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EVALUATION OF INTERNAL FIT OF CAD/CAM IMPLANT
ABUTMENTS WITH HYBRID AND INTERNAL HEX
CONNECTIONS USING DIFFERENT MATERIALS
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ABSTRACT

Objective: The aim of this study was to evaluate the internal fit of hybrid and internal hex
connections using different materials.

Materials & Methods: Forty abutments were divided into 2 groups according to connection
type. Each group was subdivided into 4 subgroups according to material (Zr, Ti, Co-Cr and soft-
milled Co-Cr-Mo). Internal fit was measured using replica technique.

Results: All the samples had clinically acceptable gap values <150 ym where internal hex
connection had narrower gap than conical connection. Zirconia was the material with lowest gap
values, followed by titanium and soft-milled Co-Cr-Mo. Co-Cr had the largest gap distance.

Conclusions: 1: Internal hex connection has better internal fit than hybrid connection with more
consistent results among different materials. 2: Zirconia showed the best overall internal adaptation
with consistent performance among the two connections used. 3: Low marginal gap distance of
CAD/CAM conical abutments may not necessarily indicate proper seating of the abutments.

KEYWORDS: Hybrid connections, Internal connections, CAD/CAM abutments, soft-milled
Co-Cr-Mo, Zirconia

INTRODUCTION the abutment and implant at the implant abut-
ment interface (IAI). Misfit at the IAI is respon-
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micromotion and rotation that can occur after load-
ing’®. Screw loosening, in return, enlarges the mi-
crogap ’, hence, a pump is created due to the abut-
ment micromovement inviting bacteria and macro-
molecules to migrate to the internal aspect of the
implant'®'". There is no consensus on the accept-
able gap distance at the IAI as some authors rec-
ommended a fit varying 1-49 ym'*'*. A marginal
misfit of 150 ym was considered acceptable by
Jemt 15

Several connections have been designed
and developed since the Branemark’s external
connection in order to minimize the microgap
and increase abutment stability. With a rotational
misfit of 3-10°, which is far above the <2° needed
to maintain a stable joint, a 6-48% prevalence
of screw loosening has occurred with external
connections '® 7. Therefore, internal connections
were introduced and showed overall improved
microbial seal, less screw loosening, better esthetics

and better joint strength '8,

Internal connections are either: passive fit,
where a gap exists between the components, or
active fit, where there is actual contact between
the components. Abutments with passive fit can be
presented in various popular designs and shapes
such as hexagonal, octagonal, spline, cylinder hex
and tri-channel. Whereas abutments with active fit
feature a conical connection with a Morse taper
between the implant and abutment which is press
fit together to form a cold-welded connection
with significant friction . With the application of
compressive forces, deeper settling of the abutment
occurs which minimizes the microgap and makes
the two structures act as one unit leading to reduced
microleakage and increased resistance to rotation
and bending torques °.

A hybrid connection incorporates both taper
and self-locking mechanisms to further minimize
rotation and micromovement when higher forces
are anticipated. However, a vertical discrepancy
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of 22.6-62.2 ym can be a disadvantage of the
conical connection if it is not properly seated on the
implant -,

Despite having superior fit *, the stock abutments
have limited customization ability which is mainly
limited to creating space for the final restoration
by reduction of the occlusal/incisal surface. The
finish line may not coincide with the actual mucosal
contour. On top of that, the emergence profile can
only be modified in the final crown due to the
cylindrical form of the stock abutments which
renders the esthetic outcome dependent on the deep
placement of the finish line, which in turn, hinders
proper cement removal *- 22, Consequently, the
optimum way to enhance the emergence profile
and the relation between the gingival depth and
adjacent dental structure is with the customized
abutment . Customization of the abutment can be
achieved by several ways; casting either on pre-
machined connections or fully casting the abutment.
A custom-made abutment on a Ti-base is reported to
yield favorable outcomes *.

CAD/CAM abutments can be fabricated in
numerous ways; top-to-bottom milling of the
whole abutment or milling only the coronal part
of the abutment with a ready-made pre-machined
connection. Several studies evaluated milled
abutments with regards to microgap formation
and machining tolerance. Machining tolerance is
defined as the amount of acceptable variance in the
dimension of a part. Many studies highlighted the
necessity of reduction of machining tolerance of
implant components to make sure of the intimate fit
of the machined parts and the implant to avoid the

mechanical and biological complications 7.

Titanium has been used for custom made

abutments. Numerous researchers found it
comparable to stock abutments in terms of vertical
gap of the TAI % while from the plethora of the
esthetic ceramic materials used in the dental field,

zirconia has been the mostly used abutment/
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crown material in implant prosthodontics due to
its biocompatibility, superior strength and good
esthetics %,

Co-Cr has been used for the fabrication of
customized abutments to replace the much more
expensive precious alloys especially after the
increase in gold prices. The non- precious alloy
was initially used either in the full-cast form, where
the abutment including the connection is casted, or
casted on a pre-machined connection. However, the
success of these types, especially the full-cast type,
depends to a large extent on the technician’s skill
and expertise *****. CAD/CAM milled Co-Cr has the
advantages of minimizing human errors, time and
cost in addition to a smooth-surface precise finish %.

Another approach for fabricating customized
Co-Cr abutments is by milling a wax-like texture
pre-sintered disc which allows the material to be dry
milled effortlessly. During the subsequent sintering
process under shielding gas atmosphere, the
frameworks achieve their final material properties.
Any conventional Co-Cr porcelain can then be
used for veneering. The manufacturers extend the
indications from conventional crown and bridge
work to multi-unit, screw-retained restorations and
custom abutments on titanium bases *°. Nonetheless,
they don’t claim that implant connections can be
fabricated using this technique.

This study aims to evaluate the effect of milling
different types of connections and different types of
materials on the gap distance at the IAI. The null

TABLE (1): Sample grouping.
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hypotheses of this study are:

1. There is no difference in gap distance at the
IAI between internal hexagonal connection and
hybrid connection.

2. There is no difference in gap distance at the TAI
between custom-made milled zirconia, titanium,
Co-Cr and soft-milled Co-Cr-Mo.

MATERIALS AND METHODS

A total number of 40 implants were used in this
study and divided into two equal groups (n=20)
according to connection design: Group 1: internal
hex (Torx®, Tube-in-Tube) connection (Classic Sky,
Bredent GmbH, Germany) and Group 2: hybrid 5°
morse taper combined with internal hex anti-rotation
feature (Connexa) connection (EvLine, B&B Dental
S.rl, Italy). Each group was further subdivided
into four equal subgroups according to material
of fabrication (n=5). Zirconia (Ceramill Zolid HT,
Ammann Girrbach, Austria), Titanium Grade V
(imes-icore GmbH, FEiterfeld, Germany), Co-Cr
(Remanium Star MD II, Dentaurum, Germany) and
soft-milled Co-Cr-Mo (Ceramill Sintron, Ammann
Girrbach, Austria) were assigned to subgroups Z, T,
C and S respectively as shown in Table 1.

Sample preparation

Epoxy resin (Chemapox 150, CMB, Giza,
Egypt) was mixed and poured into ice cube mould.
Twenty implants with internal hex connection and
4mm width and 10 mm length (Classic Sky, Bredent
GmbH, Germany) and 20 hybrid connection implants

Subgroup Z Subgroup T Subgroup C Subgroup S
(Zirconia) (Titanium) (Co-Cr) (Soft-Milled Co-Cr-Mo)
Group 1: Hybrid connection 1Z 1T 1C 1S
(Connexa) (n=5) (n=5) (n=5) (n=5)
Group 2: Internal Hex 27 2T 2C 2S
(Torx, Tube-in Tube) (n=5) (n=5) (n=5) (n=5)
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with 4 mm width and 10 mm length (EvLine, B&B
Dental S.r.l, Italy) were inserted vertically into the
resin using dental surveyor until 2 mm from the face
of the implant were left uncovered and the resin was
left to set for 24 hours.

Scan bodies were fixed to one implant of each
group and scanned to acquire the implant position
and to start the design of the abutments using a CAD
software (Exocad GmbH, Darmstadt, Germany)
with internal hex connection for Group 1 and a
copy was made for the same design but with hybrid
connection for Group 2. Both connection types
were acquired from the software library. Figure 1

Each design was milled in a 5-axis CNC milling
machine (ED5X, Emar, Egypt) from four different
materials; Zirconia (Ceramill Zolid HT, Ammann

Girrbach, Austria), Titanium Grade V (imes-icore
GmbH, Eiterfeld, Germany), Co-Cr (Remanium
Star MD II, Dentaurum, Germany) and soft-milled
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Co-Cr-Mo (Ceramill Sintron, Ammann Girrbach,
Austria). After milling, the zirconia and soft-milled
Co-Cr-Mo abutments were sintered in sintering fur-
naces (Ceramill Therm 3, Ammann Girrbach, Aus-
tria and Ceramill Argotherm 2, Ammann Girrbach,
Austria respectively) according to manufacturers’
instructions. Figures 2 and 3

Fast setting light body addition silicone impres-
sion material (Elite HD+, Zhermack, Italy) was
mixed with a mixing gun and applied to the abut-
ment connection and the abutment was screwed at
25 Ncm with the respective screw for each implant
system with the system’s screwdriver and torque
wrench. After setting of the light body, screw was
untightened, and the abutment was removed. Heavy
body addition silicone (Elite HD+, Zhermack, Italy)
was injected over the light body to stabilize it and
was removed from the implant after polymerization
to form a rubber index. Figures 4, 5

The rubber index was cut at three levels; 1 mm
from the apical end of the abutment connection
(Bottom), 1 mm from the coronal end of the
abutment connection (Top) and in the middle using
a stainless-steel razor in both groups, however the
middle section in Group1 was cut in the conical part
1 mm above the anti-rotation feature of the hybrid
connection (Middle). Each section was divided by
six lines to obtain 12 measuring points. Figures 6, 7.

Fig. (2): Pre-sintered zirconia and soft-milled Co-Cr-Mo connections of Group 1 (a, b) and Group 2 (c, d)
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Fig. (4): Group 1 abutments and rubber indices Fig. (5): Group 2 abutments and rubber indices
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Fig. (6): Three sections were cut in each abutment connection:
Group 1 (up), Group2 (down): Bottom section (left),
Middle section (middle) and Top section (right).

The thickness of the light body at each measuring
point was evaluated by a single operator using a
calibrated digital microscope (HotViewer, China) at
50x magnification.

The data were tabulated, mean values and
standard deviations were calculated, and statistical
analysis was performed using statistics analysis
software (SPSS 28.0, IBM, Chicago, USA).

The data were tested for normality using Shapiro-
Wilk test and abnormal distribution was found
among the different groups. Mann-Whitney U test
was used for comparison between connection types
and Kruskall Wallis test was used for comparison
between different materials and the interaction of
connection type and material at each section and
overall. Confidence interval of 95% was set to test
statistical significance for all tests.

RESULTS

Internal adaptation mean value was found to
be significantly higher (p<0.001) for Group 1
(103.8 ym) compared to Group 2 (18.5 ym). The
distribution of the internal gap values was different
across different sections; Group 1 showed higher
mean values for the Bottom and Middle sections,
whereas Group 2 showed higher mean for the top
section. Table 2, Figure 8
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Fig. (7): The lines dividing each section to determine the

measurement points: Group 1 (left), Group?2 (right)

Zirconia abutments showed the lowest mean value
(16.3 ym) with a statistically significant difference
(p=0.001) in each section and in the overall compared
to the other material types both in Bottom and Middle
sections and the overall measurements, however the
difference was insignificant in the Top section. There
was no difference between the means of Titanium and
soft milled Co-Cr-Mo (73.2 ym, 76.7 ym respective-
ly) while Co-Cr showed the largest significant mean
gap value (78 pm). Table 3, Figure 9.

TABLE (2): Means (um) and standard deviations
of internal gap distance for overall and
different sections of different groups.

Group 1 Group 2

Bottom 246.5 (138.3)° 17.2(104)*

% Middle 62.3(51)° 20.2(12.4)
é Top 1.97(2.6) 18(10.2)°
Overall 103.6(134.4)° 18.5(11)*

Cells with different letters % 9 in the same row have
statistically significant difference (Mann Whitney p=<0.05)

Subgroup 2T (15.6 pm) showed the lowest
mean overall internal gap values with no significant
difference with subgroups 17, 2Z and 2S followed
by 2C which had significant difference as well
with subgroups 1T, 1C and 1S which showed
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the highest mean value (137 pm). However, the
distribution of the internal gap was different across
different sections; subgroups 2T (15 ym) and 1S
(334 um) showed the lowest and highest values for
the Bottom section respectively, while for Middle

(755)

section, subgroups 2S (15.8 ym) and 1T (81 xm)
took the first and last rank respectively. As for Top
section, subgroup 1S (1.6 ym) had the lowest mean
and subgroup 2C (25 pm) had the highest mean
internal gap distance. Table 4, Figures 10-12

TABLE (3): Means (#m) and standard deviations of internal gap distance for overall and different sections

of different subgroups.

Z T C S
Subgroup o . .
(Zirconia) (Titanium) (Co-Cr) (Soft-milled Co-Cr-Mo)

Bottom 22.8(14.3) 162.3(151.8)° 167(156.6)° 175.4(166.9)°
% Middle 17.3(5.5)* 48.4(48.4) 53.5(43.3)¢ 46(47.6)°
(=}
g Top 8.6(8.2) 8.9(8.2)" 13.5(15.5)* 8.9(9.6)

Overall 16.3(11.58)* 73.2(113)° 78(114.3)¢ 76.7(123)°

Cells with different letters % in the same row have statistically significant difference (Kruskal Wallis p<0.05)

TABLE (4): Means (#m) and standard deviations of internal gap distance for different sections and overall

of different groups and subgroups.

Group/Subgroup
) ) 1Z 1T 1C 1S 27 2T 2C 2S
interaction
Bottom 26(14)¢ 310 (46)¢ 316(64)¢ 334(72)¢ 19(13)° 15(11) 18(7)° 1709)°
@ Middle 19(3)° 81(51)¢ 74(52)¢ 76(51)¢ 16(7)* 16(6)* 33(16)° 15.8(8)*
=]
g Top 22(3.1) 2(2.4) 1.9(2.6) 1.6(2.2)* 15(7)° 16(6)° 25(14)¢ 16(9)°
Overall 15.7(13)*  131(137)¢  131(143)°  137(151)° 17(9)* 15.6(8)* 25(15)° 16(8.6)*
Cells with different letters %9 in the same row have statistically significant difference (Kruskal Wallis p<0.05)
e N\ . " A
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Fig. (8): Bar chart showing the means (#m) of overall internal
gap distance of different groups.

Fig. (9): Bar chart showing the means (#m) of overall internal
gap distance of different subgroups.
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Fig. (10): Bar chart showing means (#m) of overall internal gap
distance of different groups and subgroups.

Fig. (12): Minimal internal gap distance in the conical

Top section of Group 1 samples at 50x and 1000x
magnification.

DISCUSSION

Customization of abutments can best achieve
optimum relation with the gingival tissues and the
adjacent teeth where a subgingival margin between
0.5-1 mm is placed ».Proper customization can be
achieved by CAD/CAM abutments which combine
predictable fit and durability that can be gained
from stock abutments together with the ability to
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Fig. (11): A great difference in seating between 1Z (a) and 1S
(b) is apparent with minimal gap in 1Z and a huge gap
in 1S

modify different prosthetic restoration parameters
such as emergence profile, corrected angle, location
of the finish line, external contour and thickness of
the restoration 73,

In addition to accuracy, durability and the sim-
plicity of the construction procedure, the versatile
range of materials that can be used is considered a
huge benefit of CAD/CAM dental restoration in-
cluding implant abutments. CAD/CAM is consid-
ered the only way to manufacture high-strength ce-
ramic abutments until this day. Those custom-made
CAD/CAM abutments can be either machined from
the top down including the implant connection or
milled from blocks with pre-machined connections.
However, only the former method can be used
for the manufacturing of custom-made zirconia
abutments *%.

Several studies have evaluated the fit of CAD/
CAM abutments with various connection types and
materials**#. Different methods were used to eval-
uate the implant-abutment fit such as replica tech-
nique***, SEM*# radiographic examination®*#%-47,
and micro CT #'.

Replica technique was used in this study due to
the capability of this technique to measure the inter-
nal adaptation, ease of the technique, abundance of
literature describing the technique and availability
of needed materials. Other techniques have one or
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more of the disadvantages of being too expensive,
aggressive, need special equipment or being limited
to measuring the marginal gap only .

Two types of internal connections were tested
in this study; Connexa: a hybrid conical-hex
connection (Group 1) and a Torx®, tube-in-tube,
internal hexagonal connection (Group 2), possessing
active-fit with anti-rotation feature and passive-fit
respectively.

Both null hypotheses were rejected as there
was a significant difference between both types of
connections and between the four materials used.
The results of this study show that Group 1 has higher
internal gap distance mean value (103.8 ym) than
Group 2 (18.5 um). Apart from the upper part of the
conical section of the connection, there seems to be
very poor fit specially in the anti-rotation hexagonal
section of Group 1 samples. This indicates a failure
to completely seat the abutments despite torquing
the screw to the recommended force.

This could be a result of the failure of the milling
machine to accurately mill the conical part to the
correct dimension or angle which may have rendered
the first contact area with the implant a little larger
than it should be. This can be demonstrated by the
intimate fit at the implant face and the lack of fit
more apically, making the standard diameter of the
implant face engage the relevant diameter of the
abutment but at a more apical direction in relation
to the abutment.

The conical surface of the hybrid abutment
with its circular nature and the 5° morse taper may
complicate the milling of the abutment connection.
A minimal discrepancy in the diameter or the angle
of the conical part may lead to incomplete seating
of the abutment creating a large gap between the
implant and the abutment. Incompatible drill size
of the milling drill with the corresponding implant
angle and the change in radius are reported to be
contributing factors of the final fit of CAD/CAM
abutments 4.

(757)

Zirconia performed well despite the type of
soft-milled
Co-Cr-Mo were affected by the type of connection.

connection. Titanium, Co-Cr and
Zirconia showed the lowest internal gap value
(16.3 um) between all the materials tested followed
by titanium, finally soft-milled Co-Cr-Mo and
Co-Cr had the highest values. This may be due to
that zirconia abutments were the only ones to be
adequately seated in Group 1. The soft nature of the
zirconia during milling may increase the accuracy of
the milling procedure. This could explain also why
the Co-Cr had the highest mean values as Co-Cr is
the stiffest material used in this study which may
have affected the wear and bending of the drilling
instruments “%. It was reported that stiffness of the
abutment material was related to the passivity and
preload maintenance ».

Sandoval R (2021) * and Sui et al (2014) >
found a marginal gap of (14.18 um) and (19.38 pum)
at the IAI for milled internal hex zirconia abutments
respectively which is comparable to the results
obtained by this study (16.3 ym). Sae-Lee D et al
(2018) ** had mean internal gap of (88.4 um) for
customized titanium bases which is in accordance
with the mean of overall titanium abutments of (73
um) found in this study.

On the contrary to this study, Barbosa Jr S.
et al (2020) » found that the misfit for external
hex abutments made of titanium (11.1 xm) is
better than that of zirconia abutments (25.3 ym).
Molinero-Mourelle P et al (2021)“*' compared the
angular misfit of milled Co-Cr and zirconia conical
abutments and found no significant difference
between them (2.26 and 2.57 um respectively)
but they were much better than laser sintered and
cast Co-Cr. Gonzalo E et al (2020) *° evaluated the
marginal misfit of milled titanium abutments for
different implant systems and mean values between
0-2.32 pm were measured. Yuzugullu B and Avei M
(2008) * found mean vertical gap of 2.5-3.2 ym for
zirconia and titanium abutments.
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Soft-milled Co-Cr-Mo was used to fabricate

implant abutments including the connections
between them. Despite being milled in a soft state
which can contribute to easier and more accurate
milling, sintering of the soft material causes
dimensional changes that may affect the internal
adaptation of the abutment. A slight decrease in the
shrinkage, estimated by 10% by the manufacturer,
can lead to improper fit due to early contact between
the conical part of the abutment and the implant.
Ramalho I (2020) *+ evaluated misfit volume of
CAD/CAM soft-milled Co-Cr-Mo to machined and
cast abutments and found that the soft-milled Co-

Cr-Mo had the largest values of the three groups.

The different results could be explained by the
fact that different abutment connections or different
measurement techniques were used, or measurement
of marginal adaptation only compared to overall
internal adaptation in this study. Mean values of Top
section of Group 1, which is the nearest area to the
margin, had as low mean values as those mentioned
above.

The results of this study indicates that all the
tested groups and subgroups were within the
clinically accepted range of 150 gm '-5'. This is
in accordance with several authors who concluded
that CAD/CAM milled abutments can be a valid
alternative to stock and cast abutments 36414252,

Nevertheless, a thorough look in the mean values
of Group 1 Bottom and Top sections shows that
despite that subgroups 1T, 1C and 1S had the lowest
mean values at the Top section, which may indicate
good margin adaptation at the IAI, very large
internal gap was found in the Bottom section with
the highest mean values between all other samples.
This indicates that the abutments had premature
contact with the implant at the top and failed to be
completely seated in their places.

This finding could rule out the significance of
margin gap measurement in customized conical
abutments as the presence of a clinically acceptable
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gap margin at the IAI does not necessarily mean that
the abutment is completely seated into the implant
due to the absence of a butt margin or landmark that
verifies this seating.

This failure of seating completely may lead to
different outcomes including, but not limited to,
axial displacement after loading. Axial displacement
can occur inevitably due to machining tolerance and
settling in different types of connections, however
in conical connections, a third factor is present
which is the wedge effect that induces compressive
stresses on the implant in the apical direction 3%,
Ko KH et al (2019) * concluded that titanium CAD/
CAM abutments with conical connection exhibited
the greatest axial displacement compared to other
internal and external connections. Reduced reverse
torque of the screw * and negative occlusion 3-3% %
are known drawbacks of axial displacement.

Saydin S et al (2012) *° predicted that internal
conical abutments showed the highest degree
of rotational freedom compared to internal hex,
internal octa and Tri-lobe abutments. Yao et al
(2015) * and Yao et al (2019) 7 suggested that anti
torsion ability relies on the frictional resistance of
the cone to be higher than the torsion movement
due to occlusal loads, which is not always the case
clinically. Therefore, self-locking feature is added
to the conical connection to resist rotation. Failure
to fully engage this anti-rotation feature would lead
to loss of abutment stability '*-%7.

Moreover, it was suggested that the larger the
contact length is, the more stable the implant-
abutment connection would be and highlighted that
if the length of the interface between abutment and
implant was increased, the stability of the connection
was increased in proportion to the fourth power of
the contact length 3%,

Lack of internal adaptation values after cyclic
loading to assess the settling and axial displacement
of different connections and materials, and absence
of wet conditions to mimic the oral environment are
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considered limitations of this study. Further clinical
investigation is needed to confirm the outcomes of
this study in oral environment.

CONCLUSIONS

From the results and within the limitations of

this study, the following can be concluded:

1.

Internal hex connection has better internal fit
than hybrid connection with more consistent
results among different materials.

Zirconia showed the best overall internal
adaptation with consistent performance among

the two connections used.

Low marginal gap distance of CAD/CAM
conical abutments may not necessarily indicate
proper seating of the abutments.
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