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Abstract

Background. Research on the etiology of excessive strain at the implant neck, which may be associated
with technical and biological complications, is still lacking.

Objectives. Thisin vitro study aimed to compare strain development at the implant neck between cement-
retained and screw-retained implant-supported fixed restorations, as well as among 3 prosthesis designs,
using strain gauge analysis.

Material and methods. Six prosthetic configurations were fabricated and divided according to their
retention mechanism: single crowns — cement-retained and screw-retained (SCG-c and SGs, respectively);
splinted restorations — cement-retained and screw-retained (SP-c and SP-s, respectively); and simple three-
unit bridges — cement-retained and screw-retained (SB-c and SB-s, respectively). Two strain gauges were
attached to the implant necks. A vertical load of 200 N was applied simultaneously at 3 identical loading
points on each restoration. Strain measurements were analyzed statistically using ANOVA and Scheffé’s post
hoc contrast analysis.

Results. Cement-retained restorations transferred significantly less cervical strain to the implant neck than
screw-retained restorations in all 3 prosthetic configurations tested (p < 0.001; SG-c < SCs; SP-¢ < SP-s;
and SB-c < SB-s). Single crowns transferred significantly less strain to the implant neck than the other
restoration designs in both cement-retained and screw-retained groups (p < 0.001; SG-¢ < SP-cand SB-¢;
SGs < SP-sand SB-s).

Conclusions. The use of cement-retained implant-supported fixed prostheses results in less strain
development at the implant neck when subjected to high occlusal loads as compared to screw-retained
prostheses. Splinting the adjacent implant-supported restorations does not necessarily reduce strain at the
implant neck.

Keywords: cement retention, screw retention, posterior partial edentulism, strain analysis, three-unit
prosthesis
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Highlights
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+ Cement retention reduces buccolingual strain around the implant neck during loading.
+ Occlusal loading of 3 single crowns resulted in less strain development around the implant neck as compared to

a three-unit bridge and 3 splinted crowns.

+ Applying the same occlusal load to 2 implants in a simple bridge, 3 single crowns and 3 splinted crowns did not

result in excessive cervical strain in the simple bridge.

Introduction

The consistently favorable long-term survival and suc-
cess rates of posterior implant-supported fixed prostheses
underscore the preference for this highly reliable treatment
modality, even when narrow-diameter implants are used.>?

Technical complications and failures continue to drive
research into their possible causes, which are generally
attributed to biomechanical factors. These imply that the
balance between occlusal forces and the durability of the
prosthesis, its components, or its interface with the implant
has been exceeded.?~® This phenomenon is referred to as
overload.>8

As occlusal forces increase toward the posterior denti-
tion,” more than 70% of occlusal contacts and occlusal
forces occur in these regions.!? Possible overload in the
posterior dentition may result even from physiological
occlusal forces because of the lower resilience of the im-
plant—bone interface as compared to the tooth—periodon-
tal ligament—bone interface. Stress generated during the
masticatory function with implant-supported prostheses
is therefore transmitted more directly to the implant and
the surrounding bone.!! Furthermore, the markedly re-
duced (approx. 8-fold) tactile sensitivity associated with
posterior implant-supported fixed prostheses may further
contribute to this effect, since neuromuscular biofeedback
is absent.!>13 As previously reported, these 2 additive ef-
fects of occlusal loading are concentrated primarily within
the cervical region of the loaded implant.!*1®

Excessive occlusal forces that may lead to overload can
occur during parafunctional activities, such as bruxism
and clenching.!® Tooth clenching commonly accompa-
nies bruxism, which affects approx. 28—-36% of the adult
population.>” During static clenching, the mandible is
held against the maxillary dentition in the intercuspal po-
sition. In contrast, normal functions involving multiple
intercuspal contacts include mastication (at the end of each
chewing cycle) and deglutition. During mastication, the
occlusal contact lasts for approx. 200 ms, amounting to less
than 10 min per day.!® During swallowing, the mandible
is also stabilized in the intercuspal position for an average
of approx. % of a second while generating forces of about
300 N.181 Swallowing occurs around 590 times over a 24-
hour period.?°

During parafunctional activity, individual clenching
episodes may last 20-40 s,2! amounting to nearly 40 min
over a single night’s sleep and generating considerable
loads through multiple simultaneous occlusal contacts.??
Moreover, although tooth grinding predominates during
sleep, clenching is more common during wakefulness, fur-
ther increasing the cumulative duration of clenching.?32*
These 3 clinical situations — mastication, swallowing and
clenching — all involve multiple contacts in the intercuspal
position, yet they are infrequently simulated in laboratory
studies.

Prosthetic design may modify stress distribution within
the prosthetic complex, as demonstrated by previous labo-
ratory studies.?>*” One of the key components of prosthetic
design is the choice between cement and screw retention.
Each retention modality has its own advantages and limita-
tions, and the selection between the two depends largely
on clinician preference. Regarding implant and restora-
tion survival, no significant differences between the two
retention methods have been reported.?® The prevailing
belief regarding the maintenance of fixed prostheses is that
screw-retained restorations are primarily associated with
technical complications, whereas cement-retained crowns
are more prone to biological complications.? The limited
retrievability of cement-retained restorations as compared
to screw-retained restorations has been a concern; how-
ever, current evidence suggests that newer cement-reten-
tion designs offer improved retrieval techniques.*°

Recently, screw-retained restorations have gained popu-
larity due to their inherent advantages, including retriev-
ability, the elimination of cementation procedures, and
the widespread adoption of digital workflows that sim-
plify impression procedures.3"32 However, recent clinical
studies have reported increased biological complications,
such as crestal bone loss around these restorations, in both
short- and long-term follow-up periods.?*3* This is in ad-
dition to the previously reported higher rate of technical
complications, primarily related to screw loosening and
porcelain chipping.?>% In contrast, in vitro studies have
reported different findings regarding the crestal bone re-
gion surrounding implants, with outcomes associated with
parameters such as the welding technique, the framework
material and the engagement modality, which may reduce
stress development in the crestal bone area.3¢
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Since the primary cause of technical complications is
occlusal overload, direct stress and strain measurements
within implants should be obtained using strain gauge
analysis. This approach enables the assessment of the ac-
tual strain generated within implants and the surround-
ing tissues under loading conditions, without relying on
intermediate or theoretical modeling.?”

Considering the above, when exposed to comparable
occlusal loads, the stress distribution patterns within im-
plants supporting cement-retained and screw-retained
posterior three-unit fixed partial dentures (FPDs) with
different prosthetic configurations should be investigated.

The purpose of this study was to compare implant-
supported cement-retained restorations with their screw-
retained counterparts, using strain gauge analysis across
3 common partial prosthesis designs. The 1% working
hypothesis was that there would be differences among
the tested configurations with regard to strain registra-
tion. The 2" hypothesis was that the retention mechanism
would not influence strain development in the cervical
region of the implant.

Material and methods

This in vitro strain gauge study was performed in one
of the laboratories of Vishay Precision Group Corporation
(Vishay Measurements Group, Raleigh, USA) to compare
3 posterior designs of cement-retained restorations with
their screw-retained counterparts under simulated occlu-
sal loading. Owing to its in vitro design, ethical approval
was not required.

Test model preparation

A resin block (PLM-4B; Vishay Measurements Group,
Raleigh, USA), measuring 15.8 x 35.4 x 32 mm (Cat. No.
S-116H) and exhibiting an elastic modulus similar to that
of human bone (2.8 GPa), was used. Three screw-shaped,
SLA (sand-blasted, large-grit, acid-etched)-coated, inter-
nal-hex implants (MIS Seven; M.1.S. Implant Technology,
Bar Lev Industrial Area, Israel), each measuring 3.75 mm
in diameter and 13 mm in length, were inserted into the
block. The implants were fabricated from Grade V titanium
(Ti-6Al-4V; density: 4.4 g/cm?; elastic modulus: 113 GPa).
The implant necks protruded 2 mm above the model surface
and were positioned 6 mm apart in a straight line. Open-
tray impression copings (Grade V titanium: Ti-6Al-4V;
density: 4.4 g/cm?; elastic modulus: 113 GPa) were secured
to the implants and splinted with acrylic resin (DuraLay;
Reliance Dental Manufacturing Co., Alsip, USA) to en-
hance stability and impression accuracy. An implant-level
impression was made using a polyether-based impression
material (Impregum; 3M ESPE, Seefeld, Germany) and
a custom-made acrylic resin tray, after which a working
cast was poured. Three cement-retained abutments and
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three conical screw-retained abutments, all fabricated from
Grade V titanium (Ti-6Al-4V; density: 4.4 g/cm?; elastic
modulus: 113 GPa), were connected to the implant analogs,
using a controlled tightening torque of 20 N-m.

Fabrication of prostheses

Six cast base-metal fixed prostheses, including cement-
retained and screw-retained designs, were fabricated from
a Co-Cr-Mo alloy (Remanium GM380; Dentaurum, Is-
pringen, Germany; composition: Co — 64.5%; Cr — 29.0%;
Mo — 4.5%; Mn, C and Si — <2%; density: 8.2 g/cm?; elastic
modulus: 220 GPa). All frameworks were fabricated to
identical vertical, buccolingual and mesiodistal dimen-
sions, using a silicone index for standardization. Invest-
ment, casting, spruing, and framework finishing proce-
dures were standardized and performed in a single dental
laboratory, which fabricated all 6 framework configura-
tions. Framework fit was verified using a low-viscosity
silicone material by a single operator (O.R.).

The prosthetic configurations were divided into 3 groups
(Fig. 1):

— 3 separate cement-retained single crowns and 3 sepa-
rate screw-retained single crowns (SC-c and SC-s,
respectively);

— 2 three-unit FPDs with a central pontic supported by
the 2 adjacent abutments, fabricated as either cement-
retained or screw-retained restorations (SB-c and SB-s,
respectively); and

— 3 splinted cement-retained crowns and 3 splinted screw-
retained crowns (SP-c and SP-s, respectively).

After the fabrication of all 6 restorations (3 cement-re-
tained: SC-c, SB-c and SP-c; and 3 screw-retained: SC-s,
SB-s and SP-s), the corresponding abutments were con-
nected to the implants according to the planned pros-
thetic configuration, using a tightening torque of 20 N-m.
Ten minutes after initial tightening, all abutment screws
were retightened at 20 N-m. For the SB configurations,
the central abutment was removed to accommodate the
pontic design.

Ed
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Fig. 1. Six implant-supported fixed assemblies — 3 cement-retained on the
right and 3 screw-retained on the left
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Temporary cement (TempBond NE; Kerr Dental, Brea,
USA) was used for all cement-retained restorations. All
abutments and screw-retained restorations were installed,
and all cement-retained restorations were cemented by
a single investigator (G.B.L.). The cement-retained res-
torations were initially seated with light finger pressure,
followed by the application of a pressure of 5 kg/cm? for
4 min, using a Lutron FG-20KG device (Lutron Electronics,
Coppersburg, USA).

Strain registration

Two strain gauges (EA-06-015EH-120; Vishay Mea-
surements Group) were attached horizontally to the neck
of each implant on opposite surfaces (buccal and lingual)
before abutment and crown placement. All strain gauges
were bonded using a designated adhesive (M-Bond 200;
Vishay Measurements Group), as shown in Fig. 2. During
load application to the restorations, the changes in electri-
cal resistance recorded by the strain gauges were used to
determine the absolute strain values generated within the
implant necks. This location was selected, as it has been
shown to experience the highest strain concentrations
during loading of implant-supported restorations.!*!°

The strain gauge terminals were connected to a wir-
ing adapter interface via soldered leads (134 DFV; Vishay
Measurements Group). The interface was then connected
to an electronic data scanner (Strain Gauge Scanner, model
5100; Instruments Division, Vishay Measurements Group),
which communicated with a notebook computer through
a designated interface card mounted in the docking station.

Load application

The 3 common posterior three-unit restoration designs,
in both cement-retained and screw-retained configura-
tions, were evaluated under 3 simultaneous occlusal load-
ing points, and the resulting strain distribution within the
implant necks was recorded. This experimental setup was
designed to simulate oral conditions, in which full poste-
rior intercuspation occurs during clenching, mastication
and deglutition.

A custom-made loading device was fabricated to apply
a vertical load of 200 N to each of the 6 restoration as-
semblies through 3 individual loading pins positioned in
the central fossae of the restorations. The loading points
were identical for all prosthetic configurations (Fig. 3).

Fig. 2. Strain gauges attached to the experimental model

S. Naishlos et al. Strains in cemented and screwed prostheses

Fig. 3. Loading device with the test model

Each loading pin was individually adjusted using a tighten-
ing screw and 8-pm-thick articulating paper until the pa-
per was ruptured. The loading device was then calibrated
to zero, after which the load was gradually increased to
200 N. Each loading cycle lasted 20 s, followed by a 10-sec-
ond unloading interval. Each prosthetic configuration was
tested 3 times. After each testing session and exchange
of the prosthetic configuration, the loading pins were re-
calibrated before the subsequent measurements.

For each loading session, strain measurements were re-
corded. The deformation detected by the strain gauges was
expressed in microstrain (pe) according to the following
equation:

where:

€ — strain;

AL — change in the strain gauge length [mm];

L — initial strain gauge length [mm];

AR — change in the electrical resistance of the strain
gauge [Q]; and

R - initial electrical resistance specified by the manu-
facturer [Q)].

Although strain measurements may represent either
compression or tension, the primary outcome measure
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was the absolute strain value, calculated as the sum of both
components and expressed in microstrain (pe) values for
statistical analysis. All strain measurements were recorded
by a single investigator (A.S.).

Statistical analysis

The groups were compared using one-way parametric
analysis of variance (ANOVA). A p-value <0.05 was consid-
ered statistically significant. Specifically, variance analysis
was performed to evaluate differences in strain distribu-
tion among the different prosthetic configurations under
loading conditions. Additionally, differences among the
results obtained from loading the various prosthetic con-
figurations were assessed using Scheffé’s contrast analy-
sis. Statistical analyses were performed using IBM SPSS
Statistics for Windows, v. 24 (IBM Corp., Armonk, USA).

Table 1. Strain under load at the implant neck with regard to the 2 retention
mechanisms and the 3 restoration types used

Strain | Restoration Cement Screw o)t
gauge type retention retention P

1626446941t 88633+12168t 40026
1 sB 173671 +10058t 415447469951  584169*
sp 18844045062t 213055417708t 2603
SP > SB > SC SB > SP > SC
+ —
A coniess 221643 2397.84*
sC 10274162t 5726644998 1,897.21*
2 sB 4733+139C  50593+695C 6271194
sp 4840+486C  38420+193C 6166652
SPSB > SC SC>SB>SP
+ G _
A ceoniies s 75042+ 161.14%
sC 48534266 C 913+247¢c  175770¢
3 sB - - -
sp 31.1345062¢  3266+279¢ 376
SP>SC SP>SC
+ _
) oSS 52343 50621%
sC 52020+421c  94633+8235c 38378
4 sB - - -
sp 96501+1928¢  120986+6489C  19570%
P> SC P> SC
+ —
A coniEss 732157 94.75*
sC 117134396C 15086 +13.16¢ 9033+
5 sB 349864206C 37473 +6442C 223
sp 23360+401c 105864274t  1034101%
SB>SP>SC SB>SC>SP
£ _
AR 16890.75* 21553+
sC 121004720c  15953+1616¢ 7113
6 sB 114404559¢  22913+3391¢c 16712
sp 18600+1177C  33400+469C 204437
SP>SCSB SP>SB>SC
¥ ; _
A oS 31764% 24212
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Results
Comparing retention mechanisms

The ANOVA was performed separately for each of the
3 restoration types — single crowns (SC), splinted resto-
rations (SP) and the three-unit bridge design (SB) — to
ascertain differences between the 2 retention mecha-
nisms used (cement and screw retention). Strain gauge
recordings were obtained from all 6 registration points
located on the implants. The means (M), standard devia-
tions (SD), and F-values of these recordings are presented
in Table 1.

Significant differences were found between cement- and
screw-retained restorations in all 3 restoration types, with
cemented restorations generating less strain. In the SC
configuration, all but one strain gauge exhibited less strain
with cemented restorations (strain gauge no. 3). This trend
was repeated in the SP assembly, where all strain gauges
except for no. 5 exhibited significantly less strain with
cemented restorations.

When the strain gauge recordings were combined at the
implant level, as presented in Table 2, the overall strain
pattern became even more apparent. Each implant exhib-
ited greater strain under screw-retained restorations than
under cemented restorations. These differences were well
beyond the accepted level of significance for all implants
and across all prosthetic configurations (p < 0.001). There-
fore, the 2" hypothesis was rejected, as substantially less
strain was recorded for cemented restorations than for
screw-retained restorations, regardless of the restoration
design.

Table 2. Comparison of the strain values on each of the 3 implants according
to the retention mechanism and the restoration type

Data presented as mean =+ standard deviation (M +5D).

Implant Restoration Ceme-nt Scre\.N F(p)'
type retention retention

SC 8645 +34.81 72949 45261 1,558.19*
Right SB 89202 £50.22 23302043630  8,07834*

SP 96640 +£30.09 1,257.37 £88.50 14532*
F(p) contrasts* SPZ>3 598 2>8§C SBZ>5 ]S ]P 6>3§C =

SC 28886 +3.06 477.73 4082 319.28*
Middle SB = = =

SP 49823 +9.66 621.26+3343 187.43*
s e o

SC 119.07 +2.87 15520 £9.66 192.69*
Left SB 323124359 30193 +27.94 92.09*

SP 31.13£5962 3266 +2.79 27.79*
) e SB>SC >*SP SB>SC >*SP B

224437 27692

SC - single crowns; SB — three-unit -bridges; SP — splinted restorations;
¢ - compression; t - tension; * differences between cement- and screw-
retained restorations; * differences among the 3 types of restorations;

* statistically significant (p < 0.001; ANOVA).

Data presented as M +SD.

T differences between cement- and screw-retained restorations;
*differences among the 3 types of restorations; * statistically significant
(p < 0.001; ANOVA).
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Comparing restoration types

Significant overall differences were observed among the
3 restoration types for both cement- and screw-retained
designs (p < 0.001). The strain gauge data showed that
single restorations generated the least strain as compared
to the bridge and splinted crown configurations, regardless
of the retention mechanism (Tables 1 and 2). Therefore,
the 1% hypothesis was accepted, corroborating the findings
of previous studies.?>?’

Discussion

Parallel laboratory reports using multiple simultaneous
occlusal contacts to simulate static clenching, chewing
and swallowing are rare.’®3% As noted in previous scoping
reviews,3”3° most in vitro studies evaluate simulated
occlusal loading using a single loading point. Consequently,
there are few comparable studies against which to evaluate
our findings, apart from related publications from our
own research group, owing to our unique methodological
design.

The present study confirmed the 1% working hypothesis.
Our findings revealed that 3 separate crowns yielded the
most favorable strain distribution in both cement- and
screw-retained configurations. These results are supported
by previous theoretical models.”4% A previous finite ele-
ment analysis (FEA) reached similar conclusions, demon-
strating that 3 separate screw-retained crowns generated
less strain than a three-unit bridge; at the level of the im-
plant neck, 3 separate crowns produced the least strain, as
did the abutment and the prosthetic screw.*

Disregarding the differences in our use of screw-retained
prostheses and the additional restorative designs evalu-
ated, more comprehensive reports have documented com-
parable findings. A recent in vitro study examined stress
distribution among various cement-retained prosthetic
configurations, using strain gauge analysis and the same
loading protocol as the present study.?” Regarding three-
unit prostheses, the lowest strain was observed with 3
separate crowns, consistent with our findings. A simple
bridge and a three-unit splint also registered significantly
higher strain, as observed in the present study.?” Similar
strain gauge results for cement-retained prostheses were
reported by Nissan et al. in an in vitro study, which also
favored 3 separate units over a three-unit splint.?’ An-
other strain gauge analysis employed three-point loading
on 3 screw-retained prosthetic designs.*?> Unlike the screw-
retained assemblies in the present study, a simple 3-unit
bridge generated the least strain at both the prosthesis
level and the bone crest model as compared to a three-unit
cantilever bridge. No strain gauges were placed at the im-
plant neck, and a proximal contact point was present, both
of which may have contributed to the differences between
those findings and the results reported here.*?

S. Naishlos et al. Strains in cemented and screwed prostheses

The 2" working hypothesis was rejected, as the compari-
son of the 2 retention modes demonstrated that the cement-
retained modality was significantly more favorable, with less
cervical strain recorded at the implant level. Guichet et al.
reported that cement-retained restorations distributed oc-
clusal loads more evenly to the abutments because of the
cushioning effect provided by the cement layer.*3 A com-
parative in vitro study evaluating the probability of surviv-
ing cyclic loading for cement-retained vs. screw-retained
three-unit bridges found that cement-retained prostheses
had a higher probability of survival than screw-retained
prostheses, regardless of the implant—abutment interface.**
Another study, using FEA, compared the biomechanical
performance of the 2 retention designs.** The results in-
dicated that screw-retained prostheses exhibited a higher
biomechanical risk of failure at the abutment fixation screw,
which was more prone to loosening or fracture.*

Fracture resistance has also been compared in vitro be-
tween cement- and screw-retained prostheses. Two studies
demonstrated the superiority of cement retention for both
five-unit and three-unit prostheses.***” Gaur, comparing
the strain patterns of cement-retained and screw-retained
prostheses, found that under vertical loading, cement-
retained prostheses generated less strain in the cervical
region of the implants.?® In that study, 2 point loads were
applied to the pontics of a five-unit bridge supported by
a pier abutment. Complementing our findings, the bridges
were supported by 3 implants, each instrumented with 2
strain gauges placed on the mesial and distal aspects, and,
as in the present study, exhibited lower overall strain with
cement retention.*®

Strain concentration within the implant neck war-
rants the analysis of the adjacent bone, which intimately
surrounds this region. Two clinical reviews and a lead-
ing textbook in periodontology reported evidence link-
ing cement retention with reduced crestal bone loss as
compared to screw retention.?>3334 The structural supe-
riority of cement-retained prostheses is well accepted.?®4?
Establishing a mechanical etiology that may contribute to
peri-implant crestal bone loss is of primary importance
for both understanding and managing peri-implantitis.
Although this research is laboratory-based, it attempts to
provide a theoretical adjunctive mechanism contributing
to crestal bone loss.

An experimental setting that directly reflects strain de-
velopment within the cervical region of a bone-level im-
plant is not feasible through strain gauge analysis, as there
is no space for strain gauge placement when implants are
submerged within a bone substitute. The resorption of the
bone surrounding implants in the crestal region is primar-
ily considered a biofilm-mediated infectious and inflam-
matory process, sharing considerable similarities with the
etiology and clinical characteristics of periodontitis. This
premise has been described in several reviews and text-
books.*~! According to some authors, occlusal overload is
not considered an initiating factor in peri-implantitis.>>>
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Others have described it as an “alternative hypothesis for
the cause of peri-implantitis”,>® implying a limited cause-
and-effect relationship between occlusal overload and dis-
ease development. Conversely, other researchers maintain
that, in addition to microbial involvement in the initiation
of peri-implantitis, occlusal overload may contribute to
disease progression and the exacerbation of crestal bone
loss.®>*% The present laboratory model may, theoretically,
reveal additional mechanical factors that contribute to the
initiation and possible progression of crestal bone loss in
conjunction with bacterial colonization.

Limitations

Limitations of this in vitro research include the assess-
ment of strain only along the buccolingual axis and the
acquisition of data from areas in close proximity to the
strain gauges, without information from more distant re-
gions. Anteroposterior strains remain unknown, and their
inclusion in the total strain dataset might influence the
primary outcome parameters.

We may assume that anteroposterior strains are con-
siderably smaller than buccolingual strains, as previously
reported®®; however, this cannot be regarded as evidence
until this relationship has been thoroughly examined.
The forces applied in our experiment were purely verti-
cal and do not represent the average direction of physi-
ological occlusal forces, which are predominantly three-
dimensionally oblique.>” Our study evaluated the various
prosthetic assemblies in a “stand-alone” setting, without
interproximal contacts on either side, and therefore does
not fully represent clinical stress dissipation in the pres-
ence of the adjacent units. The sample size was small, and
the insertion torque during the installation of abutments
and screw-retained crowns remained constant, and was
not compared with higher torque values exceeding 20 N-m.

For future research, a more clinically relevant setting
should be considered, including the presence of neighbor-
ing teeth with interproximal contacts, thereby influencing
strain magnitude through the integrity of the dental arch.
Higher insertion torque values should also be examined
to evaluate their impact on the same primary outcome
parameters. The use of contemporary materials, such as
all-ceramic prostheses and abutments fabricated from
high-performance polymers, should be considered due to
their reported potential influence in reducing peri-implant
bone strain.

Conclusions

Within the limitations of this in vitro study and based
on its results, cementing posterior implant-supported
prostheses may be considered as a modality for reduc-
ing strain at the implant neck in comparison with screw-
retained restorations. Prosthetic design influences stress
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distribution within posterior three-unit implant-supported
restorations, with 3 separate crowns demonstrating the
lowest inherent strain.
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