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ABSTRACT

Background: Since osseointegration of the respective implant is claimed by all manufacturing companies, it is obvious that
not just one specific surface profile including the chemistry controls bone apposition.

Purpose: The purpose was to identify and separate out a particular set of surface features of the implant surfaces that can
contribute as factors in the osseointegration process.

Material and Methods: The surface properties of several commercially available dental implants were extensively studied
using profilometry, scanning electron microscopy, and transmission electron microscopy. Ultrathin sections prepared with
focused ion beam microscopy (FIB) provided microstructural and chemical data which have not previously been com-
municated. The implants were the Nobel Biocare TiUnite® (Nobel Biocare AB, Göteborg, Sweden), Nobel Biocare Steri-Oss
HA-coated (Nobel Biocare AB, Yorba Linda, CA, USA), Astra-Tech OsseoSpeed™ (Astra Tech AB, Mölndal, Sweden),
Straumann SLA® (Straumann AG, Waldenburg, Switzerland), and the Brånemark Integration Original Fixture implant
(Brånemark Integration, Göteborg, Sweden).

Results: It was found that their surface properties had differences. The surfaces were covered with crystalline TiO2 (both
anatase and rutile), amorphous titanium oxide, phosphorus doped amorphous titanium oxide, fluorine, titanium hydride,
and hydroxyapatite, respectively.

Conclusion: This indicates that the provision of osseointegration is not exclusively linked to a particular set of surface
features if the implant surface character is a major factor in that process. The studied methodology provides an effective tool
to also analyze the interface between implant and surrounding bone. This would be a natural next step in understanding
the ultrastructure of the interface between bone and implants.

KEY WORDS: dental implants, FIB, osseointegration, profilometry, SEM, surface morphology, TEM, titanium,
ultrastructure

Titanium screws have been the most used dental

implant for decades. Ever since the discovery that Ti

may integrate in bone tissue,1 many types of Ti implants

have been used for reconstructions and repair of bone.

The original implant was structured by a machining

process and performs well in the human body. However,

the strive for improved results in compromised tissues, a

reduction of the initial healing period, and increased

competition between manufacturers have driven them

to modify the implant surfaces allegedly enhancing

osseointegration. In this study, we have analyzed five of
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the most common dental implants, from a machined Ti

screw via sandblasted and etched screws to coated ones.

The outermost surface is naturally the most impor-

tant feature of the implant with respect to osseointe-

gration; therefore, this study contributes with a

visualization and chemical analysis of it. These surface

differences have usually been extensively analyzed with

respect to clinical performance.2,3 Interestingly, there are

only a few publications addressing the surface structure

and elemental composition at high magnification, that

is, ultrastructural studies.

One reason for the few reported high-resolution

studies is likely that it is very difficult to prepare samples

that have good-enough quality to enable ultrastructural

characterization, that is, morphology, crystallinity, and

elemental distribution, for transmission electron micros-

copy (TEM). The TEM sample must be prepared care-

fully to make it very thin (~100 nm or less). The focused

ion beam (FIB) microscope is ideal for this purpose.With

the FIB, TEM samples can be prepared with submicron

site specificity from almost any material. These samples

can then be directly transferred to a TEM for high reso-

lution, chemical, and crystallinity analysis.

In this article, five commercially available implants

(Nobel Biocare TiUnite®, Nobel Biocare AB, Göteborg,

Sweden; Nobel Biocare Steri-Oss® hydroxylapatite

(HA) coated, Nobel Biocare, Yorba Linda, CA, USA;

Astra Tech OsseoSpeed®, Astra Tech AB, Mölndal,

Sweden; Straumann SLA®, Straumann AG, Walden-

burg, Switzerland; and the Brånemark Integration

Original Fixture Implant, Brånemark Integration,

Göteborg, Sweden) were studied. The TiUnite surface

is produced by anodic oxidation, which creates its

porous surface structure. Anodic oxidation is an elec-

trochemical process where the implant is immersed in

an electrolyte while a current is applied which will

make the implant the anode in an electric cell; this will

oxidize the implant. The electrolyte used and the

current applied for the TiUnite are, however, unknown.

The OsseoSpeed surface is a fluoride-modified TiO2

blast surface. The TiO2 blast surface is made of com-

mercially pure Ti, which is grit blasted with 25 mm

TiO2 particles.4 The subsequent fluoride modification,

which OsseoSpeed undergoes, is a diluted hydrofluoric

acid treatment.4,5 The resulting surface structure of the

mentioned treatments gives an isotropic roughness;

hence, no preferred direction of the surface irregulari-

ties.5 The name of the Straumann surface, SLA, is an

abbreviation for sandblasted, large grit, acid etched.

The large grits for the sandblasting are corundum par-

ticles in the size range of 0.25 to 0.5 mm.6–8 The sand-

blasting is followed by an acid etch in tempered HCl/

H2SO4.6,7 These processes leave pits and craters. The

pits have an average diameter of 1 mm, and they coa-

lesce to form the larger craters with an average diam-

eter of 10 mm.8 The Brånemark original implant

represents the pure Ti surface and was also included in

the study. This screw had been turned, machined, and

autoclaved before packaging and is considered to rep-

resent a minimally rough Ti surface.9

MATERIALS AND METHODS

Five different commercially used Ti implants, shown in

Table 1, were purchased and subsequently analyzed with

respect to their surface roughness and morphology. The

roughness was measured by interference profilometry.

The surface morphology was analyzed via scanning elec-

tron microscopy (SEM) and TEM from low resolution

to very high resolution. Elemental analysis by energy-

dispersive X-ray spectroscopy (EDS) and energy-filtered

TEM (EFTEM) was conducted in the TEM. X-ray pho-

toelectron spectroscopy (XPS) was used to confirm the

fluorine content on the OsseoSpeed surface. The TEM

sample preparation was made in an FIB microscope.

Profilometry

The implants were transferred from their storage boxes

as delivered to a WYKO NT-2000 (Veeco Instruments,

Inc., New York, USA) 3D interference microscope, in

order to measure the surface roughness. The results were

averaged over two surface scans (119 ¥ 91 mm) in the

thread valley of the implants and presented as the arith-

metic mean value Sa with SD. The resolution level of the

equipment was in vertical axis 3 nm and in the lateral

plane 0.5 mm. The measurements were corrected with

regard to the implant cylindrical shape with the software

of the microscope. An additional overview scan

(605 ¥ 460 mm) was performed to be able to see the form

of the threads and cylindrical center of the implant.

Microscopy

SEM. All samples were taken from their storage boxes

as delivered from the supplier. They were handled with

tweezers and plastic gloves in a clean room environ-

ment. Each implant was subsequently attached with an
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adhesive carbon tape as well as an aluminum tape on

an SEM sample stub. Hereafter, the samples were

inserted in a Leo 1550 (Carl Zeiss, Oberkochen,

Germany) FEG–SEM operated at 20 kV. All images

were acquired with secondary electron detectors in the

magnification range from 50 to 150,000 times of which

only some selected are shown in this article.

FIB. Prior to insertion in the dual-beam FIB micro-

scope, some samples were sputter coated with a thin

film of Au/Pd to protect the implant surface during the

initial alignments of the FIB. On samples where a thin

oxide was studied, the surface was protected with an

electron-beam-deposited Pt layer inside the FIB. The

Dualbeam FEI strata 235 FIB (FEI Company, Eind-

hoven, the Netherlands) has one ion gun column and

one electron gun column separated by an angle of 52°.

The ion column utilizes a Ga+ source where the ions

are accelerated at 30 kV and with different ion currents

used for cutting or imaging of the sample structure. It

is also used for depositing a protective Pt layer over

the area intended for TEM sample preparation. The

electron gun operated at 5 to 10 kV was used for

nondestructive high-resolution imaging as well as

preprotection layer (Pt) deposition. With the FIB, thin

(~100 nm) TEM lamellae can be cut with mm site-

specific precision and transferred to a TEM grid in

several ways.10–13

TEM. For high-resolution imaging, diffraction, and

elemental analysis transmission electron microscopes

were employed. A JEOL 2000FX (JEOL Ltd., Tokyo,

Japan) with a LaB6 filament operated at 200 kV was used

for bright field (BF) imaging as well as selected area

diffraction (SAD). Scanning TEM (STEM) combined

with EDS, EFTEM, as well as high-resolution TEM

(HRTEM) was performed in the FEI Tecnai F30 ST

equipped with a Gatan Imaging Filter (Gatan, Inc., Cali-

fornia, USA) and was operated at 300 kV. The e-beam

spot size was about 1 nm during STEM/EDS acquisi-

tions. The low-magnification BF imaging was made to

study the implant surface morphology and was com-

bined with SAD to verify the different crystalline phases

present at the surface of some of the implants. The

chemistry of the surfaces/coatings was characterized via

EDS in STEM mode as well as by EFTEM. Structure

determination via HRTEM (lattice imaging) was also

conducted.

XPS. The XPS is a highly surface-sensitive method that

was used for analyzing the OsseoSpeed surface in the

search for fluorine. Only the outermost 10 to 50 Å of the

original surface was analyzed in one spectrum. For ana-

lytical information at greater depths, depths profiling

with Ar ions can be used. This measurement was con-

ducted on a Physical Electronics Quantum 2000 (Physi-

cal Electronics, Inc., Minnesota, USA) using Al Ka

(1486.6 eV) radiation.

RESULTS

TiUnite

The roughness value was measured to Sa = 1.55

1 0.01 mm according to interference profilometry. The

TABLE 1 Dental Implants Included in this Study

Implant Lot Number Cat Number Reference Expiry Date Analysis

Nobel Biocare TiUnite 341252 62003 2007-05 TEM analysis

669821 28913 2011-08 Profilometry

Nobel Biocare HA coated 339530 61078 2007-03 TEM analysis

339530 61078 2007-03 Profilometry

Astra Fixture MT 3.5 OsseoSpeed 28698 24511 2010-06 TEM analysis

28698 24511 2010-06 Profilometry

31591 24511 2010-12 XPS analysis

Straumann standard implant SLA 1072 043.132S 2010-06 TEM analysis

1072 043.132S 2010-06 Profilometry

Brånemark Integration Fixture Original 8.5 02-05-019-01 BI-00006 2007-05 TEM analysis

02-05-019-01 BI-00006 2007-05 Profilometry

HA = hydroxylapatite; TEM = transmission electron microscopy; XPS = X-ray photoelectron spectroscopy.
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SEM images show that the TiUnite implant has a rough

surface with many pores that stand up like volcanoes

from the implant surface (Figure 1). The size of these

pores varies between 0.06 and 12 mm. The pore depth is,

however, unknown. The sample was therefore prepared

from a site between micropores (Figure 2) on the first

thread from apex with the ex situ lift-out technique and

placed on a holey carbon TEM grid, which was trans-

ferred to the TEM for further analysis. By these measure-

ments, the coating was found to be about 2 mm thick on

the first thread. The whole coating is visible in a BFTEM

image (Figure 3A). At the bottom of the image, the pure

Ti is present, going upward to the interface between Ti

and the dense amorphous titanium oxide. There is a

porous layer consisting of titanium oxide. Further, there

are some large pores present in the denser amorphous

titanium oxide. Large crystalline clusters are embedded

in the surrounding amorphous oxide matrix. At the

implant surface, there is only amorphous titanium

oxide, but one should bear in mind that the sample is

only a few microns wide so there might be areas where

the surface looks different. According to SAD (see

Figure 3B), the crystalline grains present in the amor-

phous titanium oxide matrix are anatase TiO2 although

a few spots could originate from the thermodynamically

more stable rutile TiO2. From the center of the figure,

the (101) ring appears strongest as expected for ran-

domly oriented oxide grains. The other indexed spots

are originating from (004) and (200) anatase TiO2.

HRTEM analysis of a crystalline grain (lattice imaging

of (101) with d = 3.5 Å) (see Figure 3C) confirms the

anatase phase and also shows the adjacent amorphous

oxide. The elemental distribution is shown from inside

the Ti up to the implant surface (Figure 4A). The Ti

signal dominates in the Ti implant, but there was also O

present from the native oxide formed on the Ti of the

TEM sample. In the porous interface, Ti and O peaks

were dominant, and according to the high-resolution

study (see Figure 4B), there was no P present in this

layer.

HA Coated

The surface roughness of this implant was

Sa = 3.29 1 1.15 mm. However, SEM analysis in a micron

scale shows that there are flat areas of the HA coating

(Figure 5). In some areas, it was evident that the HA

coating had cracked. However, it did not flake off (see

Figure 5). The TEM sample was lifted out in situ in the

FIB from the first thread from apex; unfortunately, the

sample did not reach all the way down to the Ti part of

the implant. Therefore, the total coating thickness is still

unknown. From the TEM analysis, it was found that the

top 1 to 2 mm of the HA layer is amorphous while the

rest is crystalline (Figure 6). According to both SAD (not

shown) and HRTEM (Figure 7), it fits well with the HA

JCPDS reference file,14 which means it is the hexagonal

packed HA phase with lattice parameters a = 9.42 Å and

c = 6.88 Å. The HA(101) with a lattice spacing of 5.3 Å is

imaged in Figure 7. The bubbles present in the back-

ground were created during electron beam irradiation.

EDS was also performed for quantification of the Ca/P

ratio. However, it was found that the sample was

Figure 1 Scanning electron micrograph of the TiUnite implant
with its characteristic pores that stand up from the surface.

Figure 2 Scanning electron microscopy image of the area where
the transmission electron microscopy sample was made.
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extremely sensitive to electron beam damage, which led

to large variations in elemental composition between

different EDS measurements.

OsseoSpeed

From our analysis, we have found that the OsseoSpeed

implant had a macroscopically rough and microscopi-

cally island-like surface structure as shown in the SEM

image (Figure 8). As it was etched in diluted HF during

processing, it is likely that the islands consist of thick

titanium oxide, whereas the lower surfaces are where the

oxide has been etched away. To study the morphological

difference between an island and the lower surface, two

TEM specimens were prepared in the FIB. The first

sample studied was that of an island, which is presented

in Figure 9. The island consisted of a porous mixture of

anatase and rutile TiO2, and it varied in thickness

between 0.5 and 1 mm in the specimen made. The HF

was supposed to leave remains of F on top of the oxide.

The fluorine was not detected by EDS in the TEM

sample. However, it was found by analyzing the implant

surface by XPS (Figure 10). Another TEM sample pre-

pared over an area where no island was visible shows

(Figure 11, A and B) that the oxide layer can be very thin

down to 10 nm and of amorphous structure (see

Figure 11B).

A B

C

Figure 3 A, A transmission electron micrograph of the TiUnite coating down to the Ti substrate showing the morphology as well as
the crystalline phases present in the layer. B, Selected area diffraction pattern acquired with a 2 mm selected area aperture that
allowed the whole coating to be analyzed in one pattern. The diffuse ring likely corresponds to the amorphous titanium oxide, and
the three indexed diffraction spots are originating from the anatase TiO2 phase. C, high-resolution transmission electron microscopy
showing an anatase grain adjacent to the amorphous oxide. The lattice spacing imaged is the (101) of anatase TiO2.
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SLA

This implant had one of the roughest surfaces accord-

ing to the profilometry measurement in Table 2.

The roughness value (Sa) was measured to be

1.98 1 0.08 mm, which is somewhat smaller than the

referred values. The large roughness can also be seen

in the SEM image (Figure 12) where the surface was

characterized by dimples and very sharp edges. The

morphology of the Straumann SLA surface can be

studied from a cross-sectional TEM sample (Figure 13).

A high density of dislocations was found in the

surface region of the implant. These probably originate

from sandblasting during manufacturing. In our SAD

and HRTEM investigations, the titanium hydride was

not identified. In addition, no hexagonal a-Ti phase

or tetragonal anatase or rutile TiO2 phases were

found.15–17

Brånemark

The original dental implant surface is the as-machined

surface. This implant had a roughness value

B

A

Figure 4 A, A scanning transmission electron microscopy
(STEM) image showing the sample from Ti substrate to the
implant surface. The arrowed line marks where the
energy-dispersive X-ray spectroscopy (EDS) line scan was
acquired. The underlying graph shows the integrated intensities
from Ti, O, and P spectra along the line. B, The interface
between the amorphous oxide and the Ti consists of a porous
titanium oxide without any P according to the STEM/EDS
analysis shown in the figure.

Figure 5 A scanning electron microscopy image showing the
surface morphology of, and the cracks in, the hydroxylapatite
coating.

Figure 6 A bright field transmission electron microscopy image
showing the amorphous and crystalline hydroxylapatite coating
on the Steri-Oss implant.
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Sa = 1.53 1 0.05 mm, however very anisotropic which

was reflected in the SEM analysis (Figure 14). The

topography is mainly created during the machining of

the implant, which leaves scratches on the surface where

the bottom of a thread is rougher than the top surfaces.

From the TEM analysis (Figure 15), the smooth surface

is shown with the underlying polycrystalline Ti. The

titanium oxide was measured to be 10 nm thick and

crystalline of unknown phase (see Figure 15). The con-

trast difference between the ion-beam- and the electron-

beam-deposited Pt layers is pronounced (Figure 16).

The Pt and Ti were found to be easily identifiable,

whereas the interface between them, that is, the Ti

surface, was not. To confirm the oxygen content of the

surface, energy-filtered images were acquired in the

TEM.12 High-resolution TEM showed that the titanium

oxide on the surface was rutile TiO2.12

DISCUSSION

TiUnite

The typical roughness value from references is

Ra = 1.2 mm18,19; however, Sammons and colleagues20

reported a roughness value of Ra = 0.76 1 0.14 mm. The

value determined in the present study by interference

profilometry gave Sa = 1.55 mm. Although this value is

higher than previously reported, it is possible that it is

related to the employed analytical technique. Further,

Figure 7 A high-resolution micrograph of the crystalline
hydroxylapatite (HA). The indexed plane is the HA(101) with a
lattice spacing of 5.3 Å. The ring pattern in the background
shows the continuous damage of the sample by the electron
beam.

Figure 8 The OsseoSpeed surface is characterized by its
roughness and islands according to scanning electron
microscopy analysis.

Figure 9 A bright field transmission electron microscopy image
of an island from the OsseoSpeed surface. It is a mixture of
anatase and rutile TiO2 without fluorine according to
energy-dispersive X-ray spectroscopy measurements in the
transmission electron microscopy.

Figure 10 X-ray photoelectron spectroscopy shows that
fluorine is present on the implant surface; however, its binding
state is unknown.
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the roughness might vary at different areas of the

implant. Different measuring techniques may give dif-

ferent roughness values.21

The SEM-measured pore size distribution, 0.06 to

12 mm, is in accordance with previous data22 where

micropores (1 to 7 mm) and nanopores (<1 mm) were

found. This porosity increases the difficulty of making

good TEM samples, at least over a pore. One way could

be to fill up the pore with either some polymer resin or

by electron-assisted in situ deposition of Pt using the

FIB. The TEM sample was in this case prepared over a

relative pore-free area.

The TiUnite surface oxide coating is the thickest in

this study with a thickness of 2 mm. According to X-rayTA
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Figure 11 A, A bright field transmission electron microscopy
micrograph showing the morphology of the Ti surface where
no island was present. B, The high-resolution analysis identifies
the surface oxide as being amorphous and about 10 nm thick.
The lattice plane imaged is the Ti (100) with 2.5 Å spacing
(OsseoSpeed).
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diffraction measurements made by Hall and Lausmaa,19

the coating consists of both rutile and anatase TiO2;

their fractions are, however, unknown. The electron dif-

fraction and HRTEM analysis showed that only anatase

TiO2 was present in the limited volume that was ana-

lyzed. A substantial amount of phosphorus was found in

the coating according to EDS measurements in the

TEM. It was also demonstrated by point EDS analysis

that P is present both in the crystalline and the amor-

phous oxide. The P distribution in the coating from the

Ti substrate up to the surface seems to be rather constant

except in the porous interface between substrate and

coating where it is low. Phosphorus appeared in the

amorphous oxide and had a fairly constant concentra-

tion throughout the coating all the way up to the surface.

According to Hall and Lausmaa,19 there is 5% phospho-

rus in the surface layer in the form of phosphates.

HA Coated

This implant is very rough, and it is actually the roughest

in this study. The surface is, however, locally very flat.

The coating appears to contain a fairly large density of

cracks. It is unknown how deep these cracks are, but

there is no tendency of flaking. The surface is composed

of amorphous HA whereas the rest of the analyzed

sample is crystalline. The amorphous HA might dissolve

Figure 12 The sharp-edged and dimple-rich Straumann SLA
surface imaged by scanning electron microscopy.

Figure 13 A transmission electron microscopy cross-sectional
bright field image of the SLA-treated Ti implant made by
Straumann.

Figure 14 The machined surface of the Brånemark Integration
8.5 implant viewed by scanning electron microscopy.

Figure 15 The smooth surface of the reference sample showed
in an cross-sectional transmission electron microscopy image.

Figure 16 At higher magnification, the crystalline titanium
oxide thickness was measured to 10 nm.
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when it is implanted.23 Studies have focused on the role

of HA crystallinity for bone formation and bone

bonding, but no consensus as to the optimal features has

been reached so far. In contrast to relatively thick HA

coatings bearing a risk for delamination and fragmen-

tation, usually prepared by plasma-spraying technique,

recent experimental in vivo studies have utilized

micron- and submicron-thick calcium phosphates with

very good results.24–26 Hitherto, the manufacturers of

oral implants have not reported any clinical data using

such thin calcium phosphate coatings.

OsseoSpeed

The surface roughness is created during the grit-blasting

process, while the diluted hydrofluoric acid reduces the

high peaks slightly. Studies report Sa = 0.91 1 0.14 mm

for OsseoSpeed compared to Sa = 1.12 1 0.24 mm for

TiO2 blast.4,5 These values deviate from our results where

the Sa value was measured to be 1.82 1 0.12 mm. The

hydrofluoric acid treatment does not only slightly

change the microstructure, but also changes the surface

chemistry. According to Masaki and colleagues,4 the

atomic weight percentage of fluoride on the oxide

surface is 1%. Further, according to Ellingsen and col-

leagues,5,27 the surface fluoride incorporated in the oxide

will serve as a precipitation site for calcium and phos-

phorus and also allows covalent bonding to the

phosphate to create fluoridated hydroxyapatite and fluo-

rapatite. From the TEM measurements, it was found

that the TiO2 island consisted of both rutile and anatase.

The thickness varied in the interval 0.5 to 1 mm.

Whether a diluted hydrofluoric acid treatment changes

the titanium oxide layer is uncertain, but according to

Eriksson and colleagues28 who etched polished Ti, native

and annealed, in 10% HF for 3 minutes a reduction

of the oxide thickness was detected, from 36 to 29 nm

for the annealed specimens. This indicates that the

F-containing layer was very thin and might be removed

during deposition of the protective Pt layer, or that the

F content was very low, below a few atomic percent.

Fluorine is known to be a volatile element that might

easily disappear during the preparation and e-beam

irradiation.

SLA

Different roughness values have been reported using

different measuring methods. Buser and colleagues29

found Ra = 3.1 mm on a solid screw-formed implant,

and Boyan and colleagues8 found a roughness of

Ra = 3.68 mm when measuring on Ti disks prepared as

mentioned. Wieland and colleagues30 found a roughness

Ra = 4.33 1 0.27 mm for the same surface treatment. Our

value measured in the present investigation was lower

with Sa = 1.98 1 0.08 mm. From SEM investigations, it

appears that it actually has two levels of roughness, one

that is macroscopic and one microscopic. This com-

bined roughness makes the FIB preparation difficult.

The Pt layer was uneven in thickness, and therefore, the

high peaks were preferentially milled, resulting in diffi-

culties to produce a thin TEM sample. The TEM results

showed no expected surface oxide, but a defect dense

surface of unknown composition. From a thorough

TEM investigation made by Conforto and colleagues31

on the SLA surface, it was shown that the top layer of the

implant consisted of TiH1.971. We could not confirm this

phase even after thorough electron diffraction studies.

Others have found that the surface is composed of TiO2

using XPS analysis.7 Furthermore, the oxide layer was

measured to be 4.5 to 5.5 nm and composed mainly of

TiO2 but also of some TiO and Ti2O3 according to Buser

and colleagues.29 Thermal desorption spectroscopy

shows, however, large amounts of hydrogen in the sub-

surface layer for the SLA surface compared to a polished

surface.6

Brånemark

According to Wennerberg,32 the surface roughness of

the as-machined Ti surface is Sa = 0.71 mm. Hall and

Lausmaa19 measured the roughness value for the

Nobel Biocare Brånemark MKIII as-machined implant,

Ra = 0.81 1 0.08 mm. The value found in the present

investigation was higher than these measurements, but

there should be a difference at different parts of the

surface. The combination of EFTEM and HRTEM of the

oxygen-containing crystalline layer where an interplanar

spacing of 2.06 Å was measured was found to corre-

spond closely to the rutile TiO2. This investigation was

reported in detail by Jarmar and colleagues.12

COMPARISON

A comparison of these implants is not clear-cut because

the surfaces display large ultrastructural differences. In

Table 2, some of the key findings have been summarized.

The surface modification process is not easily accessible,

while they are company secrets. The thickness of the

surface layer is straightforward to measure, but it is
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probably not constant over the surface. That is also the

case with the surface chemistry. From a biological/

chemical point of view, these manufacturers probably

have different theories regarding osseointegration

enhancement, while the topography, surface chemistry,

and crystallinity are very different.

CONCLUSIONS AND OUTLOOK

The present study of different commercially available

dental implants gives new information regarding their

surface properties. The thorough evaluation comprises

examination of the surface profile, phases of the surface

region, micro- and nanostructure, and the interface to

the substrate metal. It is evident that all manufacturers

have found totally different ways of modifying the

surface in order to enhance the osseointegration. It

would be natural to analyze the same type of implants

after they have been retrieved from an animal or a

human. In essentially the same manner, we would be

able to extract samples of intact interfaces between

material and tissue for further TEM studies. That could

give an indication of how well these implants osseoin-

tegrate and how the implant surface should be modified.
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