method enables patients to be provided with a full arch implant-supported fixed
prosthesis in approximately 2 weeks instead of 3–4 months (delayed). (Paper I).

No differences in clinical and technical outcomes are seen after three years of loading
of a complete implant-supported fixed prosthesis in the maxilla when using early or
delayed loading protocols. Early loaded implants show a more coronal bone level
than delayed loaded ones after three years. (Paper II).

Early and delayed loading of implants in the edentulous maxilla for support of a complete
fixed prosthesis results in similar survival rates and implant stability after five years of
loading. Early loaded implants show more coronal bone levels and more bone loss
than delayed loaded implants after five years. Technical complications are mainly
resin-related and can be reduced by the use of a lingual gold onlay. (Paper III).

Immediate/early loading in the partially edentulous maxilla results in good clinical and
radiographic outcomes after one year. Implant stability at placement correlates with
bone quantity and quality and increases with time as measured with RFA, indicating a
favourable bone tissue response to the loaded implants. (Paper IV).

RFA measurements of implants after three and five years of function in the maxilla
correlate with marginal bone levels as measured in intraoral radiographs. RFA
measurements after three years of function cannot be used to predict implant failures
observed at the five-year check-up. (Paper V).
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