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ABSTRACT

INTRODUCTION: A unilateral partial denture is a treatment option for unmodified Kennedy class Il cases. But from a
biomechanical point of view regarding stability and stress distribution possibly insufficient. The incorporation of the glass
abutment in the unilateral partial denture may add to the design; by improving the stress distribution hence, decrease the

exaggerated loads conducted to the supporting structures.

OBJECTIVES: This study aimed at measuring and comparing the strain on the supporting structures of class Il tooth-tissue
supported telescopic partial denture with different prosthetic designs.

MATERIALS AND METHODS: Three groups of class Il maxillary telescopic partial dentures were constructed of BioHPP
using CAD/CAM. Each group contained six specimens; Group A class Il partial denture with cross arch stabilization and
without using the glass abutment, Group B class Il partial denture with cross arch stabilization supported distally with the
glass abutment at the second molar tooth and Group C class Il partial denture without cross arch stabilization supported
distally with the glass abutment at the second molar tooth. Using a universal testing machine and strain gauge, stress around
the abutment teeth and the distal extension saddle was measured on an epoxy model missing first and second molars under

200N vertical and oblique loads.

RESULTS: There was a statistically significant difference in the microstrains developed at all the examined sites between
the three groups (ANOVA test p<0.001). During vertical and oblique loading, the highest mean microstrains were recorded
distal to the second premolar, in all groups. The use of glass abutment in groups B and C had reduced the microstrains
conducted to the distal aspect of the abutments significantly than in group A.

CONCLUSIONS: Reduction of stress to the abutment teeth was observed when using the glass abutment, which has

allowed redistribution of load between the abutments and the ridge.

KEYWORDS: Unilateral distal extension removable partial dentures, Kennedy Class I, glass abutment, Stress analysis,
Strain gauge, Telescopic attachment, CAD/ CAM partial dentures, BioHPP.

1 Bachelor of Dentistry, Faculty of Dentistry, Alexandria University, Alexandria, Egypt.
2 Professor of Prosthodontics, Removable Prosthodontics Department, Faculty of Dentistry, University of Alexandria,

Alexandria, Egypt.

3 Lecturer of Prosthodontics, Removable Prosthodontics Department, Faculty of Dentistry, University of Alexandria,

Alexandria, Egypt.

*Corresponding author:
E-mail: rania.mokhtar@yahoo.com

INTRODUCTION

Posterior free end edentulous areas are the most
common partially edentulous clinical situations.
Prosthetic treatment with removable overdentures
can be challenging when a fixed bridge cannot be
inserted due to the absence of a distal post.
Rehabilitation with removable partial overdentures
(RPODs) is a conservative and low-cost solution
for the prosthetic management of patients with
shortened dental arches suffering from a functional
or an aesthetic problem for the replacement of
posterior teeth (Kennedy Class | and I1) (1,2).
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The absence of posterior posts (implant or tooth) to
retain and support RPDs compromises the
prognosis of the prosthetic treatment. Insufficient
support, retention, and stability is usually
accompanying the distal extension removable
partial dentures (DERPDs). The restoration of
DERPDs requires planning according to
biomechanical ~ design  principles.  Obtaining
adequate support, retention, and stability from both
the ridge and supporting posts should be designed
without provoking any harm to the supporting
structures (2).
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Restoring unmodified class Il Kennedy cases with
DERPD:s is even more challenging due to the patient
dissatisfaction when comparing it with the intact side
or showing objection and intolerance to the bulky
design, which has to cross the arch to the intact side

(3).

Various design concepts were suggested to

solve this issue, among which the use of a unilateral
design restoration (a unilateral partial denture); that
does not cross the arch to the other side was
considered as a better option for these cases using
either clasps or attachments (3-6).
Telescopic attachment provides adequate direct
retention, proper stress distribution, and indirect
retention  while still satisfying the esthetic
requirements by eliminating conventional metal
clasps. They transfer forces throughout the direction of
the long axis of the abutment teeth providing
guidance, support, and protection from movements
that may displace the RPD (7).

Moreover, the recent material generations
provide exceptional biomechanical characteristics to
manage stresses that became near to the physiologic
limit of the supporting structures. A modified
Polyether ether ketone (PEEK) material containing
20% ceramic fillers is a Bio High-Performance
Polymer (BioHPP) that confers high
biocompatibility, good mechanical properties, high-
temperature resistance, and chemical stability. High-
performance polymers have great potential as
framework material, both for fixed and removable
dental prostheses. The Elastic modulus of BioHPP
lies in the range of 4000 MPa, which very strongly
resembles the elasticity of human bone. BioHPP
frameworks, therefore, act as cushion during
chewing and have a high resistance to abrasion and
decay, it also has low density, this makes the
prosthesis very light in weight which improves
patient comfort (8).

The ZX-27 glass abutment was launched
to be used in the fixed partial denture to support the
cantilevered pontic or pontics in long-span fixed
bridges (9).

It is made of exceptional material

(borosilicate glass) and adheres to the underlying
mucosa in the edentulous segments of the dental
arches. The borosilicate glass is 100%
biocompatible because it does not contain lead as
normal glass (10).
The glass abutment is very flexible at the melting
temperature (1560-1600 C). It can take the shape of
any structure at that temperature with the most
accurate details. On cooling, it has a high modulus
of elasticity (69.000 MPa) (9).

The distribution scheme of the mastication
forces is unique; the force takes an arch-shape
spread. The system uses the concept of vacuum and
adhesion to fix the bridge on the underlying mucosa
(12).
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Accuracy and adaptation play an essential role in
preventing undue forces on the abutments.
Accurately adapted and properly manufactured
RPDs using CAD/CAM technology will decrease
damaging stresses on the abutments and maintain
their health. Multiple steps in the traditional
fabrication techniques lead to improperly adapted
and inaccurate RPD (1,2,12).

A variety of techniques was used in
biomechanical investigations for both in-vitro and in-
vivo studies, and yet no sole technique met all of the
requirements for illustration of the ample
physiological interactions involved.  Complex
analytical methods such as photogrammetry and finite
element analyses are now possible because of the
convenience of high-capacity computer systems.
However, strain gauge measurements were the
implemented methodology in this study as they are the
most accurate and widely used instruments to record
surface stresses and to study the mechanics of
prosthetic appliances in former researches (13).

MATERIALS AND METHODS

This in-vitro study was conducted on a
commercially  available  educational acrylic
maxillary model with acrylic teeth which can be
inserted and removed from the model (Nissin dental
products ineKyoto Japan).

Model construction

The first and second molars were withdrawn from
the acrylic model on one side and their root sockets
were blocked with molten base plate wax (Cavex
Set up Regular modeling Wax, Holland BV.
Haarlem, the Netherlands). An impression for this
altered cast was made using silicone rubber base
impression (Impregum Soft, 3M™ ESPE™, St.
Paul, USA).

The roots of abutment teeth were wrapped
with 0.2- 0.3 mm thickness tin foil and reinserted in
their conforming positions in the impression. Epoxy
resin (Specifix, Stuers, Willich, Germany) was
poured into the impression and was left to harden.
The acrylic teeth with the spacer were then removed
from the epoxy resin model. Rubber base adhesive
(3M™ ESPE™ V/PS Tray Adhesive, 3M™ ESPE™,
St. Paul, USA) was painted on the sockets and the
root portions of the abutment teeth and allowed to
dry for 10 minutes. Light body Poly Vinyl Siloxane
(PVS) impression material (Express™ 2 Light Body
Flow, 3M™ ESPE™, St. Paul, USA) was
administered in the sockets of the abutment teeth
before repositioning of these teeth in their sockets.
This was done to simulate the periodontal ligament
(PDL). A stone index (Type 1V dental stone material,
Syna-Rock, DFS-DIAMON, Germany), was made
over the epoxy resin model and extended on the
model buccally and palatally to act as a stopper for
precise repositioning. 4mm thickness was reduced
from the surface of the model. The reduced areas
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were then painted with rubber base adhesive, and
allowed to dry for 10 minutes. The fitting surface of
the stone was packed with light body PVS and then
repositioned over the reduced area with firm hold
until complete polymerization. The epoxy resin
model was removed from the stone index after
setting of the PVS (14,15). For the casts that were
used for the unilateral design oral mucosa simulation
was only carried out for the residual ridge, there was
no need to cover the palate.

Telescopic abutment teeth (the first and
second premolars on the edentulous side) were
prepared following the principles described by
Korber (16), with a common path of insertion to
receive telescopic crowns. Each abutment was
prepared using a tapered round end stone to 5mm
length, deep chamfer finish line with a width of 1.5
mm at the gingival level. Walls were prepared with
a taper of 10-12° and uniform anatomical axial and
occlusal reduction of 2.5 mm. Parallelism of the
abutments to each other and the long axis was
insured using a dental surveyor (Ney surveyor,
Dentsply Sirona, USA). Rest seat preparation for
the double Akers’ clasp was carried out on the
distal of the second premolar and mesial of the first
molar, and a rest seat for the indirect retainer on the
mesial of the first premolar of the intact side, in the
casts that were used to fabricate the dentures with
cross arch stabilization.

Construction  of  primary  copings
(CAD/CAM)

The digitalization of the abutment teeth was
performed by scanning the epoxy model with the
prepared teeth via a 3D desktop optical scanner
(S600 ARTI Scanner from Zirkonzahn, USA).
3Shape Dental System™ (3Shape A/S, Denmark)
software was used to design the primary copings
with a 2° taper and a deep chamfer finish line. The
thickness of the framework was set at 0.7mm. An
order was given to the milling machine (CNC
milling machine, VHF SI AG, Germany) to mill it
in BioHPP (Bredent GmbH, Senden, Germany).
The prepared acrylic abutment teeth and the fitting
surface of the primary copings after air abrasion
were conditioned using a special adhesive bonding
of composite to plastics Visio.link (Bredent GmbH,
Senden, Germany) and light-cured following the
manufacturer’s instructions, and then, the primary
copings were permanently cemented to the prepared
abutments (Figure 1a,2a,3a) using a Dual-cured
adhesive composite Combo.lign (Bredent GmbH,
Senden, Germany).

Adaptation of the glass abutment

A stone duplicate of the study model was made to
be used for the adaptation of the glass abutment.
The glass abutment was mounted on the abutment
holder and was heated to the required melting
temperature of around 1600° C according to the
manufacturer (9,11). The melted glass was pressed
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on the stone cast at the site of the second molar
tooth. When it cooled, it was shortened and
prepared like the natural abutment teeth.
Construction of secondary copings and frameworks
(CAD/CAM)

The epoxy models with the primary
copings cemented to the abutment teeth were
duplicated in stone to enable outlining the design
and inscribing the bead lines. The design was
outlined and bead lines were inscribed on the stone
duplicates of the study models after cementation of
the primary copings. The glass abutments were then
fixed to the stone models at the site of the second
molar tooth using cervical wax (Cera Reus, SA,
Reus, Spain). The same machines and materials
used in the fabrication of primary copings were
used to scan, survey, design, and mill the denture
frameworks with the secondary telescopic crowns
and the pontic teeth. After cautious finishing and
polishing of the RPD, it was tried on the stone
models for complete seating. The glass abutments
were then cleaned, conditioned with K-Primer
(Silicate ceramics and glass-ceramics primer)
(Bredent GmbH, Senden, Germany), and cemented
to their corresponding primed copings using
Combo.lign adhesive.

Veneering of BioHPP

Veneering of the teeth

Veneering of secondary telescopic crowns and
pontic teeth was carried out using breCAM.HIPC
blanks (Bredent GmbH, Senden, Germany). Teeth
were scanned using the same machines and
techniques used for fabrication of primary copings
and RPDs, veneers were designed with 1mm
thickness and a spacer of 120u between the
framework and veneers according to the
recommended values of the manufacturer. Teeth
frameworks and veneers were air abraded and
conditioned using the same composite resin primer
visio.link. Veneers were cemented to frameworks
using a dentin-colored dual-polymerizing adhesive
composite resin (Combo.lign) of the same shade.
Veneering of the buccal flange

A pink shade indirect light-polymerized nanofilled
composite resin  facing material (Crea.lign)
(Bredent GmbH, Senden, Germany) was layered
free hand to imitate soft tissues. After
polymerization, the veneering composite was
finished and polished. The telescopic RPDs were
then seated on the epoxy models (Figurelb,2b,3b).
Installation of Strain Gauges

The strain gauges used in this study were
supplied with a fully encapsulated grid and
connected wires. The strain gauges (Kyowa
electronic instrument co., Tokyo, Japan) used in this
study had a self-protected linear gauge, 1 mm length
and 2.4mm width, with gauge resistance 119.6 + 0.4,
gauge factor 2.13% +1.0%, adoptable thermal
expansion 11.7 ppm/°C and temperature coefficient
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of gauge factor + 0.08%/°C. Eight sites were selected
on each model for the installation of strain gauges;
mesial to the first premolar abutment, distal to the
second premolar abutment, buccal and palatal to
each premolar abutment, and on the ridge at the first
and second molars sites. Preparation of the proposed
sites was made using diamond stones by thinning the
acrylic resin buccally, palatally, distally, and
mesially around the abutment teeth to a thickness of
about 1 mm; ending short of the base of the model
and parallel to the long axis of the roots of the
abutment teeth. The epoxy resin of the model around
the two premolar abutment teeth was reduced into a
cuboid-shaped area, leaving approximately 1mm
thickness of epoxy resin covering the roots of the
abutment teeth starting from the crest of the ridge till
the root apices. The surfaces were prepared to be flat
and parallel to the long axis of the roots of the
abutment teeth in all directions. For the crest of the
ridge, the preparations were done at the site of the
central fossa of the first and second molar teeth. At
the end of the preparation, small holes were drilled in
the acrylic resin from the crest to the bottom of the
base corresponding to each strain gauge to allow the
wires to pass through it. The prepared acrylic
surfaces were then smoothened with fine grit
aluminum oxide sandpaper to develop a surface
texture suitable for strain gauge bonding. The strain
gauges were adhered using alpha cyanoacrylate
adhesive (CC-33AEP-34B Strain Gauge cement,
Kyowa Electronic Instruments CO Japan). The wires
of the gauges were labeled and fastened to the model
base by adhesive tapes to avoid any possible
movement of the wires that may affect the precision
of the readings (Figured). The strain gauges were
labeled with a code to identify them during
measurements as Follows; M4 (mesial four), B4
(buccal four), P4 (palatal four), D5 (distal five), B5
(buccal five), P5 (palatal five), R6 (ridge at the site
of six) and R7 (ridge at the site of seven).

The loading device universal testing
machine (Mecmesin, multitestb- xt, USA), was
used in compression mode to apply vertical and
oblique loads. The machine was programmed to
apply a static load started from zero up to 200 N at
an increasing constant rate (crosshead speed) of 10
mm/min. A strainmeter (Data Logger model TDS-
150 Manufactured by TML, Tokoyo, Japan) was
used to record the microstrains conducted to each
strain gauge. The strainmeter was then connected to
a personal computer with the aiding of special
software to allow for measuring the microstrains
that resulted from the applied load. All the
connected gauges were tested before the load
application to ensure that they are working. Load
applicator rod of the testing machine was applied to
the denture at the central fossa of the first molar
tooth. The vertical load was applied (Figure5) then
the oblique load (Figure6). The applied static load
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started from zero up to 200 N. The microstrains of
the eight strain gauges were recorded to measure
the strains developed at the determined sites.
Enough time was passed (about 15 minutes)
between every two successive measures to permit
complete recoil of the resilient structure.

Statistical analysis

Data were introduced to the computer and analyzed
using IBM SPSS software package version 20.0.
(Armonk, NY: IBM Corp). The Kolmogorov-
Smirnov test was used to verify the normality of
distribution of the quantitative data; which was found
to be normally distributed. Repeated measures
ANOVA was used to compare and test possible
differences between the three designs, and the Post
Hoc test (Tukey) for pairwise comparisons was used
to determine significant differences between the mean
microstrains  (um/m) when ANOVA test was
significant. The significance of the obtained results
was judged at the 5% level.

Ll

Figure 1: (a) group A epoxy model with the
primary copings permanently cemented to the
prepared abutments, (b) group A telescopic RPD
with the conventional bilateral design seated on the
epoxy model, (c) The tissue surface of the RPD.

Figure 2: (a) group B epoxy model with the
primary copings permanently cemented to the
prepared abutments, (b) group B telescopic RPD
with the bilateral design using the glass abutment
seated on the epoxy model, (c) The tissue surface of
the RPD showing the glass abutment.

Figure 3: (a) group C epoxy model with the
primary copings permanently cemented to the
prepared abutments, (b) group C telescopic RPD
with the unilateral design using the glass abutment
seated on the epoxy model, (c) The tissue surface of
the RPD showing the glass abutment.
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"\

Figure 4:Labeled strain gauges installed to its
prepared sites on the model.

'Figre 6: Oblique Ioadng test.

RESULTS
This study aimed at evaluating and comparing the
mean microstrains around the abutment teeth and
the distal extension saddle in three designs of RPDs
under vertical and oblique loads using a strain
gauge.

Means and standard deviations (SD) of
microstrains (um/m) around abutment teeth and
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supporting ridge for different designs and loading
conditions are presented in (Table 1 and 2), where
the negative sign denotes compression while,
absence of sign denotes tension following load
application.

The mean values of microstrains developed after
load application at all the tested aspects of the
abutment teeth were summed and compared to
determine the total microstrains affecting the
abutment teeth.

There was a statistically significant
difference in the mean microstrains developed at all
the examined sites between the three groups
(ANOVA test p<0.001) during both vertical and
oblique loading.

During vertical loading

Microstrains conducted to the abutment teeth

There was a statistically significant difference in
the value of the sum of microstrains developed
around the abutment teeth (ANOVA test p<0.001),
Post Hoc Test (Tukey) for pairwise comparison
between each two groups revealed that group A
demonstrated a significantly higher mean
microstrains around the abutment teeth than the two
other groups (2856.6 + 82.92 um/m), followed by
group C (2054.0 £ 33.48 um/m) while group B
recorded the lowest mean microstrains (2011.6 +
28.57 um/m). But, despite having a higher mean
microstrain, the difference between group C and B
was insignificant.

For all the test groups the highest
microstrain was recorded distal to the second
premolar abutment compared to other aspects of
abutment teeth, being significantly higher in group A
(1513.9 = 62.15 pm/m) than the two other groups,
group C recorded higher mean microstrains (938.8 +
16.44 pm/m) than group B, but the difference was
insignificant.

Microstrains conducted to the ridge

On the contrary to the microstrains conducted to
abutment teeth, the mean microstrains conducted to the
ridge at the site of the second molar were significantly
lower in group A (26.47 + 2.14 pym/m) than the two
other groups, while group C recorded higher mean
microstrains (157.0 + 6.87 um/m) than group B (153.5
+6.37 um/m), but the difference was insignificant.
While at the first molar site (site of load
application), group A recorded a significantly
higher mean microstrain (45.17 £ 3.46pum/m) than
the other groups, group C recorded higher mean
microstrains (29.88 + 3.95um/m) than group B
(2750 £ 3.17um/m), but the difference was
insignificant.

During oblique loading

Microstrains conducted to the abutment teeth

There was a statistically significant difference in
the value of the sum of microstrains developed
around the abutment teeth (ANOVA test p<0.001),
Post Hoc Test (Tukey) for Pairwise comparison
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between each two groups revealed that group C
demonstrated the highest mean microstrains around
the abutment teeth (2968.6 = 35.07um/m), followed
by group A (2898.8 * 85.76um/m), with no
statistically significant difference.

Group B recorded the lowest mean
microstrains  (2317.7 + 80.96um/m), that was
significantly lower than group A. But the difference
between group B and group C was statistically
insignificant.

For all the test groups, the highest mean

microstrains were recorded distal to the second
premolar abutment compared to other aspects of
abutment teeth. Group A recorded the highest mean
microstrain (1254.2 + 40.01um/m), followed by group
C (12244 = 25.14um/m), with no statistically
significant difference. While group B recorded the
lowest mean microstrain (1093.3 £ 80.60pum/m) that
was significantly lower than the two other groups.
Microstrains conducted to the ridge
The highest mean microstrains conducted to the
ridge was recorded at the site of the second molar
(site of glass abutment) in group B (111.8 + 8.29
pum/m) that was significantly higher than the other
groups. Group A (22.60 + 2.06pum/m) was also
significantly lower than group C (96.64 =+
6.72um/m).
While at the first molar site (site of load
application), group A recorded the highest mean
microstrains (35.29 *= 2.14pm/m), which was
significantly higher than the other groups, followed
by group C (28.67 = 3.72um/m) that was also
significantly higher than group B (20.79 =+
2.31pum/m).

Table 1:Comparison between the recorded
microstrain values (um/m) for group A, B and C
recorded at the examined sites under vertical load
represented with range, mean and standard
deviation.

T Groups _ _ _
ISite of gauge ———__ Group A (n=6) Group B (n=6) Group C (n=06) F [
M4

Mean £ SD. -4l8+4.7 653 +£23 672417 3 .

- = 117.74° [<0.001

Median (Min. - Max.)| 41.9(34.7-478) 4.8 (62.4 - 68 8) 67.1(65.3 - 69.9)

B4
=9 p 9 ETRIET ETYIET]
Mean £ SD. 60.6+ 6.9 6.1 £8.1 89.4°+ 5.5 31215 [<0.001"

Median (Min. — Max )| 60.6(50.2 - 69.4) 85.1(74.5-994) 878 (R48-99.9)

P4
Mean = SD. -1363+£83 Sl082 £ 8 Al15.20 6.8
Median (Min. —Max.) | 138.6 (120.7 - 144.7) | 104.9(99.9-1187) |116.5(105.8-122.7)

DS

21.545" [<0.001"

Mean = SD. A15139+62.2 -9253 276 938.8'+ 164
1 15243 925.6 9379 414.99° (<0.001"
Median (Min. ~Max)| 1457 0” sg7 7 (890.2-960.7) (920.5 - 966.8)
BS
an = 245924 106,17 £ 6.6 10421+438
Mean = SD 1 106.1° %66 1042: I -
Median (Min, — Max,) | 228.7(201.8 - 299,9) | 106.2(98.8— 113.6) | 1031 (985 1102)
Ps
Mean = SD. 858.1£28.5 7206 +283 73021+ 204 T -
Median (Min. — Max.) |857.4 (821.3 — 890.4) [706.8 (699.5 - 769.1) |740.6 (710.1 - 766.4) ' )
Sum of mean
microstrains around
he
Mean = SD. 2856.6 £ 82.9 2011.6' =286 2054 £33.5
) 2845.9 20092 2041 463,01 |<0.001°
Median (Min.-Max)| (57572 “20648) | (19749-20545) | (20308-21174)
R6
. 52 5 275 +32 2990
Mean £ SD. 45235 _ 275 £3.2 20.9" %4 4404 [<0.001°
Median (Min. —Max)| 44.6(41.4-49.7) | 268(238-319) | 294(259-358)
R7
an = SD. 265+2 -153.5' %6 S157° £ 69
Mean = SD. b.5 1 153.5 4 157°+6.9 1077.7° <0001

Median (Min. —Max.)| 26.3(23.9-29.3) [153.3(145.3—160.8) | 157.6 (147.6 - 165)
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SD: Standard deviation

F: F for ANOVA test, pairwise comparison
between each two groups was done using Post Hoc
Test (Tukey)

p: p value for comparing between the three studied
groups.

a: Significant with group A

b: Significant with group B

*: Statistically significant at p < 0.05

Group A: The classical bilateral design.

Group B: Bilateral design with glass abutme
Group C: Unilateral design with glass abutment.
The negative sign in front of the mean denotes
compression while absence of sign denotes tension
following load application.

Table (2): Comparison between the recorded
microstrain values (um/m) for group A, B and C
recorded at the examined sites under oblique load
represented with range, mean and standard
deviation.

Groups

teof gt e | ST A®=6) | GruwpBo-6 | GrawCin-6 | F P
M4
Mean £ SD. 511453 ENEEYIN 29127 % 101 g _
o = 5431° 0,001
Median (Min. — Max.) | 50.7 (45.7 - 58) 2323 (183.1 -274.2) |292.8 (277.6 - 301.8)
B4
Mean = SD._ 2244 25236 5215533 = _
- - 7.294° |<0.001
Median (Min.—Max)| 719 (665795 | 432(368-46) | 518(482-356.1)
4 |
Mean = SD. 2584£21 57°+£57 3990+ 73 75 o001
Median (Min — Max) | 2613 (2254 - 279.7) | 561 (502 - 635) |399.2 (3874 408.1) Sl
D3
Mean = SD. -1254.2 = 40 -1093.3* £ 80.6 -1224.4b 251
12533 11108 1234.8 15.110° |<0.001"
Median (Min.-Max)| (13008~ 12999) | (9973-12004) | (11867~ 12502)
B3
s 31242129 3632 EEE
Mean = SD. 312412 36.3£2.2 | 37, 3l 25357 [<0.001°
Median (Min. — Max.) | 308.7 (2999 330.9) | 36.2(33.1-39.6) | 386 (328-40.8)
Ps
Mean = SD. 95042337 9644 280 . .
13685 |<0,001
Median (Min. — Max.) 9503 (899.7 - 990.9) | 853.2 (830 - 890.6) |964.2 (950.5-975.4)
um of mean
fmicrostrains around
he abutments |
Mean = SD. 28088 <858 BT =81 2968.6° = 35.1
20090 23378 20789 151.85° [<0.001°
Median (Min. - Max)| (37735 30009y | a021-23941) | (2921.5-3009.1)
Ro I
< e} 30§32 BRI
Mean = SD. EEELEEEY 208523 287 e
Median (Min. - Max.) | 35.5 (32.2-37.8) 21.2(17.5-23.6) 28(25-34)
7
s 22642 I8 83 9667567
Mean + SD. 6221 111 ! & 347.1% 0,001
Median (Min. —Max.)| 22.5(19.8-25.7) | 114.1 (984 121.4) | 97.7 (883 105.3)

SD: Standard deviation

F: F for ANOVA test, pairwise comparison between
each two groups was done using Post Hoc Test
(Tukey)

p: p value for comparing between the three studied
groups

a: Significant with group A

b: Significant with group B

*: Statistically significant at p <0.05

Group A: The classical bilateral design.

Group B: Bilateral design with glass abutme
Group C: Unilateral design with glass abutment.
The negative sign in front of the mean denotes
compression while absence of sign denotes tension
following load application.

DISCUSSION

This study is the first to use the ZX-27 glass
abutment system in RPD. The system was
originally developed to be used in fixed partial
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dentures to support the cantilevered pontic or
pontics in long-span fixed bridges, by resting on the
ridge, some of the masticatory load generated on
the cantilevered pontic is transferred to the ridge,
thereby reducing the damage to the abutment
caused by vertical and oblique forces (9).

In RPDs the pontic teeth are already set to
the denture base that transmits the masticatory
loads to the ridge. The concept behind using the
ZX-27 glass abutment system in this study relied on
two properties in the glass abutment; the first was
the adhesion properties of the borosilicate glass to
create an anchorage point at the distal end of the
DERPD. The vacuum and adhesion (10,11) may
contribute to creating some sort of fixation of the
denture base to the alveolar mucosa decreasing the
movement of the denture base and hence the torque
on the abutment teeth.

The second was the high modulus of
elasticity (69.000 MPa) of the glass abutment (9),
this high rigidity in comparison to the relatively
lower rigidity of the denture base material
(BioHPP) with a 4000 MPa modulus of elasticity
(8) would help to absorb more loads directing them
to the ridge away from the abutment teeth aiming to
decrease the torque.

The structural engineering theory states
that; in a structure made up of multiple structural
elements where the surface distributing the forces
to the elements is rigid, the elements will carry
loads in proportion to their relative stiffness; the
stiffer an element, the more load it will attract (18).
This means that the glass abutment being more
rigid than the BioHPP would help to absorb more
loads directing them to the ridge away from the
abutment teeth, aiming to decrease the torque on
them.

The design in Group A and B “bilateral
prosthesis” agreed with that mentioned in the
academic dental literature. It followed the principle
of cross-arch stabilization through a midpalatal
strap major connector and a double Aker's clasp at
the dentulous side. The indirect retention was
provided by a mesial occlusal rest on the first
premolar of the intact side. The width of the
midpalatal strap major connector measured 10 mm
for all the samples with bilateral design (group A
and B) and the thickness of the strap and the
framework was 1.4 mm (2,19).

The unilateral prosthesis design in group C
was made without a major connector, but the buccal
and palatal flanges extended to cover the buccal and
palatal slopes of the residual ridge to provide some
resistance to lateral movement in addition to
compensation for lost tissues for maximum
aesthetics (2,6,20).

Inspection of the microstrains recorded showed that
the highest mean microstrains were always
recorded at the distal aspect of the second premolar
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abutment during both vertical and oblique loading
in the three groups, which makes sense if we took
into consideration the movement of the distal
extension saddles caused by the RPD vertical
displacement. An RPD held in place with a rigid
telescopic connector acts as a class | stiff lever, that
is to say, rigid pole with a fulcrum on one side
(14,21,22).

Using the glass abutment, strains to the
distal aspect have decreased in both groups that
incorporated it (group B and C) than the classical
design during both vertical and oblique loads. The
difference was statistically significant in all
situations except, during oblique loading in group
C, the difference was insignificant.

Furthermore, the findings of our study
revealed that, in all situations, the terminal abutment
involved a greater risk than the mesial one, which was
following Bergman et al. (23), who reported that at
least two abutment teeth should be splinted when
attachment prostheses are to be used for better stress
pattern.

But, using the glass abutment, the
microstrains records on the mesial and buccal
aspects of the first premolar during vertical loading
and the mesial aspect of it during oblique loading,
have significantly increased, meaning better sharing
of the first premolar in load-bearing, and better
stress distribution.

Concerning the sum of microstrains acting
on both of the abutments, group A demonstrated the
significantly highest mean microstrains, followed
by Group C, while Group B recorded the lowest
mean microstrains. This could be attributed to the
glass abutment action in load distribution between
the abutment teeth and the ridge. Also, in spite of
having higher mean microstrains the difference
between Group C and B was insignificant, meaning
that on using the glass abutment during vertical
loading the cross-arch stabilization had an
insignificant effect in decreasing the torque acting
on the abutments and hence the microstrains
conducted to them. This was in accordance with the
findings of wight in which no cross-arch stresses
could be demonstrated and he concluded that the
unilateral RPD produced no more stress than the
bilateral one (4).

But, during oblique loading, the sum of
microstrains acting on both of the abutments
showed that; Group C demonstrated the highest
mean microstrains followed by Group A while
Group B recorded the lowest mean microstrains,
this could be due to the tendency of the loads to be
high on the abutment teeth in unilateral DERPDs to
inhibit displacement of the denture base (5).

But despite having higher mean
microstrains the difference between Group C and A
was insignificant, which is coincident with Saito et
al., who studied stress distribution and base
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displacement in five different designs of Kennedy
class Il RPDs, they find out that, the displacement
of the denture base tended to be less when the
denture was designed with cross-arch stabilization.
However, the difference was insignificant (6).

The higher microstrain values of the
oblique loading compared to the vertical loading at
the abutments in the three groups could be
attributed to the fact that the non-axial forces tend
to cause uneven stress distribution leading to areas
of higher stresses and others of low stress (24).

Another  observation was that the
microstrains recorded at the ridge were extremely
lower than that recorded at the abutment teeth, this
is because the denture is ‘rigidly’ connected to the
abutment teeth. According to the literature, the rigid
telescopic attachment transmits the loads mainly to
the abutment teeth, the more rigid the connection
for the retainer the less would be the denture
mobility and vice versa. Decreasing the RPD
mobility is considered of great value regarding the
maintenance of the residual ridge for DERPDs.
Also, a more stable occlusion during occlusal
functioning would contribute to the maintenance of
the temporomandibular joint in the normal
relationship and decrease the possibility of patient
discomfort. Furthermore, the more the rigidity of
the RPD retainer the less would be abutment
mobility (25).

Strains recorded at the ridge in Group A
during both vertical and oblique loading were tensile
in nature. This could be explained by the flection of
the denture base under lever loading, as the BioHPP
has relatively low flexure strength (150-330 MPa)
(26). This flection has been conducted to the
supporting ridge as tensile stresses. In a previous
study by Emera, et al that was concerned with
evaluation and comparison of stresses applied to the
implants retaining mandibular complete overdenture
with telescopic attachments made of Zirconia and
PEEK they explained the higher stress values
recorded by all PEEK group by the less flexure
strength of PEEK (150-330 MPa) in comparison to
Zr02 (630-970 MPa) (27). Also, the tensile stresses
to the ridge were coincident with a previous study by
Bahgat, et al., (14) that was concerned with one
treatment modality used for rehabilitation of
mandibular Kennedy Class | cases, using two
different materials, Co-Cr alloy and PEEK, and their
effect on the strain induced in the supporting
structures for these telescopic-retained (RPDs). The
findings proved that PEEK telescopic retained RPDs
resulted in statistically significant higher tensile
strains in most of the channels when compared to
Co-Cr RPD. They explained this result by the much
higher Young’s modulus of Co-Cr alloy (220- 230
GPa) (28). Compared to that of the PEEK (3-4 GPa)
(26) and concluded that Co-Cr alloy
telescopic-retained RPD could still be considered a
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better choice for rehabilitation of the Kennedy Class
| partial edentulous situations compared to PEEK
one, where Co-Cr generated less and better pattern of
stresses to the denture-supporting structures (the
residual alveolar ridges and abutments) (14).

Rigid major connectors resist deflection,
deformation, and torquing forces that could be
conducted to the supporting structures as
destructive forces (29).

The inversion of the tensile stresses, that
occurred on the ridge in group A during both
loading conditions to more favorable compressive
stresses in group B and C indicates a better pattern
of stress distribution which intern decreased denture
base bending under loads. The lack of these strains
leads to a disuse mode (50-100 microstrain), in
which remodeling tends to remove bone tissue
while modeling tends to stay off. The physiologic
strains might lie in the 100-2000 microstrain
region. Supporting structures are more resistant to
compression, tensile stresses from the eccentric
contacts are likely to cause damage to the
supporting structures (30).

Regarding the microstrain values recorded
at the ridge during both of the loading conditions, in
group A the microstrains to the ridge were
concentrated at the site of the first molar during
both loading conditions, as it was the site of load
application, while in the groups with glass
abutment, the microstrains were concentrated at the
second molar site (the site of the glass abutment),
this could be explained according to the structural
engineering theory (18) by the ability of the glass
abutment to attract the loads and directing them to
the ridge. This also means better sharing of the
ridge in load-bearing.

The mean microstrains recorded at the
ridge were significantly higher during oblique
loading at the site of the second molar (site of glass
abutment) in group B than in group C. This could
be due to the tendency of loading forces to move
the denture base of the unilateral RPD around an
axis perpendicular to the longitudinal axis of the
ridge; hence movement occurs in a vertical
direction towards the ridge. While in the case of the
bilateral partial denture the rotation of the base
occurred at an angle to the ridge, therefore the
resultant vector of force was directed both vertical
and lateral leading to more load conducted to the
ridge. This was coincident with the findings of
Aviv et al (31).

CONCLUSION

Within the limitation of this study and considering
the test conditions, the following could be
concluded:

The distal abutments always exhibit the highest
microstrains, regardless of the loading conditions
and the design of the prosthesis.
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The use of glass abutment in association with the
distal extension bases enhanced the load
distribution  pattern and decreased  stresses
conducted to the abutment teeth especially, at the
distal aspect of the second premolar, by allowing
the ridge and the first premolar abutment to share in
load-bearing.

The stresses to the ridge have turned to be
compressive in nature with the glass abutment use,
which is more tolerable by the supporting ridge.
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