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Clinicians have for many decades attempted to
replicate teeth by implanting alloplasts into bone.

Scientifically based implant therapy, however, emerged
at the end of the 1970s following groundbreaking

studies with 10-year clinical results presented by a re-
search group in Sweden directed by Dr Per-Ingvar
Brånemark.1,2 Their studies demonstrated conclusively
that pure titanium integrates with bone tissue if it is
carefully prepared surgically, and that a transmucosal
element (abutment) joined to the implant can retain an
intraoral prosthesis with a predictable clinical out-
come. During the years since these discoveries, there
has been a proliferation of manufacturers who produce
implants using various biomaterials and surface treat-
ments. These are termed oral or dental implants, but
the two terms are in practice regarded as synonyms.
Dental implants vary in material, dimensions, geome-
tries, surface properties and interface geometry,3,4 so
today the dentist needs to select from more than 2,000
different dental implants and abutments in a specific
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treatment situation. Certain manufacturers alone offer
more than 100 different implants in varying shapes and
materials. Other manufacturers focus in their promo-
tional material on seemingly significant advantages in
implant characteristics, but without relevant clinical
support of the claims. The bewildered clinician is left
with the question of which criteria one should employ
to differentiate between good and poor quality.

Dental Implants, Characteristics

A careful surgical technique is strongly associated with
a successful treatment outcome, at least for the early
post-insertion period, but implant-specific features
should be considered important as well. In addition to
the actual material composition, at least two morpho-
logical characteristics may be relevant, namely the im-
plant’s geometry and the surface topography.2

Implant Material

The majority of dental implants today are made from
commercially pure (c.p.) titanium or titanium alloys. A
smaller group of implants are made entirely out of, or
surface-coated with, a complex of calcium phosphate,
of which the most common is hydroxyapatite (HA).
Other implants that have been commercially available
previously were composed of materials such as alu-
minium oxide, “bioglass,” “crystal” and “vitreous car-
bon” and have now more or less disappeared. C.p. ti-
tanium is produced with various degrees of purity,
which is important in other industrial uses such as air-
plane manufacturers.

Basically, the maximum oxygen percentage defines
the commercially pure grade of titanium according to
an American standard (ASTM F67). C.p. titanium grade
1 has the highest purity because of its low oxygen and
iron content versus c.p. titanium grade 4, which has the
highest maximum oxygen and iron percentage.
Implants are made from the full range of different c.p.
titanium grades. For example, Brånemark system® im-
plants (Nobel Biocare, Sweden) are made from grade
1 c.p. titanium, while ITI® implants (Straumann,
Switzerland) are made from grade 4 c.p. titanium.
Titanium alloys are designed with ASTM grades from
5 to 29, and several manufacturers use the grade 5 ti-
tanium alloy, often designated Ti-6Al-4V, for dental im-
plants (eg, Sargon®, Sargon Enterprises, USA). In gen-
eral, c.p. grade 1 titanium demonstrates the highest
corrosion resistance and lowest strength, while grade
4 (titanium) and grade 5 (titanium alloy) demonstrate
greater yield strengths. As the corrosion resistance is
almost entirely dependent upon the iron content, sev-
eral dental implant manufacturers (eg, Astra Tech,
Sweden) use grade 4 titanium where the iron content

is limited to below the maximum allowed in grade 1. The
direct implications of the relatively small differences in
mechanical and physical properties on the clinical per-
formance intraorally are uncertain, eg, the relationship
between tensile or fatigue strength and the incidence
of mechanical complications over time.5

Implant Geometry

Root formed dental implants have been designed in a
wide variety of body geometries. The implants were pre-
viously categorised as screw, cylinder and hollow bas-
ket types. Today, the last group is regarded as obsolete
and the distinction between the screw type, ie, having
threads, and the cylinder type is becoming blurred.
The terms threaded and non-threaded implants are
often used as synonyms for screw and cylinder im-
plants. Both screws and cylinders are manufactured
with straight, tapered, conical, ovoid or trapezoidal
walls. Variations in the form of the threads, supple-
menting vents, grooves and steps increase the com-
plexity of characterising implants by geometries. There
even exist implants designed to expand the apical part
after placement into the prepared bone tissues. A trend
seems to exist towards producing implants with three-
dimensional morphology that alters along the vertical
axis. Figure 1 illustrates the wide variation in geometries
of root formed implants. In addition, some dentists
place trans-mandibular, blade, or frame implants, but
in very small numbers and these will not be described
further in this report. Sub-periosteal and sub-mucosal
implants are today regarded as obsolete.

Implant Surface Topography

Different methods are being used to alter the surface
topography of dental implants. One or several of these
methods are used to produce either an isotropic sur-
face (ie, with surface asperities that are randomly dis-
tributed so the surface is identical in all directions) or
an anisotropic surface (ie, surface with a directional
pattern) (Table 1). The surface treatments are sug-
gested to improve the capacity of anchorage into bone.
It has been postulated, mostly on the basis of animal
and histological studies, that this advantage can be
seen in an early healing phase in comparison with a
turned surface.6,7

The predictability for an acceptable treatment out-
come has been shown to be very good for implants ma-
chined with a turning process.8,9 The clinical outcome
of other various surface modifications has also been
published to different extents. Most studies suggest a
predictable and more rapid osseointegration of im-
plants with different surface treatments, eg, blasted,10,11

acid etched,12,13 blasted plus acid etched,14–16 porous,17
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oxidised18 and titanium plasma sprayed.19,20 A recent
study has also questioned whether different surface
treatments, besides changing the surface topography,
perhaps even alter the surface chemistry, and thus also
need to be considered as a variable in clinical studies.21

Can the Quality of Dental Implants Be Measured?

According to the International Organisation for
Standardisation (ISO) a dental implant is: “A device de-
signed to be placed surgically within or on the
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Fig 1 Variations in dental implant design features in general (top) and from top to bottom the implant/abutment
interface, the implant flange, the coronal, the midbody and the apical thirds (bottom).
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mandibular or maxillary bone to provide resistance to
displacement of a dental prosthesis” (ISO 1942-5). The
corresponding definition for a dental implant system is:
“Dental implant components that are designed to mate
together. It consists of the necessary parts and instru-
ments to complete the implant body placement and
abutment components” (ISO 10451).

The definitions encompass two elements that may in
theory be associated with aspects of quality. If the
process that allows “a device designed to be placed
surgically” for some implant systems is straightforward
and not associated with high risk of complications but
not for other systems, this may be an indicator of qual-
ity. Evidently, simplicity of placement is in itself not an
adequate criterion for implant quality, but must be re-
garded in context with material properties and other re-
ported outcome criteria. The second element is “pro-
viding resistance to displacement.” Consequently,
reliable documentation that this in fact is the case for
a specific dental implant or implant system is a char-
acteristic of high quality.

The ISO definition does not allude to any temporal
requirements, but most people would probably agree
that the “resistance to displacement” should remain for
a minimum period, and preferably as long as possible.
Thus, one direct estimate of the quality of a dental im-
plant is the reported results observed in clinical trials
that have lasted for an extended period, eg, for more
than 5 years. It should be required that the documen-
tation of acceptable clinical performance are data ob-
tained in a clinical trial with an appropriate research de-
sign and adequate level of external and internal validity.

The quality of a dental implant or implant system
may also be defined by another dimension, which is
the requirement that either the implant per se or the

manufacturing process should conform to a national
or an international standard. Although several coun-
tries demand that products need to comply with such
standards in order to be marketed, this does not apply
to all parts of the world. Moreover, the ethical conduct
of the manufacturer is important, which is reflected by
a sincere and exact format of the product documen-
tation, as well as the form of the presentation of prod-
ucts, for the users, ie, the dentist. 

Scientific Evidence and Required Study Designs

Whether one wishes to address adequate clinical per-
formance of an implant or whether the aim is to com-
pare the performance of different products the choice
of adequate scientific documentation will differ. The va-
lidity of any clinical trial, however, depends on an ap-
propriate choice of outcome variables and reliable
measurement of these, regardless of the study design.
It is the authors’ task to describe such details in their
reports to enable the reader both to comprehend the
paper but also, if wishing to do so, to repeat the trial
without doubting how this was carried out.

Adequate clinical performance of an implant can
best be demonstrated in a longitudinal trial, either
prospective or retrospective. The external validity of
such trials is to a large extent related to patient dropout
and representativity, data actually collected, as well as
other variables such as operator experience and clin-
ical settings. One may also obtain an impression of clin-
ical performance from reports of case series. However,
there is an increased risk of selective recording of
treatment data, as well as risk for spurious statistical as-
sociations. Moreover, potentially confounding variables
are more or less difficult to account for and this may
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Table 1 Methods Used to Alter Surface Topography of Dental Implants (Sorted Alphabetically)

Machining process Resulting surface topography Example

Acid etched surface (the surface Isotropic surface with high frequency HCl/H2SO4 (Osseotite®, 3i Implant Innovations,
is usually etched in a two-step irregularities Palm Beach Gardens, USA)
procedure)

Blasted surface (the surface is Creates an isotropic surface TiO2 particles (Tioblast®, Astra Tech AB, Mölndal,
blasted with hard particles) Sweden)

Blasted + acid etched surface An isotropic surface 1. Large size Al2O3 particles & HCl & H2SO4 (SLA®,
(the surface is first blasted and Institut Straumann AG, Waldenburg, Switzerland);
then acid etched) 2. Tricalcium phosphate & HF & NO3 (MTX®,

Centerpulse Dental, Carlsbad, USA)
Hydroxyapatite coated surface In general, a rather rough and isotropic Sustain® (Lifecore Biomedical Inc., Chaska, USA)

surface
Oxidised surface (increased Isotropic surface with the presence of TiUnite® (Nobel Biocare AB, Göteborg, Sweden)

thickness of the oxidised layer) craterous structures
Titanium plasma sprayed (TPS) A relatively rough isotropic surface ITI® TPS (Institut Straumann AG, Waldenburg,

surface Switzerland)
Turned surface Cutting marks produce an oriented, Brånemark system® MkIII (Nobel Biocare,

anisotropic surface Göteborg, Sweden)



skew the treatment outcome without any chance of
knowing by how much. The final type of clinical study
type, case reports, often lack many details, which makes
it difficult to interpret the implant performance in gen-
eral.

Scientific documentation of superiority of one prod-
uct versus another requires a more stringent study de-
sign. This is best appraised using a randomised con-
trolled trial design (RCT). In a RCT the participants are
allocated at random to receive different interventions. An
appropriate random allocation means that all trial par-
ticipants have the same chance of being assigned to ei-
ther an experimental or to a control group. Properly ac-
complished randomisation minimises systematic patient
selection bias and since the groups thereby in theory be-
come identical, apart from the intervention, any differ-
ence in outcome is attributable solely to the interven-
tion. The larger the groups under study, the more
confidence can be placed that it is the effect of the in-
tervention that is reflected by the treatment outcomes
and not some confounding underlying patient variables.
It must be emphasised that a report based on a RCT
does not automatically translate as a high quality paper.
Critical appraisals of the literature in prosthodontics
suggest that numerous RCTs are poorly reported.22,23

If no RCTs can be identified for comparing products
or specific implant characteristics, prospective con-
trolled clinical trials, and to a lesser degree clinical tri-
als using other study designs, provide some indications
of product differences. However, the possibility of in-
correct conclusions increases with these less strin-
gent study designs due to risk of bias and influence of
confounding variables. Studies that report the treat-
ment outcome of a single patient cohort, prospectively
or retrospectively, without any comparison group must
not be used as the basis for comparisons of product
performance. The reason is that variations between
study variables such as clinical setting, clinician expe-
rience, treatment indication, patient selection and
socio-demographics, etc, impede any meaningful com-
parisons because these significant variations can
strongly influence the outcome.

Extrapolating laboratory study data to promulgate
hardware claims and product superiority is invalid for
generalising to the clinical setting since laboratory
data or surrogate data for actual patient outcomes,
even if statistically significant, may be irrelevant or
even directly misleading in the clinical environment.
Only well-designed clinical trials can supply evidence
of product differences that are clinically relevant.

The aim of this paper is to present and discuss the
available scientific evidence of clinical performance of
different dental implant systems. The objective is to
help clinicians to recognise high quality dental im-
plants on the basis of this evidence.

Materials and Methods

Information Presented by Manufacturers

We first recorded as many manufacturers of dental im-
plants and brands as possible by browsing dental jour-
nals and programme booklets for advertisements as
well as lists of exhibitors at major implant and prostho-
dontic meetings. Languages were limited to English,
German, Scandinavian, Spanish and French. We also ap-
praised papers in dental journals and meeting abstracts
for the same purpose. We identified thereafter the
Internet websites of the manufacturers. Next we ap-
praised the websites and printed promotional material
from the manufacturers to identify claims of product su-
periority on the basis of one or more particular implant
characteristics. We also recorded whether the manu-
facturer announced on their website or in their promo-
tional material that either the manufacturing process or
the implant conformed to any international standards,
eg, ISO, or if it is certified according to such standards,
eg, by a CE notified body in Europe or FDA in USA. We
contacted the manufacturers in several cases where no
clinical studies of a specific implant brand could be
identified, with an invitation to provide this information.

Claims of clinical superiority due to specific mor-
phological characteristics could be categorised into
seven general groups (Table 2).

Scientific Literature

We systematically searched various electronic data-
bases (Medline, Embase and the Cochrane Oral Health
Group specialist register) to identify clinical trials on
dental implants. We also hand-searched several implant
journals in an attempt to reduce the likelihood of miss-
ing relevant articles. We also checked the bibliographies
of studies and relevant review articles. In October 2003
a Medline review included 6,353 articles indexed under
“Dental implant.” The Pubmed search using a method-
ology filter for sensitivity searching identified 574 pa-
pers on therapy and 1,345 on prognosis. The Cochrane
Controlled Trials Register included 392 controlled clin-
ical trials. The Finnish national register for dental im-
plants, which includes data on placed and removed im-
plants in Finland since 1994, was also used as a source
to relate clinical performance to implant brand.

We identified all implants and implant systems that
had been evaluated in the clinical trials. On the basis
of the number of clinical trials and the scientific
methodological quality of the reports we defined four
levels of clinical documentation:

A. Implant or implant system with extensive clinical
documentation, ie, more than four prospective
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and/or retrospective clinical trials
B. Implant or implant system with limited clinical doc-

umentation, ie, less than four trials, but of good
methodological quality, ie, randomised controlled
trial or prospective clinical trial, either multicentre
or with study samples consisting of more than 50
patients or 200 dental implants

C. Implant or implant system with limited published
clinical documentation and not fulfilling documen-
tation levels A or B

D. Implant or implant system with no published clin-
ical documentation

The next phase was to critically appraise the clinical
trials that reported an association between clinical
performance and specific characteristics of dental im-
plants. In view of the high number of clinical studies,
relatively few trials were designed to specifically eval-
uate the influence of specific characteristics of the im-
plant (Table 3)24–84 or the abutment (Table 4)85–94 on
clinical performance. We sorted the clinical trials ac-
cording to the methodology strength of the study de-
sign. Four broad categories were defined:

• Category A1, controlled clinical trial with patient
randomisation (RCT)

• Category A2, controlled clinical trial with split-
mouth randomisation (split-mouth RCT)

• Category B, (prospective) controlled clinical trial
without randomisation (CCT)

• Category C, clinical study applying any other study
design than A or B (eg, retrospective cohort, case-
series, case-controls, etc)

Results

We have, as of October 2003, identified about 80 man-
ufacturers of dental implants, who market slightly more
than 220 different implant brands (Table 5). In addition,
approximately 60 implant brands/manufacturers were
recorded, but these appear to have vanished from the
market. However, it should not be ruled out that a
small number of these may still be obtainable in vari-
ous parts of the world.

About half of the manufacturers inform on their
websites to what extent their company and products
comply with an international standard or are certified
(Table 5). Of these, it is almost universally a reference
to ISO 9001 and/or EN 46001. Less common is a ref-
erence to the European Union medical device directive
93/42/EEC, to the CE notified body, to other ISO and EN
standards or to a FDA market clearance or reference
to the so-called FDA 510(k). Most of the companies
who do not present such information on their website
have included this information in their printed promo-
tional material, but some manufacturers still lack any
information on this subject (Table 5).

Only a minority of the dental implant manufacturers
can provide extensive clinical documentation of their
implant brands for the patient (Code A in Table 5, n =
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Table 2 Design Characteristics of the Dental Implant that May Be Associated with Clinical Success (Factors Associated
with Inadequate Quality Control of the Production Process Are Excluded in this Table, eg, Inferior Materials, Contamination
and Poor Precision; These Elements Should Be Assured by the Manufacturer’s Adherence to a Production Quality Control
Standard, eg, ISO 9001)

Clinical outcome Design characteristic

1. Ease of placement • Implant body geometry
2. Osseointegration • Implant body geometry

• Implant material
• Implant surface topography

3. Aesthetics • Implant and abutment interface geometry
• Abutment material and geometry

4. Peri-implant mucositis • Implant body geometry
• Implant material
• Implant surface topography
• Implant and abutment interface geometry
• Abutment material, geometry and surface topography

5. Marginal bone loss • Implant body geometry
• Implant material
• Implant surface topography
• Implant and abutment interface geometry
• Abutment material, geometry and surface topography

6. Mechanical problems of the implant/ • Implant body geometry
abutment/superstructure connections • Implant and abutment interface geometry (joint geometry strength, precision fit of

components, torque reliability, ie, clamping force)
• Abutment material, geometry and surface topography

7. Mechanical failure of the dental implant • Implant body geometry
• Implant material
• Implant dimensions
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Table 3 Clinical Studies Where One or More Implant Characteristic Has Been Associated with the Clinical Performance,
Identified as Geometry, Material, Surface Topography or Combinations of These (Complex), Sorted by Study Design,
Characteristic and First Author Name

Reported or appraised influence
of implant characteristic on clinical

Study design* performance Sample (n) Period (y) Authors

RCT Complex: Brånemark system® vs IMZ® (30 � 3) � 2 1 Batenburg et al 1998 (The Netherlands)24

vs ITI®
RCT Complex: Astra Tech vs Brånemark 184+187 3 Engquist et al 200225

System® 1 Åstrand et al 1999 (Sweden)26

RCT Complex: Astra Tech vs ITI® 56+46 1 Kemppainen et al 1997 (Finland)27

RCT Complex: Brånemark system® vs IMZ® (32 + 29) � 2 5 Meijer et al 2000 (The Netherlands)28

RCT Complex: Brånemark system® vs ITI® 102 + 106 3 Moberg et al 2001 (Sweden)29

RCT Complex: Southern vs Steri-Oss 48 � 224 � 2 2 Tawse-Smith et al 200216

1 Tawse-Smith et al 2001 (New Zealand)30

RCT Geometry: IMZ® 1-stage vs IMZ® 2-stage (20 � 3) � 2 2 Heydenrijk et al 200331

vs ITI®, TPS coatings
IMZ® vs ITI®, TPS coatings (20 � 2) � 2 1 Heydenrijk et al 200232

Meijer et al 2003 (The Netherlands)33

RCT Material: Sterngold-Implamed®, plasma- 176 � 2 5 Jones et al 199934

spray Ti vs HA coate � 1 Jones et al 1997 (USA)35

RCT Material: IMZ®, Ti plasma-spray vs 147 + 145 3–7 Mau et al 2002 (Germany)36

HA coated
RCT Surface: Brånemark system® 55 + 66 1 Rocci et al 2003 (Italy)37

Standard vs TiUnite
Split-RCT Complex: Brånemark system® vs ITI® 77 + 73 1 Åstrand et al 2002 (Sweden)38

Split-RCT Complex: Steri-Oss TPS vs HA screw 634 3 Geurs et al 2002 (USA)39

vs HA cylinder (brand not described)
Split-RCT Complex: Brånemark system® vs HA 615 5 Jeffcoat et al 2003 (USA)40

screw vs HA cylinder (brand not 
described)

Split-RCT Complex: Spectra system, HA groove 2,641 � 1 Orenstein et al 199841

vs HA screw vs HA cylinder vs Ti screw 2,633 � 1 Truhlar et al 199742

vs Ti-alloy basket vs Ti-alloy screw 1,565 � 1 Ochi et al 1994 (USA)43

Split-RCT Complex: Astra Tech vs Brånemark 45 + 50 2 van Steenberghe et al 2000 (Belgium)44

System®

Split-RCT Geometry: Brånemark system®, standard 44 � 2 1 Friberg et al 2003 (Sweden)45

vs MkIV screws
Split-RCT Surface: Astra Tech, turned Ti 64 + 64 5 Gotfredsen & Karlsson 200146

vs TiO2-blasted 2 Karlsson et al 1998 (Scandinavia)47

Split-RCT Surface: 3i, Dual-etch vs turned Ti 247 + 185 2–5 Khang et al 2001 (USA)48

(Osseotite® VSICE®)
Split-RCT Surface: ITI®, SLA vs TPS 68 � 2 1 Roccuzzo et al 2001 (Italy)14

CCT Complex: Brånemark system® vs ITI® 160 + 78 1–3 Becker et al 2000 (USA)49

CCT Complex: Brånemark Conical® vs 40 + 40 + 164 + 84 3–8 Chiapasco & Gatti 2003 (Italy)50

FriaLoc vs Ha-Ti® vs ITI®
CCT Complex: Brånemark system® 78 + 80 2–5.5 Pinholt 2003 (Denmark)51

Standard, MKII & MKIII vs ITI® SLA
Split-CCT Complex: 3i, 2 geometries, turned Ti, 15 � 3 3 Røynesdal et al 1998 (Norway)52

HA & TPS
Split-CCT Complex: 3i, 2 geometries, turned Ti, 15 � 3 3 Røynesdal et al 1999 (Norway)53

HA & TPS
Split-CCT Geometry: Brånemark system®, standard 288 + 275 5 Friberg et al 199754

vs self-tapping screws 288 + 275 3 Olsson et al 199555

88 + 91 1 Friberg et al 1992 (Sweden)56

CS Complex: Core Vent, Screw Vent® vs 85 + 11 + 105 � 2 De Bruyn et al 1992 (UK)57

Swede Vent® vs Brånemark system®

CS Complex: IMZ® vs ITI® Bonefit vs ITI® TPS 168 + 150 + 109 1–10 Gómez-Roman et al 1998 (Germany)58

CS Complex: Astra Tech Tioblast® vs ITI® 31 + 93 1–10 Ellegaard et al 1997a, 1997b (Denmark)59,60

hollow screw
CS Complex: ZL-Duraplant, Turned vs 58 + 369 3–5 Graf et al 2002a, 2002b (Germany)18,61

electrochemical surface & screw vs
cylinder

CS Complex: Astra Tech vs Brånemark 15 � 2 � 2 Puchades-Roman et al 2000 (UK)62

system®

CS Complex: Brånemark system® vs ITI® 90 + 32 1–8 Krausse et al 2001 (Germany)63

CS Complex: Brånemark system® vs 1,964 1–16 Noack et al 2001 (Germany)64

Frialit®-2 vs IMZ®

CS Complex: Brånemark system® vs IMZ® 384 1–8 Scurria et al 1998 (USA)65

CS Complex: IMZ® vs ITI® 3 implant geometries 264 + 36 0.5–11 Spiekerman et al 1995 (Germany)66

Continued
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Table 3 Continued

Reported or appraised influence
of implant characteristic on clinical

Study design* performance Sample (n) Period (y) Authors

CS Complex: Brånemark system® screws 54 + 133 2– Valentini & Abensur 2003 (France)67

vs IMZ® cylinders
CS Geometry: Brånemark system®, 4 screw 252 1–8 Bianco et al 2000 (Italy)68

geometries & 4 abutment geometries
CS Geometry: ITI®, 4 implant geometries 2,359 1–8 Buser et al 1997 (Switzerland)19

CS Geometry: ITI®, 5 implant geometries 654 1–7 Carr et al 2003 (USA)69

CS Geometry: Brånemark system®, 4 screw 82 1–5 Engquist et al 1995 (Sweden)70

geometries & 4 abutment geometries
CS Geometry: ITI®, 4 implant geometries 1,286 1–10 Ferrigno et al 2002 (Italy)71

CS Geometry: Brånemark system®, multiple 1,141 1–10 Lentke et al 2003 (Germany)72

screw & abutment geometries
CS Geometry: Brånemark system®, 3 screw 84 1–6 Malevez et al 1996 (Belgium)73

geometries & 2 abutment geometries
CS Geometry: Brånemark system®, 5 screw 270 1–11 Naert et al 2000 (Belgium)74

geometries
CS Geometry: Brånemark system®, 3 screw 668 1–15 Naert et al 2001 (Belgium)75

geometries
CS Geometry: Brånemark system®, 5 screw 1,956 1–16 Naert et al 2002a, 2002b (Belgium)76,77

geometries & 4 abutment geometries
CS Geometry: Brånemark system®, 3 screw 1,279 1–3 Quirynen et al 1992 (Belgium)78

geometries
CS Geometry: Brånemark system®, standard 84 + 86 3 Raghoebar et al 2003 (International)79

& MkII screws
CS Geometry: ITI®, 2 implant geometries 187 1–7 Romeo et al 2002 (Italy)80

CS Geometry: Frialit®-2, stepped screw 802 1–5 Wheeler 2003 (USA)81

vs stepped cylinder
CS Material: Bicon®, HA vs Ti vs TPS 2,349 0–7.5 Chuang et al 2002 (USA)82

CS Material: not specified, HA vs Ti 2,098 1–6 Weyant & Burt 1993 (USA)83

CS Surface: 3i, Dual-etch vs turned 1,583 1–5 Davarpanah et al 2002 (France)84

(Self-tapping vs ICE® vs OsseotiteF®)

*RCT = randomised controlled trial; split-RCT = split mouth randomised controlled trial; CCT = controlled clinical trial; CS = case series.

Table 4 Clinical Studies Where One or More Implant Abutment Characteristic Has Been Associated with the Clinical
Performance, Identified as Geometry, Material, Surface Topography or Combinations of These (Complex), Sorted by Study
Design, Characteristic and First Author Name

Reported or appraised influence
of implant characteristic on clinical

Study design* performance Sample (n) Period (y) Authors

RCT Geometry: Brånemark system® Standard 5 � 4 � 2 2 Gatti & Chiapasco 2002 (Italy)85

vs transmucosal abutment
Split-RCT Material: Brånemark system® Ti vs 34 � 2 + 10 � 2 1 & 3 Andersson et al 2001 (Sweden)86

ceramic abutment
Split-RCT Material: IMZ® Ti vs ceramic abutment 14 � 2 12 wk Barclay et al 1996 (UK)87

Split-RCT Material: Brånemark system® Ti vs 6 � 2 1 Bollen et al 1996 (Belgium)88

ceramic abutment
Split-RCT Surface: Brånemark system® Ti 6 � 4 3 mo Quirynen et al 1996 (Belgium)89

abutments with 4 different surface
roughness

CCT Geometry: Omniloc® 2 abutments 429 5–7 McGlumphy et al 2003 (USA)90

CS Complex: IMZ® & IME/IMC vs ITI® & 138 + 50 0.5-8 Behr et al 1998 (Germany)91

Octa abutment
CS Geometry: Spline® vs Threadlock® 44 + 52 3 Bambini et al 2001 (Italy)92

abutments
CS Geometry: Brånemark system® 3 1,170 1–10 Eckert & Wollan 1998 (USA)93

abutment screws
CS Geometry: Brånemark system® 2 259 1–9 Scholander 1999 (Sweden)94

abutments

*RCT = randomised controlled trial; split-RCT = split mouth randomised controlled trial; CCT = controlled clinical trial; CS = case series.
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Table 5 List of Manufacturers and Implant Brands; Documentation of Clinical and Laboratory Studies Can Be Found in a
Database with Links to Manufacturers’ Websites Located on the Website of the FDI World Dental Federation (http://www.
fdiworldental.org/resources/implants.htm) (Validation Codes: A = Extensive Clinical Documentation; B = Some Documentation
Identified of Acceptable Quality; C = Some Documentation Identified, but of Poor Quality; D = No Clinical Documentation)

Information Comply to standard,
Manufacturer, country Implant brands Document on website as registered elsewhere

1. “O” Co., Inc., USA 1. Cylinder D — FDA
2. Threaded
3. Performance Plus Taper
4. RBM Blade

2. 3i Implant Innovations, Inc., 5. ICE Super Self-Tapping A — ISO 9001, EN 46001,
USA 6. Osseotite® TG™ (CE 0483), FDA

7. Osseotite®

8. Osseotite® XP™
9. Osseotite® NT™
10. Osseotite® Certain™

3. ACE Surgical Supply Co., 11. Ace screw (Ace dental implant system) C ISO 9001, EN 46001
USA

4. Alpha Bio GmbH, Germany 12. DFI (Dual-Fit-Implant) D (CE 0483)
5. Altatec Medizintechnische CAMLOG® implant system B — ISO 5832 & 5833

Elemente GmbH & Co. KG, 13. Cylinder Line ISO 13484, EN 46001,
Germany 14. Root Line (CE 0124)

15. Screw Line
16. Screw-Cylinder Line

6. Altiva Corp., USA 17. NTR Natural Tooth Replacement System™ C FDA market FDA
clearance

7. Anthogyr, France 18. Hexagon System B ISO 9001, EN 46001
19. Octagon System
20. Temporary

8. AS Technology, Brazil 21. Titanium Fix Auto Rosqueável Hex D — —
22. Roscado Hex
23. Roscado Hex PS

9. Astra Tech, Sweden 24. AstraTech A ISO 9001/ISO 14001 EN 46001, CE, FDA
25. AstraTech ST
26. Fixture MicroThread™

10. Basic Dental Implants LLC, 27. Omni-Tight™ D — FDA
USA

11. BEGO Semados, Germany 28. Semados® C — CE 0044, DIN
ISO 9001 + 9002, EN
46001

12. Bicon Dental Implants, USA 29. Bicon implant system B — ISO 9001, EN 46001,
CE, FDA

13. BioHorizons Implant 30. Maestro™ System B — ISO 9001, EN 46001,
Systems, Inc., USA CE, FDA

14. Bio-Lok International, Inc. 31. Classic Cylinder D ISO 9001, (CE 0123) ISO 9001, EN 46001,
(Subsid.: Orthogen Corp.), 32. LaserLok™ FDA 510(k) CE, FDA
USA 33. Micro-Lok™ Screw

34. Micro-Lok™ Cylinder
35. Silhouette™
36. Silhouette™ I.C.

15. BioHex Corp. (prev. 37. BioHex™ (prev. BIT™ ) One Piece- C HPB (Canada), FDA
Biomedical Implant One Stage™ implant system FDA regulations
Technology), Canada

16. Biotechnology Institute, 38. B.T.I. Implant C ISO 9001, EN 46001,
S.L., Spain MDD93/42/EEC

(CE 0123)
17. Bone System, Italia 39. Bone System 2 D ISO 9001, EN 46001,

MDD93/42/EEC
(CE 0123)

18. BTLock s.r.l., Italia BTLock System D ISO 9001, EN 46001,
40. Screw: turned, acid-etched, HA coated, MDD93/42/EEC

TPS coated, BTTITE (CE 0373)
41. Cylinder: Screw: turned, acid-etched,

HA coated, TPS coated, BTTITE
19. Centerpulse Dental, Inc. 42. Taper Lock A ISO 9001 ISO 9001, EN 46001,

(prev. Sulzer Dental) 43. Swiss-Plus CE, FDA
(prev. Calcitek), USA 44. Swiss-Plus + taper

45. Screw-Vent®
46. Screw-Vent® + taper
47. AdVent
48. Spline

Continued



The International Journal of Prosthodontics616

Quality of Dental Implants

Table 5 Continued

Information Comply to standard,
Manufacturer, country Implant brands Document on website as registered elsewhere

20. Cowell Medi, Korea 49. Bioplant External Type D — —
50. Bioplant Internal Type

21. Cresco Ti Systems, 51. OI-90 Implant Series (Osseo-Integrator) C ISO 9001, EN 46001
Switzerland

22. Dental Tech, Italy 52. Physioplant dental implant system D — ISO 9001, EN 46001
23. Dentatus, Sweden 53. MTI-Monorail™ Transitional A —
24. Dentoflex Comércio e 54. Dentoflex de hexágonos externo D — —

Indústria de Materiais 55. Dentoflex de hexágonos interno
Odontológicos, Brazil

25. Dentsply Friadent, Germany 56. ANKYLOS implant system A (CE 0123) ISO 9001, EN 46001,
57. FRIALIT®-2 stepped cylinder, HA FDA
58. FRIALIT®-2 stepped screw, TPS
59. FRIALIT®-2 stepped screw Synchro,

TPS
60. FRIALIT®-2 stepped screw, Tiefstruktur
61. FRIALIT®-2 stepped screw, Synchro

Tiefstruktur
62. XiVE®

63. XiVE®TG
64. IMZ®-TwinPlus implant system
65. Friadent® CELLplus

26. Dr Ihde Dental GmbH, Allfit® C — (CE 0483)
Germany 66. ATI

67. ATIE
68. Compression
69. DiskosEDDDS/EXDDS
70. Diskos EDXAAS
71. KOS
72. SSO
73. STC
74. STI
75. STO

27. Dyna Dental Engineering 76. Dyna Octalock® C — ISO CE
b.v., Netherlands

28. Eckermann Laboratorium, 77. Eckermann Plus! C ISO 13485,
Spain 78. Eckermann Transicional (CE 0318)

79. Eckermann Duplo
80. Eckermann All Spiral

29. Elite Medica, Italy 81. Elite implant system C ISO 9001,
82. Fastite EN 46001
83. Mini

30. Euroteknika, France 84. Secure D —
31. Impladent Ltd., USA 85. LaminOss® Osteocompressive C — ISO 9001, EN 46001, 

Implant System CE, FDA
32. Impladent S.L., Spain 86. Defcon® D — —
33. Implant Microdent System, Microdent System D — (CE 0318)

S.L., Spain 87. Microdent Universal
88. Especial Serie MS-Micro
89. Especial Serie MT

34. IMTEC Corp., USA 90. Press-Fit B/C ISO 9001, EN 46001, FDA
91. Press-Fit TPS CE
92. Screw-Type
93. Sendax MDI

35. Innova LifeSciences 94. Endopore™ A ISO 9002, CE, FDA ISO 9002,
Corp., Canada 95. Entegra™ 510(k) EN 46002, CE, FDA

36. Institut Straumann AG, ITI® Dental Implant System A ISO 9001, EN 46001, ISO 9001,
Switzerland 96. Screw (CE 0123) EN 46001, CE, FDA

97. Screw Esthetic Plus
98. Hollow Cylinder
99. Hollow Cylinder, Esthetic Plus
100. ITI® Narrow Neck (NNI)
101. ITI® Wide Neck (WNI)
102. ITI® TE™

37. Interdental S.R.L, Italia Ergo-System C ISO 9001, EN 46001,
103. External Exagon (CE 0546)
104. Internal Exagon

38. jmp Dental GmbH, Germany 105. jmp Mini-Implantat D — —
39. JOTA AG, Switzerland 106. JOTA D ISO 9001, EN 46001,

(CE 0408)
Continued



Jokstad et al

Volume 17, Number 6, 2004 617

Table 5 Continued

Information Comply to standard,
Manufacturer, country Implant brands Document on website as registered elsewhere

40. Klockner Implants, Spain Klockner system B ISO 9001, EN 46001,
107. K2 (CE 0318), FDA
108. SK4
109. S3
110. S4
111. S6

41. LASAK Ltd., Czechia 112. Impladent B ISO 9002, EN 46002
42. Leone S.p.A., Italy 113. Leone Implant System D ISO 9001, EN 46001,

ISO 13485
43. Lifecore Biomedical, Inc., 114.Restore, Threaded, RBM, regular & wide A ISO 9001, EN 46001,

USA 115. Restore, Threaded, TPS, regular & wide FDA
116. Restore, Threaded, Ti, regular & wide
117. Restore, Threaded, HA, regular & wide
118. Restore, Cylinder, RBM, regular & wide
119. Restore, Cylinder, TPS, regular & wide
120. Restore, Cylinder, Ti, regular & wide
121. Restore, Cylinder, HA, regular & wide
122. Stage-1™, RBM, regular & wide,

+/- Esthetic Collar
123. Stage-1™, TPS, regular & wide, 

+/- Esthetic Collar
124. SuperCAT Super Self-Tapping
125. Sustain, HA coated (MC) cylinder

44. MIS Implant Technologies MIS Trio implant system C — EN 46001, ISO 9001,
Ltd. Co. (MIS), Israel 126. Internal connection FDA

127. External connectionMIS implants
128. Bio-Com Fixture
129. Internal hexagon, Screw
130. Internal hexagon, Cylinder
131. External hexagon, Screw
132. External hexagon, Cylinder

45. Mozo-Grau, Spain 133.Mozo-Grau Threaded C — (CE 0044), EN
134.Mozo-Grau Cylinder 46001, ISO 9001,

FDA
46. Neobiotech Co., Ltd. 135. Neoplant Fixture Surface treated D — —

Korea 136. Neoplant Fixture Turned Surface
47. Neodent, Brazil 137. Titamax Liso I D — —

138. Titamax Liso II
139. Titamax Poros
140. Titamax Dual

48. Nobel Biocare, Sweden 141. Brånemark system® MkIII, A ISO 14001 ISO 9001, EN 46001,
142. Brånemark system® MkIII, TiUnite CE, FDA
143. Brånemark system® MkIV,
144. Brånemark system® MkIV, TiUnite
145. Replace® Select, Straight, NP, RP, WP
146. Replace® Select, Tapered, NP, RP, WP
147. Replace® Select, Straight, NP, RP, WP,

TiUnite
148. Replace® Select, Tapered, NP, RP, WP,

TiUnite
149. Replace® Select, Straight, NP, RP, WP, HA
150. Replace® Select, Tapered, NP, RP, WP,

HA
151. NobelPerfect™

49. Odontit S.A. Argentina 152. Implante eFeDeA™ D — FDA
153. Implante Osseomate™

50. Oral implant S.R.L., Italy 154. Tramonte Screw D — —
51. Oraltronics, Germany 155. Pitt-Easy® Bio-Oss C ISO 9001, EN 46001,

156. Bicortical® Screw I FDA
157. Osteoplate® 2000

52. Osfix Int., Ltd., Finland 158. BiOsfix C (CE 0537)
53. Osstem Co., Ltd., Korea 159. Avana System C ISO 9001, (CE 0434)
54. Osteo-Implant Corp., USA 160. Osteo® Threaded C ISO 9001 FDA

161. Osteo® HA
55. Osteo-Ti, UK 162. Osteo-Ti implant system C CE
56. PACE™ Dental 163. PACE™ D FDA 510(k)

Technologies, Inc., USA
57. Paraplant 2000, Germany 164. Paraplant 2000 D — —

Continued
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Information Comply to standard,
Manufacturer, country Implant brands Document on website as registered elsewhere

58. Park Dental Research 165. Star*Lock™ Screw, RBM, C ISO 9001, (CE 0459)
Corp., USA 166. Star*Lock™ Screw, TPS

167. Star*Lock™ Screw, HA
168. Star*Lock™ Cylinder, RBM,
169. Star*Lock™ Cylinder, TPS
170. Star*Lock™ Cylinder, HA
171. Star/vent™ Screw, RBM,
172. Star/vent™ Screw, TPS
173. Star/vent™ Screw, HA
174. Star/vent™ Cylinder (Press-fit), RBM,
175. Star/vent™ Cylinder, TPS
176. Star/vent™ Cylinder, HA
177. Startanius Blade

59. Pedrazzini Dental 178. press quick® D (CE 0301)
Technologie, Germany

60. RT Medical Research & 179 .Inner Hexagon Line, Post-extractive D ISO 9001, EN 46001,
Technologies, Italy 180. Inner Hexagon Line, Standard (CE 0476)

181. Outer Hexagon Line, Post-extractive
182. Outer Hexagon Line, Standard

61. Sargon Enterprises, Inc., 183. Sargon® Immediate Load™ B ISO 9001, EN46001, FDA
USA (CE 0470)

62. Schrauben-Implantat- 184. K.S.I.-Bauer-Schraube C — (CE 0482)
Systeme GmbH, Germany

63. Schütz-Dental, Germany 185 .IMPLA smart D — ISO 9001, CE
64. SERF (Société d’Etudes, 186. EVL C ISO 9002, (CE 0413)

de Recherches et de
Fabrications), France

65. Simpler Implants, Inc., 187. Simpler (HA) C ISO 9002, CE, FDA,
Canada 188. Simpler Threaded DHW

189. Simpler1 (HA)
190. Simpler1 Threaded

66. Southern Implants (Pty.), 191. External Hexed B (CE 0124)
Ltd., South Africa 192. Internal Hexed

67. Star-Group-International 193. Sky-Implant-System D — —
GmbH, Germany

68. Sterngold Implamed® Dental 194. Implamed Turned, TPS, Regular, A ISO 9001, EN 46001, FDA
Implant Systems, USA Wide & Narrow (CE 0197), FDA

195. Implamed Turned Partial TPS, Regular,
Wide & Narrow

196. Implamed Turned Regular, Wide & Narrow
197. Implamed HA, Regular, Wide & Narrow
198. ERA Implant System

69. Sudimplant, France T.B.R.® system C ISO 9002, EN 46002 (CE 0459)
199. Oct-In
200. Hex-out
201. Z-1

70. Sweden & Martina S.p.A., 202. Pilot® C — (CE 0476) ISO 9002,
Italy 203. Premium® standard EN 46002

204. Premium® conical
205. Premium® Trisurface
206. Premium® Kohno
207. Premium® Aurum
208. Premium® cylindrical
209. PRO-Link® Out-Link®

210. PRO-Link® In-Link®

71. Tenax Dental Implant 211. Tenax Dental Implant System C Clearance in Canada
Systems, Canada only

72. TFI System, Italia Easy Grip® C ISO 9001, EN 46001,
212. Short neck (CE 0476)
213. Wide
214. Bullet, TPS
215. Large

73. Thommen Medical, 216. SPI® Element D ISO 9001, EN 46001,
Switzerland 217. SPI® Direct MDD93/42/EEC

218. SPI® Onetime
74. Timplant, Czechia 219. Timplant® D ISO 9002, EN 46002

Continued



10). In contrast, 29 manufacturers market dental im-
plants with no clinical research documentation at all
(Code D in Table 5).

A compilation of the different studies according to
study designs and documented or appraised possible
influences on treatment outcomes is presented in Table
6. Studies with lower levels of scientific evidence
strength are only included in this review where there
is a lack of studies with better study designs.

1. Ease of Placement

Summary: Differences in ease of placement as a func-
tion of the implant morphology have not been system-
atically evaluated in clinical trials. Two reported out-
comes are operation time and surgeons’ preference.
One split-mouth RCT focused on influence of geome-
try and suggested a slight effect on primary stability, al-
beit operator bias cannot be avoided. There are no stud-
ies with specific focus on influence of implant material
or surface topography. Implants with different geome-
try, material and surface topography have been evalu-
ated in two RCTs and one split-mouth RCT. These pre-
sent slight evidence that implant brand can be
associated with time needed for surgery. However, as
none of the studies were in any way blinded, investiga-
tor preferences may have influenced both the actual trial
procedures as well as the trial reporting. One controlled
clinical trial with focus on influence of geometry has also
suggested that changes in implant geometry may im-
prove the ease of placement as reported by the surgeon.
However, the study design does not control for possi-
ble operator bias regarding implant preference.

Category A1 studies: Randomised controlled
trials

Studies where implant geometry, material and surface
topography influences on the outcome “ease of place-
ment” are confounded.

The time for surgical installation of Brånemark system®

implants in the mandible has been measured to be 65

minutes and 77 minutes for ITI® hollow screw implants
(P � .05).29 The authors proposed that extra time for
the ITI® implants (n = 106) was needed to select proper
healing caps and careful suturing. The additional time
needed for the abutment connection in a second stage
surgery on the Brånemark system® implants (n = 102)
took on average 42 minutes. The authors reported on
the other hand that the time needed for the following
prosthodontic procedures and subsequent controls
favoured the Brånemark system®. Thus, it was sug-
gested that in sum, the total accumulated time needed
for a complete treatment did not differ between the two
systems.

The time used for surgically inserting Astra Tech
Tioblast® implants (n = 184) and Brånemark system®

MkII implants (n = 184) in 66 patients was reported by
Åstrand et al.27 The surgery operation time did not dif-
fer, ie, 89 minutes in the mandible and 95 (Brånemark)
and 102 (Astra Tech) minutes in the maxilla. Attaching
the abutments at the second surgery stage was found
to be more time consuming for the Brånemark system®

implants, ie, 51 minutes and 43 minutes versus 35 min-
utes and 32 minutes for the Asta implants in the max-
illa and in the mandible (P � .05).

Category A2 studies: Split-mouth randomised
design

Implant geometry influence on the outcome “ease of
placement.”

Friberg et al45 compared the early behaviour of a
Brånemark system® modified prototype MkIV im-
plant with that of the standard implants in regions of
mainly of type 4 bone in 44 patients. The patients
were treated with implants for 39 maxillas and 5
mandibles and these were followed up for 1 year. The
MkIV implants more frequently required a higher in-
sertion torque and showed a significantly higher pri-
mary stability than the control implant. This differ-
ence in stability levelled out over time; at the
abutment operation and at the 1-year visit the sta-
bility was similar.
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75. Tiolox implants GmbH, 220. Tiolox C — (CE 0483)
Germany 221. Tiolox HA

76. Trinon Titanium GmbH, 222. Q-Implant® C ISO 9001, EN 46001,
Germany 223. jmp Mini-implant no. 1 (CE 0483)

77. Victory-med, Germany 224. Disk-implantate B —
78. ZL-Microdent-Attachment 225. ZL-Duraplant B (CE 0044) ISO 9001, EN 46001

GmbH, Germany

FDA = FDA Quality System Regulation (formerly GMP, Good Manufacturing Practice).



Studies where implant geometry, material and surface
topography influences on the outcome “ease of place-
ment” are confounded.

The average time used for surgically placing Astra
Tech Tioblast® implants (n = 50) and Brånemark sys-
tem® MkII implants (n = 45) in 18 patients did not dif-
fer between the two systems regarding implant surgery,
ie, 42 minutes.44 The abutment connection was re-
ported to be faster on the Astra Tech implants (15
minutes vs 20 minutes). The authors experienced dif-
ficulties in obtaining a clinically acceptable fit between
the Astra Tech abutment and the superstructure and
attributed this to the conical shape of the abutment and
complication in obtaining perfect alignment.

Category B studies: Controlled clinical trials

Implant geometry influence on the outcome “ease of
placement.”

Friberg et al54 compared the simplifying of the surgi-
cal insertion technique by modifications of the screw
geometry. Brånemark system® self-tapping (MkII) and

standard implants (n = 179) were compared. The au-
thors had intended to carry out the study as a prospec-
tive split-mouth RCT, but this was abandoned while the
study progressed. The new implant geometry was not
entirely successful, in that certain problems were en-
countered during the surgical insertion. The implant
geometry was therefore modified and evaluated in a
subsequent trial on 563 implants in 103 patients. After
the motor driven equipment used to install the im-
plants had been modified a slight improvement was ob-
tained with the new screw geometry.55,56

2. Osseointegration

Summary: Very few comparative studies exist that re-
port the predictability or rate of osseointegration as a
function of isolated geometry influence (ie, material and
surface treatment being identical), due to material in-
fluence (ie, surface treatment and geometry being iden-
tical), or due to surface treatment influence (ie, mater-
ial and geometry being identical). The few studies that
have been carried out are of relatively short observation

The International Journal of Prosthodontics620

Quality of Dental Implants

Table 6 References of the Identified Clinical Studies Where Clinical Outcomes Have Been Associated with Implant or
Implant Abutment Characteristics, Identified as Geometry, Material, Surface Topography or Combinations of These
(Complex) (A1: RCT = Randomised Controlled Trial; A2: Split-RCT = Split Mouth Randomised Controlled Trial; B =
Controlled Clinical Trial; C = Clinical Study Applying Any Other Study Design than A or B, eg, Retrospective Cohort, Case
Series, Case Controls, etc)

Clinical outcome
Study design
& focus & Mechanical Mechanical
number of Ease of Osseointegration Peri-implant Marginal problems failing of
studies Study reference placement (early & late) Esthetics mucositis bone loss of interface implant

A1
Geometry: 2 [31-33][85] — [31–33] — [31-33][85] [31-33][85] [31] —
Material: 2 [34,35][36] — [34,35][36] — — — — [36]
Surface: 1 [37] — [37] — — [37] — —
Complex: 6 [24][25,26][27] [26][29] [24][25,26][27] [27] [24][25,26][27] [24][25,26][27] [25,26] —

[28][29][16,30] [28][29][16,30] [28][29][16,30] [28][29][16,30] [28][29] —
A2

Geometry: 1 [45] [45] [45] — — — — —
Material: 3 [86][87][88] — — [86] [86][87][88] [86] [86] —
Surface: 4 [14][46,47][48][89] — [14][46,47][48] — [14][47][89] [14][46] — [46]
Complex: 5 [38][39][40] [44] [38][41-43][44] — [39][40][44] [38][40][44] — —

[41–43][44]
B

Geometry: 2 [54-56][90] [54-56] — — — [54-56] [90] —
Material: 0 — — — — — — — —
Surface: 0 — — — — — — — —
Complex: 5 [49][50][51][52][53] — [49][50][51] — — [49][52][53] — —

C
Geometry: 17 [19][68][69][70][71] — [19][74][75] — — [70][73] [68][92] [76,77]

[72][73][74][75] [76,77][78][80] [93][94]
[76,77][78][79][80] [81]
[81][92][93][94]

Material: 2 [82][83] — [82][83] — — — — —
Surface: 1 [84] — [84] — — — — —
Complex: 11 [57][58][59,60] — [57][58][59,60] — [18,61][62] — [63][91] —

[18,61][62][63][64] [18,61][64][65]
[65][66][67][91] [66][67]



periods. Geometry influence was addressed in one RCT
and one split-mouth RCT, but found no influence on per-
formance. Material influence has been assessed in two
RCTs, which indicate either minor differences or present
ambiguous data. Surface topography influence has
been addressed in one RCT and three split-mouth RCTs,
which suggest slightly better results with some forms of
surface treated implants compared to turned ones.
Implants with different geometry, material and surface
topographies have been evaluated in six RCTs and three
split-mouth RCTs. These studies fail to demonstrate
clear differences between different implant brands re-
garding osseointegration. This was also corroborated in
three CCT trials. However, as none of these latter stud-
ies were blinded, investigator preferences may have in-
fluenced both the actual trial process as well as the trial
reporting. Finally, a heterogeneous group of clinical
studies employing different strategies to clarify a rela-
tionship between implant morphology and osseointe-
gration failure present contrasting conclusions, as ex-
pected in view of the increased probability of spurious
statistical associations found in clinical studies with
weak methodological designs. A positive element of
these studies is the often large patient samples and/or
long observation periods, but the risk of various forms
of bias introduced in the results should be recognised.

Category A1 studies: Randomised controlled
trials

Implant geometry influence on the outcome “osseoin-
tegration.”

Pairs of cylinder IMZ® with TPS coating or ITI® solid
screw implants with TPS coating were placed in the
mandibles of 40 patients with moderate jaw resorption
and overdentures retained by bar and clip attachments
were made after 3 months. Results after 132 and 2
years31 have been presented. Only one IMZ® implant
was lost, negating any meaningful inferences about
comparability. The implant coatings are assumed to be
identical, but the correctness of this is uncertain.
Moreover, the confounding by other clinical variables
makes it difficult to draw any strong inferences on the
(lack of) influence of implant geometry on osseointe-
gration.

Implant material influence on the outcome “osseointe-
gration.”

IMZ® implants with hydroxyapatite (HA) or titanium
plasma-flame (TPF) were compared over 3 to 7 years by
Mau et al.36 TPF can be considered as synonymous to
titanium plasma spray, TPS. The study sample consisted
initially of 313 patients with partially edentulous
mandibles treated in five German clinical centres. Due
to early dropouts, implant failures, protocol violations or

patient non-compliance the study reported the out-
comes of 89 patients assigned to receive HA and 100 pa-
tients receiving TPF implants. One implant was placed
in each patient that supported a combined tooth-implant
fixed bridge. The employed outcome criteria were im-
plant loss, significant bone loss, Periotest values and
manual mobility of the tooth or implant. The investiga-
tors used multivariate log-rank test on the survival data.
Moreover, separate analyses were conducted for the
participants who switched from the assigned treatment
according to the intention-to-treat principle, as well as
sensitivity analyses using best and worst case scenar-
ios for these patients. No differences were noted be-
tween the two surfaces regarding osseointegration, nor
any of the other outcome criteria addressed in this trial.

Titanium plasma-sprayed cylinder implants
(Sterngold-Implamed®) with and without additional
hydroxyapatite coatings were compared by Jones et
al.34 The study involved 65 patients who received 352
implants in different intra-oral sites to retain a variety
of single crowns, overdentures and fixed bridges. The
authors suggested that the HA coated implants al-
lowed a better initial osseointegration, but a subsequent
paper reported no differences between the two implant
systems following 5 years of observation.35 This report
was difficult to critically appraise as there seemed to be
several confounding variables influencing the result,
lack of study detail descriptions and no other outcomes
besides “loss of implant” were reported. Both the in-
ternal and external validity of this study can therefore
be questioned. 

Implant surface topography influence on the outcome
“osseointegration.”

TiUnite (n = 66) and turned Brånemark system® (n =
55) implants in the posterior mandibles in 44 patients
following applying immediate loading of partial fixed
bridges were compared for 1 year by Rocci et al.37 All
fixed two- to four-unit bridges were connected on the
day of implant insertion. The cumulative success rates
were 85% for the turned (8 failed) and 97% for
theTiUnite (3 failed) after 1 year of prosthetic load in
the posterior mandible. The authors attributed the rel-
atively high failure rates to smoking and poor bone
(quality 4) sites.

Studies where implant geometry, material and surface
topography influences on the outcome “osseointegra-
tion” are confounded.

Meijer et al28 presented 5-year data of edentulous pa-
tients fitted with a mandibular overdenture either re-
tained by two IMZ® (29 patients) or two Brånemark
system® (n = 32) implants. Four implants were lost in
the IMZ® group (93% survival), while for the
Brånemark system® implants the survival rate was
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86% (9 implants lost). The difference was reported to
be not statistically significant.

Southern and Steri-Oss implants were compared
by Tawse-Smith et al.16,30 The implants were loaded
after 12 weeks,16 or after 6 and 12 weeks30 when a
mandibular overdenture was provided for the patient.
No differences were noted in the first study that in-
cluded 24 patients.16 In the second study 48 patients
were allocated to four groups of 12 patients, each re-
ceiving the two implants after 6 weeks or 12 weeks.
Better performance regarding osseointegration was
demonstrated for the Southern compared to the Steri-
Oss implants, of which eight failed to osseointegrate.
Seven of these had been loaded after 6 weeks, they
were on average shorter than the other implants in this
study and they had all been inserted by one of the three
surgeons involved in the study. Thus, it is unclear
whether the lack of osseointegration of these Steri-Oss
implants could be coincidental, whether it depended
on differences in roughness, length or implant geom-
etry or on the fact that the same surgeon had placed
them all.

Brånemark system® implants (n = 102) and ITI® hol-
low screw implants (n = 106) placed in the mandible
were compared in 40 edentulous patients by Moberg
et al.29 Each patient received four, five or six implants
to retain a fixed bridge. Only one implant failed to os-
seointegrate (Brånemark system®), thus no statistical
difference was demonstrated. Brånemark system® MkII
(n = 187) and Astra Tech Tioblast® (n = 184) implants
placed in different intra-oral regions in 66 patients
were evaluated over 1 year by Åstrand et al.26 Eight
Brånemark system® and one Astra Tech implant failed
to osseointegrate, which is a statistically significant dif-
ference on implant level (P � .05). Five of the
Brånemark system® implants that failed to osseointe-
grate occurred in one patient, so no difference was
noted when using the patient as the unit for statistical
comparison.

Pairs of hollow screw ITI®, Brånemark system® and
IMZ® implants were evaluated in three groups of 30 pa-
tients with extensive bone loss in the mandible.24 During
the post-surgery healing period, 1/60 Brånemark sys-
tem® and 1/60 IMZ® implants failed to osseointegrate.
The high clinical success rates in relation to a relatively
small study sample negate any meaningful inference of
statistical significance.

Single tooth implants made from Astra Tech (n = 46)
or ITI® hollow screw and hollow cylinder (n = 56) im-
plants in different intra-oral regions of 82 patients were
evaluated by Kemppainen et al.27 Only one implant
failed to osseointegrate (Astra Tech), so no statistical
difference was demonstrated.

Category A2 studies: Split-mouth randomised
design

Implant geometry influence on the outcome “osseoin-
tegration.”

Friberg et al45 compared the early behaviour of a mod-
ified prototype Brånemark system® MkIV implant with
that of the standard implant in regions of mainly type
4 bone in 44 patients. The patients were followed up for
1 year and the 1-year cumulative success rate was
93% for the MkIV versus 88% for the conventional im-
plants (no statistically significant difference).

Implant surface topography influence on the outcome
“osseointegration.”

Turned (n = 185) and acid-etched (n = 247) implants
of the same geometry manufactured by 3i placed in
97 completely or partially edentulous patients by sev-
eral operators at two clinics was reported by Khang
et al.48 Criteria for success were the absence of peri-
implant radiolucency, mobility, and persistent signs or
symptoms of pain or infection. The implant lengths
and diameters varied, as did the proportion of im-
plants in anterior and posterior maxilla and mandible.
The survival statistics were therefore analysed with
general modelling estimations, ie, multivariate analy-
ses. The implant surface was identified as a signifi-
cant factor for the development of osseointegration.
Of the initially 432 implants a higher proportion of the
etched implants osseointegrated versus the turned
ones (95% vs 87%). The difference was maintained
throughout the observation period following the load-
ing of the implants. Several perplexing details are re-
ported. One is that the time between surgical place-
ment and loading was on average 12.7 months.
Moreover, the temporal descriptors of the various
phases of the trial do not add up correctly. Finally, in
spite of a reported random allocation of the implant,
marked asymmetries of intraoral location were noted.
No details were provided regarding how the general
estimation equations and Kaplan-Meier analyses
were carried out and neither patient drop-out nor pro-
portion of censored data were presented. Thus, the
inadequate reporting cast doubt about the general
validity of this study. 

Sandblasted and acid-etched (SLA) (n = 68) and ti-
tanium-plasma spray (TPS) (n = 68) ITI® implants of the
same geometry were evaluated in a double blind study
by Roccuzzo et al.14 The implants were placed in pos-
terior regions of the mandible. No implant losses were
reported during the healing stage and at 1-year follow-
up. Thus, the two surfaces seemed to be comparable
when addressing the initial osseointegration, at least for
this implant geometry over a short-term period. It
should be noted that in this trial the SLA implants were
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loaded at 43 days postsurgically, while the TPS im-
plants were loaded after 86 days. 

Turned versus TiO2-blasted Astra Tech implants
were evaluated in a multicentre clinical study by
Karlsson et al.47 Fifty patients received at least one
turned and one TiO2-blasted implant to support fixed
bridges in various locations in both jaws. Only two im-
plants, both turned, out of initially 129 failed to os-
seointegrate. Thus, no difference with respect to initial
osseointegration could be demonstrated. However, re-
lating the very high clinical success rates in context with
the relatively small study sample precludes meaning-
ful generalised conclusions.

Studies where implant geometry, material and surface
topography influences on the outcome “osseointegra-
tion” are confounded.

Åstrand et al38 compared the outcome of fitting fixed
partial bridges in the maxilla of 28 patients sup-
ported one side by ITI® and on the other side by
Brånemark system® implants. The healing period
was 6 months for both systems to allow for a single-
versus two-stage surgery technique and the obser-
vation time was 1 year after loading. No significant
difference in survival rate was noted with two
Brånemark system® implants (in one patient) and
one ITI® implant lost.

Astra Tech Tioblast® (n = 50) and Brånemark sys-
tem® MkII (n = 45) implants placed in 18 patients
were compared by van Steenberghe et al.44 One im-
plant was reported lost (Brånemark system®), pre-
sumably due to lack of osseointegration. The very high
clinical success rates in relation to a relative small
study sample negate any meaningful inference of sta-
tistical significance.

One group of investigators included in their study
nearly 3,000 screws, straight and grooved cylinder
and hollow cylinder implants made from pure titanium
and titanium alloys with and without HA coating. The
sponsor of the study had manufactured all the im-
plants (Spectra-Vent). Pairs of different implants were
allocated on a split-mouth basis and stratified by dif-
ferent intra-oral locations. Added to the complexity of
the study design are difficulties in interpreting the
long-term findings as the results are not presented
according to the original stratification and implant al-
location plan. Finally, the reported numbers of placed
implants vary in the different study reports, eg, n =
1,56541, n = 2,91042 and n = 2,64143. In spite of the
many methodological issues that can be raised, how-
ever, a common denominator in the many reports
from this study material is that for the Spectra system
implants, the HA-coated implants and the titanium
implants were comparable regarding osseointegra-
tion.

Category B studies: Controlled clinical trials

Studies where implant geometry, material and surface
topography influences on the outcome “osseointegra-
tion” are confounded.

Chiapasco and Gatti50 evaluated 328 implants placed
in the interforamena area of edentulous mandibles
and immediately loaded with an implant-supported
overdenture. Four implant systems were used, Ha-Ti®

(n = 164), ITI® (n = 84), and 40 each of Brånemark
Conical® and Frialoc implants. Four implants were
placed per patient. Failure criteria were presence of
clinical mobility, peri-implant radiolucency, pain and
peri-implant bone resorption less than 0.2 mm after the
first year of prosthetic load. The success rates after 3
years were 98% for Ha-Ti®, and 95% for the three other
systems. Eight-year survival estimates were only avail-
able for Ha-Ti® (89%) and ITI® (90%), ie, no differences
between the systems were noted.

Pinholt51 compared ITI® and Brånemark system®

implants placed in augmented extremely atrophic max-
illa in 25 patients; 78 Brånemark® and 80 ITI® SLA im-
plants were inserted in the augmented bone and the
patients were followed between 20 and 67 months
post-implantation. The survival rates were 81% for the
Brånemark® (15 losses) and 98% for the ITI® fixtures
(2 losses) but the author failed to describe at what time
this survival estimate is calculated. The results of this
evaluation show that sandblasted large grit acid etched
surface-treated ITI® implants have a significantly higher
survival rate than turned Brånemark® implants in au-
togenous grafted maxillary bone.

ITI® titanium-plasma spray (TPS) and Brånemark
system® implants were compared in a multicentre trial
by Becker et al.49 Three different centres each treated
29 patients using their own surgical techniques, ie,
one stage surgery for ITI® implants (n = 78), and one
stage (n = 80) and two-stage (n = 78) protocols for
Brånemark system® implants. Failed osseointegration
occurred for two ITI®, three two-stage Brånemark sys-
tem®, and two one-stage Brånemark system® implants.
The study design with three separate patient samples
and the low incidence of osseointegration failure in re-
lation to a relatively small study sample negate any
meaningful inference of statistical significance. 

Category C studies: Clinical studies with other
study designs

Many of the studies in this category do not present
enough details to establish whether the numbers rep-
resent failure to develop osseointegration (ie, early fail-
ure) or established osseointegration that subsequently
failed (ie, late failure). The last category includes reports
that use criteria such as “exfoliated implants,” “implant
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mobility,” “implant loss,” “implant removal,” etc, which
can only be presumed to indicate progressive loss of os-
seointegration.

Implant geometry influence on the outcome “osseoin-
tegration.”

Wheeler81 reported the results of the use of the 802
Frialit®-2 system implants in a private practice setting.
Both threaded and press-fit forms had been used with
comparable survival rates (95% vs 97%). The author re-
ported that his experience was that the use of stepped
cylindrical Frialit®-2 implants should not be used in im-
mediate extraction situations.

Hollow screw and solid screw implants manufac-
tured by ITI® (n = 178) placed in 109 partially edentu-
lous patients were compared by Romeo et al.80 A ret-
rospective study based on observation times between
1 and 7 years indicated that the hollow screw and solid
screw demonstrated fairly similar success rates (95%
vs 93% after 5 years). This corroborates earlier findings
reported by Buser et al.19 These latter authors also re-
ported significantly better performance for screw (n =
1,780) versus (hollow) cylinder (n = 336) implants (96%
vs 91% at 7 years). This conclusion was based on a mul-
ticentre study with observation times between 1 and 8
years of 2,359 implants placed in 1,003 patients. The
manufacturer discontinued the production of ITI® hol-
low screws in 1997, not because of any clinically dra-
matic results but rather due to risk estimation taking
into account the inability of access for therapy in case
of infection in the bone internal to the implant.

Brånemark system® implants have since their intro-
duction had slightly different geometries. Investigators
in Leuven, Belgium, have published several papers
that describe their clinical experiences using the dif-
ferent implants and associations to different clinical
outcomes.74–78 Early studies indicated better outcomes
when using self-tapping implants versus earlier types.
Inferior results were obtained with a conical type im-
plant introduced by Nobelpharma in 1987, which was
withdrawn a few years later because of poor clinical
performance. Recent papers, including the patient
sample pools of the earlier reports, report no differ-
ences in performance as an influence of the different
geometries of the Brånemark system® implants.74–77

Implant material influence on the outcome “osseointe-
gration.”

Chuang et al82 carried out a retrospective analysis of
2,349 implants in 677 patients to identify risk factors as-
sociated with failures of Bicon implants. An adjusted
multivariate regression model was used that took into
account clustering effect of implant failures within the
same subject. Implant failures were not associated
with coating (HA, TPS or turned).

Weyant and Burt83 presented survival probabilities of
2,098 implants placed in 598 patients in multiple US
Veterans dental clinics. Statistical modelling analyses
identified no differences regarding osseointegration
between HA coated and titanium implants. The study
fails to mention which implant brands had been used,
making it difficult to generalise the results to com-
mercial products.

Implant surface topography influence on the outcome
“osseointegration.”

The complexity of the relationship between surface
treatment of titanium implants and long-term clinical
performance is noticeable in a case-series report pre-
sented by Davarpanah et al.84 Patients at 13 European
centres had over a 1- to 5-year period received turned
self-tapping (n = 419), ICE (n = 619) and Osseotite® (n
= 545) implants. The implants are all manufactured by
3i and represent three “generations” of implant prod-
ucts, ie, as a function of different geometries and sur-
face treatments. The paper describes that in several in-
stances, the implant types were mixed in the same
patient, which suggests an intention to compare per-
formance on a split-mouth basis. In the results section
of the paper success rates were reported according to
maxilla and mandible, anterior and posterior, implant di-
ameters and implant lengths. The conspicuous detail is
that success rates as a function of different implant sur-
face treatments were not presented and not even ad-
dressed in the discussion part of the paper. Moreover,
the same group of authors had published a previous
paper that was referred to in the text, in which the first
and second generation implants were compared (92%
vs 94% survival after 3 years).95 Although it is not clear
whether the second paper encompasses the 3-year
study sample, one may deduce that a significant im-
provement of treatment success was not achieved with
the newest “generation” of implant design.

Studies where implant geometry, material and surface
topography influences on the outcome “osseointegra-
tion” are confounded.

In Finland a national register for dental implants was
initiated in 1994 and administrated by the National
Agency for Medicines. Systematically collected data on
the numbers of placed and removed implants in the pe-
riod between 1994 and 2000 have been recorded.96 The
agency claims a fairly high reporting compliance ver-
ified by comparisons with the sales figures reported by
the manufacturers and importers of dental implants in
Finland. During the period, 43,533 implant placements
and 808 removals have been registered (1.9% failure).
Three existing implant brands had a higher proportion
of removals than this average (Brånemark system®

324/8,075 = 4.0%, IMZ® 63/1,812 = 3.5% and Frialit®
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239/1,533 = 2.5%). Implant brands with a lower than
the mean removal rate were, eg, ITI® (199/17,270 =
1.2%), Astra Tech (77/7,289 = 1.1%), and 3i (11/1,229
= 0.9%). The validity of employing these data as indi-
cators of estimations of clinical performance of differ-
ent implants can be debated. If the dentists in Finland
under-report implant failures these data may overes-
timate success. It can also be argued that the data may
be underestimates of implant treatment success if pri-
marily retrospective updating of negative events take
place, ie, the dentists do not bother to report treatment
success but report only when some failure may occur.

Valentini and Abensur67 compared IMZ® titanium
plasma spray-coated cylindrical (n = 133) and
Brånemark system® (n = 54) implants placed in sinuses
grafted with anorganic bovine bone mixed with dem-
ineralised freeze-dried bone allograft (DFDBA) or with
anorganic bovine bone alone. The survival rates were
similar for the two implant types in sinuses grafted with
anorganic bovine bone alone after approximately 7 years.

Two different surface treatments of ZL-Duraplant
implants in 137 patients were evaluated in a trial over
2 to 6 years.18,61 Two implant geometries were used,
thus creating study groups consisting of surface treated
cylinders (n = 30), and screws with (n = 339) and
without (n = 58) surface treatments. The surface treat-
ment is electrochemical and recognised by the trade-
mark “Ticer®.” “Failure” was defined as explanted im-
plant. Similar performance was first noted to begin
with, but the cylinders demonstrated poorer results
than the screws after approximately 1 year. Moreover,
the surface-treated screws performed better than the
untreated screws according to the survival statistics (P
� .05). Lack of detail prevents calculations of exact es-
timates of initial osseointegration rates as well as more
long-term treatment outcome success.

Noack et al64 reported on the success of osseointe-
grated implants of the Brånemark system®, Frialit®-1
(Tübingen Implant), Frialit®-2, IMZ® systems and
Linkow blade implants. The lowest loss rates were seen
with implants in intermediate and distal extension
spaces and with single-tooth replacements using IMZ®,
Frialit®-2 and Brånemark system® implants. In eden-
tulous arches, implants of the IMZ® and Brånemark
system® implants had the lowest failure rates.

Scurria et al65 presented retrospective data from a
multicentre patient pool, consisting of 384 implants in
99 patients. Most of the implants were Brånemark sys-
tem® (80%), while the remaining were IMZ® implants.
Uni- and multivariate log-rank and Wilcoxon’s tests of
the survival data indicated no difference between the
implant types. However, the heterogeneity of the study
material and small size of one of the samples suggests
that this would be difficult to detect unless large vari-
able effects were present.

Gómez-Roman et al58 reported results after treating
159 patients with a mandibular overdenture retained by
implants placed between the mental foramina. Three
implant systems IMZ® (n = 168), ITI® Bonefit (n = 150)
and ITI® TPS (n = 109) had been in use over a 10 year
period. The loss of implants was in general very low (n
= 8 in 5 patients), with a slightly poorer outcome of the
TPS implants compared to the two other systems ob-
served over 10 years.

Astra Tech Tioblast® screw (n = 31) and ITI® hollow
screw (n = 93) implants placed in 19 and 56 patients
respectively were evaluated by Ellegaard et al.59,60 The
aim of the study was to evaluate the implants placed
following a sinus membrane lift versus the ones with-
out additional surgery in periodontally compromised
patients. Although the authors write that it was not the
intention to compare the two systems, most of the re-
sults section as well as the statistics in the report ac-
tually focus on this aspect. Univariate survival statistics
indicate no differences between the systems for most
of the evaluated variables, ie, implant loss, bone loss,
pocket depth, bleeding on probing and plaque de-
posits. This is hardly surprising in view of the small sam-
ple sizes. The additional confounding by differences in
patient selection, treatment learning curves, differ-
ences in implant lengths and intra-oral location, etc, in-
validates both the use of the statistics as well as any
conclusions forwarded by this study regarding com-
parisons of implant systems.

Titanium plasma sprayed ITI® (n = 36) and IMZ® (n
= 264) implants with three different geometries fol-
lowed up between 6 months and 11 years were re-
ported by Spiekerman et al.66 Due to the retrospective
study design, changes of operators and variable learn-
ing curves, patient drop-out and selective placements
of implants according to the initial treatment situation
one may question the reliability of making any com-
parisons. Moreover, the implant geometries have
changed since this study was carried out, and only one
of these (IMZ®, 3.3 mm) is still available today.

De Bruyn et al57 described the performance of im-
plants placed by the main author in a private practice.
The authors first employed Screw Vent® and Swede
Vent® implants (Core Vent Company), of which they
placed 85 and 11 implants in 31 patients before chang-
ing to Brånemark system® implants (n = 107) in 25 pa-
tients. This report actually describes two separate case
series and although the authors compare the out-
comes of the two systems, factors such as patient se-
lection, treatment learning curve, differences in im-
plant lengths and intra-oral location, etc, exclude any
meaningful conclusions. Moreover, incomplete re-
porting of patient compliance and drop-outs, different
length of the observation periods, small sample sizes
and lack of statistical analyses invalidate many of the
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authors’ conclusions about implant comparability.
Finally, the Screw Vent® implant that today is manu-
factured by Centerpulse has another geometry to the
one used in this clinical study.

A paper by d’Hoedt and Schulte97 presented follow-
up results from five implant systems, but the report is
of limited value today. Most of the implants evaluated
are no longer in production (Frialit Tübingen® and
ITI® E, K & H types) and the other implants are early
generations of modern type implants (IMZ®, ITI® TPS
and Brånemark system® implants), with relatively short
follow-up time. Moreover, the report lacks details about
the observed failure patterns and does not present
comprehensive documentation of the clinical perfor-
mance for all five implant systems, but rather focuses
on highlighting the performance of one of the implant
systems.

3. Aesthetics

Summary: Only one RCT and one split-mouth RCT
have included this outcome as part of the reporting.
Both studies concluded that the aesthetic outcome is
associated neither with implant system nor abutment
material.

Category A1 studies: Randomised controlled
trials

Studies where implant geometry, material and surface
topography influences on the outcome “aesthetics” are
confounded.

Astra abutments were used for the Astra Tech im-
plants (n = 46) and standard ITI® solid abutments as
well as ITI® Octa abutments were used on ITI® implants
(n = 56) to retain single crowns in 82 patients.27 No dif-
ferences were noted regarding patient satisfaction with
the aesthetics after 1 year of observation.

Category A2 studies: Split-mouth randomised
design

Implant material influence on the outcome “aesthetics.”

Ceramic (n = 44) versus titanium (n = 44) abutments
placed on single tooth Brånemark system® implants
were compared in a trial using a combined parallel and
split mouth RCT study design.86 No differences were
observed regarding aesthetics at 1 and 3 year follow-
up observations.

4. Peri-Implant Mucositis

Summary: The influence of implant/abutment geom-
etry on peri-implant mucositis could not be estab-
lished in two RCTs. The influence of implant/abutment

material is inconclusive based on three small split-
mouth RCTs. The same conclusion applies to influence
of the implant/abutment surface topography, evaluated
in three split-mouth RCTs. Implants with different
geometry, material and surface topographies were
evaluated in six RCTs and three split-mouth RCTs.
Minor differences regarding prevalence of peri-im-
plant mucositis as a function of these variables were
noted with up to 3 years’ observation.

Category A1 studies: Randomised controlled
trials

Implant geometry influence on the outcome “peri-im-
plant mucositis.”

Cylinder IMZ® with TPS coating and ITI® solid screw
implants with TPS coating were placed in the mandibles
of 40 patients with moderate jaw resorption and over-
dentures retained by bar and clip attachments were
made after 3 months.32 Signs of peri-implant mucosi-
tis were similar in the two groups, which was also cor-
roborated by microbiological findings in the 3-month
report,32 and over 1 year33 and 2 years.31

Gatti and Chiapasco85 compared two-piece and one-
piece transmucosal Brånemark system® implants that
had been immediately loaded with an overdenture.
Five patients in each group received four implants
each. No differences were noted regarding periodon-
tal indices after 1 and 2 years, but the sample size was
so small that this study should be regarded as a pilot
study only.

Studies where implant geometry, material and surface
topography influences on the outcome “peri-implant
mucositis” are confounded.

Brånemark system® MkII (n = 187) and Astra Tech
Tioblast® (n = 184) implants in 66 patients demon-
strated no significant differences with regard to peri-im-
plant mucositis after 1 year and 3 years,26 and 5 years.25

Southern and Steri-Oss implants demonstrated sim-
ilar prevalences of peri-implant mucositis around pairs
of implants retaining mandibular overdentures after 116

and 2 years.30

Fixed partial dentures were fabricated on Brånemark
system® and ITI® hollow screw implants placed in the
mandible of 40 completely edentulous patients. The de-
gree of peri-implant mucositis over 3 years was similar.29

Meijer et al28 presented 5-year data of edentulous
patients fitted with a mandibular overdenture either
retained by two IMZ® (29 patients) or two Brånemark
system® implants (n = 32). No differences were noted
with regard to different periodontal indices, ie, plaque,
gingival, bleeding and calculus indices and probing
depth. Hollow screw ITI®, Brånemark system® and
IMZ® implants in three groups of 30 patients provided
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with a mandibular overdenture retained by a bar-clip
on pairs of implant abutments presented no differ-
ences with regard to peri-implant mucositis at 1 year.24

Astra Tech (n = 46) and ITI® hollow screw and hol-
low cylinder (n = 56) single tooth implants in differ-
ent intra-oral regions of 82 patients showed the same
degree of peri-implant mucositis after 1 year of ob-
servation.27

Category A2 studies: Split-mouth randomised
design

Implant material influence on the outcome “peri-im-
plant mucositis.”

Ceramic (n = 44) versus titanium (n = 44) abutments
placed on single tooth Brånemark system® implants
demonstrated no differences regarding measurements
of various indices of peri-implant tissue health after 1
and 3 years.86

Barclay et al87 selected 14 patients who had been
provided with a mandibular denture retained by a
Dolder-bar on two IMZ® implants for at least 12
months. Each pair of abutments was replaced with a ce-
ramic-coated abutment or a new conventional one and
soft tissue parameters were recorded over the next 12
weeks. No differences were noted with regard to peri-
implant mucositis, although the authors concluded that
the soft tissue response “may vary in features that are
not apparent when assessed by conventional clinical
parameters.”

A group of investigators in Leuven, Belgium, has
carried out extensive studies on abutments with dif-
ferent surface topographies and chemistry and possi-
ble influences on soft tissues by applying a range of dif-
ferent outcome criteria. Clinical criteria were reported
by Bollen et al,88 who followed six patients provided with
a mandibular overdenture retained by pairs of a ceramic
and a titanium abutment for 1 year and noted no clin-
ically significant differences regarding soft-tissue re-
sponse.

Implant surface topography influence on the outcome
“peri-implant mucositis.”

The soft-tissue response was similar for four different
titanium implants with different degrees of surface
roughness when observed over 3 months.89 The author
emphasises that the findings apply only for titanium
abutments with a low surface roughness, ie, less than
Ra = 0.20. The conclusions were corroborated by other
studies where microbiological outcome criteria have
been used. 

Sandblasted and acid-etched (SLA) (n = 68) and ti-
tanium plasma sprayed (TPS) (n = 68) ITI® implants of
the same geometry placed in the posterior edentulous
regions in the mandible and provided with fixed bridges

showed identical presence of peri-implant mucositis
over 1 year.14

Turned and TiO2-blasted Astra Tech implants re-
taining fixed partial dentures demonstrated no signif-
icant difference regarding peri-implant mucositis over
5 years. At baseline 5% of the TiO2-blasted implants
and none of the turned implants showed signs of peri-
implant mucositis. After 1 year the respective figures
were 12% and 9%, after 3 years 12% and 4% and after
5 years 6% in both groups.46

Studies where implant geometry, material and surface
topography influences on the outcome “peri-implant
mucositis” are confounded.

Jeffcoat et al40 compared 615 implants placed in 120
edentulous patients. Each patient received five or six
Brånemark system® or a hydroxyapatite-coated
threaded or cylindric implant of an unknown brand. No
differences were noted with regard to periodontal in-
dices over 1 to 5 years.

Geurs et al39 followed 120 healthy edentulous pa-
tients that each had received five or six implants in the
anterior mandible for 3 years. At least one implant was
either a threaded titanium plasma-sprayed (Steri-Oss),
or a threaded or cylindric HA-coated implant of un-
known brand. After 3 years, periodontal indices of 470
of the originally 634 placed implants were reported and
no differences were noted.

Astra Tech Tioblast® (n = 50) and Brånemark sys-
tem® MkII (n = 45) implants were reported to be
comparable with regard to probing pocket depth,
plaque and bleeding on probing over 2 years’ obser-
vation.44

Category C studies: Clinical studies with other
study designs

Studies where implant geometry, material and surface
topography influences on the outcome “peri-implant
mucositis” are confounded.

Two different surface treatments of 497 ZL-Duraplant
screw and cylinder implants placed in 137 patients
could not be associated with different criteria used to
describe peri-implant mucositis, ie, papilla bleeding,
probing depth and sulcus fluid flow rates over a follow
up period of 2 to 6 years.61

Astra Tech and Brånemark system® single tooth im-
plants that had been in function for a minimum of 2
years in 30 patients were examined by Puchades-
Roman et al.62 Bleeding on probing was similar for
both implant brands. A difference in probing depth
was observed (Brånemark 3.3 mm vs Astra Tech 2.7
mm, P = .03). The authors attributed this to probable
disparity in biologic width relative to the implant
geometries.
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5. Marginal Bone Loss

Summary: Implant geometry influence on marginal
bone loss has been appraised in two RCTs, but with
short observation periods and no difference between
geometries. Influence of abutment/implant material
has only been examined in one split-mouth RCT, with
a negative conclusion. Surface topography influence
studied in one RCT and two split-mouth RCTs give in-
conclusive evidence of specific surface superiority.
Finally, several studies where implants with different
geometry, material and surface topographies have been
evaluated using a RCT design (n = 6) and split-RCT de-
sign (n = 3) failed either to detect significant differences
in bone loss or the observation period was too short for
making general conclusions about clinical significance.
A few non-randomised controlled clinical trials (n = 4),
on the other hand, suggest that there may be signifi-
cant differences between different implant brands. This
is also corroborated by two case series reports that
focus on a possible influence of implant-abutment
geometry on bone loss. However, the possibilities of
bias introduced by utilising less rigorous study designs
should be recognised.

Category A1 studies: Randomised controlled
trials

Implant geometry influence on the outcome “marginal
bone loss.”

IMZ® cylinder implants with a TPS coating or ITI® solid
screw implants with TPS coating placed in the mandible
to retain overdentures by bar and clip attachments
demonstrated similar mean bone loss (0.6 mm) after 1
year.32 The loss after 2 years was 1.1 mm for the IMZ®

one-stage, 0.8 mm for IMZ® two-stage and 1.2 mm for
ITI® (one stage).31 The relatively short observation pe-
riod restricts any generalisation about the influence of
geometry on marginal bone loss. 

Gatti and Chiapasco85 compared, over 2 years, two-
piece and one-piece transmucosal Brånemark sys-
tem® implants in two groups of five patients each.
Four implants were placed in each mandible and im-
mediately loaded with an overdenture. The bone re-
sorption did not differ statistically between the two
groups, which is likely due to the small sample sizes.

Implant surface topography influence on the outcome
“marginal bone loss.”

TiUnite (n = 66) and turned Brånemark system® (n =
55) implants were placed in the posterior mandibles of
44 patients and immediate loading was applied with
partial fixed bridges.37 The marginal bone resorption
after 1 year of loading was on average 0.9 mm with the
TiUnite implants and 1.0 mm with the turned implants. 

Studies where implant geometry, material and surface
topography influences on the outcome “marginal bone
loss” are confounded.

Astra Tech and Brånemark system® implants used for
maxillary and/or mandibular reconstruction revealed
no significant differences in bone loss either in the
maxilla or the mandible at 1 year (Astra Tech 1.6 mm,
Brånemark 1.9 mm),25 3 years (Astra Tech 1.5 mm,
Brånemark 1.8 mm)25 and 5 years.26 The greater bone
loss following abutment connection for the Brånemark
system® was likely due to more flap reflection. 

Southern and Steri-Oss implants demonstrated sim-
ilar bone loss after 1 and 2 years around pairs of im-
plants retaining mandibular overdentures.16,30 It is un-
clear as to whether differences in implant surface
topography or implant geometry between the two
tested implants or different types of retaining abut-
ments on the implants confound the observed clinical
outcome.

Astra Tech (n = 46) and ITI® hollow screw and hol-
low cylinder (n = 56) implants were restored with sin-
gle crowns following a 6-month period of healing. The
baseline radiographs taken 1 week after crown place-
ment were compared to radiographs taken at 1 year.27

The marginal bone loss was similar for both implant
brands (0.1 mm).

Brånemark system® implants and ITI® hollow screw
implants placed in the mandible were compared in 40
edentulous patients.29 Reconstructions were full arch
prostheses and radiographs were obtained at pros-
thesis insertion, 1, and 3 years. The results revealed
no significant difference between the implant systems
at 3 years. Four implants exhibited progressive bone
loss (three ITI® and one Brånemark) and 13 implants
had measurable marginal bone loss at 3 years (five
ITI® and eight Brånemark). The remaining implants
either exhibited no marginal bone changes or bone
gain.

Meijer et al28 presented 5-year data of edentulous
patients fitted with a mandibular overdenture either re-
tained by two IMZ® implants (n = 29) or two
Brånemark system® implants (n = 32). The bone loss
was not presented as mean values in the paper, but the
authors reported that it did not differ between the two
groups after 5 years.

ITI®, Brånemark system® and IMZ® screw implants
were placed in pairs in 30 patients with an edentulous
mandible to support an overdenture. Based on a stan-
dardised technique, significantly less bone loss was
recorded at 12 months with the ITI® implant (0.2 mm)
compared with either the Brånemark system® im-
plant (0.3 mm) or the IMZ® implant (0.5 mm).24

However, the clinical significance of these differences
is unclear.
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Category A2 studies: Split-mouth randomised
design

Implant material influence on the outcome “marginal
bone loss.”

Ceramic (n = 44) versus titanium (n = 44) abutments
placed on single tooth Brånemark system® implants
were compared in a trial using a combined parallel and
split mouth RCT study design.86 No differences were ob-
served regarding bone loss measurements, which
amounted to about 0.1 mm on average, but with a wide
variance of bone loss among patients (SD up to 0.6 mm).

Implant surface topography influence on the outcome
“marginal bone loss.”

Turned and TiO2-blasted (Tioblast®) Astra Tech im-
plants supporting fixed partial dentures were com-
pared annually for 5 years.46 Radiographs were made
using a standardised technique. One observer blinded
to the implant surface measured the marginal bone
loss. The observed bone loss exhibited no significant
different between the systems at 5 years. The turned
implant bone loss was 0.2 mm both in the maxilla and
the mandible, while the comparable loss for the TiO2-
blasted implants was 0.5 mm.

Sandblasted and acid-etched (SLA) (n = 68) and
plasma sprayed (TPS) (n = 68) implants of the same
geometry (ITI®) were placed in the posterior edentu-
lous regions in the mandible. At the 1-year follow-up
the accumulated bone height levels showed a mean
marginal bone loss of 0.6 mm (SLA) and 0.8 mm
(TPS).14 The short observation period restricts further
generalisation about the influence of surface topogra-
phy on bone loss.

Studies where implant geometry, material and surface
topography influences on the outcome “marginal bone
loss” are confounded.

Jeffcoat et al40 compared hydroxyapatite-coated
threaded and HA-coated cylindric implants of an un-
known brand with Brånemark system® implants in 120
edentulous patients. Each patient received five or six
implants, of which at least one was of each implant. All
three implant types had success rates above 95% after
5 years, when “failure” was defined as more than 2 mm
bone loss.

Twenty-eight patients with fixed partial bridges in the
maxilla supported by ITI® and Brånemark system® im-
plants on each side were observed over 1 year.38 There
was no significant change of the marginal bone (0.2
mm, Brånemark system® and 0.1 mm, ITI® implants).
The authors noted that a crater-form bone loss was ob-
served around some of the ITI® implants (18%).

Astra Tech Tioblast® (n = 50) and Brånemark sys-
tem® MkII (n = 45) implants placed in 18 patients

demonstrated minor differences in the change of the
marginal bone levels over 2 years (0.2 mm for Astra
Tech versus 0.0 mm for Brånemark system® implants).44

Category B studies: Controlled clinical trials

Implant geometry influence on the outcome “marginal
bone loss.”

Self-tapping Brånemark system® MkII implants (n = 88)
demonstrated similar bone loss compared to the stan-
dard Brånemark system® implants (n = 91) over 0 to 3
years (0.6 mm)54,55 and over 0 to 5 years (0.8 mm).56

Studies where implant geometry, material and surface
topography influences on the outcome “marginal bone
loss” are confounded.

Titanium-plasma spray (TPS) ITI® implants and
Brånemark system® implants were compared in 3 � 29
patients in a multicentre trial by Becker et al.49 The pa-
tients were treated at three different centres that each
used their specific surgical technique, ie, one stage pro-
tocol for ITI® implants (n = 78), and a one stage (n =
80) and a two-stage (n = 78) protocol for the
Brånemark system® implants. The respective changes
in bone crest measurements after approximately 15
months observation were 1.3 mm (maxilla) and 1.0 mm
(mandible) for the ITI® implants. The corresponding fig-
ures for the Brånemark system® implants were for the
one stage and two stage placement respectively 0.1 mm
and 0.1 mm, and 0.2 mm and 0.4 mm for the maxilla and
the mandible. The authors did not carry out any statis-
tical comparisons between the two implant brands at
any stage.

A threaded titanium, a cylinder-shaped titanium with
hydroxyapatite plasma-sprayed coating (HA), and a
cylinder-shaped titanium plasma-sprayed coating
(TPS) implant, all manufactured by 3i, were placed in
the anterior mandible of 15 edentulous patients.52 The
TPS implants demonstrated significantly more mar-
ginal bone loss at 3 years than the other implants.
Mean marginal bone loss was 0.7 mm (range 1 to 4
mm) for the titanium implants, 1.2 mm (range 1 to 4
mm) for the HA implants, and 2.5 mm (range 1 to 6 mm)
for the TPS implants. Images were used, which do not
allow precise assessments (especially less than 0.5
mm). Thus, the rank order of bone loss is likely to be
the more appropriate finding than the actual amount
of marginal bone loss. The three different implants
were also applied in a non-submerged application in
the edentulous mandible. The baseline time for deter-
mination of marginal bone loss was at prosthesis con-
nection. In this study five implants were lost and did not
provide data for bone loss. The remaining implants re-
vealed marginal bone loss ranging from 0 to 3 mm after
3 years. The mean marginal bone loss was 0.3 mm
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(range 0 to 2 mm) for the titanium implants, 0.5 mm
(range 0 to 1 mm) for the HA implants and 1.5 mm
(range 0 to 3 mm) for the TPS implants.53 The findings
of this study reinforce the rank order of marginal bone
loss seen in the previous study; however direct com-
parisons of data are complicated by the fact that dif-
ferent baseline times were used.

Category C studies: Clinical studies with other
study designs

Implant geometry influence on the outcome “marginal
bone loss.”

Four different geometries of Brånemark system® im-
plants and four different abutments were used to re-
tain 82 single crowns in 58 patients in a retrospective
study.70 Greater bone loss was seen around a conical
type implant compared to the implants with other
geometries over 2 years, ie, 1.2 mm versus 0.6 mm the
first year and +0.2 mm and +0.1 mm the second years. 

A similar study design was carried out in Belgium73

reporting the results of 84 single crowns on Brånemark
system® implants with four different geometries placed
in 75 patients and followed over 3 years. More bone
loss was recorded around the conical implants (1.9
mm) versus the other self-tapping designed implants
(0.6 mm).

6. Mechanical Problems of the Implant-
Abutment-Superstructure Connections

Summary: The low incidence of mechanical problems
reported in four RCTs precludes any general conclu-
sions. The single split-mouth RCT suggests that ce-
ramic abutments may be more prone to mechanical
problems than metallic ones during placement, but
once this is overcome, the clinical performance is com-
parable. A limited number of studies using less rigor-
ous and occasionally also retrospective study designs
suggest that the abutment geometry may affect the in-
cidence of mechanical problems over time. However,
the possibilities of bias associated with non-prospec-
tive study designs should be recognised.

Category A1 studies: Randomised controlled
trials

Implant geometry influence on the outcome “mechan-
ical problems.”

Cylinder IMZ® with TPS coating and ITI® solid screw
implants with TPS coating were placed in the mandibles
of 40 patients with moderate jaw resorption and over-
dentures retained by bar and clip attachments were
made after 3 months.31 During the 1-year observation
period, significantly more mechanical problems were

encountered with the IMZ® system, mainly related to
the healing caps.

Studies where implant geometry, material and surface
topography influences on the outcome “mechanical
problems” are confounded.

Brånemark system® MkII and Astra Tech implants (n
= 184 + 187) placed in 66 edentulous patients to re-
ceive fixed prostheses demonstrated comparable and
low levels of mechanical complications over 5 years.25,26

Brånemark system® and ITI® hollow screw (n = 102
+ 106) implants placed in the mandible of 40 edentu-
lous patients to receive fixed prostheses showed sim-
ilar very low incidence of mechanical complications
over 3 years.29

Meijer et al28 reported that multiple prosthetic revi-
sions were necessary over 5 years in a group of eden-
tulous patients fitted with a mandibular overdenture ei-
ther retained by two IMZ® implants (29 patients) or two
Brånemark system® implants (n = 32). Broken abut-
ments were more frequent for the IMZ® implants.

Category A2 studies: Split-mouth randomised
design

Implant material influence on the outcome “mechanical
problems.”

Andersson et al86 compared, in a trial using a combined
parallel and a split mouth RCT study design, 44 ceramic
versus 44 titanium abutments placed on Brånemark
system® implants. Several fractures of the ceramic
abutments were experienced during the abutment
placement (5/34), but comparable performance was
noted over the next 3 years.

Category B studies: Controlled clinical trials

Implant geometry influence on the outcome “mechan-
ical problems.”

In a 5- to 7-year follow-up of 429 HA-coated cylindric
implants (Omniloc) placed into 121 patients the me-
chanical failure rate was significantly higher for im-
plants with angled abutments (21%) versus straight
abutments (3%).90

Category C studies: Clinical studies with other
study designs

Implant geometry influence on the outcome “mechan-
ical problems.”

Bambini et al92 compared two systems for interfacing
the abutment described as being “antirotational,” ie,
“Spline®” and “Threadloc®” systems. Implants were
placed only in mandibular sites in edentulous areas
originally occupied by first bicuspid to second molar
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teeth. Twenty-seven patients had 44 Threadloc® im-
plants and 32 patients had 52 Spline® implants. After
3 years, three single Threadloc® implants (20%) and
five pairs of joint Threadloc® implants (6%) showed
problems and a possible prosthetic screw loosening.
With the Spline® series, no screw loosening was en-
countered. The study concluded that the Spline® sys-
tem was more “stable” than the Threadloc® system.
However, the study made the interesting remark that:
“Problem cases were solved by increasing the torque
from 30 to 35 Ncm, and in accordance with other stud-
ies, clinical screw joint stability was improved without
changing the geometry of the implant/abutment in-
terface.” Thus, the relevance of the initial findings can
be debated.

Retrospective case series evaluations of single teeth
and partially edentulous jaws report that older types of
abutments demonstrated more loose screws than the
newer abutments with other geometries.68,93,94

Although studies with a retrospective design intro-
duce the risk of several varieties of study bias, it is a fact
that manufacturers have continuously modified the
geometric designs of the abutments and screws, one
may presume as a response to feedback from clinicians
experiencing specific mechanical problems with im-
plant systems.

Studies where implant geometry, material and surface
topography influences on the outcome “mechanical
problems” are confounded.

Krausse et al63 compared the requirement for mainte-
nance, modification, repair or remake of the implant-
supported overdentures made for 46 edentulous pa-
tients over 8 years. Implants were either Brånemark
system® (n = 90) or ITI® (n = 32). Less maintenance
was required for the Brånemark system® implants
(67% remained unrepaired) compared to the ITI® im-
plants (55%).

Behr et al91 demonstrated the importance of having
precise fitting, non-resilient abutment components
leading to rigid connections of suprastructures instead
of a resilient design. In a retrospective study with up to
8 years’ follow-up the rate of mechanical complications
of 138 ITI® implants was significantly lower (13%) than
for 50 IMZ® implants with resilient anchoring compo-
nents (71%).

7. Mechanical Failing of Dental Implants

Summary: One RCT and one split-mouth RCT and a
few trials based on other study designs provide infor-
mation on fracture incidence. The findings provide lit-
tle information on the possible relationship between
implant characteristics and mechanical failing of the
implant. 

Category A1 studies: Randomised controlled
trials

Implant material influence on the outcome “mechanical
failing of implant.”

IMZ® implants with hydroxyapatite (n = 89) or titanium
plasma-flame coating (n = 100) supporting three-unit
premolar-implant bridges in partially edentulous
mandibles were compared over more than 3 years by
Mau et al.36 The fracture rates were reported to be com-
parable, ie, 0.3% and 0.1% respectively. (Percentages
calculated from the total number of implant inspections
over 3 to 7 years). It is slightly unclear from the text
whether the rates represent only bulk, ie, horizontal, or
also partial fractures.

Category A2 studies: Split-mouth randomised
design

Implant surface topography influence on the outcome
“mechanical failing of implant.”

Gotfredsen and Karlsson46 reported in their study on
fixed partial dentures retained by 133 turned and TiO2-
blasted Astra Tech implants that two of the turned im-
plants fractured within the first 2 years of function. No
further fractures occurred during the 5-year observa-
tion period.

Category C studies: Clinical studies with other
study designs

Studies where implant geometry, material and surface
topography influences on the outcome “mechanical fail-
ing of implant” are confounded.

The Finnish implant register indicates that approxi-
mately 35 implants have been removed due to fracture
between 1996 and 2000. This constitutes 0.4% of the
removed implants during the period (n = 808). This is
a remarkably low number in view of the fact that 43,553
implants have been placed during the same period. The
register does not report whether a specific implant
brand is over-represented in this figure.96

Other long-term clinical retrospective studies cor-
roborate that implant fracture is a rare incidence. Naert
et al76,77 report 0.9% over 16 years (mean 5.5 years) for
Brånemark system® implants in partially edentulous sit-
uations. Eckert et al98 reported a 0.6% fracture rate of
4,937 Brånemark system® implants in the maxilla and
the mandible and with the highest fracture rate in par-
tially edentulous patients (1.5%) versus 0.2% in fully
edentulous jaws. Bahat99 reported 0.2% fractures over
5 to 12 years with Brånemark system® implants in the
posterior jaw. Balshi100 reported a similar incidence,
also for Brånemark system® implants. A higher inci-
dence of fractures is associated with location in the
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posterior region, fixed partial dentures supported by
one or two implants with cantilever load magnification
and bruxism or heavy occlusal forces.5

Discussion

Promotional Material

Only a few manufacturers produce brochures that con-
tain references to scientific studies documenting the
performance of their products and/or present objective
information supported by research reports, or present
this on their website. Moreover, rather surprisingly, rel-
atively few websites inform to what extent the manu-
facturers and/or products comply with international
standards (Table 5). Many countries require proof of
product or producer adherence to a standard in order
to allow marketing. One reason is perhaps that most well
established manufacturers may consider such infor-
mation in their promotional material as redundant be-
cause the CE mark is mandatory for marketing a prod-
uct in Europe and FDA approval is mandatory for USA.

Standardisation

Standards relevant to the manufacturing of dental im-
plants fall into two categories, either quality assurance
of the manufacturing process or directly applicable to
the actual implant or components of the implant sys-
tem. The first category of standards centres on the
manufacturing process with focus on, for example, de-
velopment, production, installation, servicing and doc-
umentation (eg, ISO9001, ISO9002, EN46001, EN46002,
ISO13485). The majority of manufacturers comply with
these standards (Table 5). Accredited certification bod-
ies (synonymous to “notified bodies”) verify and con-
trol that the manufacturers adhere to such standards.
The equivalent concept in the USA is an adherence to
the Good Manufacturing Practice (GMP), which is reg-
ulated by the Food and Drug Administration (FDA).
Both standards involve possible on-the-spot inspec-
tions of the product facilities. It is important to note that
these standards contain no requirements to the end
product, ie, the actual dental implant. 

Marketing a product in the USA requires the sub-
mission of a pre-market notification (510(k) statement)
to the FDA. This consists in essence of documentation
that the submitted product has substantial equivalence
to a product that is already on the market with specific
information about safety and clinical effectiveness.
General requirements for submissions of endosseous
implants are indications for use, device description and
sterilisation information. Upon request the manufac-
turer must also provide data on mechanical, corrosion
and biocompatibility testing, as well as characterisation

of any coatings used. Further requests may also include
documentation of test reports as well as data from an-
imal and 5-year clinical studies. Additional require-
ments need to be fulfilled if the implant coating in-
cludes calcium phosphate. The FDA are currently
revising the requirements and one proposal is that the
current prerequisite for 5-year clinical data can be re-
duced to 3 years with the implant under loaded con-
ditions (www.fda.gov/cdrh/ode/guidance/1389.html).

In Europe, a common system for all member coun-
tries of the European Union (EU) replaced in 1998 all
national certification programmes for dental products
that were in existence. This system is based on an EC
council directive (ED93/42/EEC) pertaining to medical
devices. The directive includes dental products and is
in essence a demand that all medical devices need to
be accredited by a certified body before marketing and
sale within the EU. All medical devices are categorised
into class 1, 2a, 2b and 3 depending on the risk of po-
tential adverse biological effects, and the required doc-
umentation of safety and effectiveness is lowest for
class 1 products and increases with higher classifica-
tion. Dental implants are placed in category 2b. The
proof of an accreditation is the CE label, and once ob-
tained, the product can be sold without any trade bar-
riers within the EU. The producer can chose one of two
alternatives to obtain the CE label. Alternative one is to
have their quality assurance system for the production
inspected and appraised by a controlling body. In prac-
tice, the assessment is done relative to the quality sys-
tem standards ISO9001 or the European equivalent
EN46001. Alternative two is to have the actual product
certified. The problem with this approach is that there
are few requirements and the implants are only tested
to see whether they reflect the product descriptions
supplied by the manufacturer.

The European standard EN1642–Dental implants in-
cludes requirements for (1) intended performance, (2)
design and properties, including add-on components,
(3) sterilisation and packaging, (4) marking, labelling and
information supplied by the manufacturer that include: 

1. Documentation that a risk assessment has been
carried out, eg, according to a specific ISO proce-
dure (EN-ISO14971), 

2. Materials need to comply with property require-
ments needed for implants, described in two ISO
technical files (EN-ISO10451 and EN-ISO14727)
and must be assessed for biocompatibility accord-
ing to specific usage tests described in other ISO
documents (EN-ISO7405 and EN-ISO10993). The
prefabricated parts intended to connect a supras-
tructure to dental implants need to comply with
property requirements described in more detail in
an ISO technical file (EN-ISO14727), 

The International Journal of Prosthodontics632

Quality of Dental Implants



3. Dental implants need not be manufactured under
sterile conditions or supplied sterile, but the con-
dition in which they are supplied requires clear de-
scription on the package. Guidance for sterilisation
methods is described in ISO documents (EN550,
EN552, EN556) and 

4. The information required needs to comply with de-
tails regarding use of symbols and minimum infor-
mation on labelling and instructions for use.

In practice, an overwhelming majority of all certifi-
cation processes are focused on the production
process and not on the end products. None of the
manufacturers advertised on their websites or in their
promotional printed materials that their products com-
plied with EN1642. This signifies that the traditional in-
dependent testing of products according to various
standards often are not carried out since the EU di-
rective does not explicitly instruct that this needs to be
done. European authorities do not implement addi-
tional requirements beyond the CE label. It can be
speculated whether the present regulatory systems in
the USA and Europe can account for the fact that the
large majority of the dental implant brands lack solid
clinical documentation of beneficial effects for the pa-
tient (Code A in Table 5). It is even apparent that im-
plant systems can be marketed in the EU with the cur-
rent legislation system without any documentation of
clinical performance at all in well-known peer-reviewed
scientific journals (Code D in Table 5).

Clinical Documentation

Only approximately 10 implant systems were clinically
documented in accordance with that which we de-
scribed as extensive. Moreover, it can even be argued
that the criteria applied in this paper to define “exten-
sive clinical documentation” is not rigorous enough, ie,
more than four prospective and/or retrospective clin-
ical trials (Code A in Table 5).

Some venture that more than four studies are
needed to verify the results of implant systems used
in a variety of indications combined with surgical tech-
niques appropriate today.101 Moreover, although the
identified systems received this classification code, it
does not mean that they are equivalent in clinical per-
formance. It just signifies that the clinical performance
of the system has been documented in peer-reviewed
journals, not necessarily shown to exhibit high clini-
cal performance. The reliability of applying the coding
of A to D in Table 5 to different implant systems can
also be debated. We acknowledge that it is impossi-
ble to draw strict criteria between systems where an
implant brand can be considered extensively docu-
mented versus the next level of evidence of docu-

mentation, etc, so the subjective nature of this cate-
gorisation is recognised. 

One needs also to take into consideration that the
output of new research findings is not static, so Table
5 needs to be interpreted with some caution. What re-
mains, however, is that among the many implant sys-
tems marketed today, only a minority is adequately
documented scientifically, and worse, many implant
systems are marketed without any clinical documen-
tation at all of the alleged clinical benefit for patients. 

In general, a substantial number of claims made by
different manufacturers on claimed superiority due to
implant geometry, material and surface treatment are
not based on sound clinical scientific research. We
have deliberately not included specific examples of
claims made by named manufacturers of clinical su-
periority related to particular implant features for two
reasons. Firstly, because we regard labelling specific
manufacturers selectively as counter-productive, and
secondly because the contents of advertisements and
websites change continuously.

Implant Characterisation

Categorising implants according to their geometry is a
complex task, especially when also taking into account
that many implants display variations along the vertical
axis due to selective different surface treatments.
Systems for classification of implants can be constructed
according to morphological differences. However, the
concept of such classification systems and construction
of subcategories needs to reflect clinically relevant data
in order to be meaningful. Since we still lack this basic
knowledge it remains difficult to establish a valid cate-
gorisation system for dental implants. This calls for a very
critical appraisal of the relevance of different implant
characteristics for the clinical performance. Ideally, the
manufacturer should provide this information, but re-
grettably this is not usually the case. The rationale for
the continuous redesigning of new geometric shapes is
often based on finite element studies and also, for par-
ticular implants, histological evaluations in animal stud-
ies. The validity of these studies which use surrogate
outcomes in place of clinical outcomes to predict clin-
ically significant improvements remains uncertain. On
the other hand, the few clinical studies that do exist do
not clearly identify implant geometry as an important
factor when it comes to treatment success. 

Implant Material

The majority of manufacturers today limit the produc-
tion to c.p. titanium implants and many manufacturers
who previously sold an array of titanium, titanium-alloy,
and calcium-phosphate implants have discontinued
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manufacturing the last category. One may infer that
c.p. titanium and titanium-alloy with or without a hy-
droxyapatite coating are the materials of choice for den-
tal implants. Dental implants made from any other ma-
terial should not be used if the manufacturer cannot
demonstrate scientifically sound evidence of an at-least
equivalent clinical record compared to titanium-based
implants. 

Implant Surface Treatment

Although one may suspect that marketing distinction
can be a driving force for promoting new and alterna-
tive surface-treated dental implants this issue is com-
plex. One must bear in mind that the science on inte-
gration between bone tissues and alloplasts is relatively
young. New knowledge and alternative hypotheses
have been generated continuously during the last
decades, but the research community still does not un-
derstand the exact biological mechanisms that regu-
late and control optimal bone integration.

The first implants made in the mid-1970s were ma-
chined with a turning process, and several manufac-
turers attempted to replicate this manufacturing prac-
tice. Today, several manufacturers have abandoned
this method in preference for different surface treat-
ments. This decision is mainly based on results from
various experimental studies showing faster and firmer
bone fixation for surface enlarged implants. The clini-
cal reason for using the new surface modifications is
the possibility of speeding up the healing process and
loading the surface modified implants at an earlier
time than generally recommended for turned implants.

Influence of Implant Characteristics on Clinical
Performance

Differences in quality of dental implants may or may not
have an influence on clinical success, and these dif-
ferences will be reflected by different problems en-
countered at the different phases of the treatment. A
few implant manufacturers carry out elaborate animal
and/or laboratory studies to minimise the risk of a non-
predictive clinical outcome. Such experimental data
must be confirmed by clinical observations reported in
peer-reviewed scientific journals. The reporting of re-
sults in company-sponsored literature alone is not suf-
ficient and should be appraised very critically.

“Ease of placement” is a rather vague description for
a characteristic of a dental implant. It comprises the ob-
vious benefit of a tapered form versus a straight implant
in situations with limited space for a single tooth re-
placement. The issue becomes more complex when
addressing self-tapping versus non-self-tapping im-
plants, and claims of benefit of specific implant apex

morphologies related to primary implant stability. The
clinical sign of a “difficult placement” is conceivably a
lack of primary implant stability.

Regarding the first issue, the choice of a tapered ver-
sus a straight implant is more a question of correct di-
agnosis and proper treatment planning rather than an
indication of implant quality per se. Thus this feature
cannot be regarded as an indication of “good” and
“less good” implant quality. Primary implant stability can
reflect how well the site was prepared to receive the ac-
tual implant rather than quality marks of the implant per
se. It is critical that the exact set of burs relevant to the
implant product are employed and that they are not
worn. Moreover, any deviations from the standard site
preparation procedure as advocated by the manufac-
turer for the specific implant system, either accidentally
or intentionally, will jeopardise the primary stability of
the inserted implant.

A lack of strict adherence to adequate bone site
preparation may be more detrimental for the initial
stability than specific morphological characteristics of
the implants. Moreover, given the required surgical
proficiency needed to prepare bone for implants, it is
improbable that small differences in implant geometry
would have any effect on the surgeons’ impression of
“ease of placement.” Finally, it should be noted that
“ease of placement” is not necessarily related to “time.”
Any surgical procedure that increases the risk for over-
heating of bone is definitely not recommended.

The most important outcome following an implant in-
stallation is of course that the implant osseointegrates
with a high degree of predictability. An additional focus
today, however, is how fast this osseointegration can
be achieved. Although there may be treatment situa-
tions where rapid osseointegration is desirable, the
merits of a rapid osseointegration must not overshadow
the long-term clinical outcomes. Rather few studies
present data from long term follow-up, ie, more than 5
years, and the few that are available can at best be
characterised as prospective case series of single im-
plants, and occasionally it is just too apparent that the
study is published merely as a covert promotion of a
specific implant brand. Hardly any data comparing dif-
ferent implant systems exists that have been followed
for 5 years, and to date no data exists beyond 5 year’s
observation. That the short Brånemark system® im-
plants failed more frequently than longer implants was
reported in most clinical reports in the 1980s and
early1990s, both in controlled clinical trials as well as
in case series descriptions.54,65,78,103 Other studies eval-
uating other implants also associate more failures to
“short” implants, eg, Omniloc implants,90 ITI® im-
plants,71 Bicon implants82 and 3i turned implants.104

One must pay attention to the term “short,” which in
some papers means implants 6 to 7 mm in length,
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while in others the term “shorter” can be defined as
anything less than, for example, 14 mm.72

Some manufacturers highlight that this is not the
case with their products. Such claims need careful
evaluation since reports often cited to support such
claims have either severe statistical flaws or are
methodologically weak. For example, ITI® advertise-
ments cite one large study with extensive follow-up
time,19 but the paper lacks proper multivariate survival
statistics such as Cox regression or proportional haz-
ards modelling. Another example is a study evaluating
Osseotite® implants where the authors emphasised
that “the shorter implants performed similarly to longer
implants,” although the study was not designed to ad-
dress that issue.13

An intriguing finding is that an investigator group in
Leuven, Belgium, who earlier reported an association
between implant length and failure risk, do not demon-
strate such a clear relationship following a reanalysis of
the study material using more complex multivariate sta-
tistics.74,75 It has even been reported in a recent clinical
study that the failure of Brånemark system® implants in
this study was more frequent among the longer (15 to
18 mm) compared to the shorter implants.79

What must be remembered is that any study with a
retrospective design is at risk from potential recall and
examiner bias. Moreover, any demonstrable numerical
relationship between two clinical variables in an often
extensive and heterogeneous data set may in theory
also be due to confounding clinical or patient factors,
or it can be just a spurious statistical phenomenon. A
prospective study that addresses the influence of im-
plant length on treatment success, preferably ran-
domised and/or blinded, can provide indications as to
the extent to which this may be an aetiological factor
for implant failure. As no such studies have been car-
ried out, it cannot be ruled out that the reported asso-
ciation between implant lengths and clinical failure is
a reflection of anatomical limitations in actual treatment
situations. In other words, implant length is a surrogate
variable for what actually represents differences in
case and site selections in clinical trials. In the same line
of discussion is the controversy of alleged benefit of
wide diameter implants. Chuang et al82 applied multi-
variate regression on data of 2,349 Bicon implants and
associated failures with short implant length, but not
with implant diameter. Also Davarpanah et al105 and
Friberg et al106 reported positive experiences with plac-
ing wide implants, while findings from other investi-
gators should caution against their indiscriminate
use.107–110 It has been proposed that different alloy
compositions used for different components of the re-
construction can create galvanic effects and thereby
cause adverse soft-tissue reactions and perhaps even
implant failure.111 This would theoretically signify that

implant systems where this is the case should be
avoided. However, the hypothesis remains unconfirmed
and is not based on solid clinical evidence.

The clinical significance of the reported differences
in bone loss among the implant systems must be con-
sidered in relation to the fact that reliable bone loss
measurements of less than 0.2 mm are difficult to
achieve, even in in vitro situations.112 Moreover, in
many reports the variations in bone loss among the in-
dividuals in the study sample vary considerably, as in-
dicated by very large standard deviations (SD). The SD
exceeds, often many times, the differences between im-
plant brands. This signifies that the relative importance
of the implant factor as such is minor in relation to other
confounding factors associated with the patient and the
clinicians. Moreover, short-term results on bone loss
require cautious interpretation, especially in studies
where one- and two-surgical stage implant systems are
being compared.24,27,29,32,33,38 Short-term studies help
to elucidate the physiological remodelling that occurs
around implants of different designs, but it is informa-
tion about the long-term prognosis of an implant that
allows the patient to decide whether implant-based
prosthetics is a therapy option for them or not. Although
it is known that the largest bone loss around implants
occurs during the first 12 months following the surgi-
cal insertion,113 there is currently no consensus as to
what extent results from short-term clinical studies
can predict long-term performance of dental implants.

Mechanical problems of the implant/abutment/su-
perstructure connections arising as a function of con-
nection morphology are a very complex and much de-
bated topic in the dental literature. The reason is partly
due to the lack of systematic collection of prospective
clinical data, and the heterogeneity of results pre-
sented in the many published case series of single im-
plants or implant systems. The very low incidence of
mechanical problems calls for very large study samples
over a long time span to find meaningful results. Thus,
the only realistic study design to employ is careful ex-
amination of failed implants and/or retrospective data
analyses. An alternative strategy is to maintain a data-
base of placed and removed dental implants, but the
only country to have implemented this so far is
Finland.96 One may question why other countries have
not done the same, especially those that have set up
national registers for breast and/or hip implants.

The main engineering goal of abutment designing is
to provide what, in the language of basic mechanics,
would be termed a “fixed joint” between implant and
abutment. That is, one that can resist all six components
of force and moment applied to the joint during service
conditions. In assessing the success or failure of a
fixed joint, two questions arise: “What are the three
force and three moment components that are typically
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applied during service conditions of the joint? and,
how well do the various implant-abutment geometries
stand up to these service conditions?” The fundamen-
tal problem is that full data are lacking on exactly what
these loading components really are in vivo. Limited
data exist, but are insufficient to permit conclusions
about in vivo loading conditions on implants in every
location in the mouth, under all conceivable prosthetic
conditions in any given patient.114 Consequently, it re-
mains difficult to assess laboratory testing of abut-
ment systems without knowing the relationship to loads
intraorally. Overall, with laboratory testing of abut-
ment-implant systems of various types, the challenge
remains to “close the loop” in relating laboratory test
data to actual clinical conditions. Currently it is pre-
mature to make sweeping conclusions about which
systems are clinically best without test data linked di-
rectly to in vivo conditions.

All implants may be subject to mechanical fractures.
However, technical failures of implants are relatively
sparsely described in the literature.115 Although there
have been a few clinical reports of fracture of implants,
in contrast to the more common fractures of abutment
screws and prosthetic screws, fractures are important
because of the significant consequences to the patient.
Overload seems not to be an aetiological factor as a
cause for implant fracture clinically.116,117

General Aspects of the Clinical Performance of
Implants

It must be emphasised that there is an inherent dan-
ger in limiting the focus of qualitative patient care to just
the actual dental implant hardware. Surgical skills may
be more important for clinical success than differences
in implant characteristics.118 An absolute requirement
for the clinician before providing implant therapy is
that adequate training has been obtained. Of impor-
tance is an awareness of possible risk factors involved,
and the knowledge of which patient to refer to more
specialised centres and which patient one may cope
with based on one’s own clinical proficiency. Careful
preparation of the implant site with adequate cooling
and under adequate asepsis is a precondition for im-
planting foreign materials into bone. A number of clin-
ical studies have reported a significant influence on the
treatment result depending on the skills of the surgeon,
which may be separated into erroneous treatment plan-
ning or the operator’s actual handling skills.103,119,120

Particular products seem to perform well in the
hands of specific clinicians, but fail when used by other
operators. This leads to the question whether some im-
plant brands contain “technique sensitive characteris-
tics,” confounding the issue of whether it is inade-
quate training or technique sensitivity characteristics

that explain the lack of success in the hands of other
operators. Both lecturers and salespersons promoting
specific implants occasionally insinuate that particular
implants are “more forgiving” than others in the sense
that the implants perform satisfactorily in spite of less
highly developed surgical proficiency. It is clearly im-
possible to conduct clinical studies to clarify such an
issue for logistical and ethical reasons. Thus, any claims
of superior technique sensitivity cannot be entirely dis-
regarded, but should perhaps be regarded with a cer-
tain level of scepticism. Moreover, it has also been
suggested that from a clinical or microbiological per-
spective implant failures seem primarily to be at a pa-
tient level rather than at an implant level.121–123 Thus,
besides the operator, even tangible and intangible pa-
tient aspects may be more relevant aetiological factors
in implant failure than the actual implant hardware.

The report of the Finnish national implant register
states that the most common reason for implant fail-
ure is a lack of osseointegration within the first year
after the surgical operation. Later sudden loss of os-
seointegration is usually unexpected, and is often not
preceded by any clinical observable special event.96 It
is unknown whether the underlying reason may be
due to the patient, the operation team, the supercon-
struction or the actual implant. Patient-related rea-
sons include medical condition before operation, smok-
ing, accidents or perhaps irresponsible use of implant
and neglect of home care. Reasons related to the op-
eration team include wrong indication or neglect of
contra-indications, lack of experience, or the prevail-
ing implant culture (implant selection, operation tech-
nique, inadequate equipment or staff, decisions during
the operation and treatment, neglect of signals re-
ceived during follow-up, neglect of systematic follow-
up). Finally, potential failures due to the implant per se
may include inadequate design of the implant, raw
material imperfection, manufacturing defects, and de-
ficiency in sterilising and storing.96

Factors Besides the Implant Hardware

Also, other hardware components besides the actual im-
plant body and abutment may influence the clinical re-
sult. Several clinical studies have focused on compar-
ing fixed versus removable prostheses on implants or on
two versus another number of implants, eg, four im-
plants. Other studies have appraised cemented versus
screw-retained fixed prostheses as well as different
types of attachment systems for removable prostheses.
Additional potentially confounding factors identified in
laboratory experiments are the effects of the material
used for the prosthetic superstructures and/or unpre-
dictable loading due to superstructure misfit. The sig-
nificance of the presence of, and on the location of, an
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interface or “microgap” between the implant and abut-
ment/restoration in two-piece configurations remains
debatable. Several factors may influence the resultant
level of the crestal bone under conditions where a gap
exists, including possible movements between implant
components and the size of the microgap (interface) be-
tween the implant and abutment.123 At present, possi-
ble microgaps are not regarded as an aetiological fac-
tor in causes of early implant bone loss.113 Possible
other negative elements for a successful clinical result
that have been identified in laboratory experiments are
the effects of the occlusal anatomy and cantilever situ-
ations due to the implants’ locations and/or the pros-
thesis extension, inadequate torque used to tighten
screws, etc. These study data are not included in the pre-
sent paper. It should be acknowledged that at least
some of these issues are indirectly associated with de-
sign characteristics and differences in component tol-
erance limits of dental implant systems.

Considerations for Future Research

The extensive diversity of implant characteristics is not
necessarily only a result of manufacturers trying to ob-
tain a brand distinction in fierce commercial compe-
tition. Patent infringement lawsuits have also played
an important role during the last decades, especially
in the USA. However, the diversity is also a sign of the
confusion regarding which implant characteristic
should be considered to be clinically important. It is
probable that this dilemma will continue until there is
consensus on the most appropriate requirements—pa-
tient based or clinician based—for minimum clinical
performance of this treatment modality.102 Moreover,
until fairly recently, implant manufacturers have been
reluctant to support clinical trials where different im-
plant characteristics have been compared and espe-
cially if these have included an element of compari-
son between different manufacturers. The relatively
few clinical studies that have been conducted (Table
3) have mostly compared different implant brands,
whereby the influence on outcome due to implant
geometry, material and surface topography is con-
founded. Few clear conclusions regarding the relative
importance of these elements individually can there-
fore be determined. We will remain ignorant as long
as there is a lack of clinical trials properly designed to
study such basic factors. Added to this complexity is
the increasingly common study aim of comparing im-
mediate, early and conventional loading done in one-
stage surgery. Apart from the terminology dispute
about what should be considered “early,” we may
perhaps discover that some combinations of mater-
ial/geometry/surface treatment are required for some
special treatment situations, while some other 

combinations may be optimal for others. There is also
an ethical dilemma in comparing different implants.
One needs a hypothesis that it is possible to offer the
patient a better treatment than the best documented
results available, to justify a comparison in vivo. The
documented implant brands all show very good results
with almost no serious complications. Hence, a sig-
nificant number of subjects are needed to separate
one implant from the other. The problem is that his-
torically, a systematic approach to elucidate these
mechanisms has not been published in the literature
and does not seem to be part of the international re-
search agenda. Finally, new trials should preferably
compare positive effects/outcomes, in contrast to the
more common analyses of the adverse biological and
mechanical problems (ie, when the failures are
counted under the assumption that the non-failures
are survivals).

Considerations for the Practising Dentist

The existing scientific clinical documentation should be
the major consideration factor for selecting dental im-
plants. However, given that several implant systems ap-
pear comparable, it would seem legitimate that dentists
should also consider other factors that may be re-
garded as implant system “quality” in a broad context.
Other factors that may be taken into consideration be-
yond the scientific data can be:

• Is the manufacturer represented locally and can
they be consulted easily? 

• Can they deliver required products timely and re-
liably in extraordinary situations? 

• The manufacturer’s ethical and professional repu-
tation. Is the manufacturer’s promotion exact, fair
and comprehensive?

• Does the manufacturer provide service and train-
ing possibilities?

• Ease of use. Are the training requirements for using
the implant system intricate?

• Flexibility of applications. Some dentists may pre-
fer a wide selection of alternative prosthodontic op-
tions such as o-rings, attachments and choice of
screw retained or cemented superconstructions,
possibility for cast and cemented abutments, an-
gled abutments and anti-rotational abutments.

• Stock inventory. Is it necessary for the dentist to ac-
quire an extensive supply of hardware to meet dif-
ferent treatment situations and thereby induce high
inventory costs?

• Engineering design. Since mechanical defects will
occur sooner or later, are elaborate and/or time-
consuming techniques necessary in order to make
adjustments or remakes?
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• Costs. The cost of the surgical and prosthetic start-
up kit, the cost per implant and per component, and
the course/training costs need to be taken into ac-
count. Also the accumulated time required for ad-
justments and mechanical failures needs to be
taken into account as this involves other issues
such as patient trust and opportunity cost.

Conclusions

The scientific evidence of the influence of dental im-
plant materials, geometry and surface topography on
clinical performance is limited and not particularly
methodologically sound. There is therefore little basis
from the clincial literature for promoting specific im-
plants or implant systems as more or less high quality.
However, it would seem prudent to avoid using dental
implants with no records of clinical documentation,
especially if the manufacturer has not disclosed
whether the manufacturing process is carried out ac-
cording to general principles of good manufacturing
practice, eg, according to the quality assurance systems
developed by ISO or FDA.

A general characteristic of the trials identified in this
paper is the almost unanimous focus on clinical crite-
ria that address implant level treatment outcomes,
rather than prosthesis, patient and societal perspec-
tives. It can be questioned whether many of the out-
come criteria described in this paper are in fact only
surrogate criteria for treatment success, which in the
last instance is the patient’s experience relative to the
patient’s expectations. Cost-benefit and cost-utility
analyses to differentiate between dental implant sys-
tems need therefore to be addressed in future research. 
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