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PURPOSE. The aim of this study was to investigate microstrains around two
non-parallel implant-supported prostheses and different abutment connections
and positions under vertical static load using strain gauges. MATERIALS AND
METHODS. 4 models simulating the mandibular unilateral free-end were
fabricated. 8 implants (4.0 X 10 mm and 5.0 X 10 mm) were inserted in the
second premolar, perpendicular to the occlusal plane, and the second molar,
tilted at 15°. Four groups were analyzed: engaging and angled abutments
(control group), both non-engaging abutments, both screw-and cement-retained
prosthesis (SCRP) abutments, and engaging and non-engaging abutments. Strain
gauges were placed buccally, lingually, mesially, and distally adjacent to each
implant. The restoration was cement-retained in the control group and screw
and cement-retained in the rest. Zirconia bridges were fixed on the abutment
with NX3, and a 300 N vertical static load was applied. Microstrains were recorded
and analyzed. RESULTS. Both non-engaging abutments showed the highest
compressive microstrains (-52.975), followed by engaging, angled abutment
(-25.239). SCRP-SCRP abutments had the lowest compressive microstrains
(-14.505), while the engaging, non-engaging abutments showed tensile
microstrains (0.418). Microstrains in SCRP-SCRP and engaging, non-engaging
groups were significantly lower than in the control group (a=.05). Premolar
areas showed compressive microstrains (-47.06), while molar sites had tensile
microstrains (+0.91), with microstrains in premolars being significantly higher
than in molar area (o =.05). CONCLUSION. The types of abutment connections
and positions may have a potential effect on microstrains at the implant-bone
interface. SCRP-SCRP abutments could be an alternative to use in non-parallel
implant-supported prostheses when two implants make an angle of no more
than 20 degrees. [J Adv Prosthodont 2024;16:290-301]
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Impact of type and position of abutment connection on microstrain distribution:

an in vitro study

INTRODUCTION

Implant-supported bridges have become a standard
treatment option for partially or fully edentulous pa-
tients, offering high treatment success and patient
satisfaction.* Factors such as bone quality, stress
distribution, abutment type, implant dimensions, and
positioning influence the longevity of these bridges.>

The implant-abutment interface (IAl) plays a pivot-
al role in determining clinical success. Elevated stress
on restoration and implant components can lead to
complications like screw loosening, abutment frac-
ture, and implant failure. Factors such as implant con-
nection geometry (external indexed, internal indexed,
or cone connection), abutment type (engaging vs.
non-engaging), implant materials, positioning, and
masticatory forces contribute to stress patterns in the
implant-prosthesis-bone complex.®

In the traditional method, freehand implant place-
ment is still done. In the posterior region, the devia-
tions between planned and actually achieved posi-
tion with freehand implant placement showed the
mean values and standard deviations as follows: an-
gle 8.7 £ 4.8°, 3D deviation at the implant shoulder
1.62 = 0.87 mm, mesiodistal deviation 0.87 £ 0.75
mm, buccolingual deviation 0.70 = 0.66 mm, and api-
cocoronal deviation 0.95 = 0.61 mm.” Freehand im-
plant placement exhibits a higher level of deviation
between planned and actually achieved implant posi-
tion. Moreover, bone anatomy in some areas may be
limited in implant angulation, such as maxillary sinus,
lingual concavity in the posterior mandible and infe-
rior alveolar canal (IAC). Following dental extraction,
bone resorption can occasionally limit the quantity
of suitable implants and make it difficult to place the
implant in the best possible location. Using a pontic
or cantilever (mesial or distal) as an alternative is sug-
gested in this situation to avoid surgical procedures
that increase treatment time, cost, and surgical mor-
bidity.8

Savignano et al.5 reported that the stress distri-
bution with implants and restorative components
can be affected by abutment design (engaging and
non-engaging) and location. Engaging abutments are
designed to lock into the implant interface’s unique
anti-rotation feature (hex, star, etc.). With a single unit
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screw-retained restoration, the engaging abutment is
used. This measure will lock the individual crown into
the correct orientation (anti-rotation). The non-en-
gaging abutment does not have this anti-rotational
feature. Rather, the design does not quite interact or
lock the same way between the abutment and im-
plant. This is optional for more than two non-paral-
lel implants. A screw and cement-retained abutment
(SCRP) is a specially designed stock abutment with
a unique type of connection. In one abutment, there
are both engaged and non-engaged components. It
has a short-engaged section at the upper half that
allows for abutment relocation, as well as a non-en-
gaged section at the lower half. This is feasible due to
the SCRP abutment’s unique structural design, which
includes gaps to compensate the undercuts generat-
ed by the nonparallel implant connection.?

An implant-supported bridge is more challenging to
produce because the impression must be much more
precise to connect two or more implants into a single
prosthesis. Therefore, the angulation of implants has
become more important so that implants are never
100% parallel; passive fit is more difficult to achieve,
and more technical precision is required.! Nowadays,
there are no manufacturer guidelines for selecting the
position of an engaging or non-engaging abutment
to be connected to the two non-parallel implant-sup-
ported bridge. Due to a lack of direct relevant scientif-
ic data, this practice is based on anecdotal evidence
and the clinical experience of educators and clini-
cians.10

Strain gauge analysis has been widely used to an-
alyze the microstrain distribution of dental implants
surrounding bone. Strain gauges are used to evalu-
ate the deformation of force subjected to an implant
component.t0

This in vitro study aims to analyze microstrains
around two non-parallel implant-supported bridges
and investigate the effects of abutment connections
and positions using strain gauges. By understanding
the impact of these factors on stress distribution, we
can optimize treatment strategies for improved clin-
ical outcomes and long-term success. The null hy-
pothesis was that the type and position of the abut-
ment connection have no effect on microstrain at the
implant-bone interface around two non-parallel im-
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plant-supported prostheses in the posterior region.

MATERIALS AND METHODS

The sample size for this study was determined by Do-
gus et al.1° and has been used as a reference in the
calculation of sample size for similar studies. A power
analysis was performed with a G*Power 3.1.9.4 pro-
gram. The effect size was 0.7293805 at 95% power;
therefore, the minimum sample size for the study was
40. As a result, 10 were used for each group.

Four models for four groups simulating the man-
dibular unilateral free end were fabricated. Eight im-
plants (4.0 X 10 mm and 5.0 X 10 mm) were insert-
ed in positions representing the second premolar
(45) perpendicular to the occlusal plane and the sec-
ond molar (47) tilted at 15°. Various abutment com-
binations were used (Table 1, Fig. 1). Strain gauges
and static axial loads by universal testing machines
were used to measure microstrain around the im-
plant-bone interface. All recordings were repeated 9
times (a total of 10 times for each group).

Table 1. Experimental group

https://doi.org/10.4047/jap.2024.16.5.290

The lower arch STL file was designed for Kenne-
dy Class Il unilateral distal extension of the eden-
tulous area. Resin models were printed using a 3D
printer (Metric V3, Formlabs, Somerville, MA, USA),
which had a Young’s modulus of 2.2 GPa, approximat-
ing estimates for trabecular bone (2.2 GPa). Groups
1 - 4 were prepared at 34 - 37 for the fabrication of
a monolithic zirconia crown. The models were CT
scanned (Whitefox, A company of ACTEON Group, Ita-
ly) and model scans were performed using a 3Shape
D900L scanner (3Shape A/S, Copenhagen, Denmark).
The DICOM and STL files of the model were imported
into implant planning software (Fig. 2). The bone-lev-
el internally indexed dental implant at position 45 (4.0
X 10 mm, ISlll, Neobiotech, Seoul, Korea) was aligned
perpendicular to the occlusal plane, while the im-
plant at position 47 (5.0 X 10 mm, ISIIl, Neobiotech,
Seoul, Korea) was 15 degrees from the long axis. A
static surgical guide was designed, printed, and used
for drilling and placing dummy implants according to
the Neobiotech protocol.

Stock abutments were connected to the implants

Area 45
Group Implant (D 4.0 mm L 10 mm)
(Model no.) Abutment(D4.5H5.5GH 1 mm)

Area 47
Implant (D 5.0 mm L 10 mm)
Abutment (D 5.2H5.5GH 1 mm)

Except group 1, which uses angled abutment 15°(D 5.2 H7 GH 2 mm)

Engaging
Non-engaging

A W N =

Engaging (Angled abutment)
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Fig. 1. Engaging, non-engaging, SCRP-type IS cemented abutment and IS angled abutment (Neobiotech, Seoul, Korea).
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Fig. 2. Dicom and STL files of the model were imported to implant planning software

(Implant Studio, 3Shape).

in each model, following groups’ designs (Table 1).
Torque of 30 Ncm was applied to each abutment
twice, following recommendations of the manufac-
turer (Fig. 3). All abutment screws were tightened be-
fore microstrain measurements.
Polytetrafluoroethylene tape (Teflon) was filled at
abutment screw access. Prepared zirconia crown on
teeth no. 34-37, 4-units zirconia bridge on teeth no. 44
- 47, and both stock abutments in groups 2 - 4 were
scanned to design crowns and an implant support-
ed 4-unit bridge with open screw access (Screw and
cement-retained restoration). In group 1, they were
scanned to design crowns and implant supported
4-unit prosthesis without a screw access (Cement-re-
tained restoration) by the model scanner and Dental

System (3shape, Netherland). The monolithic zirconia
crown and bridge (Cercon HT, Dentsply Sirona, Ben-
sheim, Germany) were milled as designed by Sainam-
tip Dental Laboratory (Samut Prakan, Thailand) and a
periapical film was taken for verification of the com-
plete seating of the implant-abutment connection
in all models. All models received crowns on teeth
from the left second molar (tooth 37) until the left
first premolar (tooth 34), and a bridge connecting the
right second premolar (tooth 44) to the second molar
(tooth 47).

A marker line was made to fix the strain gauge on
the surrounding bone (i.e., model material in this
case), which was 2 mm thick. The 2-mm thick, 360-de-
gree circle of bone was divided into four sections by

Fig. 3. Stock abutments were connected to any implants and torqued to 30 Ncm (Neobiotech).
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making a 90-degree angle. The strain gauge was sta-
bilized in a way that the middle of the gauge is fixed
to the marker line and the upper part is attached to
the margin of bone (Fig. 4).

Thirty-two strain gauges (KFGS-03-120-C1, Strain
Gages, Kyowa Electronic Instruments, Tokyo, Japan)
were used in the four models. Eight strain gauges in
each model (4 per one implant site) were fixed to the
margin of the bone with a cyanoacrylate-based ce-
ment (Strain Gage Cement CC-33A, Kyowa Electronic
Instruments, Tokyo, Japan) to the mesial, distal, buc-
cal, and lingual regions at the implant-abutment in-
terface area of each 3D-printed model.

Following the manufacturer’s instructions, the res-
toration in all groups was particle-abraded on the
intaglio surfaces of the zirconia crowns and zirconia
bridges with 50-um silica particles coated with AL,0,
(sandblast) for 10 seconds at a pressure of 2 bar and
distance of 10 mm. Then, a silane primer (Kerr, Or-
ange, CA, USA) was applied to the intaglio surface of
zirconia crowns and zirconia bridges for 60 seconds
and luted after air drying. Finally, zirconia crowns
were chemically bonded to the abutments (34 - 37)
with resin cement (Kerr, Orange, CA, USA) and the ex-
cess cement was carefully removed from the margin.
All surfaced were light cured for 20 seconds each. In
all groups, an Optibond Solo Plus (Kerr, Orange, CA,
USA) was applied to the abutment implants for 15
seconds using a light brushing motion and the ad-
hesive was air-thinned for 3 seconds and then light
cured for 20 seconds. Zirconia bridges were chemi-
cally bonded to the abutment implants (45,47) with

Fig. 4. Location of strain gauges on the model.
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resin cement (Kerr, Orange, CA, USA) and the excess
cement was carefully removed from the margin. All
surfaces were light cured for 20 seconds each. Groups
2 - 4 were torqued to 30 Ncm and the access screw
hole was covered with composite resin to enhance
the restoration’s aesthetic and function (Fig. 5).

Strain gauges (KFGS-03-120-C1, Strain Gages, Kyo-
wa Electronic Instruments, Tokyo, Japan) were con-
nected to a data acquisition system (EDX-10 Series,
Compact recording system, Kyowa Electronic Instru-
ments, Tokyo, Japan), which delivered the signal to
a reading board (EDX-10 Series, Compact recording
system, Kyowa Electronic Instruments, Tokyo, Japan)
on a desktop computer (Notebook). The strain gauge
outputs were evaluated using a data acquisition soft-
ware (DCS-100A version 04.78, Kyowa Electronic In-
struments, Tokyo, Japan). A channel on the data ac-
quisition board were assigned to each strain gauge.
All strain gauge values were set to 0 before to connec-
tion.

A static axial load (compressive load) of 300 N sim-
ulated masticatory force!13 was applied at a cross-
head speed of 0.05 mm/sec for 15 seconds!* using the
universal testing machine (EZ test, Shimadzu, Tokyo,
Japan). A bilateral loading was applied on the first
premolar, second premolar, first molar and second
molar on each side with a wide strainless-steel plate
(Fig. 6). Each loading condition was repeated 9 times.
Before each loading, we set all strain gauges to zero.
Each strain gauge collected data for strain values.
Each strain gauge was used to determine the strain
and record the data.

Fig. 5. The model after the cementation of crowns and
bridges.

https://jap.or.kr
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Fig. 6. 3D printing model and wide stainless-steel plate.

The analysis of the results of this study was con-
ducted using the statistical software SPSS version 27.0
(SPSS, Inc., Chicago, IL, USA). The normal distribu-
tion of data in each sample corner was tested with the
skewness/std.error ratio test!® with the Z test statistics.
The sphericity prerequisite of the repeated variability
analysis was verified with the Mauchly’s Test. If there
is a breach of the agreement, the Greenhouse-Geiss-
er solution or the results of the analysis with MANOVA
without this pre-agreement can be used.

J Adv Prosthodont 2024;16:290-301

The effects of abutment connection, position, and
surface differences (4 X 2 X 4) were analyzed using
three-way repeated ANOVA variability analysis, with
the surface as a body factor in the sample unit (with-
in-subject factor). The differences between groups
and positions were determined by pairwise compar-
isons and controlled by the Bonferroni method. The
tests were performed at a significance level of 0.05.

RESULTS

As shown in Table 2 and Figure 7, comparing the
mean of the microstrain around two non-parallel im-
plant-supported prostheses, group 2 (non-engaging,
non-engaging) showed the highest compressive mi-
crostrains (-52.975), followed by control group 1 (en-
gaging, angled abutment) (-25.239). Group 3 (SCRP-

100

50 * x

Microstrains (UE)
g o

-100

-150

-200
G1hex-angle G2non-non G3scrp-scrp G4 hex-non

Group

Fig. 7. Bar chart representing means and standard de-
viations of microstrains of each tested group, and

* indicates the mean difference is significant at the 0.05
level.

Table 2. The mean values and standard deviations of the microstrain around two non-parallel implant-supported prostheses

in the posterior region in four groups

Microstrains N Mean microstrains Standard deviation
Group (Repeated)
G1 control (hex, angle abutment) 10 -25.239* 67.737
G2 non-hex, non-hex 10 -52.975* 116.745
G3 scrp, scrp 10 -14.505* 19.911
G4 hex, non-hex 10 +0.418* 39.017

* Indicated the mean difference is significant at the 0.05 level, - = compression, + = tensile, hex = engaging, non-hex = non-engaging

https://jap.or.kr

295




SCRP) had the lowest compressive microstrains
(-14.505), while only group 4 (engaging, non-engag-
ing abutment) had tensile microstrains (0.418). Mi-
crostrains in groups 3 and 4 were significantly lower
than those in the control group (p-value <.05).

As demonstrated in Table 3 and Figure 8, comparing
the mean of the microstrain around two non-parallel
implant-supported prostheses in two positions, area
45 showed compressive microstrains (-47.06) and
area 47 had tensile microstrains (+0.91). Microstrains
in area 45 were significantly higher than in area 47
(p-value <.05).

Comparing the mean of the microstrain around
two non-parallel implant-supported prostheses on
each surface in all groups, the highest compressive
microstrains were recorded on the mesial surface of
implant 45 in group 2 (non-engaging-non-engaging)
(-333.87), and the highest tensile microstrains were
recorded on the buccal surface of implant 45 in group
4 (engaging-non-engaging) (+51.07) and on the lin-
gual surface of implant 45 in the control group (en-
gaging-angled abutment) (+50.75) (Table 4, Fig. 9, and
Fig. 10).

Table 3. The mean values and standard deviations of the
microstrain around two non-parallel implant-supported
prostheses in the posterior region in 2 positions

Microstrains N Mean Standard
Position (Repeated) microstrains  deviation
45 10 -47.06* 94.13
47 10 +0.91* 27.45

* Indicated the mean difference is significant at the 0.05 level.

https://doi.org/10.4047/jap.2024.16.5.290

DISCUSSION

One of the indicators of the long-term success of im-
plant-supported prostheses is the strain around den-
tal implants and surrounding bone.!%” Abutment
screw fracture, porcelain chipping, peri-implant bone
loss, dental implant fracture, and loss of osseointe-
gration are all possible outcomes of strains beyond
the threshold values. In this study, microstrain was
evaluated in two non-parallel implant-supported
prostheses in the posterior region with various abut-
ment connections and positions. The abutment con-
nection and position of the abutments demonstrated

100

50

 mw

Microstrains (UE)

area 47
Position

area 45

Fig. 8. Bar chart representing means and standard
deviations of microstrains around two non-parallel
implant-supported prostheses in each position, and

* indicates the mean difference is significant at the 0.05
level.

Table 4. The mean values and standard deviations of the microstrain around two non-parallel implant-supported prostheses

in the posterior region on each surface in all groups

Grou N Mesial Distal Buccal Lingual Mesial Distal Buccal Lingual
P 45 45 45 45 47 47 47 47

1 10 -146.30 +38.50 -97.46 +50.75 +47.63 -29.11 -51.28 -14.64
(5.89) (5.45) (8.34) (8.47) (7.36) (6.07) (9.40) (9.38)

) 10 -333.87 +18.64 -121.42 +28.20 -36.01 +13.46 -19.03 +26.24
(5.24) (3.92) (5.52) (6.45) (3.15) (2.87) (5.58) (10.32)

3 10 -37.70 -25.34 -38.43 -18.62 +6.35 +2.72 -21.93 +16.92
(2.85) (3.43) (3.64) (3.67) (3.54) (4.77) (4.64) (4.78)

4 10 -16.18 -78.91 +51.07 -25.89 +7.85 +35.97 +0.46 +28.96
(1.51) (3.25) (2.59) (2.27) (2.96) (2.66) (3.30) (4.59)

*1=hex-angled, 2 = non-non, 3= SCRP-SCRP, 4 = hex-non
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Fig. 9. Bar chart representing means and standard deviations of microstrains around two
non-parallel implant-supported bridges of each surface atimplant 45.
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Microstrains (UE)
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Mesial 47 Distal 47
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i m Group 3

Group 4

e

Buccal 47 Lingual 47

Surface

Fig. 10. Bar chart representing means and standard deviations of microstrains around two
non-parallel implant-supported bridges of each surface atimplant 47.

a potential effect on microstrain at the implant-bone
interface of two non-parallel implant-supported pros-
theses in the posterior region. The null hypothesis was
rejected, i.e., the type and position of the abutments
showed significant differences in microstrain values
at the implant-bone interface of two non-parallel im-
plant-supported prostheses in the posterior region.

In this study, both non-engaging abutments had the

https://jap.or.kr

most microstrains on the bone. Both SCRP abutments
had the least microstrains on the bone. Therefore, if
two implants are not parallel, SCRP-SCRP abutments
could be possible options. Because SCRP abutments
have both engaging and non-engaging parts, they of-
fer passive fit, retrievability, and space compensation
for nonparallel implants when two implants make an
angle of no more than 20 degrees, with advantages in
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screw- and cement-retained prostheses for extraoral
or intraoral cases.’ Moreover, the result of this study
showed that SCRP abutments gave the lowest com-
pressive microstrains on the bone. Group 2 (non-en-
gaging, non-engaging) had the highest microstrains
around two non-parallel implant-supported prosthe-
ses. Although the non-engaging abutment has a larg-
er implant-abutment tight contact area, when the
engaging abutment is loaded, the position of the con-
tact area is likely to become deeper than the non-en-
gaging abutment, which enlarges this area at the
implant-abutment interface and reduces the strain
and stress on the abutment screw. This decreases mi-
cromovement, offering the advantage of having bet-
ter fit between implant components.® The results
were similar to those of Savignano et al.,® which used
FEA to study the stress distribution on mandibular
screw-retained FDP when using different combina-
tions of engaging and non-engaging abutments. They
found that the cancellous and cortical bones in both
non-engaging abutments had the highest stress. If
all implants are parallel in the restoration and have
a passive fit, both engaging abutments are recom-
mended because they have the optimum stress dis-
tribution. On the other hand, if implants are not par-
allel, the alternative is to utilize a combination of an
engaging abutment and a non-engaging abutment.
The outcomes of the current experiment were also in
line with those of Dogus et al.,'° who looked at the fa-
tigue response of the effects of internally connected
engaging component position in screw-retained fixed
cantilevered prostheses and found that both non-en-
gaging components had a lower cycle number before
fracture and a lower axial force at fracture, meaning
that a screw-retained cantilevered FDP with an en-
gaging abutment has a mechanical advantage in that
it requires less force and fewer cycles to fail early.
However, both implants must be parallel; if they are
not, it is would better to use an engaging abutment
in the implant that is farthest from the cantilever to
increase resistance to abutment screw fracture. The
SCRP abutment has less contact area between the
implant and the SCRP abutment than with the en-
gaging abutment. However, Linkevicius? discovered
that engaging and non-engaging abutments have the
same conical connection that allows them to engage
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the implant. A contact plane exists between the im-
plant and abutment, known as a conical connection.
The hex in the implant and the engaging abutment
are not physically touching. Therefore, since loads are
delivered to the implant with a conical connection,
load transfer is the same for engaging and non-en-
gaging abutments. Future direct comparisons, in po-
tential clinical trials, would be of high value in order
to explore which type offers the best resistance to mi-
crostrains, with the least change of technical compli-
cations.

In the present study, group 4 (engaging, non-en-
gaging) had the lowest microstrain and tensile mi-
crostrain. It is important to keep in mind that dental
implants and bone prefer compressive stress over
tensile stress, since the implant-bone interface is typi-
cally maintained by compressive loads. This contact is
typically disturbed by tensile and shear forces. Shear
force might damage the implant and the bone.*° From
this study, it was found that different abutment con-
nections had a possible influence on stress distribu-
tion. There is less contact area between the implant
and the SCRP abutment than with the engaging abut-
ment; however, the microstrain value is lower than in
the control group. This may be due to other factors,
such as the position of the strain gauge and the load
distribution on the crown in each model. Based on
the outcomes of this study, it is proposed to use both
SCRP abutments in two non-parallel implant-sup-
ported prostheses when two implants make an angle
no more than 20 degrees, followed by a combination
of engaging and non-engaging as another option. Fur-
ther experiments and future clinical comparisons are
necessary to determine its accuracy.

Additionally, using a combination of engaging
and non-engaging abutments, or both non-engag-
ing abutments, can also be implemented to leave
a specific amount of space between the dental im-
plants and provide a passive fit. According to a re-
lated study by Rutkunas et al.,?° which assessed the
fit of a two-implant-supported screw-retained zirco-
nia framework with three different combinations of
abutment connections (both engaging, engaging and
non-engaging, and both non-engaging), it was discov-
ered that both non-engaging two-implant-supported
zirconia frameworks tolerated the vertical and hori-

https://jap.or.kr



Impact of type and position of abutment connection on microstrain distribution:

an in vitro study

zontal misfit levels better. Because both engagement
frameworks are more susceptible to minute distor-
tions that can happen throughout the prosthetic pro-
cedure, they are less advised for 2-implant-supported
FDPs. The prosthesis and peri-implant bone are un-
der more stress with higher levels of misfit.21.22

Based on the results of a study by Cavallaro and
Greenstein,? an increased stress on implants is seen
if angled abutments are used; nevertheless, these
increases were within physiological limits. Conse-
quently, it was anticipated that the angled abut-
ment implant at area 47 in the control group should
have more microstrains than the straight abutment
implant at area 45. However, this study found that
straight abutments had a larger microstrain. In other
words, the microstrain of implant area 47 was low-
er in this study, even with implants that were 15° in-
clined and an angled abutment. This was likely due
to the fact that the implant in area 45 was 4.0 mm in
diameter, smaller than the implant in area 47, which
was 5.0 mm in diameter. In addition, the implant in
site 45 had an anterior and posterior cantilever. This
agrees with Eazhil et al.?* and Matsushita et al.,*> who
discovered that the use of implants with a smaller
diameter led to an overall increase in the amount of
stress and strain around the implant. This might be
as a result of these implants’ smaller size and surface
area, which exert more force per square millimeter
of enclosing bone than larger-diameter implants.2¢
The result was also in line with the study by Lee et
al.,>” which revealed that implant diameter affects
the stress distribution on the implant complex; as
implant diameter decreases, stress concentration in-
creases. A1 mm increase in diameter results in a 15%
reduction in stress. This study suggests that the diam-
eter may have a greater impact on microstrain distri-
bution than the implant’s 15-degree angulation.

Microstrains surrounding the peri-implant bone at
implant in area 45 in this study were higher than at
implant 47 in all groups. In addition, implant in area
45 had a smaller diameter, with cantilevers on the
front and back of the implant, as mentioned previous-
ly, as opposed to implant in area 47, which only had
an anterior cantilever. According to numerous earlier
studies, the stress concentration surrounding the im-
plants increased as cantilever length increased.8282°
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Therefore, a short cantilever length is advised since it
is the primary means of lowering stress on the corti-
cal bone.?® The greatest stresses were observed at the
ridge crest on the distal surface of the distal implant
for all cantilever lengths, and as cantilever lengths in-
creased, the maximal stress on the implants also in-
creased. According to studies by Suya Moura Mendes
Alencar et al.,*® it was shown that the effects of can-
tilever length on load transfer to the mandible distal
cantilevers cause more stress to be distributed more
unevenly throughout the peri-implant bone than me-
sial cantilevers. Therefore, if it is not possible to place
one implant for each lost tooth, the use of cantilevers
should be avoided because it increases the possibility
of treatment failure.3!

When the microstrain distribution on the FDP com-
ponent is higher than the yield strength of the ma-
terial, plastic deformation of the component can oc-
cur, leading to screw loosening. Additionally, high
stress concentrations can lead to deformation and
wear between components.® According to Frost,3?
bone responses to tension can be divided into four
windows: acute disuse, adaptation, mild overload,
and pathologic overload. The acute disuse window
has tensions below 50 microstrains, resulting in bone
loss. The adaptation window has tensions between
50 microstrains and 1,500 microstrains, resulting in
a balance between resorption and formation. The
mild overload window has tensions between 1,500
and 4,000 microstrains, resulting in an increase in the
modeling process. The pathologic overload window
has tensions above 4,000 microstrains, which indicate
bone resorption. However, in this study, all groups
had compressive and tensile microstrains within the
physiological zone (1000 - 3000 microstrain). Because
this study used bilateral static axial loading of 300 N,
which is the average functional occlusal force, the
load was transferred simultaneously and evenly to
the crown and bridge, abutment connection, implant,
and bone. It may make the microstrain value less
than the physiological zone.

This study was modeled as an implant-supported
prosthesis with 4-units in the posterior teeth, as it is
the most common area for missing teeth. In gener-
al, most of the implant treatments are a single unit
or bridge of three units. However, in this study, it was
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modeled as a 4-unit implant-supported prosthesis.
The reason is that a strain gauge can be attached
around implants 45 and 47 to study the microstrains
on the bone around the implant. A control group is
used as an engaging and angled abutment and de-
signed as a cement-retained implant-supported
bridge because it is an option available to overcome
when two implants are more non-parallel. It corrects
the angle of the implant that is inclined to straighten
the abutment and allows a bridge for easy insertion
and passivity.

The results of this study must be interpreted in light
of its limitations. As only models were used, this does
not simulate nor reflect all clinical situations and oral
environments. Moreover, the model used was a simu-
lated trabecular bone, which has Young’s modulus of
2.2 GPa. However, in reality, bones may have different
densities in a certain location. The actual strain value
in human bone in the area in contact with the implant
surface could also potentially be higher, compared to
this in vitro study, since the strain gauge was attached
2 mm away from the implant surface. Additionally,
two non-parallel implant-supported prostheses of
four units were studied, applying only vertical stat-
ic load, and one implant brand was chosen. There-
fore, the analyzed aspects should be investigated in
further experiments and clinical studies with various
numbers of units, as well as different implant sizes
and manufacturers, evaluating both static and cyclic
loads in the occlusal oblique direction, in order to
provide greater clarity on the factors causing implant
complications and failures by extending it to different
designs and components.

It is also recommended to use finite element anal-
ysis in future investigations, which can assess mi-
crostrain distribution on various implant designs,
abutment screws, and bones, in order to potentially
reach useful guidelines for implant components se-
lection in a clinical setting.

CONCLUSION

Within the limitations of this in vitro study, different
abutment types (engaging, angled abutment, non-en-
gaging, and SCRP) and different abutment position
types (areas 45 and 47) had different microstrain ef-
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fects on the bone around the implant. Both SCRP
abutments could be a possible option to utilize in
non-parallel implant-supported prostheses when two
implants make an angle of no more than 20 degrees.
If an angle greater than 20 degrees is present be-
tween the 2 implants, a combination of engaging and
non-engaging abutments might be alternatives to use
in non-parallel implant-supported prostheses.
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