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An important aspect of an implant abutment is 
the mating surface that forms part of the im-

plant-abutment connection. The design of the fitting 
surface and mode of abutment manufacturing will in-
fluence the precision of fit between the implant and 
abutment. Several issues have been reported with 
abutment misfit and microgaps, including screw loos-
ening,1–3 micro/bacterial/molecular leakage,4–10 abra-
sion and wear of components,11 potential for bone 
loss,12,13 and the “micropump effect.”14,15

Computer-aided design/computer-assisted manu-
facture (CAD/CAM) systems are currently available 

that are capable of manufacturing prosthetic abut-
ments across multiple dental implant systems and 
connection designs. However, there is little published 
research regarding the fit of CAD/CAM abutments 
to implants manufactured using these commercially 
available systems.16 

There have been literature reviews focusing on 
the assessment of the fit of implant prostheses; how-
ever, they only assessed partial denture frameworks 
splinting multiple implants.17 Literature pertaining to 
the assessment of fit for single implant restorations 
is limited, and a standardized methodology has not 
yet been established. The implant-abutment connec-
tion for unsplinted restorations is subjected to con-
siderably more stress and bending moments during 
nonaxial loading, making precision of fit much more 
critical.18,19

Previous studies have assessed the implant-abut-
ment fit using various methodologies, including direct 
measurement of implant components, marginal ad-
aptation, internal adaptation evaluated following sec-
tioning, radiographic appearance, microleakage, and 
the degree of rotational freedom.8,20–25
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Purpose: This study aimed to compare the fit of computer-aided design/computer-
assisted manufacture (CAD/CAM) abutments provided by a single system with 
proprietary prefabricated abutments on various implant systems. Materials and 
Methods: Titanium CAD/CAM abutments were compared with prefabricated abutments 
on five different implant types. The samples were embedded in epoxy resin, sectioned 
longitudinally, and polished. Scanning electron microscopy was used to measure 
the gap between the implants and abutments at the connecting flanges and internal 
features. Independent t tests were used to compare data. Results: A mean difference 
of 1.86 µm between the gold synOcta and CAD/CAM abutments on the Straumann 
Standard Plus implant was observed to be statistically significant (P = .002). Less than 
0.4 µm of difference was found between the CAD/CAM and prefabricated abutments 
for the remaining implant types, and statistical significance was not observed. Mean 
differences of 34.4 µm (gold) and 44.7 µm (titanium) were observed between the CAD/
CAM and prefabricated abutments on the Straumann Standard Plus implants, which 
were statistically significant (P < .001). A mean difference of 15 µm was also observed 
between the CAD/CAM and prefabricated abutment on the NobelReplace implant, 
which was statistically significant (P = .026). All other groups had less that 4 µm of 
difference, and statistical significance was not observed. Conclusion: The CAD/CAM 
abutments appeared to have a comparable fit with prefabricated abutments for most of 
the systems evaluated. Design differences between the abutment connections for both 
Straumann implants were observed that affected the fit of internal components of the 
implant-abutment connections. Int J Prosthodont 2013;26:370–380. doi: 10.11607/ijp.3501
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To justify their use, CAD/CAM abutments should 
be able to produce a degree of fit comparable with 
proprietary prefabricated abutments produced by 
each individual implant manufacturer. The purpose of 
this study was to assess and compare the fit of pre-
fabricated abutments with abutments manufactured 
by a CAD/CAM system.

Materials and Methods

The 11 implant-abutment configurations evaluated in 
this study are listed in Table 1. Each implant, its pre-
fabricated abutment, and screw were obtained from 
their respective manufacturers. NobelProcera CAD/
CAM abutments (Nobel Biocare) were also acquired 
for each of the five implant types. The intentional use 
of the components for research was not disclosed to 
the manufactures.

A one-piece abutment was evaluated for each of the 
implant types with the exception of the titanium pre-
fabricated abutments for the Straumann Standard Plus 
implants (Straumann). Two prefabricated abutment 
configurations were evaluated separately for this im-
plant: a one-piece gold synOcta abutment (Straumann) 
and a titanium synOcta abutment (Straumann) used 
in conjunction with a synOcta Titanium Meso Milling 
Cylinder (Straumann).

Digital scanning electron microscopy (SEM) 
(Quanta Model 200, FEI) images were taken of the 
fitting surfaces of a representative number of sam-
ples for observational assessment under low vacuum 

in secondary electron mode. Each implant-abutment 
configuration was then assembled with screws tight-
ened to their recommended torque, as listed in Table 
1, using a manual torque wrench (Nobel Biocare). The 
sample was then placed at the base of a 40-mm cylin-
drical reusable plastic mold former (FixiForm, Struers) 
and visually aligned such that its long axis was par-
allel to the mold base and held in position using a 
plastic clip (Multiclips, Struers). The axial rotation of 
the implant was also controlled such that the plane 
of grinding was perpendicular to the flat opposing 
antirotation features of the implant-abutment con-
nection, which was marked with a graphite pencil on 
the exterior of the implant prior to assembly of the 
components. The specimens were then cold mounted 
with epoxy resin (Epofix, Struers) and placed under 
vacuum for 10 minutes to remove any air bubbles. The 
specimens were then allowed to cure for at least 24 
hours at room temperature.

Using a non-fixed sample holder, six specimens 
were then ground and polished concurrently in an au-
tomated lapping machine (Tegrapol-25, Struers) that 
had controlled force application, control of rotational 
speed/direction of both the grinding and polishing 
disk as well as the specimen holder, and automated 
lubricant/water dosing. 

Following the regime recommended for metal-
lographic polishing of titanium,26–28 grinding of the 
specimens was accomplished with 120-grit silicon 
carbide foil, followed by 600-grit silicon carbide 
foil (Struers) at 300 rpm and 10 N of force on each 

Table 1  Implant-Abutment Configuration Details

Implant type
Interface and  

connection type Group Abutment type
Recommended 
torque (Ncm)

Bränemark System RP Butt joint with external hexagon 1 (BE) Esthetic 35*

2 (BP) NobelProcera CAD/CAM titanium 35*

NobelReplace RP Butt joint with internal tri-channel 
and cam tube

3 (RE) Esthetic 35*

4 (RP) NobelProcera CAD/CAM titanium 35*

Astra Tech  
OsseoSpeed 4.0

11-deg internal conical taper with  
internal hexagon

5 (AT) TiDesign 3.5/4.0 20*

6 (AP) NobelProcera CAD/CAM titanium 20*

Straumann  
Bone Level RC

15-deg internal conical taper with  
internal cross fit connection

7 (SblA) RC anatomical 35*

8 (SblP) NobelProcera CAD/CAM titanium 35*

Straumann  
Standard Plus RN

45-deg external bevel with 8-deg  
internal conical taper and  
internal octagon

9 (SG) RN synOcta gold 35*

10 (SM) RN synOcta 
RN synOcta titanium meso milling cylinder

35* 
15†

11 (SP) NobelProcera CAD/CAM titanium 35*

*Torque used for abutment screw.
†Torque used for prosthetic screw.
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specimen in a complimentary direction with continu-
ous water flow until the center of the specimen was 
reached. Initial polishing was performed with 9-µm 
diamond polishing paste (Diapro Allegro/Largo, 
Struers) on a composite polishing disk (MD-Largo, 
Struers) for 5 minutes. A final polish was performed 
with colloidal silica (OP-S suspension, Struers) and 
30% hydrogen peroxide mixed in a ratio of 9:1 on a 
porous neoprene cloth (MD-Chem, Struers) for 7 
minutes. Both polishing stages were performed at 
150 rpm with 10 N of force on each specimen with 
a complimentary direction used for the diamond pol-
ishing and counter-rotation used for the final polish-
ing with the colloidal silica. A thorough washing was 
performed with water and ethanol after each stage of 
grinding and polishing. 

Prior to grinding and polishing, the underside of 
the specimen was ground parallel to the base of the 
specimen with which the implant was aligned to en-
sure viewing from a perpendicular angle when placed 
on the SEM stage.

Each of the specimens was assessed following 
polishing to determine whether any deformation of 
the surface was present. Viewing of the specimens 
with reflected light microscopy and polarized light 
filters enabled the grain structure to be clearly vi-
sualized without etching of the titanium surface, 
provided a relatively deformation-free surface was 
achieved.27 If the grain boundaries were not clearly 
visible, this indicated that some deformation on the 
surface specimens was still present and polishing 
procedures were repeated.

Fig 1  Measuring locations for each of 
the implant-abutment types: (a) Astra Tech 
OsseoSpeed, (b) Bränemark System,  
(c) NobelReplace, (d) Straumann Bone 
Level, and (e) Straumann Tissue Level. 
Flange measurement areas are marked 
in red with vertical components measured 
marked in green.

a b c

d e

Fig 2  Double hex configuration within 
vertical components of samples BE, AT, 
and AP. Orange line depicts midpoint 
reached during initial grinding and polish-
ing where flange components were mea-
sured. Yellow line depicts second plane 
of grinding and polishing where measure-
ments were made for the vertical compo-
nents of the connection.
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High magnification images of the implant- 
abutment connection were then taken using digital 
SEM (Quanta Model 200, FEI) under low vacuum and 
in an electron backscatter mode. Sixteen images at 
×6,000 magnification were taken at equidistant inter-
vals along each of the two key areas for all implant 
connection designs that were defined as the flange, 
representing the more horizontal load-bearing areas, 
and the vertical components, which are designed to 
assist with indexing and rotational resistance. The 
flange and vertical components for each of the im-
plant types are depicted in Fig 1. Lower magnifications 
were used when the gap was larger than 50 µm, as it 
exceeded the field of view at ×6,000 magnification.

Because of their double hex configuration as de-
picted in Fig 2, samples BE (Branemark System/es-
thetic), AT (Astra Tech/TiDesign), and AP (Astra Tech/
NobelProcera) were then further ground and pol-
ished, according to the above regime, to enable new 
SEM images to be taken for evaluation of the internal 
fit of the hexagon.

Pixel-counting software (Image J, National Institutes 
for Health) was then used to measure the implant-
abutment microgap at eight equidistant points along 
each image. The measurements were compiled to 
produce a mean gap for the two connection areas 
of each specimen. Statistical analysis was performed 
with independent t tests (Minitab 16) to compare the 
mean gap values between the CAD/CAM and pre-
fabricated abutments for each implant type.

Results

Representations of the data for each individual speci-
men are depicted in Figs 3 and 4, which indicate the 
variability of each specimen. Statistical comparisons 
between the fit of the CAD/CAM and prefabricated 
groups for the flange and vertical components on 
each of the implant systems are shown in Table 2.

Flange

The gold synOcta abutments were found to have 
a statistically smaller mean microgap by 1.86 µm  
(P = .002) on the implant flange when compared 
with the CAD/CAM abutments. The Nobel Esthetic 
abutments were also found to have a smaller mean 
microgap by 0.33 µm on the implant flange, which 
was close to statistical significance (P = .059), com-
pared with the CAD/CAM abutments. No statistically 
significant differences were observed between the 
mean microgap values of the CAD/CAM and prefab-
ricated abutments for the remainder of the groups.

Vertical

The CAD/CAM abutments were found to have greater 
mean vertical discrepancies by 15 µm compared with 
the Nobel Esthetic abutments for the NobelReplace 
implant system, which was statistically significant  
(P = .026). For the Straumann Standard Plus implant, 

Table 2  Statistical Analysis of Comparison Between Prefabricated and CAD/CAM Abutments

Implant Abutment

Flange data Vertical data

Mean  
microgap 

(µm) SD

Difference  
(compared 

to  
CAD/CAM) P 95% CI

Mean gap 
(µm) SD

Difference 
(compared 

to  
CAD/CAM) P 95% CI

Astra Tech  
OsseoSpeed

Prefabricated
CAD/CAM

0.79
0.78

0.36
0.24

0.004 .985 –0.46, 0.47 31.3
29.0

9.8
10.4

3.3 .622 –11.8, 18.4

Bränemark 
System

Prefabricated
CAD/CAM

0.61
0.94

0.27
0.05

0.33 .059 –0.67, 0.02 22.3
21.2

6.0
3.9

1.0 .755 –6.8, 8.9

NobelReplace Prefabricated
CAD/CAM

1.37
1.38

0.24
0.25

0.02 .922 –0.38, 0.35 47.7
62.6

9.3
2.7

15.0 .026 –27.0, 
–2.9

Straumann 
Bone Level

Prefabricated
CAD/CAM

0.97
1.31

0.24
0.47

0.34 .213 –0.95, 0.27 28.0
29.1

1.2
5.3

1.1 .674 –7.8, 5.6

Straumann 
Standard Plus

Gold prefabricated
CAD/CAM

0.41
2.08
2.28

0.05
0.95
0.53

1.86
0.20

.002

.701
–2.53, –1.19
–1.39, 1.00

14.2
4.0

48.7

3.1
1.2
6.0

34.4
44.7

< .001
< .001

–42.2, –26.6
–52.3, –37.0

SD = standard deviation; CI = confidence interval.
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the CAD/CAM abutments were also found to have 
greater mean vertical discrepancies by 34.4 µm and 
44.7 µm compared with the gold synOcta and tita-
nium synOcta abutments, respectively (P < .001). No 
statistically significant differences were observed 
between the mean vertical gap values of the CAD/
CAM and prefabricated abutments for the remainder 

of the groups. The prefabricated abutments were 
also observed to extend approximately 900 µm and 
1,200 µm deeper into the connection when compared 
with the CAD/CAM abutments on the Straumann 
Standard Plus and the Straumann Bone Level im-
plants, respectively.

Fig 3  Flange data.
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SEM Observations

SEM images of the surfaces of the components prior 
to assembly demonstrated residual surface irregular-
ity and characteristics that may be attributed to the 
machining processes. Grooves were visible on both 
the fitting surfaces of the implants and abutments that 

appeared to correspond with the path of the machin-
ing tools (Fig 5). The cross-sectional SEM images dem-
onstrated contact between the implant and abutments 
only at the peaks of the grooves (Fig 6). The gold syn-
Octa abutment appeared to have less irregularity on its 
fitting surface (Figs 5e and 5f) that was also visible as 
a flatter surface in the cross-sectional images (Fig 6a).

Astra Tech  
OsseoSpeed

Brånemark  
System

NobelReplace

Straumann  
Bone Level

Straumann  
Standard Plus

Fig 4  Vertical data.
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Discussion

The microgeometry of connecting parts has great 
importance in terms of proper function, prevention 
of premature failure, and ease of manufacture, as-
sembly, and cost.29 Some important microgeometric 
features include: (1) the design and specification of fit 
between mating parts to ensure proper function, (2) 
the specification of allowable variation in the manu-
factured part dimensions (tolerances) that will not 
compromise the specified fit, and (3) the specifica-
tion of surface texture and condition that will ensure 
proper function, minimize failure potential, and opti-
mize overall cost.29–31 The combination of these three 

features will determine the amount of overall misfit 
present when two components are assembled.32

Mechanical means of sectioning and polishing of 
the implant-abutment specimens to enable direct 
visualization of the implant-abutment interface can 
produce significant deformation on the surface of the 
specimen.33 Titanium is an inherently difficult mate-
rial to polish and possesses a unique susceptibility to 
sustained mechanical deformation thought to be due 
to its low thermal conductivity and high ductility. This 
can result in the smearing of the materials and polish-
ing residue into the spaces between the components. 
In this study, metallographic polishing techniques 
were used to provide a relatively deformation-free 

a

c

e

Fig 5  SEM images displaying 
concentric grooves formed on the 
mating surfaces during manufac-
turing for (a and b) Straumann 
RC Anatomic abutment and (c 
and d) Straumann Standard Plus 
implant. (e and f) A finer surface 
finish is visible on the mating sur-
face of the Straumann synOcta 
gold abutment.

b
300 µm

d
500 µm

f
400 µm
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surface that was able to be verified with visualization 
of the titanium grain structure under polarized light 
microscopy.26–28,34,35 Such a deformation-free sur-
face enables an accurate evaluation of any disconti-
nuities or gaps between the components.

Previous studies have used coarser mechanical 
polishing following sectioning that does not produce 
a deformation-free surface.36–40 This may explain why 
several authors have described various connections 
being completely sealed at the implant-abutment in-
terface.39 However, more recent synchrotron-based 
radiography supports the existence of a gap along 
the entire length of the implant-abutment inter-
face of internal conical connections from 1 to 4 µm 

without loading and up to 22 µm under dynamic load-
ing conditions.14 Leakage of corpuscular bodies and 
molecular leakage from within the implant-abutment 
assemblies with all connection types has also been 
demonstrated under static4–6,8,10 and dynamic load-
ing conditions,9 indicating that a complete seal is not 
present. This may lead to the ingress and egress of 
fluid during dynamic loading conditions.15

The reference points for measurements and the 
descriptive terminology defining fit vary consider-
ably among investigators. An implant-abutment fit 
classification system has been proposed by Kano 
et al; however, this only encompasses the external 
marginal fit of the implant-abutment interface.22 The 

a b

Fig 6  (a and b) Schematic diagrams 
of the Straumann Standard Plus and 
Straumann Bone Level implants indi-
cating location of the cross-sectional 
SEM images of the mating surfaces 
between (c) Straumann Standard 
Plus implant and synOcta gold abut-
ment. The gold abutment on the su-
perior aspect appears white in the 
back scatter SEM mode due to its 
higher molecular weight. The profile 
of the grooves visible on the mating 
surface of the Straumann Standard 
Plus implant is clearly visible. (d) 
Straumann anatomical abutment (left) 
and a Straumann Bone Level implant 
(right) displaying contact between the 
peaks of the grooves on each of the 
mating surfaces.

c 20 µm d 20 µm
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measurement of fit along the whole implant-abutment 
interface was chosen for this study as differences in 
the internal fit of the connection may significantly af-
fect the biomechanical behavior of the implant-abut-
ment interface.38,41,42 

Two separate areas were assessed and compared 
for each of the connection designs: the implant flange 
(depicted in red, Fig 1) representing contacting load-
bearing areas of the connection, and vertical com-
ponents (depicted in green, Fig 1) thought to provide 
additional antirotational features and resistance to 
lateral loading and also used for prosthetic indexing. 
The fit was assessed as the approximation of the two 
components, with the size of the measured gap indi-
cating the level of misfit. The mean gap size was used 
for statistical comparison to give an overall compari-
son of fit. The large variability of each of the individual 
specimens depicted in Figs 3 and 4 suggests that an 
assessment of more specific areas may have shown 
further differences in fit. The variability seen may have 
also been influenced by the machining tolerances and 
variations in the size of the components.

In this study, significant differences (P < .001) were 
found between the mean vertical gaps in the internal 
tapered section of the Straumann Standard Plus im-
plants of the CAD/CAM abutments (48.7 ± 6.0 µm) 
and that of the prefabricated titanium (4 ± 1.2 µm) 
and gold (14.2 ± 3.1 µm) abutments. These differenc-
es are also evident in Fig 4, which displays the vertical 
data for each individual specimen and shows that the 
gaps ranged from 5 to 129 µm. This is due to inter-
nal design differences within the connection of the 
CAD/CAM abutments that do not engage the internal 
conical taper of the Straumann Standard Plus implant 
connection, resulting in a tapering wedge-shaped 
gap clearly visible in Fig 7a. The gold and titanium 

synOcta abutments appear to more closely follow the 
internal tapered design of the Straumann Standard 
Plus implant (Figs 7b and 7c).

A gold synOcta abutment was also used for com-
parison on the Straumann Standard Plus implant as 
there is no prefabricated one-piece titanium abut-
ment that engages both the internal and external fea-
tures of the implant connection. Although the gold 
synOcta followed the design of the internal taper, a 
consistent gap averaging 14.2 µm was present along 
its length with no areas of direct contact. The friction 
lock mechanism of the internal conical taper connec-
tion is thought to play a significant role in the anti-
rotational resistance of the abutment that may help 
reduce screw loosening as well as stress transmission 
and resistance to lateral forces.1,19,43,44 The degrees 
of misfit present in the internal aspect of the CAD/
CAM and gold prefabricated abutments may nega-
tively affect the abutments’ resistance to lateral and 
rotational forces; however, the smaller misfit present 
on the implant flange for the gold synOcta abutment 
may compensate for this to some degree.

The smaller depth of engagement of the CAD/
CAM abutment on the Straumann Standard Plus and 
Straumann Bone Level implants may also negatively 
influence the resistance of the abutment to lateral 
forces. Several studies have demonstrated move-
ment and gap formation between the implant and 
abutment during nonaxial loading.14,15,45 Hermann et 
al was the first to propose that the movement be-
tween the implant and abutment may be the prime 
etiologic factor in crestal bone loss around the im-
plant-abutment connection and not the microgap it-
self.12 A mechanical and biologic rationale for this was 
further developed by Zipprich et al and termed the  
“micropump effect.”15 

a b c

Fig 7  Cross-sectional images of (a) Procera, (b) gold synOcta, and (c) titanium synOcta abutment on the Straumann Standard 
Plus implant.
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Varying degrees of irregularities, in the form of 
grooves, were observed on the fitting surfaces for 
all implant and abutment types. These grooves ap-
pear to be characteristic of the machining processes 
used during manufacturing of the components. This 
observation corresponded with the appearance of 
the cross-sectional images depicting contact only on 
the peaks of the grooves. This reduces the contacting 
surface area between the components, which may be 
of critical importance for connection designs that em-
ploy a friction fit, antirotational mechanism.46,47

The gold synOcta abutment appeared to have a 
much finer surface finish, which may explain the sta-
tistically significant smaller mean implant-abutment 
microgap of 0.41 µm in this group compared to 2.28 
µm for the CAD/CAM abutments (P = .002). Rough 
surface finishes may correspond to a greater misfit 
and should be further evaluated.

To maintain clinical relevance, the respective 
manufacturer’s abutment screws and recommended 
torques were used throughout the study. The abut-
ment screws for the CAD/CAM and prefabricated 
abutments differed in macroscopic design, material, 
and surface coatings. This may have influenced the 
degree of embedment relaxation and also the fit de-
termined between the implant and abutments, as it 
has been shown that different screw designs, mate-
rials, and surface coatings can produce measurable 
differences in preload forces following the application 
of the same tightening torque.48–50

Conclusion

The CAD/CAM abutments appeared to have a com-
parable fit on the implant flange to the titanium pre-
fabricated abutments for all implant types evaluated. 
The prefabricated gold abutment had a better fit on 
the flange of the Straumann Standard Plus implant 
than the titanium CAD/CAM abutment. Significantly 
larger gaps were found between the internal com-
ponents of the CAD/CAM abutments than the pre-
fabricated abutments on the Straumann Standard 
Plus and NobelReplace implants. Design differences 
between the CAD/CAM and prefabricated abutment 
connections for both Straumann implants were ob-
served, which affected the fit of internal components 
within the connections. The effect of these differ-
ences in connection design and fit in relation to the 
stability of the implant-abutment connection, as well 
as their technical and biologic implications, warrants 
further investigation. The CAD/CAM abutments used 
in this study were provided by a single manufactur-
er, and the findings cannot be extrapolated to other 
CAD/CAM systems.
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