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ABSTRACT
 Statement of the problem: Custom-made cast gold abutment has proven its superiority for 

decades, however the incurring high price has led to the introduction of cast base-metal abutments 
which has to be tested to justify its use as a valid alternative.

Purpose: The aim of this study was to evaluate the accuracy of fit between implant and 
abutment using different types of abutments.

Methods: A total of 32 titanium implants (NobleReplace conical connection, Noble Biocare, 
Sweden) with 3.5mm diameter, 12mm length and internal conical connection were used in this 
study. All implants were randomly divided into four equal groups (n=8) according to the type of 
the abutment used as follows: Group I (Control Group): Ready-made Titanium abutment (Snappy 
abutment, Noble Biocare, AB, Sweden). Group II: Custom-made Gold abutment (Gold Adapt 
cast abutment, Noble Biocare, AB, Sweden). Group III: Custom-made Co-Cr abutment with 
prefabricated machined Co-Cr base (Co-Cr base, Dess, Spain). Group IV: Custom-made Fully 
Casted Co-Cr abutment (Dess, Spain). Abutments for groups II, III, IV were fabricated using the 
conventional casting technique to obtain custom-made gold abutments for group II and custom-
made Co-Cr abutments for groups III, IV. All the abutments were screwed to their respective 
implants and tightened at 35 N/cm using manual Torque Wrench. The x-ray sensor was placed 
parallel to the implant and a radiograph was taken for each sample. The distance from the end of the 
base of the abutment till the beginning of the screw holes of the implant was measured in mm for 
all samples by the same operator. Data were gathered, organized in tables and statistically studied.

Results: Results showed that Group IV (Fully casted Co-Cr abutment) had the statistically 
significantly highest mean value. Group III (Custom-made with Co-Cr Base abutment) showed 
statistically significantly lower mean value. There was no statistically significant difference between
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INTRODUCTION 

Nowadays, Dental two-piece implant-supported 
prostheses are commonly used for replacement 
of missing teeth with the advantage of keeping 
neighboring teeth intact without preparation. (1) 

Two-piece implant system involves an implant 
placed in the bone with an abutment connected 
to it by a screw and the final prosthesis will be 
constructed over the abutment. (2,3) Accordingly, 
these units end up with a lot of interfaces between 
implant system parts. (3) A great attention must be 
paid to the connection between the implant and the 
abutment as it is considered a critical interface that 
will affect the long-term survival rate of the implant-
supported prosthesis. (4,5) 

Currently, there are several implant-abutment 
connection options so that the prosthodontist will 
be able to pick the most reliable choice according 
to the clinical indications. (3) The most common 
problem occurring at the implant-abutment interface 
is the micro-gaps that could result after tight closure 
of the abutment screws.(6,7) These gaps could give 
rise to bacterial accumulation and difficulty in 
excess cement removal leading to a greater risk 
of peri-implantitis that will be followed by bone 
resorption and implant loss (8,9) which is considered 
as a biological failure.(10-14) Additionally, these 
micro-gaps are correlated to the screw loosening 

drawback with accompanied stresses at the implant 
cervical area.(14,15) The micro-gap can be enlarged by 
the screw loosening resulting in screw fractures or 
breakage of the overlying abutments and prosthetic 
frameworks.(16,17) Besides, these micro-gaps will 
cause uneven occlusal forces distribution producing 
non-axial loading over the entire implant surface.(18) 
All these complications are considered mechanical 
failure. (2) 

In attempt to prevent all the aforementioned 
failures that are related to micro-gaps between 
abutment and implant, the ongoing development 
of more dependable implant-abutment connections 
with several evolution in materials and precision 
manufacturing of implant parts has gained popularity 
at the present time.(19-22)  Precise and passive fit 
between different implant parts in conjunction 
with biocompatibility and sufficient mechanical 
properties are listed among the most important 
properties that must be present in implant abutments 
to fulfill biological, mechanical and esthetic 
requirements and avoid further complications 
within the implant system. (1,23,24) 

Different prosthetic systems offer either ready-
made or cast custom-made abutments to fit different 
clinical situations. The pre-machined ready-made 
abutments are introduced with the benefit of 
reduction of the mechanical failure risk in addition 
to their low original price. (1,25) Conversely, the 

Group I (Ready-made Ti abutment) and Group II (Custom-made Au abutment); both showed the 
statistically significantly lowest mean values. 

Conclusions: Within the limitations of this study, it was concluded that: Low-priced Custom-
made Co-Cr abutments with prefabricated Co-Cr base revealed promising results. Casted connections 
don’t seem to be a good alternative to machined connections unless a strict standardizations of 
the technique sensitive casting process takes place. Due to the tapered connection, it is hard to 
detect any seating discrepancy. While Conical connections rely mainly on the accuracy of the 
machined surfaces, casting variables may affect the quality of the connection. The use of dental 
radiography seems to be an acceptable clinical reliable method for precise detection of the fit of 
conical connections.

KEYWORDS: Ready-made titanium abutment, custom-made gold abutment, Custom-made 
Co-Cr abutment with prefabricated machined Co-Cr base, custom-made fully casted Co-Cr 
abutment, conical connection, tapered implant, abutment fit, radiographic technique.
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custom-made gold cast abutments were presented 
in the market to fit for every patient individual tooth 
in different clinical situations with the advantage 
of tailoring  the emergence profile precisely from 
the implant to the abutment and then finally to the 
superstructure, reaching the best esthetic results.(1) 
The drawbacks of the gold custom-made abutments 
are their high cost and the normal casting failures 
that could result during the casting procedures. (1)

Base-metal alloys have been always used as an 
alternative to noble-metal alloys in prosthodontics 
as they propose lower price than gold alloys in 
addition to reasonable biocompatibility and clinical 
performance.(26) However, base-metal alloys are 
considered more sensitive to casting fabrication 
process leading to compromised precise restoration. 
(27) Accordingly, a prefabricated Co-Cr base with 
plastic burnout sleeve was introduced in the market 
to obtain a cheap substitute for precious alloys.(28) 
By introduction of this new option, we can achieve 
low-priced Co-Cr custom-made abutment with or 
without pre-machined Co-Cr base to expand the use 
of custom-made abutments in different situations.  

Hence, the aim of this study was to evaluate the  
accuracy of fit between implant and abutment using 
different abutment types. The null hypothesis was 
that different abutment types would not affect the fit 
at implant-abutment interface. 

MATERIALS AND METHODS

A total of 32 titanium implants (NobleReplace 
conical connection, NobleBiocare AB, Sweden) 
with 3.5mm diameter, 12mm length and internal 
conical connection were used in this study. 

All implants were randomly divided into four 
equal groups (n=8) according to the type of the 
abutment used as follows:

Group I (Control Group): Ready-made Titanium 
abutment (Snappy abutment, NobleBiocare, AB, 
Sweden).

Group II: Custom-made Gold abutment (Gold 
Adapt cast abutment, NobleBiocare AB, Sweden).

Group III: Custom-made Co-Cr abutment with 
prefabricated machined Co-Cr base (Co-Cr base, 
Dess, Spain).

Group IV: Custom-made Fully Casted Co-Cr 
abutment (Dess, Spain).

Sample grouping was presented in Table (1). 

Acrylic resin powder and liquid (Major Ortho, 
Italy) were mixed and poured in a silicone ice cube 
tray with 30x30x30mm dimensions. An implant was 
submerged vertically in the middle of each cube till 
1 mm below the crest of the implant and stabilized 
in place using bobby pins and left overnight to allow 
complete setting of the acrylic resin.

A cylindrical temporary abutment (Noble 
Biocare AB, Sweden) was screwed to each implant 
and the whole assembly was put on the table of a 
milling machine (Bego Paraskope, Germany). A 
long cylindrical acrylic bur was attached to the 
milling machine and was rested on the side of the 
temporary abutment and the milling machine table 
was moved until the bur rested completely parallel 
on the temporary abutment at which the table was 
fixed. The side wall of the acrylic cube was milled 
parallel to the temporary abutment. This was made 
to ensure that the side wall of the cube was parallel 
to the implant inside the acrylic resin.

TABLE (1): Sample Grouping.

Groups

I II III IV

Ready-made 
Titanium abutment

(Control)

Custom-made Gold 
(Au) abutment 

Custom-made Co-Cr abutment 
with prefabricated machined 

Co-Cr base

Custom-made 
Fully Casted Co-Cr 

abutment
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Group I samples did not need any procedures as 
they were ready-made, whereas for groups II, III, 
IV implant analogues were stabilized in improved 
stone. Twenty-four castable abutments were 
connected to the lab analogues of the predetermined 
implants assigned for these groups. Wax patterns 
were fabricated over the burn-out sleeves with 
4.5mm diameter and 7mm length. Standardization 
of wax patterns was done using prefabricated two-
piece addition silicon matrix (3M Express STD, 
USA) constructed on the first wax pattern for the 
first sample in group II. Dimensions were rechecked 
after finalizing wax patterns for all castable groups 
using digital caliper (Mituotoyo, Japan). Spruing, 
investing and casting were performed conventionally 
according to manufacturers’ instructions using high 
noble ceramo-metal alloy (Eclipse, Dentsply Sirona, 
USA) to produce custom-made gold abutments 
for samples of group II and ceramo-metal cobalt 
chromium alloy (Wirobond, Bego, Germany) to 
produce custom-made Co-Cr abutments for samples 
of groups III and IV. 

All the castable abutments were finished and 
polished according to manufacturers’ instructions. 
All the dental laboratory work was performed 
in the same dental laboratory by the same dental 
technician.

The temporary abutments were removed and 
all the abutments of Groups I, II, III and IV were 
connected to their respective implants and tightened 
with titanium screws at 35 N/cm using manual 
Torque Wrench Prosthetic and Screwdriver Machine 
Unigrip (Noble Biocare AB, Sweden) and left for 10 
minutes then they were tightened again to the same 
torque of 35 N/cm 

The locator ring and the metallic arm of an x-ray 
holder device (RINN XCP, Dentsply Sirona, USA) 
were secured to the cone of an x-ray machine (Expert 
DC, Gendex Dental Systems, USA) using duct tape 
making sure that the metallic arm was parallel to the 
cone (0°). The acrylic cube was attached by duct 
tape to an anterior digital film holder and bite block 

Fig. (1): Diagram showing radiographic imaging set-up.

Fig. (2): Schematic diagram showing measurement method. 
Distance “X” represents the distance from the end of 
the base of the abutment till the beginning of the screw 
hole of the implant.

from the milled side to ensure that the implant was 
parallel to size 2 x-ray sensor (Gendex GXS 700, 
Gendex Dental Systems, USA) then attached to the 
metallic arm of the x-ray film holder. Fig. (1) 

X-ray exposure was done at 70 KV and 0.7 mA for 
0.2 seconds. The images were imported to an image 
measuring software (KLONK Image Measurement, 
Image Measurement Corporation, USA). The ruler 
was calibrated by the fixed dimension of the implant 
platform (3.5 mm) and the distance from the end 
of the base of the abutments till the beginning of 
the screw holes of the implants (Distance X) was 
measured in millimeters for all the samples by the 
same operator. Fig. (2). Images for representative 
samples of each group were shown in Figs (3-6).
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Data were gathered, organized in tables and 
statistically studied.

RESULTS

Numerical data were studied for normality by 
examining the distribution of data and using tests 
of normality (Kolmogorov-Smirnov and Shapiro-
Wilk tests). Data revealed normal (parametric) 
distribution. Data were represented as mean, 
standard deviation (SD) and 95% Confidence 
Interval (95% CI) for the mean values. One-way 
Analysis of Variance (ANOVA) test was performed 
to compare between the four groups. Bonferroni’s 
post-hoc test was utilized for pair-wise comparisons 
when ANOVA test is significant. The significance 

level was set at P ≤ 0.05. Statistical analysis was 
performed with IBM SPSS Statistics for Windows, 
Version 23.0. Armonk, NY: IBM Corp.

There was a statistically significant difference 
between the groups (P-value <0.001, Effect size 
= 0.962). Pair-wise comparisons between the 
groups revealed that Group IV (Fully casted Co-
Cr abutment) showed the statistically significantly 
highest mean value. Group III (Custom-made 
with Co-Cr Base abutment) showed statistically 
significantly lower mean value. There was no 
statistically significant difference between Group I 
(Ready-made Ti abutment) and Group II (Custom-
made Au abutment); both showed the statistically 
significantly lowest mean values. Table (2), Fig. (7).

Fig. (3): Radiograph showing representative sample for Group 
I: Ready-made Titanium abutment (Control).

Fig. (6): Radiograph showing representative sample for Group 
IV: Co-Cr Fully casted Co-Cr abutment. 

Fig. (4): Radiograph showing representative sample for Group 
II: Custom-made Gold Abutment.

Fig. (5): Radiograph showing representative sample for Group 
III: Custom-made abutment with Co-Cr base. 
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DISCUSSION

Long-term success rate of implant-supported 
prostheses has gained wide popularity in dental 
research owing to the widespread applications of 
implants in rehabilitation of missing teeth. The reli-
ability of the implant abutment interface is consid-
ered one of the critical factors that must be precisely 
studied to reduce implant failures. Factors affecting 
the integrity and accuracy of implant-abutment con-
nections include design and precision of fit of the 
attached parts as well as the materials used. Misfit 
at this critical link; implant and abutment will cause 
screw loosening with subsequent microleakage 
leading to failure of the whole system. 

Many implant-abutment connection designs 
have been developed to strengthen this weak link. 
The early invented external hexagon connection 
resulted in great possibility of screw loosening 
problems due to high incidence of rotational misfit 
giving rise to improper microbial seal.(26,29,30) The 
shift towards the commonly used nowadays internal 
connection designs with alteration of the connection 
part inside the implant body and at a lower level 
to the implant coronal portion has given this design 
its unique advantage.(31,32) The internal implant-
abutment design resulted in better occlusal forces 
distribution and improved abutment stability in 
consequence of lowering of the rotational centre and 
protection of the retention screws, thus, resisting 
excessive lateral forces.(2,33) Moreover, this internal 
connection confirms appropriate abutment seating 
that ensures better microbial seal as well as better 
aesthetic outcomes. (32)  

On the top of that and in an attempt to decrease 
the micro-gaps between implants and abutments 
as much as possible, a superior type of internal 
connection was introduced depending on a pre-
machined base with significant friction offered at the 
abutment-implant interface. (34) This type is called 
the conical connection which resulted in decreased 
incidence of microleakage and screw loosening.(35) 
All the implant-abutment connections used in this 

Fig. (7). Bar chart representing mean and standard deviation 
values for measurements in the four groups

TABLE (2). Mean, standard deviation (SD), 95% Confidence Interval (95% CI) values, results of one-way 
ANOVA test and Bonferroni’s post-hoc test for comparison between the four groups.

Group
Mean
(mm)

SD 95% CI P-value
Effect size 

(Eta squared)

Ready-made Ti abutment (control) 0.856 C 0.015 0.837-0.875

<0.001* 0.962
Custom-made Au abutment 0.844 C 0.017 0.823-0.865

Custom-made with Co-Cr base abutment 1.018 B 0.034 0.976-1.061

Fully casted Co-Cr abutment 1.296 A 0.07 1.209-1.383

*: Significant at P ≤ 0.05, Different superscripts are statistically significantly different according to Bonferroni’s post-hoc test 
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study belonged to the internal conical connection 
group as it is proven to have best marginal fit along 
all types. (36-41)

Different techniques for detection of the micro-
gaps at the implant-abutment connections were 
used previously in the literature. These techniques 
include stereomicroscopes, micro-tomography (26,42), 
scanning electron microscope (43,44,45), scanning laser 
microscopy (46), optical microscopy (43,47), optical co-
herence tomography (3) and the most popular com-
monly used simple intraoral radiography. (16,18,48,49) 

The dental radiography assessment method 
was used in this study owing to its simplicity and 
clinical availability thus simulating a real situation 
that could be used clinically. This method was 
assessed previously by several authors (18,48,49) who 
proved its clinical reliability. This approach was in 
accordance with Ormaechea et al (49) who stated that 
radiographic technique can be used to ensure the fit 
at implant-abutment connection and can measure 
gaps of at least 21 µm. However, radiographic 
technique may show some limitations leading to 
misleading results. Therefore, the implant-abutment 
assemblies were placed in a special setup in the film 
holder to guarantee that the x-ray sensor is parallel 
to the implant long axis and the x-ray beam hit both 
the sensor and the implant perpendicularly. This was 
consistent with Alikhasi et al (48) who highlighted the 
importance of the parallel positioning of the x-ray 
film to the long axis of the implant and perpendicular 
projection of the x-ray beam to ensure the precision 
of the radiograph in measurements of gaps. 

The x-ray tube angulation was adjusted to be 
zero degrees in all samples as it was previously 
proven that the best angulation of the x-ray tube to 
detect gaps is 0°. Cameron et al (50) and Liedke et 
al (51) concluded that implant-abutment micro-gaps 
can be identified accurately if the x-ray tube was 
adjusted up to 15° to 20°. 

It is of great significance to mention that 
all the measurements performed in this study 

for all samples are in points along the inner 
circumference of the implant-abutment interface 
owing to the shape of the chosen type of internal 
conical connections which reveals almost no gaps 
and no  precise measuring  points due to the lack 
of contact between the implant and the abutment 
at the outer circumference. On the contrary, most 
previous studies examining the implant-abutment 
gaps concentrated on measuring the gap at the 
outer circumference of the implant-abutment  
interface (44,46,52-55) which obscures the comparison of 
the results of this study to the previous studies.

The measurement obtained from this study were 
the measurements of the distance between the lower 
circumference of the base of the abutments and the 
screw hole as these points are fixed, standardized in 
all the implants and abutments, easily identified in 
the radiograph and can reveal the level of seating 
of the abutments. Measurement of gap distance at 
the implant-abutment interface is not viable as the 
abutment would always contact the implant at the 
smallest fitting diameter of the conical base. Several 
authors have reported this finding and agreed that 
there was always a few-millimeter contact between 
the conical connection with the internal surface of 
the implant and as the two surfaces appeared to be 
thoroughly in contact, it was difficult to distinguish 
the micro-gap at the interface.(15,56,57)

Titanium screws were used to tighten the 
abutments of all the groups in this study to standardize 
the elongation of the threads and cervical part of the 
screws during tightening as described by Kim and 
Shin. (1) The tightening torque was applied twice in 
10-minute interval to compensate for the decrease 
in preload due to settling of the screw surfaces (1). 

The results of this study revealed that there 
was a statistically significant difference between 
the groups, thus, the null hypothesis was rejected. 
Ready-made titanium abutments (group I) and 
custom-made gold abutments (group II) showed the 
least mean values with no statistical significance 
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difference between them. This may be due to the 
precise and accurate intimate fit between the pre-
machined parts in group I which may have led 
to proper stability along the implant-abutment 
interface. Remarkably, custom-made gold abutment 
exhibited comparable results to the ready-made 
titanium abutments. This may be due to the well-
known accuracy of the casting process of gold 
alloys in addition to the presence of the metallic pre-
machined base which may have resulted in better fit 
at the implant-abutment interface.

This finding is in accordance with the results 
of Lalithamma et al (58) who found comparable 
results between ready-made titanium abutments and 
premachined cast gold with plastic sleeve abutments 
with no statistically significant difference between 
them.

Regarding groups III and IV, the results showed 
that Co-Cr fully casted abutments (Group IV) have 
the highest mean values. This may be attributable 
to the technique sensitivity of the casting process 
of the Co-Cr alloys due to high melting point and 
oxidation which decreases the restoration accuracy. 
This was assured previously in the literature. (27,58)

By analysing the results of group III which 
represented castable Co-Cr also but with 
prefabricated machined Co-Cr base, a great 
improvement in the mean values can be emphasized. 
The metal part in the pre-machined Co-Cr base did 
not deform during the casting process because its 
melting point is higher than the investment heating 
temperature and thus keeping the dimensions 
constant at this critical interface. 

On the other hand, the fully casted Co-Cr 
abutments casting resulted in a dimensional 
change at the interface which might have led to the 
increased mean values of this group. This was in 
agreement with Moris et al (26) who studied the effect 
of different casting techniques on vertical marginal 
fit to the implant using Co-Cr alloys and reached 

the same conclusion. A further possible reason for 
the incomplete seating of the fully casted Co-Cr 
abutment is the lack of opposing platforms to be 
seated on each other on the outer circumference 
of the implant-abutment interface. That makes it 
difficult for the dental technician to assess the fit and 
seating of the abutment after casting and during the 
finishing and polishing procedures as it involves not 
only the coronal part of the abutment but also the 
critical connection area itself unlike the other three 
groups where the connection is always machined. 
The incomplete seating of these abutments was 
demonstrated by the highest mean values and 
the obvious incomplete screw engagement in 
comparison to the other groups. This problem 
might not show as gap due to the tapered nature of 
the connection, nevertheless, it is more likely for 
such abutments to exhibit more screw loosening 
after functioning which may lead to biological and 
mechanical failures.

This study has some limitations. Cyclic loading 
and moist oral environment simulation might 
have affected the results differently. Thus, further 
investigations must be done to detect the effect of 
these factors on the  fit between the implant and 
the abutment. Moreover, the use of a digital torque 
controller may have provided a more standardized 
torqueing of the abutments. Finally, biological 
compatibility of Co-Cr abutments inside the sulcus 
area should be investigated to complement the 
results of this study.

CONCLUSIONS

Within the limitations of this study, we can 
conclude that:

1.	 Low-priced Custom-made Co-Cr abutments 
with prefabricated Co-Cr base revealed 
promising results. 

2.	 Casted connections do not seem to be a good 
alternative to machined connections unless a 
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strict standardizations of the technique sensitive 
casting process takes place.

3.	 Due to the tapered connection, it is hard to 
detect any seating discrepancy. While conical 
connections rely mainly on the accuracy of the 
machined surfaces, casting variables may affect 
the quality of the connection.

4.	 The use of dental radiography seems to be an 
acceptable clinical reliable method for precise 
detection of the micro-gaps at the implant-
abutment interface.
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