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Abstract
Purpose: The aim of this study was to investigate the effect of implant screw channel
angulation on the fracture resistance of zirconia abutments without artificial aging.
Materials and Methods: Ten implant replicas were embedded in a jig of autopoly-
merizing acrylic resin. Using a surveyor and a metallic platform, the implant replicas
were mounted centrally and with an angulation of 30°. A maxillary left central incisor
crown was fabricated from pattern resin and scanned. The digital design of a mono-
lithic zirconia implant abutment-crown was completed using a 3D imaging software.
For all specimens of this group (ASC25), the screw channel was positioned at 25°
to the lingual. Following fabrication, the samples were attached onto the embedded
implant replicas and manually torqued to 35 Ncm as recommended by the manufac-
turer. The monolithic zirconia implant abutment-crowns were mounted in a metallic
platform, positioned perpendicular to the indenter, and subjected to loading until fail-
ure. Crosshead speed was set at 0.5 mm/min for the universal testing machine. Data
from a similar in vitro study where straight zirconia custom abutments (ASC0) were
subjected to static load until failure was used as a control group. An unpaired Stu-
dent’s t-test was used to determine if fracture resistance based on load at failure and
maximum load in each group were significantly different from each other (ASC25 vs
ASC0). Statistical significance level was inferred at p ≤ 0.05
Results: Group ASC25 fractured at a mean (SD) load of 215.49 (47.10) N and a
mean (SD) maximum load of 420.50 (17.18) N. Group ASC0 fractured at a mean
(SD) load of 534.04 (133.77) N and a mean (SD) maximum load of 762.69 (109.59)
N. The difference was statistically significant for both mean load and mean maximum
load at failure (p ≤ 0.05). The survival rate of 0° zirconia abutments was significantly
higher than that of 25° ASC zirconia abutments.
Conclusions: Within the limitations of this in vitro study the mean fracture load was
significantly higher in the group with a straight channel angulation.

The advancements in implant-supported prosthetics translate to
making the most of a patient’s esthetic and functional demands.
From an interdisciplinary standpoint, to meed these demands
requires the determination of both the surgeon and the restora-
tive dentist to create the appearance of a natural tooth where
an implant has been placed, hopefully in the ideal position.1

Implant position in the anterior maxilla usually represents a
difficult situation when the implant is not ideally placed in the
resorbed alveolar bone. A custom-made zirconia abutment can
compensate for the degrees of variation during the placement
of an implant in the esthetic zone while maintaining the mor-
phological features of the soft tissue and the overlying crown.2

The definitive restoration may be either cemented or screw re-
tained onto the abutment, and even though each technique has

its advantages and disadvantages, the method of retention of
the implant crown appears to be influenced by the clinician
predilection.3–5

However, the latest advances in restorative dentistry allow
the screw-retained restorations to offer esthetic, functional, and
biological outcomes very similar to those offered by cement-
retained restorations, providing the opportunity of easy
retrievability as well as diminishing the risk of leaving behind
residual cement. Nonetheless, there are cases in which screw
retention is still not an option because the screw access would
interfere with the esthetics. In these situations, cement-retained
restorations are preferred because they can accommodate more
implant positions.6–8 With the introduction of the Angulated
Screw Channel (ASC) zirconia abutment the management of
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clinical situations with screw-retained restorations, where the
access hole location interferes with the esthetics, seems more
attainable. The design of the ASC allows the clinician to place
the screw access hole anywhere between 0 to up to 25° in a
360° radius from the axis of the implant.8 Several studies9-11

and clinical reports12 have been recently presented advocating
for the use of ASC abutments. Friberg and Ahmazdai9 tested
ASC in single tooth situations of the anterior maxilla. The
study followed up 51 implants placed in maxillary incisors or
canine area restored with ASC zirconia abutments framework
with porcelain veneer restorations. A total of 42 implants out
of 49 required ASC abutments, based on surgical technique
due to bone availability and probably laboratory technician de-
sign considerations. Another prospective study was presented
by Pol et al10 with ASC in the posterior region for single-tooth
molar rehabilitation. This prospective study consisted of 30
implants placed in the posterior maxilla and mandible followed
by restoration with full contour zirconia restorations with ASC
abutments. Regardless of the position of the implants and the
design of the restoration, both studies reported similar results
in terms of restoration performance after one year in function
(100% success rate) and implant survival rate (98% and 100%).

Regardless of zirconia’s high elastic modulus (215 GPa) and
flexural strength (>1000 MPa), it is still vulnerable to tensile
forces and prone to fracture, especially when thin sections of
the material are located in high-stress areas.13 Its fracture re-
sistance has been studied by several in vitro experiments but
inconsistencies in study design make it difficult to correlate
conclusions related to the fracture strength of the material.2,14

Potential factors are the type of implant-abutment connection,
angle and point of loading, and abutment design.2 Thulasi-
das et al2 concluded that lingually orienting the apical por-
tion of the implant considerably decreased the fracture strength
of zirconia abutments. The use of a monolithic or two-piece
design with zirconia cemented to a metallic sleeve surround-
ing the connecting interface to the implant also needs to be
considered.15–23

Despite the fact that literature presents several studies that
evaluate the average fracture load of zirconia abutments un-
der numerous loading situations and angulations, little has been
investigated regarding the effects of varied screw channel an-
gulation on the fracture resistance of zirconia abutments. The
null hypothesis is that there is no significant effect in zirconia
abutment load to fracture strength without artificial aging when
screw channel angulation is varied.

Materials and methods

A current review of the dental literature revealed no studies re-
garding the influence of screw channel angulation on the frac-
ture resistance of zirconia. Based on this, a power analysis of
existing data from a previous study by Thulasidas et al2 was
performed to determine the appropriate sample size for this in
vitro study. In order to demonstrate statistically significant dif-
ferences (p ≤ 0.05) of fracture resistance of zirconia abutments
with 2 different screw channel angulations by 90% probability,
a sample size of ten specimens per group (n = 10) was found
to be sufficient.

Figure 1 Surveyor and platform assembly for mounting of implant
replica.

Ten implant replicas (Conical Connection RP 36698; No-
bel Biocare, Yorba Linda, CA) were embedded, in a cube of
autopolymerizing acrylic (Caulk Orthodontic Resin; Dentsply
Caulk, York, PA) with dimensions of 3 × 3 × 3 cm3. Each
replica was held in position with a guide pin (Implant Level
Conical Connection RP/WP and External Hex RP 30 mm; No-
bel Biocare) and attached to a laboratory surveyor (Ney Sur-
veyor Parallometer System; Dentsply Neytech, York, PA). The
surveyor was used as an instrument to systematize the affix-
ing of the implant replicas into the acrylic jigs. Each jig was
mounted in a metallic platform, previously positioned under
the surveyor and adjusted at 30° relative to the vertical arm
of the surveyor and the mechanical indenter of the universal
testing machine (Model 5566; Instron Corporation, Norwood,
MA) (Fig. 1). This represented the off-axis loading between
the central incisor crown supported by the implant and the
universal testing machine applicator simulating the mandibu-
lar incisor. The implant replicas were mounted centrally and
with an angulation of 30°. Autopolymerizing acrylic resin
was used to fix implant analogs into the acrylic resin holders
and was let undisturbed for over 24 hours to allow complete
polymerization.
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Figure 2 Pattern resin during scanning process.

Based on the anatomic average,24 a maxillary left central in-
cisor crown was fabricated from pattern resin (Pattern Resin
LS; GC America Inc., Alsip, IL). A 1.5 mm contact platform
was created parallel to the surface of the jig and 2 mm below
the incisal edge in the mesiodistal lingual surface of the pattern
resin crown for the testing machine indenter. The pattern resin
was scanned with a surface scanner (NobelProcera 2G Scan-
ner; Nobel Biocare) (Fig. 2). The digital design of the mono-
lithic zirconia implant abutment-crown was completed using a
3D imaging software (NobelProcera 3D GUI; Nobel Biocare).
For all specimens of Group ASC25, the screw channel was po-
sitioned at 25° to the lingual (Fig. 3). The scanned data was
communicated electronically to the manufacture facility (No-
bel Biocare, Mahwah, NJ) for fabrication of ten abutments.
Later, the monolithic zirconia implant abutment-crowns were
manually attached with a torque wrench (Omnigrip driver;
Nobel Biocare) onto the implant replicas in the acrylic jigs
and torqued to 35 Ncm following manufacturer’s recommen-
dations. The specimens were mounted in a metallic platform,
positioned perpendicular to the indenter, and subjected to load-
ing until failure. The crosshead speed was set at 0.5 mm/min
for the universal testing machine. The indenter contacted the
center of the mesiodistal lingual surface in a contact width of

Figure 3 Screenshot during digital design of abutments with 25 L.

Figure 4 Instron machine and assembly.

nearly 1 mm. The force was transferred to the lingual surface
of the abutment/crown ensemble 2 mm below the incisal edge.
(Fig. 4) A software system (Bluehill 2 Software; Instron, Nor-
wood, MA) was used to operate the universal testing machine
and to register a stress-strain diagram and breaking loads. The
data used for Group ASC0 (Control group) was obtained from
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Figure 5 Mode of failure of Group ASC25 after loading. (A) Note tita-
nium piece of the abutment apparently intact and still attached to implant
replica by the abutment screw. (B) Scratching is noticed on abutment
screw head.

a similar in vitro study25 where straight zirconia custom abut-
ments (ASC0) were subjected to static load until failure.

An unpaired Student’s t-test was used to determine if frac-
ture resistance based on load at failure and maximum load in
each group were significantly different from each other (Group
ASC25 vs Group ASC0). Statistical significance level was in-
ferred at p ≤ 0.05. No artificial aging was used in this in vitro
study.

Results

The results of the study are presented in Table 1, which shows
the descriptive statistics of load at failure and maximum load
in each group. Group ASC25 fractured at a mean (SD) load of
215.49 (47.10) N and a mean (SD) maximum load of 420.50
(17.18) N. Group ASC0 fractured at a mean (SD) load of
534.04 (133.77) N and a mean (SD) maximum load of 762.69
(109.59) N. The survival rate of 0° zirconia abutments was sig-
nificantly higher than that of 25° ASC zirconia abutments. The
mode of failure of the 25° zirconia abutments was fracture at
the apical portion of the zirconia piece of the two-piece abut-
ment with some minor damage to the head of the screw, but
without visible plastic deformations to the titanium piece or
the implant replica (Figs 5, 6) The pattern of fracture at the api-
cal portion of the zirconia piece of eight out of ten specimens
in Group 1 showed loss of continuity of the screw channel.
Out of eight specimens, five showed discontinuity on the left
lingual portion, and three showed discontinuity on the middle
lingual portion, both in vicinity with the screw channel access.
Only two specimens’ pattern of fracture did not exhibit com-

Table 1 The descriptive statistics of load at failure and maximum load
of each group

in N Group n Mean Variance SD p-Value

Load at failure ASC25 10 215.49 2218.61 47.10 <0.0001
ASC0 15 534.05 17895.88 133.78

Maximum load ASC25 10 420.51 295.48 17.19 <0.0001
ASC0 15 762.70 12011.93 109.60

Figure 6 Group ASC25 specimen.

Figure 7 Diagram showing thickness at apical portion of ceramic com-
ponent of two-piece abutment.

munication with the screw channel access. Regardless of the
pattern of fracture exhibited, all of the specimens fractured at
the most apical portion of the zirconia piece of the two-piece
abutment. This corresponds to the thinnest section of zirconia
of the abutment where the ceramic component meets with the
metallic piece (Fig. 7).

Discussion

The hypothesis was rejected considering that the abutments re-
vealed a significantly lower fracture resistance when the screw
channel angulation was varied. The majority of the available
studies on one-piece zirconia implant abutments simulated the
replacement of a single incisor.14,16,19,25 The load bearing ca-
pacities reported in these papers range from 429 to 793 N un-
der load angles that go from 30° to 60°. A strong correlation
appears to exist between calculated fracture loads and type of
implant-abutment connection.26 Following previous studies, a
contact angle of 30° was used.14,16,17,19,25

According to Ferrario et al, bite forces in healthy young
male adults are 150 N for central incisors and 140 N for
lateral incisors, but bite forces above average are to be an-
ticipated in patients with parafunctional conditions.27 In the
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present study, the mean fracture loads for both groups ex-
ceeded the aforementioned bite forces. The type of load in
this study resembles a parafunctional situation, such as brux-
ism, instead of a mastication-type. Similar to previous in vitro
investigations,14,16,17,19,20,28,29 static loads were used to frac-
ture the specimens. In this study, loads were applied with a
0.5mm/min crosshead speed, possibly tolerating much higher
loads before fracture. Of the two-piece abutment, only the zir-
conia piece failed by fracture in all samples. This is com-
parable with reports published by Zandaparsa.29 Past studies
evaluating the fracture resistance of zirconia abutments have
used base metal cemented crowns,2,21,31 or no crown at all.28,29

The test specimens in this in vitro study consisted of a dental
implant analog/monolithic zirconia implant abutment-crown
assembly. The monolithic zirconia implant abutment-crown
makes reference to the fact that the abutment was designed
as a screw-retained crown, which was fabricated from pattern
resin based on the anatomic average of a maxillary left central
incisor.24

Comparable with results described by Drew and Zandaparsa,
the mode of failure of all the samples was fracture at the api-
cal segment of the ceramic piece, with no visible damage or
plastic deformation of the titanium sleeve, abutment screw, or
implant analog.11,29 In previous studies,25,28 one-piece zirconia
custom abutments demonstrated lower bending forces in the
area of the apical hexagon, leading to the lowest mean frac-
ture load when compared with two-piece zirconia custom abut-
ments. In a two-piece zirconia custom abutment, loading forces
might be greater in the area where the abutment connects to
the implant and where the abutment is thinner. The results of
this study confirm those of previous ones related to the clini-
cal performance of two-piece zirconia custom abutments.11,29

In the design and fabrication of CAD/CAM one-piece or two-
piece zirconia custom abutments this thickness is controlled
by the manufacturer. The thickness for two-piece zirconia cus-
tom abutments in this area ranges between 0.40 and 0.60 mm.
Drew also reported this area to be a possible weak point of
0.432 mm in thickness.11 The angulation of the screw channel,
however, had a statistically significant and negative influence
on the strength of the two-piece zirconia custom abutment. In
this study, the mean fracture load for group 1 (screw channel
angulated 25° to the lingual) was 215.49 ± 47.10 N, which is
approximately 2.47 times less than its straight one-piece coun-
terpart with a mean fracture load of 534.04 ± 133.77 N.

Dental restorations should be able to withstand a wide range
of forces over an extended period of time in an aqueous
environment.31,32 Based on Zandparsa and Albosefi’s study,
along with the results of past investigations, artificial aging
was not used due to the failure to apply a statistically signif-
icant effect on the fracture resistance of straight or angulated
zirconia abutments.28,29 In spite of this, if applied it could have
resulted in a decreased mean maximum applied force before
failure.

Study limitations

Similar to other in vitro studies, implant analogs were secured
in autopolymerizing acrylic resin.11,20,25,30 However in the fu-
ture, new results could be obtained from using another material

with a modulus of elasticity and volume comparable to human
alveolar bone. In an effort to establish some uniformity with
methods from other studies, the experiment conducted also fol-
lowed the ISO Norm 14801:2016. Although the standard it is
not proposed for testing “the fundamental fatigue properties of
the materials from which the endosseous implants and pros-
thetic components are made” the standard replicates the func-
tional loading of the implant under “worst case” conditions.33

Regarding the type of load used (cyclic or static), it is very
difficult to replicate dynamic occlusal movements and patterns
during in vitro studies. The comparison of data between stud-
ies on the fracture resistance of zirconia custom abutments is
challenging because there are many variations in study design.
Disparity in the angle which the load is applied, assessment
methods, proportions, shape and type of abutment (one-piece
vs two-piece), final restorations, and even manufacture design
will have an impact on the final results. This is an in vitro study,
and although similar to previous investigations, limitations in-
cluded not considering aging, using implant replicas instead of
actual implants, acrylic resin as material for replica placement
rather than alveolar bone surrounding an implant, use of static
load to reach the fatigue failure, etc. Because the use of the
ASC abutments has reached a fair level of popularity among
providers in the past couple of years, additional in vitro studies
without these limitations are required to evaluate all the avail-
able systems under simulated clinical conditions. Moreover, in
vivo studies considering the type and quality of zirconia used,
technique of fabrication, and different manufacturers’ work-
flow are recommended to offer a definitive conclusion of the
clinical performance of this type of abutments.

Modification of the screw channel angulation has an effect
on the fracture resistance of two-piece zirconia custom abut-
ments; however natural occlusal forces are below the range of
fracture load showed in this experiment. Results show that this
type of abutment can be used for implant rehabilitation in the
anterior zone where screw-retained restorations are desired or
indicated, without compromising the esthetics of the selected
treatment.

Conclusions

Within the limitations of this in vitro study, it is concluded
that two-piece zirconia custom abutments failed by fracture in
both groups with several screw channel angulations, but the
mean fracture load was significantly higher in the group with a
straight channel angulation. The following conclusions can be
made:

1. Mean fracture load of straight two-piece zirconia custom
abutment until failure was 2.4 times that of the 25° to the
lingual zirconia abutment group.

2. The maximum load before failure for the straight chan-
nel group was almost twice (1.8) that of the angulated
screw channel abutment group.

3. Without considering fatigue loading, specimens in both
groups failed at loads that exceeded the physiologic
range.
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