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Abstract

Objective This study aimed to evaluate the fracture resistance of enamel-boned ceramic with variations

in cement and ceramic thickness.

Materials and methods Leucite-reinforced and lithium-disilicate porcelain laminates (0.5 and 1 mm
thick) were fabricated and cemented to human enamel using bonding agent and resin cement with the
thicknesses of 30 and 100 Um. Non-cemented porcelain laminate was used as control. Fracture load
(Newton) was obtained by pressing a 2 mm-diameter indenter rod against ceramic until the laminates

fractured. Independent t-tests were used to compare mean fracture loads (MFL).

Results The results obtained from both type of ceramic were in the same trend. No difference in MFL
between two test groups was found between 0.5 mm laminate groups (leucite-reinforced ceramic: 30
UWm-771.56 £ 107.35;, 100 Wm-810.06 * 110.26; lithium-disilicate ceramic: 30 Um-2471.81 £ 339.52;
100 Um-2666.58 £ 245.15). On the other hand, when laminate thickness was 1 mm, MFL of 30 tm
group was significantly higher than that of 100 [im group (leucite-reinforced ceramic: 30 lm-2666.20
1+ 220.46; 100 lm-1748.39 £ 245.24; lithium-disilicate ceramic: 30 [lm-3547.38 + 310.30; 100 [m-
2622.17 £ 256.99).

Conclusion The effect of cement thickness was clearly observed when the thickness of porcelain
laminate was 1 mm. An increase in cement thickness from 30 to 100 Wwm could significantly decrease
the enamel-bonded ceramic strength. When the thickness of porcelain laminate was 0.5 mm, no

significant effect of cement thickness was observed.
(CU Dent J. 2014;37:161-70)
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Introduction

Nowadays, the need for esthetic dental treatment
is continually increasing because more and more people
desire a bright, smooth, harmonious smile. Available
treatments can include either tooth whitening,
orthodontic treatment,' minimal reshaping and realign-
ment of anterior teeth,?> or porcelain laminate veneers

(PLVs) can also be proposed as a treatment plan.*”’

Many reports in the literature have demonstrated

an excellent outcome of PLVs.® '

Major factors
associated with the strength and durability of PLVs
include bonding quality of the ceramic to the tooth
structure,'® the adhesive cementation, and the thick-
ness of the ceramic itself.?? The use of PLVs has
become more reliable as bonding procedure has
improved.?® PLVs are sometimes designed to cover
the occlusal surface of the tooth. That means the resto-

rations have to bear normal chewing force, which

averages 400-500 N at the mandibular first molar.?

Factors causing failure of PLVs include occlusion,
preparation design, adhesive used, presence of

16

composite fillings, © and compromised bonding with

10,25

dentine. If the enamel surface is compromised, a

full-coverage crown should be considered instead.?°

The first kind of ceramic used in dentistry to
fabricate PLVs was feldspathic porcelain. This type of
porcelain can provide a superior natural look, translu-
cency, and internal characteristics of the restorations.?’
Later, leucite-reinforced and lithium disilicate ceramics
were introduced. They possess higher compressive and
flexural strength, and esthetics comparable to felds-
pathic porcelain.?®2? Even in a case of moderate tooth
discoloration, these ceramics can acceptably mask the

underlying color.?® Consequently, these two materials

gain more and more popularity in Thai dental market.
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The strengthening mechanism of a leucite-rein-
forced ceramic is the difference in the coefficients of
thermal expansion (CTE) between the glass phase and
the crystal phase (35-45% leucite crystals); while lithium
disilicate (IPS e.max; IvoclarVivadent) consists of
approximately 70% needle-like crystals. The difference
in crystal shape and fraction contributes to the increased
strength of lithium disilicate ceramic. These qualities
result in an increase in strength and provide these
ceramics with flexural strength of 160 MPa and 400
MPa, respectively.?® As a result, these materials are
ideally suited for veneers, inlays, onlays and
crowns.?”31:32 Also, these materials are gaining their

popularity in Thailand.

Until today, few studies have investigated
ceramic strength in association with tooth structure and
cementation. Recent study of Piemjai and Arksornnukit
showed that porcelain laminate was more resistant to
fracture when adhesively bonded to the enamel surface
rather than the dentin surface.®® Other studies
concluded that luting film thickness had a significant
effect on bond strength®* and ceramic strength.??3°
Nonetheless, no study has yet evaluated the effect of
cement thickness on the fracture resistance of both
leucite-reinforced and lithium disilicate PLVs cemented
to the enamel surface. Therefore, the aim of this study
was to investigate whether resin luting film thickness

had a significant effect on the strength of the bonded

ceramic, by means of load to fracture testing.

Materials and methods

Fabrication of tooth structure samples

Collected human lower third molars were stored
at 4°C in a solution of 0.1% thymol for 24 h, followed

by placing in a solution of normal saline. Only sound
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teeth were included. Teeth were grinded on the buccal
side using a carborundum disc with water coolant
in order to achieve a flat area of at least 3 x 6 mm?.
The flat surface was then polished with a series of
sandpaper discs (OptiDisc; Kerr Corporation, CA, USA)
If there was dentin exposure, the specimen was

excluded from the study.

Next, each tooth was sectioned with an IsoMet
low-speed saw (Buehler, Lake Bluff, IL, USA) in
order to obtain specimens with dimensions of 3 x 6 x 4
mm?®. The specimens were embedded in unfilled resin,

with the flat, polished enamel surface exposed.

Fabrication of ceramic specimens

Wax specimens, 0.5 mm and 1 mm thick, were
made using customized molds in order to control the
dimensions of each wax (3.5 x 6.5 mm?) Ingots used
were IPS Empress Esthetic (IvoclarVivadent, Schaan,
Liechtenstein (Lot#KMo0486)) ETC2 and IPS e.max
Press (IvoclarVivadent, Schaan, Liechtenstein
(Lot#M72418)) LT shade A3. All of the porcelain
laminates were fabricated by a one dental technician
(S.K. Dental Laboratory, Bangkok, Thailand) in

accordance with the manufacturer’s recommendations.

After the porcelain laminates were divested, their
dimensions were measured using an electronic digital
caliper (Mitutoyo, Japan) to ensure the desired size

and uniform thickness of each specimen.

Surface treatment of ceramic specimens

The internal surface of each porcelain laminate
was first etched with porcelain etchant according to
manufacturer’s instruction (4% HF; Bisco, Schaumburg,
IL, USA): 1 min for IPS Empress Esthetic, and 20 sec
for IPS e.max. After the ceramic surface was washed

and dried, silane primer (Kerr Corporation, CA, USA,
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Lot #4403066) was applied. While waiting to be
cemented, the treated ceramic specimens were kept

away from light.

Preparation of enamel surface

The enamel surface was etched with a microbrush
dipped in gel etchant (37% phosphoric acid; Kerr
Corporation, CA, USA, Lot#43465%4) for 30 sec. Next,
the gel was rinsed off and the etched surface was
blot-dried with gauze. Then OptiBond FL Adhesive
(Kerr Corporation, CA, USA, Lot#4346594) was
applied and light-cured with an EliparTM S10 LED
curing light (3M ESPE, Seefeld, Germany).

Cementation process

The prepared enamel and porcelain laminates were
randomly assigned to 4 control and 8 test groups as
shown in Table 1. There were 12 samples in each group.
Light-cured resin cement (NX3 Nexus third generation,
Kerr Corporation, CA, USA, Lot#4285136) was
applied on the prepared enamel surface. Then a
prepared porcelain laminate was vertically pressed,
treated surface down, with a 1,000-gram durometer for
10 sec; meanwhile, excess cement oozed out. If the
sample belonged to the 30 Wm group, porcelain laminate
would be placed on the cement without any spacer.
If the sample belonged to the 100 wm group, two folds
of a 50-um-thick celluloid strip would be placed
between the enamel surface and the ceramic bar at
both ends as a spacer to control cement thickness.
After removal of excess cement, 20 second-light-
activation was performed with an Elipar S10 curing
light five times per specimen in different directions.
Light intensity was checked by a radiometer (Optilux
model 100; Kerr Corporation, CA, USA) to ensure

constant light intensity (600 mW/cm?) for every specimen.
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Prior to the experiment, pilot study was carried
out to determine if the constant thickness of cement
could be obtained. The authors found that a thickness
of 30 um was reproducible if the porcelain laminate
was pressed with 10N force for 10 sec. Meanwhile, the
cement film thickness of 100 wm was controlled by
inserting a spacer between the enamel surface and the
porcelain laminate while cementing with a pressing force
of 10N for 10 sec. The chosen spacer was two folds of
a celluloid strip of known thickness (50 pum). These
methods of cementation ensured a constant cement
thickness. To verify the thickness of the cement, the
specimens were cross-sectioned and observed under a

stereomicroscope.

All cemented specimens were stored in 37°C
deionized water for 24 h before testing to allow
possible post-cure polymerization of the luting

cement.

Fracture resistance test

A unit of porcelain laminate cemented on the
enamel surface was subjected to a compressive test
using a universal testing machine (Instron model 5566,
Canton, MA, USA) at a crosshead speed of 0.5 mm/
min. The crosshead surface was flat and circular, 2 mm
in diameter. The tin foil was placed between the cross
head tip and porcelain laminate. The crosshead of the
testing machine stopped when a sudden drop appeared
on the recording chart as a result of catastrophic

failure. All fracture loads were recorded in Newton (N).

Data analysis was done using SPSS version 16
for Windows. Independent t-tests were performed to
find difference of MFL between test groups in the same

type of ceramic (o = 0.05).
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Results

Unluted ceramic in control groups had lower MFLs
comparing to luted groups, regardless of the ceramic

type and thickness.

For leucite reinforced ceramic 0.5 mm, there was
no statistical difference in MFL between the 30 Um
and 100 Wm groups (p> 0.05). On the other hand, for
the 1.0 mm groups, the MFL of the 30 im group was
significantly higher than that of the 100 wm group
(p < 0.05). The group with a 1.0-mm porcelain
laminate using 30-Um cement exhibited the highest

MFL among all the leucite reinforced groups.

The results obtained from testing lithium disilicate
groups were in accordance with those from leucite
reinforced groups, i.e. there was no significant difference
between the 0.5-mm test groups, while the 1-mm test

groups exhibited a significant difference (p < 0.05).

Discussion

This study tested the compressive fracture resistance
of two types of ceramic cemented to human enamel
tooth surfaces with light-cured resin cement. There
were 2 thicknesses of each ceramic type: 0.5 mm and 1
mm and 2 thicknesses of cement film: 30 um and 100
um. Because of the difficulty in finding incisors and
variation in enamel thickness caused by aging of the
teeth, lower third molars of the same size were
selected instead, so that the thickness of the remaining
enamel after being flattened down would be comparable.
Consequently, the results demonstrated here might not
be fully reflected the real clinical situations. Although
the precise thickness of the remaining enamel could
not be controlled, the tooth selection procedure may

help lessen the variation in thickness.
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The fabricated porcelain laminates were cemented
with light-cured resin cement to simulate porcelain
laminates cemented on human teeth. Many previous
studies have utilized a similar specimen design, e.g.

Prakki et al.’? and Scherrer et al.”’

According to Christensen and Christensen,'' an
acceptable resin cement film thickness should be no

more than 120 um. Consequently, this study chose
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thicknesses of 30 Wm and 100 um. Moreover, these

thicknesses were reproducible in the pilot experiment.

In the non-cement groups, the MFLs were much
lower owing to the fact that ceramic was strong to
compression, weak to tension, and brittle. This finding
was in accordance with Prakki et al.””, who found that
unluted groups had lower fracture loads compared with

luted groups, and that thin ceramic groups had lower

Table 1 Mean fracture load (N), standard deviation (SD), and statistical analysis

Group Ceramic type and thickness Cement thickness MFL (SD)
1 Control (no cement) 15.51 (2.97) a
Leucite-reinforced
2 30 um 771.56 (107.35)
0.5 mm
3 700 Wm 810.06 (110.26)
4 Control (no cement) 58.02 (15.32) a
Leucite-reinforced
5 30 um 2,666.20 (220.46)
1.0 mm
6 100 Um 1,748.38 (245.24)
7 Control (no cement) 47.09 (7.02) a
Lithium-disilicate
8 30 um 2,471.81 (339.51)
0.5 mm
9 100 Wm 2,666.58 (245.15)
10 o o Control (no cement) 145.88 (25.01) ¢
Lithium-disilicate
11 30 um 3,547.38 (310.30)
1.0 mm
12 700 Wm 2,622.17 (256.99)

MFL: mean fracture load (N); SD: standard deviation. n = 12; o = 0.05; Vertical lines indicate a significant
difference. a; Generally, regardless of ceramic type and thickness, MFL of samples with cement thickness (either

30 or 100 pm) is higher than samples without cement (control group)
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MFLs compared with thick ceramic groups. Scherrer
et al.> also gave additional reasons for this finding. They
stated that treating the ceramic surface with hydroflu-
oric acid and the silanization process, together with
cementation with resin cement, smoothed out the sharp
edges and roughness of the surface flaws. Moreover,
Addison, Marquis, and Fleming concluded that resin
cement created a resin-ceramic hybrid layer and
modified stress patterns during tensile loading.3°

This study evaluated two types of ceramic,
leucite-reinforced ceramic and lithium disilicate
ceramic (Empress Esthetic and e.max), fabricated into
two thicknesses and cemented with two film thick-
nesses of cement. There was no significant difference
found for 0.5 mm Empress Esthetic between the 30 Um
cement group and the 100 Um cement group. Likewise,
for 0.5 mm e.max groups there was no significant
difference in fracture load between the 30 [lm cement
group and the 100 lm cement group as shown in Table 1.
The reason for these findings might be that the
ceramic was so thin that the effect of the different
cement film thickness was not easily observed.
Anyway, at a ceramic thickness of 0.5 mm, e.max still
demonstrated a higher fracture load compared with
Empress Esthetic. The materials’ own mechanical

property played a role in this significant difference.?’

On the contrary, when the ceramic sample thickness
was increased to 1 mm, fracture load significantly
increased in both Empress Esthetic and e.max groups.
This finding was in accordance with the publication of
Kelly JR, the bonded ceramic would sustain less
stress at 0.5 mm.>® Within the same ceramic group, the
MFL of the 100 um cement group was significantly
lower than that of the 30 [Lm cement group as shown in
table 1. The thicker ceramic can tolerate the tension

generated at the opposite side of the compression
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better than the thinner ceramic.®” When a ceramic
specimen was uniformly bonded to a less stiffer
cement, high tensile stress developed in the ceramic
at ceramic-cement interface right below the load.*®
Furthermore, the thicker the cement was, the more the
ceramic would subside.? These factors may explain
why the effect of thicker cement can be clearly seen in

the 1 mm ceramic groups.

The present results reflected a similar trend to the
findings of Scherrer et al.>>, who demonstrated a lower
fracture load for ceramics cemented with thicker
cement (297 um: 2.02 kN) compared with ceramics
cemented with thinner cement (26 (wm: 2.30 kN). Also,
Tuntipraworn,*? whose study results showed a similar
trend, concluded that thicker cement resulted in the

lower fracture strength of a porcelain jacket crown.

The study by Prakki et al.,”* however, did not
show the same results. There were many differences in
the materials and methods used. Ceramic was cemented
to dentin with RelyX ARC (3M ESPE, St. Paul, MN,
USA). Ceramic plates were fabricated from Duceram
Plus (Degussa, Rosbach, Germany). The thicknesses
of the ceramic were 1 and 2 mm. Cement thicknesses
were 100, 200, and 300 um. The study demonstrated
that the fracture load of the 300 [lm group was statistically
lower than that of the 100 Um group. Nevertheless, the
differences in setting, as stated earlier, made it difficult
to directly compare the results from that study with the

current study.

Leucite-reinforced and lithium disilicate ceramics
are steadily gaining in popularity because of their
versatility of use and the promising results of the
monolithic all-ceramic concept. Future investigations
should continue to utilize the types of ceramic used in

this study, varying the thicknesses of ceramic and



2 VIUR ”;JW’7“1 2557,37:161-70

cement, to better simulate the clinical situation of a

crown cemented to dentin.

Conclusions

The thicker cement group (100 pm) showed a
decreased mean fracture load for the 1 mm ceramic
plates only. On the contrary, no significant difference
was found for the 0.5 mm group. This was the case for
both types of ceramics tested. Non-cemented ceramics
showed a significantly lower mean load to fracture than
cemented ceramics. These results were also found in

both types of ceramics tested.

Acknowledgement

The authors received support from Chulalongkorn

University (Graduate School Thesis Grant).

References

1. Spear FM. The esthetic correction of anterior
dental mal-alignment conventional vs. instant
(restorative) orthodontics. J Calif Dent Assoc. 2004;
32:133-41.

2. Feigenbaum NL. Reshaping tooth contours with
direct resins. J Esthet Dent. 1991;3:57-61.

3. Sarver DM. Enameloplasty and esthetic finishing
in orthodontics-identification and treatment
of microesthetic features in orthodontics part 1.
J Esthet Restor Dent. 2011;23:296-302.

4. Chen YW, Raigrodski AJ. A conservative approach
for treating young adult patients with porcelain
laminate veneers. J Esthet Restor Dent. 2008;
20:223-36; discussion 237-8.

5. Belser UC, Magne P, Magne M. Ceramic laminate
veneers: continuous evolution of indications. J Esthet

Dent. 1997;9:197-207.

10.

11.

12.

13.

14.

15.

Wraw nnien uazane | 167

Walls AW, Steele JG, Wassell RW. Crowns and
other extra-coronal restorations: porcelain laminate
veneers. Br Dent J. 2002;193:73-6, 9-82.

Curry FT. Porcelain veneers: adjunct or alternative
to orthodontic therapy. J Esthet Dent. 1998;10:
67-74.

Burke FJ. Survival rates for porcelain laminate
veneers with special reference to the effect of
preparation in dentin: a literature review. J Esthet
Restor Dent. 2012;24:257-65.

Christensen GJ, Christensen RP. Clinical observa-
tions of porcelain veneers: a three-year report.
J Esthet Dent. 1991;3:174-9.

Dumfahrt H, Schaffer H. Porcelain laminate
veneers. a retrospective evaluation after 1 to 10
years of service: Part II--Clinical results. Int J
Prosthodont. 2000;13:9-18.

Fradeani M. Six-year follow-up with Empress
veneers. Int J Periodontics Restorative Dent.
1998,18:216—25.

Fradeani M, Redemagni M, Corrado M. Porcelain
laminate veneers: é-to 12-year clinical evaluation : a
retrospective study. Int J Periodontics Restorative
Dent. 2005;25:9-17.

Granell-Ruiz M, Fons-Font A, Labaig-Rueda C,
Martinez-Gonzalez A, Roman-Rodriguez JL,
Sola-Ruiz MF. A clinical longitudinal study 323
porcelain laminate veneers. Period of study from 3
to 11 years. Med Oral Patol Oral Cir Bucal. 2010;15:
e531-7.

Guess PC, Stappert CF. Midterm results of a
5-year prospective clinical investigation of extended
ceramic veneers. Dent Mater. 2008;24:804-13.
Magne P, Perroud R, Hodges JS, Belser UC. Clinical
performance of novel-design porcelain veneers for

the recovery of coronal volume and length. Int J



168

Karntiang P, et al

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Periodontics Restorative Dent. 2000;20:440-57.
Peumans M, De Munck J, Fieuws S, Lambrechts
P, Vanherle G, Van Meerbeek B. A prospective
ten-year clinical trial of porcelain veneers. J Adhes
Dent. 2004;6:65-76.

Peumans M, Van Meerbeek B, Lambrechts P,
Vuylsteke-Wauters M, Vanherle G. Five-year
clinical performance of porcelain veneers.
Quintessence Int. 1998;29:211-21.

Calamia JR. Clinical evaluation of etched porcelain
veneers. Am J Dent. 1989;2:9-15.

Jordan RE, Suzuki M, Senda A. Clinical evaluation
of porcelain laminate veneers: a four-year
recall report. J Esthet Dent. 1989;1:126-37.
Strassler HE, Nathanson D. Clinical evaluation of
etched porcelain veneers over a period of 18 to 42
months. J Esthet Dent. 1989;1:21-8.

Chen JH, Shi CX, Wang M, Zhao SJ, Wang H.
Clinical evaluation of 546 tetracycline-stained teeth
treated with porcelain laminate veneers. J Dent.
2005,33:3-8.

Prakki A, Cilli R, Da Costa AU, Goncalves SE,
Mondelli RF, Pereira JC. Effect of resin luting film
thickness on fracture resistance of a ceramic
cemented to dentin. J Prosthodont. 2007;16:172-8.
Soares CJ, Soares PV, Pereira JC, Fonseca RB.
Surface treatment protocols in the cementation
process of ceramic and laboratory-processed
composite restorations: a literature review. J Esthet
Restor Dent. 2005;17:224-35.

Bakke M, Holm B, Jensen BL, Michler L, Moller
E. Unilateral, isometric bite force in 8-68-year-old
women and men related to occlusal factors. Scand
J Dent Res. 1990;98:149-58.

Pashley DH. Dentin bonding: overview of the

substrate with respect to adhesive material. J Esthet

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

CU Dent J. 2014;37:161-70

Dent. 1991;3:46-50.

Macedo G, Raj V, Ritter AV. Longevity of
anterior composite restorations. J Esthet Restor
Dent. 2006;18:310-1.

Anusavice KJ, Phillips RW. Phillips’ science of
dental materials. 11™ ed. St. Louis, Mo.: Saunders;
2003. XXV, 805 p. P.

Ritter RG. Multifunctional uses of a novel
ceramic-lithium disilicate. J Esthet Restor Dent.
2010,22:332-41.

Fradeani M, Barducci G. Versatility of IPS
Empress restorations. Part II: Veneers, inlays, and
onlays. J Esthet Dent. 1996;8:170-6.

Chu FC, Chow TW, Chai J. Contrast ratios and
masking ability of three types of ceramic veneers.
J Prosthet Dent. 2007;98:359-64.

Fradeani M, Barducci G. Versatility of IPS
Empress restorations. Part I: Crowns. J Esthet Dent.
1996,8:127-35.

Radz GM. Minimum thickness anterior porcelain
restorations. Dent Clin North Am. 2011;55:353-70, ix.
Piemjai M, Arksornnukit M. Compressive fracture
resistance of porcelain laminates bonded to enamel
or dentin with four adhesive systems. J Prosthodont.
2007;16:457-64.

Cho SH, Chang WG, Lim BS, Lee YK. Effect of
die spacer thickness on shear bond strength of
porcelain laminate veneers. J Prosthet Dent.
2006;95:201-8.

Scherrer SS, de Rijk WG, Belser UC, Meyer JM.
Effect of cement film thickness on the fracture
resistance of a machinable glass—ceramic. Dent
Mater. 1994;10:172-7.

Addison O, Marquis PM, Fleming GJ. Resin
strengthening of dental ceramics-the impact of

surface texture and silane. J Dent. 2007;35:416-24.



2 VIUR ”;JW’7“1 2557,37:161-70

37.

38.

Raigrodski AJ. Contemporary materials and
technologies for all-ceramic fixed partial dentures:
a review of the literature. J Prosthet Dent. 2004;92:
557-62

Kelly RJ. Clinically relevant approach to failure

39.

Wrawd nnien uazane | 169

testing of all-ceramic restorations. J Prosthet Dent.
1999,81:652-61.

Tuntiprawon M, Wilson PR. The effect of cement
thickness on the fracture strength of all-ceramic

crowns. Aust Dent J. 1995;40:17-21.



170 | Karntiang P, et al CU Dent J. 2014,;37:161-70

NAUDIANNAUIUDINTTUT LN UA LAZLESINN
ADAMNATUNIUNSLANURILTSINANE AN L
LARAUNU

acv o a 7
WTRAU NIFLYIES N.1.

a a’ﬁl o 2
LRANNA alilsau n.u., MS.D., AB.OD., SnN%N.

"I ATTRANEN YA ASVIUANITNYTSNBANN AENILATAUANTTNIMNTLN AMETIUALNNEAN AT
PNANTOINMIINENAL

UAN  AIVIUANITUYTULNBAMN FBNNLATTUANITHIMIALN ALSTUALNVEAN RS QWNSINTOINMNANENaE

unAnea
Jhgilse 9A INDANHINATBIANNUUITBALITUTLNUALATAITNNUNITBUTINNNABAIINAIUNIUNITUAN
YRATINRNNTANURWAADLINU

Semevaasy Saduaniingieglofiauness uardiBanladdinaiiuu o5 uax 1 uu. AURAReUTY
Ny BuRIUATIvILANANITU (30 uag 100 Talasiua) nquaLaNAaIms RN G T ARG e LTy
uwdildva euAnaEumMUNsLANTIALTIEAGasTanandaglanansal 1 an. Tuiinidudused
NARETIANUAN (3951) NANTNARBITLATATIZRY DA independent t-test Tiszauile ATy 0.05

HAMEYAREY WATDNTIRNT asrdnoanuluuuiniafeaiude Tuneannguiseiniivun 0.5 ww.
WUAHLANANTBIATUTINALANLRALTEMANINGNTIUAIN 30 uar 100 lalasiums (glofsdunasa: so
lalasiums-771.56 £ 107.35; 100 IulAsiuns-810.06 + 110.26; AsenlaTaINn: 30 LulAsiung-2471.81 %
339.52; 100 TalAsian-2666.58 + 245.15) UNANTIMUY 1 HA. AUSINALANIRALTOINGHTNUA 30
Tulasiums andnasangs 100 lulanumsadnediuy Aty (glansduneds: 3o lulasuns-2666.20+ 220.46;
100 lulasiums-1748.39 £ 245.24; MFenlagainm: 30 Iulanuns-3547.38 + 310.30; 100 ulATiNmAs-

2622.17 £ 256.99)

g1/ Harmdnuun 0.5 1. azlinuanNLANAweaILsInaLANeatE et wAnINaY Tuangeein
NN 1 Redwmns Tusnuun SWaliALNNALANIALanadaLnNIil Ll AT LaYNNTEALTINANNLRY
LAADUNUAIELITUT LN UAVINIAALIINALANLRA LU T IR NIRRT

(7 NUA WY 2557;37:161-170)

A1 ARY: LAADUWILTIEN; AVINENUYILNITUAN, ANIUIIENTINUE, 119dn; gladsaunese; AiFenln
Tanm

H5uAngauunAIn wanna alalsal  chalermpollee@gmail.com



