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## 50761264 32: MAJOR PROSTHODONTICS

KEYWORDS: ENDODONTICALLY TREATED TEETH / FERRULE / FIBER
REINFORCED COMPOSITE POST (FRC POST) / FRACTURE RESISTANCE/ POST
DIAMETER

ARPAPORN PONGPATTARIN: EFFECT OF FERRULE AND FIBER POST
DIAMETERS ON FRACTURE RESISTANCE IN ENDODONTICALLY

TREATED TEETH. THESIS ADVISOR: ASST. PROF. PRAROM SALIMEE,
Ph.D., 55 pp.

Background and rationale: Endodenticaily treated teeth with less remaining
tooth structure of ferrule or a large post space may affect the longevity of restoration.

Objective: The objective of this study is to evaluate the effect of ferrule and fiber
reinforced composite pest diameter (post fit to space or smaller than post space) on
fracture resistance and failure mode in restored endodontically treated teeth.

Material and meghods: Thirty two extracted human maxillary central incisors
were randomly divided ifito 4 experimental groups; 1: ferrule + post fit, group 2: ferrule +
smaller post, group 3: no ferrule # post fit and, group 4: no ferrule + smaller post. Root
canal treatment was performed and post spaée was prepared using DT light drill no.2. In
groups 1 and 3, the teeth were restored usmgr DT light post no.2, while in groups 2 and 4,
DT light post no.1 was used. The posts were cemented with resin cement (Panavia F 2.0),
then core build-up was fabricaled with resin composite (Tetric N ceram). Chamfer
preparation was performed around the teeth. Ni-Cr crowns were fabricated and cemented
onto the core with resin cement (Panavia F 2.0). The restored teeth were embedded in
self-cured acrylic resiniblocks with a simulated PDL. The/specimens were loaded on a

universal testing machiie with a crosshead speed of 1 mim/min on the palatal surface at

an angle of 135° to the Tong axis of the tooth until failure occurred.

Results: The fracture resistance of groups 1, 2, 3 and 4 were 1474.7 + 285.5 N,
1339.4 + 120.6 N, 811.7 £4155.7 N, and ‘6685 + 170.2 N, respectively. Two-way
ANOVA and Tukey HSD post-ho¢ analysis revealed the fracture resistance of groups 1
and 2 were significantly higher than group 3“and 4 (p<0.05). No significant differences
were found between groups 1 and 2 and between groups 3 and 4.

Conclusion:/ Preparation of 2 mm ferrule significantly increased the fracture
resistance of endodontically treated teeth restored with FRC post. The use of posts with
smaller diameter did not significantly decrease the fracture resistance compared to posts
properly fit to the canal.

Field of Study Prosthodontlcs Advisor’s Signature. .. .. = fb~
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CHAPTER I
INTRODUCTION

Restoration of endodontically treated tooth often need a post and core restoration
with crown due to extensive structural defeets resulting from caries, large restorations, or
access preparation in order to reinforce tooth/structure and prevent tooth fracture (1-3).
Direct post and core restorations with fiber reinforced composite (FRC) posts became
popular owing to their lower modulus of elasticity compared with metal posts, which
increases stress distributionsalong the root, decreasing the risk of root fracture (4).The
morphology of the tooth rget canal'is generally tapered in the coronal to apical dimension
and oval in cross-sections (5). Kasahara ‘et al. studied root canal preparations in
endodontic treatment in‘maxillary central iﬁbig_ors and reported the canal should be flared
at the root canal orifice, t@pesing towards tﬂ@_ épical foramen. The canal preparation may
result in a large flaring, requiring a post with '?Vfder coronal taper (6). Additionally, when
the post space is prepared for a precisely ﬁfféd 113_?st, the root canal dentin in apical part
may need to be removed, weakening the reﬁraji.ﬁing tooth structure. Prefabricated post
systems may not preeisely fit the prepared rGSf'ééﬁal requiring resin composite or resin
cement to fill the space-between post and root canal wall(7) cspecially in the coronal part

of the root canal.

Ananviriyaporn studied the effect ofidiameter and length of fiber posts on the
failure resistance ofl endodontically treated teeth restored with post and core. This study
concluded using the diameter of FRC post which only properly fit the cervical part of the
canal of using resin.composite reinforced the canal space was as) stiang as those restored
with the fiber post that properly fit to the canal as a whole. However, restorations using

posts smaller than the canal resulted in a significant decrease in failure resistance (8).

The presence of ferrule of remaining tooth structure in restoring endodontically
treated teeth with post and core has been reported to be important (9-13). Ferrule is the
band or ring that fit the root or crown of the tooth (14).A tooth with a crown ferrule can

transfer chewing force apically along the root canal wall preventing root fracture (15).



When the tooth had at least a 2 mm ferrule, long term success of the restoration could be
expected (16). The results of a study of the fracture resistance of teeth receiving ferrule,
suggested there were no significant differences in teeth restored with stainless steel post
and resin composite core which received ferrule of different heights (17). A limitation of
this study is that it did not simulate the effect of the periodontal ligament. Saupe et al.
demonstrated when a bonded resin system was used in structurally compromised teeth,
there was no statistical difference in fracture resistance between post and core

restorations with ferrule and those with no terrule (18).

Dikbas et al. studied the effect of different ferrule restored with quartz fiber posts.
The results suggested there.were no significant differences among the groups with
remaining tooth structure of one-wall, two-wall, or circumferentially compared to the
group with no ferrule”(19)# The jauthors:claimed the effect of a quartz fiber post in
transferring the stress was more/significant than the effect of ferrule. However, the teeth
in this study were restored‘with a precisely ﬁt hber post. In some clinical situations where
the tooth has a large post space or less remé;—i'ning tooth structure, it may be difficult to
find a properly fitting prefabricated post. Thépefqre, the tooth has to be restored with a
post smaller than the post space and reinforceé_i;{”;th resin cement or resin composite. To
our knowledge, there is no study investigatiﬁg'%he effect of different remaining tooth
structure of ferrule restored with quartz_fiber _posts- of different diameters in

endodontically treated teeth.

The purpose of this'study was to evaluate the effect of ferrule and post diameter in
endodontically treated tooth restored with quartz fiber post undern compressive force. For
this study, the null hypothesis was there would be no difference in the fracture resistance
of the toothawith-and-with no, ferrule, post diameter,that;properly fitandinot fit to the post

space include their interactions.



CHAPTER 11

LITERATURE REVIEW

Fracture resistance of endodontically treated teeth restored with post

In endodontically treated teeth, the remaining tooth structure was minimized from
large caries and restorations, tesulting in decréasing the strength of the tooth (1). To
prevent the fracture and retained core materials; restoration with posts and core is the
treatment of choice (2, 3). Over the past decades, restoration with metal cast post and
core was popular, but the disadyantage of this type of post was the unrestorable fracture
(20-22). From the study of Fuss et al, the results showed that restoring with cast post
resulted in vertical rootfraciire at cervica__}* third more than middle third. The long cast
post distribute the force bgtter/than the shorjtdpécf)st (23), so the greater post space had to be
prepared and this might affget the strength of the tooth. Moreover, the result of Sorensen
and Martinoff suggested that €ast posts reqtjrﬁfed less fracture resistance force compared
with FRC posts and amalgam=or resin cdi_iliilc;site core build-up (24). In addition,
restoration with post and core cemnibined with crown. was more advantageous since the
stress could be distributed to the cementoenamel junction: and decreased the wedging

effect in post and core materials (25).
Fiber reinforced composite post (FRC)

The matenialstused im FRC post composed of two components: carbon or silica
fiber and polymer resin matrix. Thefmechanical properties of carben fiber post were
much more  advantagé, than metal ‘cast! post such as: stiffness,"lightness, corrosion
resistance’ and fatigue resistance (26). Moreover, carbon fiber posts which had small
diameters were rigid comparable to stainless steel posts with larger diameters (27).
However, the carbon fiber post was opaque and did not lend to aesthetic with all-ceramic
restoration. This disadvantage was introduced to the silica-fiber posts which were
translucent and more esthetic than carbon fiber posts. The silica fiber had two types: glass
fiber and quartz fiber. The mechanical properties of silica fiber post were quite similar to

carbon fiber post. The modulus of elasticity was 18 - 47 GPa which was nearly the same



as that of dentin (28). Furthermore, the thermal expansion coefficient of silica fiber post
was quite low (29).

The mechanical properties of FRC post depended on many factors such as the
properties of materials used for fiber and matrix, fiber surface treatment and
impregnation of fibers with resin, adhesion of fibers to the polymer matrix, quantity of
fibers, orientation of fibers, position of fibers and water sorption of resin matrix (30).

These factors affected the propertie ost such as increasing of adhesion of fibers

to matrix which led to higher lus elasticity (31). The orientation of

fibers was important in fraﬁht er direction diverging from the
— v

longitudinal axis of th i ission to the matrix (32). In

contrast, the parallel fi ing the post if the root canal

retreatment was require

Epoxy resin

ﬂuﬂ S e

(J Endod 32(1); 44-47) (34)

amaﬁmmm'zwmé’ﬂ




Orientation of fiber ==

Wer oifentauwpost

(36). When c0n51der1ng the fallqre-lpodesz d _;, be ﬂ ding or fracture of core materials were

et et e

, £ ‘
space, large posts conta)ute fractﬁe resistance than small posts

(29). Hayashi et al suggeéted that under con&}ions of vertical and oblique loading, the

combination otﬂFﬁ E;Js!}%rﬁjo% ‘% wmﬂfg cast crown is the most

protective methodifor maintaining tooth structure (39

[YBINLEL ...

distribute the force along the post to the root and decreased the risk of root fracture (40).

This property was found in FRC post and was important in restoration of anterior teeth
because the occlusal force is not directed to their long axis. Furthermore, the FRC post
which had high flexural strength could withstand bending force (41). In contrast, too high

flexural strength of FRC post was disadvantageous since the force was concentrated at the



post, resin cement and root canal dentin interface and this stress caused fracture of

restoration (42).

There were many factors affected the flexural strength of FRC posts such as fiber
size, fiber density, fiber distribution, adhesion between fiber and matrix, and
thermocycling (43). In addition, the strength decreased after soaking posts in wet
condition compared to dry condition. This might be because of hydrolysis reaction which
caused the swelling and degradation of the matrix layer. In thermocycling processes, the
stress concentration was increased within the pestumaterials and debonding between fiber
and resin matrix and crack of resin matrix might occur. These processes caused
decreasing the flexural strength(44) and make the post more flexible. Furthermore, when
the post was loaded by the eeclusal force, the stress increased in the post-cement-dentine
interface. Then, the resii cemient cracked and introduced to'debonding of post and core to
root canal dentin. This process is precautionary in clinical failure (42).

3. Retention v

3.1 Core retention

The retention between post'and cﬁf@r_naterials was the important factor in
restoration with FRC post. Purton and Payné_éijhlpared tensile bond strength of resin
composite core bonded with prefabticated stainless. steel post (Parapost®) and carbon
fiber post. The result suggested-that-tensile-bond-sticagth 4n/ Parapost™ was much more
superior to the other groups. The author claimed that the serrated surface of stainless steel
post could increase mechanical retention with resin composite core better than smooth
surface of carbon fiber post.. From this, study, .if the smooth surface of FRC post was
roughened, it might not'be significantly diffetent (27). The recert study of Artopoulou et
al claimed that the diameter of resincomposite core,on FRC post svas not significantly
differentiin vetention' to,post since, it depénded on the contact surface between post and
core materials. In contrast, the retention between composite core and serrated metal post
was mechanical retention, so the diameter of resin composite core significantly affected
the retention (45).

3.2 Post retention in the root

There are many surface treatment of FRC post that increase retention to resin

cement such as acid etching with hydrofluoric acid, air-borne particle sandblasting with



aluminium oxide and silane coupling agent (46). In the study of sandblasting with air-
borne particle, Balbosh and Kern claimed that airborne-particle abrasion significantly
improved the retention of FRC posts and resin cement (47). However, the study of Soares
et al which found that airborne-particle abrasion produced undesirable surface changes
and decreased the retention (48). Concerning silane coupling agent, it was found that the
application of a silane coupling agent onto the post surface prior to building up the
flowable resin composite core significantly increased the post—core bond strength (49).
Furthermore, the silane application combined with sandblasting could increase the
retention between quartz fiber post and resiii-eomposite core (50). However, many
investigations did not suggest that silane coupling agent would increase retention
between post and resin eement (47, 51. 52). In 2008, Yenisey and Kulunk studied the
surface treatment of glass and quartz ﬁ:ber post using chemical solvents. The result
suggested that the surfage treatment w1th 10% hydrogen peroxide for 20 minutes
significantly increased thesshear bond str'-e’ngth of the FRC post due to its ability to
dissolve the epoxy resin matrix and iri_é@qse surface roughness which produced
micromechanical retention'with resin comp(i)é;itg. core (53). However, there was no study

investigated the effect of hydrogen peroxide on‘@ychanical properties of the post.

4. Materials used for bonding-and reinforéé'dﬂﬁ'f post

The retentionrbefween post and root canal dentin weré related with materials used
for bonding and reinfor¢éement which were conventional cement, resin composite and
resin cement. Mendoza etsal suggested that resin cement was significantly increased the
resistant to fracture than conventional cement (54). Moreaver; the silane application onto
the post surfaceéland core build- up with the flowable resin composite significantly

increased;thespost—core bond, strength (49):

Resin cement was classified by polymerization process into auto-polymerized,
light-polymerized, and dual-polymerized. When restored with FRC post, dual-
polymerized resin cement was more reliable than light-polymerized in bonding with root
canal at the apical third since limitation of light transmission of the post (55). The self-
etch 10-MDP-based cements resulted in a higher push-out bond strength than the etch-

and-rinse two-step cement and the self-adhesive cements (56). Furthermore, to achieve



maximum bond strength between quartz fiber post and root canal dentin, the film
thickness of resin cement should be 0.1-0.3 mm (35).

The study of Moosavi et al suggested that the flared root canal reinforced with
resin cement showed a lower fracture resistance than reinforced with resin composite or
Reforpin® which is glass fiber intraradicular accessory posts. The reason of this results
may come from high polymerization of the luting cement which resulted in overstress
within the materials when the space between the post and canal wall was large (57).
However, this study did not compare between the ferrule and non ferrule tooth restored
with FRC post which not fit to the root canal.

Regarding restorationwith.-resin composite, the bonding agent should be a point
of concern, Mannocci et.alfound that restoring with sclf-etching primer and resin cement
was popular because of the advantage in moisture control (58). In contrast, the study of
Goracci et al concluded that the bond streﬁgi&l of FRC post using dual-cure self adhesive
without dentin conditioning was weaker th%n using total-etch adhesive combination with
dual-cure resin cement (59). v 4

The space between root canal dentiﬁ}aﬁd FRC post filled with resin composite
could increase the strength of fiber post (60).%1§r0m the result of Saupe et al, it was
demonstrated that the FRC post_reinforced_a_ijth_ resin composite could tolerate more
occlusal force than the FRC p(;st alone (18); I;urthermore, the result of Turker et al
showed that using pbly-ethylene fiber ribbon-reinforced posf could achieve appropriate

clinical situation (61).

Effect of ferrule onteeth restored with FRC post.

Saupeyetyal~showed, thatsthe fracture resistance of strueturally compromised
endodontically treated teeth restored with FRC post which~have ferrule and no ferrule
were not significantly different (18). However, the failure modes were quite different.
The failure mode of the tooth which had ferrule was root fracture. In contrast, those
which had no ferrule was debonding of post since fracture of resin cement (13). The study
of Morgano and Brackett suggested that restoring the non ferrule teeth with flexible post
caused microleakage since the bending of post and core from occlusal force resulted in

fracture of resin cement(62).



The remaining tooth structures are important in restoration of endodontically
treated tooth. From study of Akkayan, the tooth which had 2 mm ferrule restoring with
different post system had more resistance to fracture than 1.0 to 1.5 mm ferrule(9). This
result was consistent with the study of Ng et al which showed that the fracture resistance
of tooth 2 mm ferrule restored with quartz fiber post was significantly higher than the
tooth which had no ferrule (13). However, in clinical situation, the endodontically treated
tooth might have partial ferrule which might affect the fracture resistance of the tooth.
The study of Ng et al showed that anterior/maxillary incisors which have only palatal
wall restored with FRC post'was more effective-ioresist fracture load than the labial wall
(63). The reason was that.the failure load in anterior.maxillary incisors was the tensile

stress from the lower anterior rather than the compressive stress (64).
1

In the study about fefrule, thete are many investigations claimed that the effect of
complete crown will block out the effect i:forp the other factors (65, 66). But the other
studies suggested that using specimens resigréd with crowns could refer to the clinical
situation (17, 19, 22, 67). In addition, the ri_:léiei;ials used for crown were varied such as

s T
full metal crown (13, 38, 68) or all-ceramic Cfdﬁv:n_( 125 68).
y L s £

| el

Angulation in fracture resistance test on-central-maxiiiary central incisor

There were many studies investigated factors influencing fracture resistance in
restoring with FRC post in' maxillary central ineisors (7, 8, 12, 19, 69-72) such as type of
post materials, type of crown materials and angle of loading force. Pegoretti et al studied
stress distribution’ in restoring anterior teeth with FRC post by finite element analysis
using 0; 45 and 90-degiee to“simulate foree from bruxista, normal occlusal force and
external force from accident, respectively. The results showed that in 0 degree model, the
stress concentrated at post dentin interface, in 45 degree model, the stress concentrated on
labial site at post dentin interface in cervical to middle third of root and in 90 degree, the
stress concentrated at crown margin (73). However, in the studies of mechanical
properties of endodontically treated teeth, most loading force were 45 degree to long axis

(12, 13,17,19, 22,38, 57, 68, 72, 74) to stimulate biting force of normal occlusion (14).
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The purposes of this study

1. To investigate and compare fracture resistance of restoring technique of

endodontically treated teeth with and without ferrule.

2. To investigate and compare fracture resistance of restoring technique of

endodontically treated teeth which have different post diameters.

3. To investigate and compare fraciure resistance of restoring technique of
endodontically treated teeth with afidWwithout ferrule which have different post

diameters

4. To select the appropriate FRC post technique restoration for endodontically

treated teeth

5. To gain theknowledge for further study in restoration of endodontically
treated teeth. J

Hypotheses i ha

Hypothesis 1 e S

Null hypothesis: There would be no significant difference between the

endodontically treated teeth restored with FRC post which have ferrule and no ferrule.

Alternative hypothesis: There would be significant difference between the

endodontically freated téeth restored with FRE post which have ferrule and no ferrule.

Hypothesis 2

Null hypothesis: There would be no significant difference between the
endodontically treated teeth restored with FRC post which properly fit and not fit to the

post space.

Alternative hypothesis: There would be significant difference between the
endodontically treated teeth restored with FRC post which properly fit and not fit to the

post space.
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Hypothesis 3

Null hypothesis: There would be no significant difference between the
endodontically treated teeth which have ferrule and no ferrule restored with FRC post

which properly fit and not fit to the post space.

Alternative hypothesis: There would be significant difference between the
endodontically treated teeth which have ferwule and no ferrule restored with FRC post

which properly fit and not fit to the post space.

Keywords
o Endodontically treated teeths +
o Ferrule - .
. Fiber reinforced composite post: (FRC post)
. Fracture resistance 4
. Post diameter =

Type of research

Laboratory expefimental research

Materials used in this study

1. Quartz fiber reinforced post (DT light post; Bisco Inc, Lancon De Provence,

France)
2. Resin cement (Panavia F2.0, Kuraray medical, Okayama, Japan)
3. Primer bonding agent (ED PRIMER II A&B, Kuraray medical, Okayama,Japan)
4. Resin composite (Tetric N Ceram, Ivoclar Vivadent, Schaan, Liechtenstein)

5. 37% Phosphoric acid (Total Etch, Ivoclar Vivadent, Schaan, Liechtenstein)
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6. Bonding agent (Excite, Ivoclar Vivadent, Schaan, Liechtenstein)

7. Silane coupling agent (mixture of Clearfil SE bond primer and porcelain bond

activator, Kuraray medical, Okayama, Japan)
8. Self cured acrylic resin (Formatray, Kerr, USA)

9. Additional polyvinyl siloxane impression materials putty and light body type
(Reprosil, Dentsply/Caulk, Milford, USA )

10. Pink baseplate wax (Medelling wax, Dentsply; USA)

11. PVC mold 22 mm in diamgter

12. Stone type IV (VelsMuix Kewr Corﬁ'oration, Califonia, USA)

13. Blue inlay wax (blue inlay casting wax, Kerr, USA)

14. Fit checker (Fit checker, GC Corpor';tt_i.én? Tokyo, Japan)

15. Base metal alloy (4all, Ivoclar,Vivadé;‘iL\.Villiams #0123, USA)

Ao st 04
—

16. Root canal sealer (CU Product, Chulalongkorn University, Bangkok, Thailand)

17. Gutta percha point (Hygenic Guttapercha Points, Coltene/Whaledent Inc., Ohio,
USA) .

18.2.5% Sodium hypochlorite (CU Product, Chulalbngkom University, Bangkok,
Thailand)

19. Provisional restoration (Cavit,3M ESPE, Seefeld, Germany)
Instruments used in'this study.

1. High speed airoter 330,000 rpm (high speed airotor, 798 W&H, Australia)

2. Light curing unit (Elipar Trilight 3M ESPE, Minnesota, USA)

3. Diamond burs (ISO 314197, Intensiv, Switzerland)
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Table | Materials used in this study

Materials Type Composition
DT light post - Fiber density 32 fibers/rmm2(32) - Quartz fiber 60%
(Bisco Inc, France) - Post diameter 2.0 mm(32) - Epoxy resin 40%(57)

- Fiber diameter 12 pm(32)

%

Panavia F 2.0 (Kuraray ilanized barium glass, silanized silica,

medical, Japan) ium fluoride, BPO, photosensitizer,
P, hydrophobic and hydrophilic
acrylate, bisphenol A polyethoxy

acrylate(46)

ED Primer VIDP, HEMA, N-methacryl 5-

\- inosalicylic acid, sodium benzene
ulfinate,N,N-diethanol-p-toluidine,

(Kuraray medical,

Japan
pan) water(46)
Tetric Ceram w O 10O L —— i e by weight
(Ivoclar Vivadent, T Caasts stabilizers and pigments 0.8%,
Liechtenstein) mer 20.2% -> Bis-

Imethacrylate (Bis-GMA),

ﬂﬂﬂ’.]“flﬂ‘ﬂ‘ﬁﬂﬂ’iﬂ oy,

Triethyleneglycol dimethacrylate,

R R9NTU NN LA,

silicon dioxide, Ba-Al-silicate glass
containing fluoride mixed spheroidal
oxide(75)
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CHAPTER 11

MATERIAL AND METHODS

Tooth preparation

Thirty two caries and restoratic an maxillary central incisors similar in
size, with straight roots and a sii \ U )acted for periodontal reasons were
@g root lengths of 15 = 1 mm in

were prepared on the teeth in

4
in .\‘\%\.\th d on the presence or absence of
s

groups 1 and 2. The te

RN

ferrule and post diam erru
TOUL :. errule + smaller post. (Table II)

t, group 2: ferrule + smaller

post, group 3: no ferrule

Table Il Differences in remai 1 st et 1d post diameter in 4 groups

Post diameter

Group 1 (n=8) . Properly fit
\7 '}

Group 2 (n=8) m Smaller post

Group 3 (n=8 @ s No ferrule o Properly fit

sl WO 3 MELLI WD,
T ARTANNIN VAN Y
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Fig. 5 Schematic drawing of 4 groups of tooth specimens with differences in ferrule and

post diameters
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Canal preparation

Root canal treatments were performed for all teeth using a step back technique
until final instrument with a no.45 master apical file (K-file SybronEndo, SybronEndo
Company, California USA). During preparation, the canals were irrigated with 5 ml of
2.5 % sodium hypochlorite and final irrigations were performed with 10 ml of 0.9%
normal saline. The canals were dried with compressed air and paper points (CU Product,
Chulalongkorn University, Bangkok, Thailand). Root canals were obturated by the lateral
condensation technique with main cone and-aceessory gutta percha points (Hygenic
Guttapercha Points, Colténe/Whaledent Inc., Ohio; "USA), and root canal sealer (CU
Product, Chulalongkorn University, Bangkok, Thailand). The extracoronal excess of
gutta percha was removedsand verticall condensation. was performed with a heated
condenser. The pulp chambers/were seale_d,- with a provisional restoration (Cavit, 3M

ESPE, Seefeld, Germany). ¥

Post space preparation and post cementatiei’n,

The specimens were randomly divide_(_f _i_rlt-_(_) 4 groups (Table 1). Post spaces were
prepared to a depth of 10 mm in ferrule groups- a_I—71d78 mimn i no ferrule groups with No.2
DT light post drill (Bisco Inc, Langon De Provence, Francé) which has a double-taper
design providing for proper post adaptation leaving 5 mm of gutta percha for apical seal.
In groups 1 and 3, a DT:light post no.2 was used. First, the root canal surface was
prepared with self-etching primer (ED" PRIMER I A&B, Kuraray medical, Okayama,
Japan) for 30 seéconds, and dried with paper points. The post was applied with silane
coupling- agent ~(mixture .of Clearfil SE; bond+primersand; pereelain jbond activator,
Kuraray medical, Okayama, Japan) for 5 sec to treat'the post surface. Then, the post was
coated with resin cement (Panavia F 2.0, Kuraray medical, Okayama, Japan) and
introduced into canal with a pumping and rotating motion. Excess cement was removed
and light cured with a light curing unit (Elipar Trilight 3M ESPE, Minnesota, USA) for
20 seconds, and complete polymerization of the cement was accomplished after 6

minutes. An oxygen barrier (Oxyguard Il gel, Kuraray dental, Okayama, Japan) was
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applied to the superficial margins for 3 minutes and then removed with cotton rolls and

water spray.

In group 2 and 4, DT light post no.1 was used. Post preparation and cementation

were the same as group 1 and 3.

Core build-up and crown cementation

A core build-up withresin compogite toS.mmin height was performed by using a
total etch bonding technique«The tooth structure was. conditioned with 37% phosphoric
acid gel (Total Etch, Iveelar Vivadent, Schaan, Licchtenstein) for 30 seconds on the
enamel and then appliedsfor 15 seconds to dentin, rinsed under water spray for 10
seconds, and dried with compgessed dir: Déﬁ"ﬁn bonding agent (Excite, Ivoclar Vivadent,
Schaan, Liechtenstein) wassapplied for (10 ;:eoonds until glossy, then gently applied with
compressed air for 5 seconds: Light polymel_rizat@on was performed for 20 seconds with a
halogen light. A 2 mm thick layer -of.resin c%);l[;osite (Tetric N Ceram, Ivoclar Vivadent,
Schaan, Liechtenstein) was applied around fﬂé}i}gﬁt, and light cured for 20 seconds. The
incremental build-up core was performed urﬁ t-_he desired shape was obtained using a
silicone index and light curedr 40 seconds for _cqon-lplete polymerization. The core was
refined with a tapererd, flat-end diamond bur (ISO 314197, Ihtensiv, Switzerland) under
water spray to creating a 1.5 mm labial reduction with shoulder finishing line and 0.5 mm
lingual reduction with chamfer finishing line, An impressrion was made using polyvinyl
siloxane impression material (Reprosil putty and light body consistency, Dentsply/Caulk,
Milford, USA), and then poured with type IV dental stone (Vel-Mix, Kerr Corporation,
California, WSAY); Next, the-crown-pattern;was made with: casting wax (blue inlay casting
wax, Kerr, "USA), “and "casted“as” a“ Nickel-Chromium ‘crown ‘(4all,“Ivoclar Vivadent
Williams #0123, USA). The crowns were finished and polished before evaluating their fit
on the die. The crowns were tried on the prepared teeth and checked with explorer and fit
checker (Fit checker, GC Corporation, Tokyo, Japan) under visual inspection. All crowns
were cemented with resin cement (Panavia F 2.0) following the manufacturer instruction

by using constant finger pressure applied for 40 seconds then the excess cement was
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removed and protected with oxygen guard for 3 minutes. The specimens were stored for

7 days for a complete cement polymerization.

(d) i (e)

Fig. 6 Core build-up procedure (a) acid etching with 37% phesphoric acid (b) dentin
conditioning with primer bonding agent (C) core build-up with resin composite
(d,e) The core was preparation to form 4,5 mm labial reduction with shoulder

finishing line and 0.5 mm lingual reduction with chamfer fihishing line
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(b)

Block preparation and periodo al Iiéarrénf‘simulation
&l ddfd

F " .
i CAEAd

To simulate the perio nt—gl ijJi_.game%t‘? the tooth roots were immersed in melted
pink wax to produce a 0.2 l?:}z_ﬁf__f)_f the @%e thickness of the periodontal ligament
(7, 27), to a depth 2 mm beloY\:_ :HeTcervwﬁéi%l_n approximating biologic width. The
specimens were mou_n.tied in PVC cylinders (22 mm indiameter and 20 mm in height)

—— o

using self-cured acryIi&_resm (Formatray, Kerr, USA). mg:_ tooth was removed from the

resin block after the do_ljlgh stage of self cured acrylic f)?)lymerization to prevent wax
melting. After polymerEation was complete, the tooth w;s replaced in the block and a
silicone index [@of “the {crown “to| the ‘resinr, block' was)| prépated to ensure accurate
repositioning. The wax spacer was removed from the root surface. Polyvinyl siloxane
impression Jmaterials, (Reprosil.putty, consistency, Dentsply/Caulk.. Milford, USA) was
injected 1nto the acrylic resin block,then“the tooth was repesitioned inte the block using
prepared silicone index. Excess silicone material was removed with a scalpel blade to
provide a flat surface 2 mm below the crown margin. Then, the specimens were stored in

37 °C for 7 days to ensure a complete polymerization of the resin cement (37)
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Fracture resistance test

The fracture resistance test was performed by using a universal testing machine
(Instron universal testing machine model 8872; Instron Co., Canton, Massachusetts,
USA). The compressive load was applied onto a prepared notch of the lingual surface (4
mm from the crown margin) at a 135-degree angle from tooth axis with a crosshead

speed of 1 mm/min (19) until failure oc

(N). Data were analyzed by statls\c\l,k PSS Statistics version 17.0, SPSS Inc,

[llinois, USA) using two- wayﬂ\lé,\_VA
NO#A

Wd Fracture force was recorded in Newton

e interaction between the effect of

ferrule and post diameter. HSD multiple comparisons post-

hoc analyses (a < 0.05) we ant differences between groups at

95% confidential interval. . f failure of each specimen was

notch

ama\m‘m NYI1AY

PDL space Acrylic block

Fig. 9 Schematic drawing of specimen for fracture resistance testing



CHAPTER IV

RESULTS

As seen in table III, the presence of ferrule approximately doubled the fracture

resistance compared to teeth witho errule, irrespective of the fit of the post.

These differences were statistically g ant. In teeth prepared with ferrule, the

was not statistically significant.. 0 with-no le, a smaller post reduced the

fracture resistance by abo s alls ically significant (table III).

Table 111 Mean and standard/deyiati -of fracture resistance force of tooth specimens

with different dlameters

No ferrule

Post diameter it © 85.49°  811.67+155.71°

20.59° 668.47+170.24°

{

Mean values with the same gaperscript letters are &’t statistically significant different (p>0.05)

ﬂﬂﬂ’.]“flﬂ‘ﬂ‘ﬁﬂﬁﬂ‘i
QW']&NﬂifLJ UAIINYAY
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2000
1800
1600 285,49 I I
1400
1200

Bproperly fit post
O smaller post

Mean fracture resistance force (MPa)

in fracture resistance (p<0.05) (_;E%Y 7 ,_ t the liameter of post did not affect fracture

these variable was no W—
E '

Table IV ;:;%yﬁgﬁowfgsﬂdé(wtﬁaﬁrﬁrﬁ preparation and

df Sumof  =MeanSquare o.s F Sig.

ARTANNIDAATINE TR Y

Ferrule 1 3558825.196 3558825.196 95.363 .000

Post diameter 1 155061.844 155061.844  4.155 051

Ferrule * Post diameter 1 126.683 126.683 .003 954
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Three modes of failure were observed, horizontal root fracture at cervical root,
horizontal fracture at crown margin and debonding of margin combined with cervical
root fracture as described in table V. In groups with ferrule (groups 1 and 2), the failure
mode was horizontal root fracture at the cervical of root or debonding of margin
combined with cervical root fracture. In groups with no ferrule (groups 3 and 4), the

failure mode was observed all 3 patterns.

Table V Distribution of di &I experiment groups
/ E——

Debonding of margin
combined with
cervical root fracture

Group 2 (ferrule+ smaller @t)

e oo o] %‘ﬂﬂﬂ‘ﬁwmn‘i j

Group 4 (no ferruleﬁjsmaller post)

Total 11
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Fig. 11 Fracture mode of specimen whichwas horizontal root fracture at cervical of root

Fig. 13 Fracture mode of specimen which was debonding of margin combined with cervical

root fracture



CHAPTER V

DISCUSSION

The hypothesis that there would be no difference in the fracture resistance of the
specimen with and with no ferrule was rejected. Analysis of the results indicated the
preparation of ferrule on endodontically treated teeth significantly increased the fracture
resistance of the teeth restored with FRC post and-eores. The results of the present study
may be explained due to the faci that greater remaining tooth structure results in a
stronger tooth (9, 12, 76).Ma gctali teported a 1.0 mm ferrule on teeth restored with FRC
post and ceramic crown gould.resist fatigule loading cycle 1.7 times more compared with
teeth having a 0.5 mm fecntle. Furthermoré,"'.there was significant difference between the
no ferrule group and the 0.5 and 1.0 min fé:rrule groups. The no ferrule group had mean
fatigue loading cycle 1,234 gimes less than_‘.I:O mm ferrule and 728 times less than 0.5
mm ferrule groups(11). A.2.0 mrﬁ férrule wa,s }ound to enhance fracture resistance 3.5
times compared with no ferrtile and it was ;il:é;gf;sted the ferrule could reduce the load
transmitted onto the post system (13) and recl_i__s_fc_r_ibp‘ge the stress to the outer surface of the
coronal third of the root (77). In é{ddition, when tﬁe ferrule was absent, forces were shown
to concentrate at the rjur—lction of post and core instead (15). in teeth with an incomplete
ferrule, the location of fthe remaining tooth structure may affect fracture resistance.
Indeed, anterior maxillary incisor with only a palatal wall was better able to resist
fracture load than that with ‘'only the labialiwall (13). In contrast, another study found the
labial ferrule design resulted in the highest fracture resistance (12).These conflicting

results suggest' furthet investigations aremneeded:

The hypothesis that there was no significant difference in the tooth restored with
the post which properly fit and not fit to the post space was accepted. Within the
parameter of this hypothesis, there are two main factors to consider. The first is the
difference in post diameter and the second is the difference in resin cement thickness.
Considering differences in post diameter, a correlation was shown between the diameter
of FRC post and loading force when testing with flexural properties (29) meaning larger

posts should resist the force more than smaller ones. A finite element analysis study
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indicated the maximum von Mises stress in the FRC post slightly increased with an
increase in post diameter. This advantage might help in reducing stress distribution to the
remaining radicular tooth structure (78). But in the present study, the results did not show
a significant difference in fracture resistance on the basis of post size. One reason might
be due to the presence of the metal crown which may overcome the effect of the post
diameter. When a crown is present, it could directly distribute the load to the root more
effectively than the resin composite core due to its homogeneity and higher elastic
modulus than resin composite. Another reason.might be from the use of resin cement as a
luting material which could inereasc the retention-between the post and root canal dentin.
Our results are in agreementwith-a study showing post fit did not have a significant
influence on fracture resistancesin.specimen using a resin composite core to simulate the
crown (79). Other studies suggested the tise of composite as a luting material did not
decrease the retention when the post did not"f)roperly fit the canal (80, 81). This contrasts
with another study showing there: was a‘. significant difference in failure resistance
between teeth where the"post was propcrly"-ﬁt and a smaller post when cemented with
resin cement in specimens without erowns (8) Comparing differences of resin cement
thickness, the present study used 2 sizes of DT 1j._ght post with 0.1-0.3 mm differences in
diameter. So the resin cement gap was in the___'—rfjci_nger recommended for luting quartz fiber

posts with a dual-curediresin luting agent (35).

The clinical use-of a post smaller than the canal-space might be found with a
flared root canal, where the space between root canal and FRC post is important. When
resin cement is,used, it acts-as a stress breaker under compressive load. If the post does
not fit to the root' canal,~especially atthe coronal level, the resin’ cement layer would be
excessively thick and may contain bubbles, which«could allow debénding to occur (82).
Therefore, with wider ‘cement.gaps, the! higher| yield strength' of the resin cement is
required (83). In our study, the fracture resistance of a tooth with a smaller post
reinforced with resin composite was comparable to a post which properly fit to the canal.
While the smaller post reinforced with resin cement had significantly low fracture
resistance (8). Similarly, reinforcement with resin composite in flared root canal had
higher fracture resistance than reinforcement with resin cement (57). The resin composite

could transfer low levels of stress to the cervical region of the root (57, 84). Thus using
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reinforced materials with a modulus of elasticity close to that of radicular dentin plays an

important role in increasing fracture resistance with wider cement gaps (85).

When combining the factors of ferrule and post diameter together, the result of the
present study showed the fracture resistances of the teeth with 2 mm ferrule were 1.8 to 2
times more than the teeth with no ferrule, while the effect of post diameter was not
significantly different. This indicates the eftects of ferrule preparation are more important
in restoring endodontically treated teeth tham the effect of post diameter. The result
agreed with concluded prior study where the sircngth of the tooth was directly related to
the remaining bulk of dentin'and was mote important than the type of core, post materials

(3) and post length (40).

While there haye bgen s many feports comparing the effect of ferrule in
endodontically treated tecth (11-13, 63, 74.)3'.'.the results have been controversial. Most of
those studies were not conducted using cr('_)lwns on the post and core specimens because
they wanted to investigate the direct effect of bqt_lding between materials of post and core
and they claimed the placement of d crown may block the influence from other factors
(12, 86). However, in clinical situations, the ;'E-:;qujning tooth structures of endodontically
treated teeth are minimal and prone to crown __(')—f_r'_rr‘o_ort fracture, therefore, the guidelines of
such treatment normally require érowns on pdst ;nd core. The placement of a crown on
the specimen might affect both fracture resistance and mdde of failure especially in

comparing specimens with and with no ferrule. Thus, the results of the studies with

crown can be considered more practical to evaluate likely clinical outcomes.

The maximum forces’of anterior teeth in'healthy young adults are reported to
range from 75 to 190 N (87). In the present study, fracture loads in alligroups were found
to be superior (668 47147467 N) than this. This suggests anteriot teeth) with or with no
ferrule restored with FRC post and full-coverage crown can resist normal occlusal forces
(38, 74). The stress distribution in maxillary central incisors is quite different from the
posterior teeth because loading occlusal forces are oblique to the long axis of the root.
Under a 45° oblique load, teeth behave as a cantilever(38). The horizontal axis of the load
has a greater influence on these teeth than the vertical axis (88) thus the flexural strength

of the post is important (41).
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The failure mode of the specimens in this study was classified into three patterns;
pattern 1: horizontal root fracture at cervical root dentin, pattern 2: horizontal root
fracture at cervical crown margin and pattern 3: debonding of margin combined with
cervical root fracture. Group 1 (ferrule with properly fit post) failures mainly fell in
pattern 3. This may be because the stress distributed from the coronal crown dentin
through the cement interface directly to the post since the modulus of elasticity of resin
cement (Panavia F 2.0) was nearly similag to dentin (18.3 and18.6 GPa) (89). This
combination of restorative materials was able 0 distribute the stress more naturally. The
failure mode started at the palatal crown margii-through the cement core /crown interface
along to the post, then the.post bent as the diameter decreased apically leading to the
oblique root fracture onsthe labial side. In group 2 (ferrule with small post), failure
mainly occurred as a homzontal oot fracture at cervical third of root. This may occur as
when loading force is at 45 tosthe lorg axié J'(.i.f the root, the ferrule effect could help resist
cement/crown failure. Therefore, the crown:remain attached to the core but the small post
bent easier allowing root flexion at the fﬁl‘c_:m;n point at the level of upper border of
acrylic block simulating the alveolar.crest. S_o}thé fracture started in the root dentin at the
alveolar crest level and a herizontal root fréicfj{re occurred. In the non-ferrule groups
(groups 3 and 4), the failure occurred in patte__rn—fs_r 2 and 3. One reason for pattern 2 may be
due to the failure at theé cement cfown/core intérf;ce which did not distribute stress along
the post. So the fracturerpropagated along the crown margin ét the labial side. The reason
for pattern 3 may be stress concentrated at the cement core /crown interface which had
differences in elastic modulus which was distributed to the cement post/root interface. So
failure started from the lingual margin through the post and disttibuted apically through
the post cement interface since the post detached from the cement. .

Theseresultswere similar to,ajprior studyyusingicomposite eores with and without
FRC post, failure' occurred at the margin line" of full crowns or between the margin and
the embedded root in the resin block (90). When oblique force was applied to teeth
restored with FRC post and core crown, the stress concentrated at the labial cervical
margin of the crown and strain occurred at the lingual margin. The cervical region of the
restored tooth was subjected to the highest strain and stress concentrations, and the higher
the rigidity of the crown and core materials the more apically the stress and strain

concentrated along the adhesive interfaces (91). In a study of finite element analysis of
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FRC post the maximum von Mises stress in the FRC post slightly increased with an
increase in post diameter. This should help to reduce stress distribution to the remaining

radicular tooth structure (78).

[MPa]
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post and core

study of Ng et al WECh fouﬁ&"fﬁé’;mﬁa :

debonding at the crowi-iiaigiis-then—veiticali ture occurred when the load
continued beyond the ﬂal failure(13).T] e from in this study, the mode

of failure was observe ich considered to the failure

of specimens. R ot
In sever@]suilfg{m&amcje whﬂt::l)m,je restorable failure was

observed (8, 90). But in the present study withssimulated crown,/the non-restorable
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crown, which provided a strong bond to the composite core and root. If the cement was

hen initial failure just occurred v

changed to a conventional one such as zinc phosphate cement, the restorable failure
might be observed with lower fracture resistance (54). However, fatigue study might

show the different mode of failure in the same protocol.

The failure mode in the present study were quite different from a study which

found the initial mode of failure in the non-ferrule group was debonding at the crown



32

margin, followed by vertical root fracture when the load continued beyond the initial
failure (13).In this study, however, the mode of failure was determined when initial
failure occurred, and not beyond that point.

In this study, the DT light posts were used. These posts are made of pure silica
with a modulus of elasticity similar to other glass fibers (32, 92). In addition, the quartz
fibers used in this post type are pre-stressed and soaked with resin and released after
curing. This procedure causes comptession /in the glass fibers which are then able to
absorb tensile stresses when the post is exposedsto flexural stress (31). Panavia F 2.0
resin cement was used because it.containg phosphate-based monomer (10-MDP). Its low
solubility of the MDP-calcium salt-in water can make-a stable bond to the tooth structure

(93).

The bond between ERCpost and root canal dentin'is affected by the fiber post
surface. Non treated FRE posts haye arelatively smooth surface which limits mechanical
retention with resin cements and purely adhési;/e failure modes commonly occurred at the
post/cement interfaces (94 )« The conditioniﬁg of the post should be advise in order to
roughen the post surface and enhance the bO':iid strength of the FRC posts (95). Surface
treatment with silane coupling agent is the rﬁgstflf".(:ommon surface conditioning method.
The function of silane is to increase surface 'Wé&ability of FRC post which is a key role
for improved adhesiontesulting inchemical bridges formation with OH-covered
substrates such as glass-or quartz fibers. The surface wettability of silane coupling agent
was important since itS*low viscosity would assist substrate wetting provided physical
adhesion. However, interfacial. strength .is_sfill  relatively Jlow..(96, 97). Using silane
coupling is considered a-sensitive technique. The primary factorsiinfluenced its efficiency
included the type of silane (pH, solvent content, silane molecule, molecule size) and the
application mode used (98). Unfortunately, the chemical bond of silane coupling agent
may be achieved only between the resin composite and the exposed glass fibers of the
post (94). From the result of Cheleux et al, the mechanical action of sandblasting
combined with chemical coupling with silane and bonding agent resulted in improving

interfacial strength between epoxy resin and resin composite (50).

Eugenol root canal sealer was used in this study. Some previous investigations

concluded that eugenol had negative effects on resin compound since its phenolic
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components influence the polymerization and adversely affects their adhesive properties
(81,99, 100). In contrast, the study of Schwartz et showed that the root canal sealer with
or without eugenol did not affect the retention of resin cement used in post bonding
(101). From the study of Vassiliadis et al, the result showed that sealer was found deepest
in the middle third of the root up to 200-900 microns from the root canal walls (102). In
addition, the study of Peutzfeldt and Asmussen attempts decontaminate eugenol in the
dentin and they showed that the use of alcohol, EDTA, chloroform and 37% phosphoric
acid could eliminate the effects of engenol. 0n resin-dentin bonding (103, 104). In the
present study, the drilling bur-which was 1.00-1:77"mm in diameter was used in post
space preparation. At the ceronal dentin, dentin conditioning with 37% phosphoric acid
was used. So the negative ctiect from eiugenol penctration in root canal and coronal
dentin on polymerizationsof resincement r%light have been eliminated.

There are several lifhitafiohs to the i;zfésent study. Static loading represents a worst
case situation and does nogditectly -replica':cje forces in the oral cavity, regarding to both
sizes of the load and nature of the load. In é_ﬁgiqal situation, most pulpless teeth probably
fail as a result of fatigue due fo che_:ining fogc?s So resistance to static loads is not the

only issue of interest. Further study should b'i_a.:é_l;(;alyzed using a cyclic load or under the

thermocycling conditions. T




CHAPTER VI

CONCLUSIONS

Within the limitations of this in vitro study, the following can be concluded:

3. The effect of the femtileOn fracture resistance was found to be more important
than post diameter indhefcstoration of endodontically treated teeth.
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47

ferrule Statistic Std. Error
FORCE laidiferrule Mean 740.0719 | 43.52276
95% Lower Bound 647.3053
Confidence Upper Bound
Interval for 832.8384
Mean
5% Trimmed Mean 748.6171
Median 694.5300
Variance 30307.686
Std. Deviation 174.09103
Minimum 325.39
Maximum 1000.94
Range 675.55
Interquartile Range 269.4850
Skewness, -.549 .564
Kurtosis .664 1.091
fiferrule Mean 1407.0450 | 55.73358
95% " Lower Bound 1288.2517
Confidence Upper.Bound
Interval for . 1525.8383
Mean
5% Trimmed Mean 1406.7833
Median 1388.0250
Variance 49699.717
Std.-Deviation 222.93433
Minimum 1024.29
Maximum 1794.51
Range 770.22
Interquaitile Range 378.4225
Skewness -.043 .564
Kurtosis -.784 1.091
Tests of Normality
Kalmogorov-Smirnov(a) Shapiro-Wilk
ferrule Statistic df Sig. Statistic df Sig.
FORCE "aifi 456 16 .200(%) .930 16 241
ferrule
fiferrule 1109 16 .200(*) 976 16 919

* This is a lower bound of the true significance.

a Lilliefors Significance Cor

rection



Descriptives

post Statistic Std. Error
FORCE no fit Mean 1003.9475 93.66114
95% Lower Bound 804.3135
Confidence Upper Bound
Interval for 1203.5815
Mean
5% Trimmed Mean 1013.6722
Median 1061.9250
Variance 140358.55
6
Std. Deviation 374.64457
Minimum 325.39
Maximum 1507.46
Range 1182.07
Interguartile Range 671.9150
Skewness -.174 .564
Kurtosis -1.372 1.091
fit Mean # 1143.1694 | 102.03137
95%, Lower Bound 925.6947
Confidence Upper Bound
Interval for 1360.6441
Mean
5% Trimmed Mean & 4 1139.5921
Median 1012.6150
\ariance 166566.40
4
Std. Deviation 408.12548
Minimum " 556.22
Maximum 1794.51
Range 1238.29
Interquartile Range 781.7300
Skewness 319 .564
Kurtosis -1.402 1.091

Tests 'of Normality

Kolmogorov-Smirnov(a) Shapiro-Wilk
post Statistic df Sig: Statistic df Sig.
FORCE {no fit .199 16 .089 .908 16 .108
fit .191 16 122 .907 16 .103

a Lilliefors Significance Correction
Test of Homogeneity of Variances

FORCE

Levene
Statistic dfl df2 Sig.

1.310 1 30 .261




ANOVA

FORCE
Sum of
Squares df Mean Square F Sig.
Between Groups | 3558822 1 1| 3558825.196 88.962 000
Within Groups 12001113.3 30 40003.701
Total 4758936.2 31
34
Test of Homogeneity of Variances
FORCE
|
Levene |
Statistic df1 df2 ' Sig.
114 1 30,4 .738
ANOVA
FORCE
Sumyof | ! : '
Squares df ’ Mean Square : F Sig.
T ! l
Between Groups 155061.82 1" 155061.844 | 1.010 323
| ) [
. |
Within Groups 46038749.8 } 30 } 153462 480
Total 4758936.2 3 }
34 3 |
Univariate
Tests of Between-Subjects Effects
Dependent Variable: FORCE
Type III Sum
Source of SGuares df Mean Square F Sig.
Corrected Model 3714013.723(a) 3 11'11238004.574 33.174 000
Intercept 36880886.999 1 | 36880886.999 988.269 .000
FERRULE 3558825.196 1| 3558825.196 95.363 .000
POSTDIAM 155061844 1 155061.844 4,155 .051
FERRULE * POSTDIAM 126.683 1 126.683 .003 .954
Error 1044922.511 28 37318.661
Total 41639823.234 32
Corrected Total 4758936.234 31

a R Squared = .780 (Adjusted R Squared = .757)




T-test
Group Statistics
Std. Error
ferrule N Mean Std. Deviation Mean
FORCE ~ ‘if 16| 740.0719 17409103 43.52276
ferrule
fiferrule 16 | 1407.0450 222.93433 | 55.73358

Independent Samples Test

50

Levene's
Test for
Equality of
Variances t-test for Equality of Means
; : 95% Confidence
’ Sip Inte_rval of the
(2% ; Mean Std. Error Difference
talled | Differenc | Differenc
F Sig. t df ) SN e e Lower Upper
FORC  Equal / l ] ]
E variance | 1.31| .26 | -
S 0 1 9.43 30 ..000 | 666.9731 70.71395 | 811.3902 | 522.5559
2 4 8 7
assumed |
Equal ) ‘ ) )
variance 28.33 -
S not 9.43 5 .000 666.9731 70.71395 | 811.7468 | 522.1993
2 8 7
assumed |
T-test
Group Statistics
Std.Error
post N Mean Std. Deviation Mean
FORCE no fit 16 10039475 374.64457+| 1 93.66114
fit 16 | 1143.1694 408.12548 | 1102.08137




Independent Samples Test
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Levene's
Test for
Equality of
Variances t-test for Equality of Means
95% Confidence
Sig Interval of the
(- Mean Difference
tailed | Differenc | Std. Error
F | Sig. t df ) e Difference Lower Upper
FORC  Equal B -
E variance A1) .73 - | 138.5020 143.6369
< 4 8 1.00 30 33 : 139.2219 2 422.0807 9
5 4
assumed i
Equal - : -
variance 29.78 | - | 138.5020 143.7235
s not 1.02 ! 3 I I 139.2219 2 422'167§ 0
assumed V |
Descriptives
ferrule [ ost Statistic | Std. Error
laidiferrule FORCE no fit Mean 668.4713 60.18847
95% Lower Bound 526.1481
Conﬁder_mce Upper Bound
Interval-for 810.7944
Mean
5% Trimmed Mean 673.3308
Median 674.1350
Variance 28981.214
Std.Deviation 170.23870
Minimum 325.39
Maximum 924.08
Range 598.69
Interquartile Range 140.7725
Skewness -.833 .752
Kurtosis 2.616 1.481
fit Mean 811.6725 55.05199
95% Lower Bound 681.4952
Confidence Upper Bound
Interval-for, 941.8498
Mean
5% Trimmed'Mean 815.3494
Median 849.7950
Variance 24245.771
Std. Deviation 155.71054
Minimum 556.22
Maximum 1000.94
Range 444.72
Interquartile Range 248.5025
Skewness -.469 .752
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Kurtosis -1.107 1.481
fiferrule FORCE no fit Mean 1339.4238 | 42.63650
95% Lower Bound 1238.6044
Confidence Upper Bound
Interval for 1440.2431
Mean
5% Trimmed Mean 1337.8469
Median 1341.2850
Variance 14542.972
Std. Deviation 120.59425
Minimum 1199.77
Maximum 1507.46
Range 307.69
Interguaitile'Range 249.2725
Skewness 337 .752
Kurtosis -1.322 1.481
fit Mean 1474.6663 | 100.93605
95% Lower Bound 1235.9904
Confidence Upper Bound
Interval for 1713.3421
Mean
5% Trimmed Mean 1481.9181
Median 1596.2550
Variance 81504.687
Std. Deviation 285.49026
Minimum 1024.29
Maximum, 1794.51
Range 770.22
Interquartile Range 524.5400
Skewness -.855 .752
Kurtosis -.739 1.481
Tests of Normality
Kolmogorov:Smirnov(a) Shapiro-Wilk
ferrule post Statistic df: Sig. Statistic df Sig.
it FORCE no.fit .275 8 .076 .889 8 .230
ferrule fit 249 8 157 926 8 479
fiferrule ... FORCE no fit 187 8 .2000%) .398 8 278
fit 284 8 056 864 8 132

* This is adower bound of the true significance.

a Lilliefors Significance Correction




One-way

Test of Homogeneity of Variances
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FORCE
Levene
Statistic dfl df2 Sig.
2.752 3 28 .061
ANOVA
FORCE
Sum of I
Squares | df Mean Squaie| F Sig.
[ [
Between Groups 37140132';' 3| 11238004574, . 33.174 000
Within Groups 10449221? | 2 37318.661 :
Total 475893624 4 !
34 | l
One-way
Descriptives
FORCE
95% Confidence Interval
for Mean
Std. " Lower Upper
N Mean Deviation Std: Erron Bound Bound Minimum | Maximum
1 8 | 1474.6663 285.49026 A 100.93605 = 1235.9904 | ~1713.3421 | 1024.29 | 1794.51
2 8| 1339.4238 12059425 . 42.63650 | 12386044 | '1440.2431 | 1199.77 | 1507.46
3 8 811.67251| 155.71054 | 55.05199 681.4952 941.8498 556.22 | 1000.94
4 8| 668.47127 170.23870 | 60.18847 526.1481 810.7944 325.39 924.08
Total 32| 1073.5584+ 391.80872 | 69.26265 932.2963+ 1214.8205 325.39 | 1794.51
Test of Homoegeneity of Variances
FORCE
Levene
Statistic dfl df2 Sigs
2.752 3 28 .061




ANOVA
FORCE

Sum of

Squares df Mean Square F Sig.
Between Groups 37140132; 3| 1238004574 |  33.174 000
Within Groups 10449221.5 28 37318.661
Total 4758936.2 31

34

Post Hoc test

Dependent Variable: FORCE

Multiple Comparisons

54

Tukey HSD
|
Mdhn ’ 95% Confidence Interval
Difference (1 | '

(I) GROUP | (J) GROUP J) | Std, Egror Sig. Lower Bound | Upper Bound
1 2 13512425 : 96.59019 .510 -128.4788 398.9638
3 662.9937(*) | #'96:59019 .000 399.2724 926.7151
4 806.1950(*) | 96.59019.. .000 542.4737 1069.9163
2 1 =135.2425 96.59019 .510 -398.9638 128.4788
3 527 7512(*) ] 96.59019. .000 264.0299 791.4726
4 670.9525(*) ' 96.59019.1 44 .000 407.2312 934.6738
3 1 -662.9937(%)-—96.59019 .000 -926.7151 -399.2724
2 -527.7512(*)'} 96.59019- - .000 -791.4726 -264.0299
4 143.2013 ’ 96.59019 461 -120.5201 406.9226
4 1 -806.1950(*) 1 96.59019 .000 -1069.9163 -542.4737
2 -670.9525(*) 96.59019 .000 -934.6738 -407.2312
3 -143.2013 96.59019 461 -406.9226 120.5201

* The mean difference is significant at the .05 level.

FORCE
Tukey HSD
Subset for alpha = .05

GROUP N 1 2
4 81, 668.4712
3 8 811.6725
2 8 1339.4238
1 8 1474.6663
Sig. 461 510

Means for groups in homogeneous subsets are displayed.
a Uses Harmonic Mean Sample Size = 8.000.
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