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Abstract 
Objectives: The purpose of this study was 

to investigate the effect of different alumina filler 

amounts reinforced into acrylic denture base on 

tensile bond strength between denture teeth and 

denture base.  

Methods: Alumina filler, spherical-shaped 

with 18-23 µm in diameter (surface area of 0.36 with 18-23 µm in diameter (surface area of 0.36 with 18-23 µm in diameter (surface area of

m2/g), was silanized with 0.1 wt% of gamma-

methacryloxypropyltrime thoxysilane (MPS). 

∫∑§—¥¬àÕ 
 ‡æ◊ËÕ»÷°…“º≈¢Õßª√‘¡“≥“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë

·µ°µà“ß°—π‡√‘¡„π∞“πøíπ‡∑’¬¡Õ–§√‘≈‘°µàÕ§«“¡·¢Áß

·√ß¬÷¥¥÷ß√–À«à“ß´’Ëøíπ‡∑’¬¡°—∫∞“πøíπ‡∑’¬¡ °“√

»÷°…“π’È„™â“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑√ß°≈¡‡âπºà“π»Ÿπ¬å 

°≈“ß 18-23 ‰¡§√Õπ∂Ÿ°ª√—∫ª√ÿßæ◊Èπº‘«¥â«¬“√§Ÿà§«∫

‰´‡≈π‡ÕÁ¡æ’‡Õª√‘¡“≥√âÕ¬≈– 0.1 ‚¥¬πÈ”Àπ—° ‡µ√’¬¡

™‘Èπµ—«Õ¬à“ß‚¥¬π”“√Õ—¥·∑√°Õ≈Ÿ¡‘π“º¡√«¡°—∫ºß

Õ–§√‘≈‘° „π—¥à«πÕ≈Ÿ¡‘π“√âÕ¬≈– 5 10 ·≈– 15 ‚¥¬

πÈ”Àπ—° „π°≈ÿà¡§«∫§ÿ¡„™âºßÕ–§√‘≈‘°‰¡àº¡Õ≈Ÿ¡‘π“ 

∫∑«‘∑¬“°“√ 
Original Article 
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®“°π—Èππ”Õ–§√‘≈‘°∑—Èß 4 ®“°π—Èππ”Õ–§√‘≈‘°∑—Èß 4 ®“°π—Èππ”Õ–§√‘≈‘°∑—È °≈ÿà¡Õ—¥µ‘¥°—∫´’Ëøíπ‡∑’¬¡ ·≈â«

∫à¡¥â«¬§«“¡√âÕπ·≈–µ—¥·µàß™‘ Èπß“π‡ªìπ√Ÿª¡‘π‘¥—¡-

‡∫≈≈å (°≈ÿà¡≈– 10 ™‘Èπ) ·™à„ππÈ”°≈—Ëπ∑’ËÕÿ≥À¿Ÿ¡‘ 37 

Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß °àÕπ∑¥Õ∫ 

∑¥Õ∫§«“¡·¢Áß·√ß¬÷¥¥÷ß‚¥¬‡§√◊ ËÕß∑¥Õ∫“°≈

§«“¡‡√Á«„π°“√¥÷ß 1 ¡‘≈≈‘‡¡µ√µàÕπ“∑’ π”§à“§«“¡

·¢Áß·√ß¬÷¥¥÷ß¡“«‘‡§√“–Àå∑“ß∂‘µ‘‚¥¬„™â∂‘µ‘™π‘¥

§«“¡·ª√ª√«π·∫∫®”·π°∑“ß‡¥’¬«·≈–∑¥Õ∫

‡™‘ß´âÕπ¥â«¬«‘∏’·∑¡·Œπ º≈°“√»÷°…“ ®“°º≈°“√

«‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß´‘≈‘°Õπæ∫∏“µÿ´‘≈‘°Õπµ‘¥Õ¬Ÿà

∫πæ◊Èπº‘«¢Õß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ §à“§«“¡·¢Áß·√ß¬÷¥

¥÷ß·≈–§à“§«“¡·ª√ª√«π (‡¡°°–ª“§“≈) „π°≈ÿà¡

§«∫§ÿ¡ °≈ÿà¡‡√‘¡Õ≈Ÿ¡‘π“√âÕ¬≈– 5, 10 ·≈– 15 ¡’§à“

‡∑à“°—∫ 25.4 (3.1), 26.5 (4.6), 22.8 (3.8) ·≈– 18.4 (3.3) 

µ“¡≈”¥—∫ «‘‡§√“–Àå∑“ß∂‘µ‘æ∫«à“§«“¡·¢Áß·√ß¬÷¥¥÷ß

„π°≈ÿà¡§«∫§ÿ¡·≈–°≈ÿà¡∑¥≈Õß¡’§à“‰¡à·µ°µà“ß°—π∑“ß

∂‘µ‘ ¬°‡«âπ°≈ÿà¡‡√‘¡Õ≈Ÿ¡‘π“√âÕ¬≈– 15 ¡’§à“§«“¡

·¢Áß·√ß¬÷¥¥÷ßπâÕ¬ÿ¥ ‚¥¬¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬

”§—≠∑’Ë§«“¡‡™◊ËÕ¡—Ëπ‡∑à“°—∫ 0.05 «‘‡§√“–Àå¥â«¬°≈âÕß 

®ÿ≈∑√√»πå„π∑ÿ°°≈ÿà¡∑¥≈Õßæ∫≈—°…≥–°“√·µ°À—°

‡ªìπ™π‘¥¬÷¥µ‘¥ √ÿªº≈°“√»÷°…“æ∫«à“ °“√‡√‘¡Õ≈Ÿ- 

¡‘π“∑’Ë∂Ÿ°ª√—∫ª√ÿßæ◊Èπº‘«¥â«¬“√§Ÿà§«∫‰´‡≈πª√‘¡“≥

πâÕ¬°«à“√âÕ¬≈– 10 ≈ß„π∞“πøíπ‡∑’¬¡Õ–§√‘≈‘°‰¡à¡’º≈

µàÕ§à“§«“¡·¢Áß·√ß¬÷¥¥÷ß√–À«à“ß´’Ëøíπ‡∑’¬¡Õ–§√‘≈‘° 

°—∫∞“πøíπ‡∑’¬¡Õ–§√‘≈‘° 

§””§—≠: Õ≈Ÿ¡‘π“ ´’Ëøíπ‡∑’¬¡ ∞“πøíπ‡∑’¬¡ “√§Ÿà

§«∫‰´‡≈π §«“¡·¢Áß·√ß¬÷¥¥÷ß §«∫‰´‡≈π §«“¡·¢Áß·√ß¬÷¥¥÷ß §«∫‰´‡≈π §«“¡·¢Áß·√ß¬÷¥¥

The 5, 10 and 15 wt% of silanized alumina filler 

were mixed with heat-polymerized PMMA. Heat 

polymerized PMMA without reinforced alumina 

was served as control. All of 4 groups were 

packed with artificial denture teeth and prepared 

into dumbbell-shaped specimens (n=10). The 

speci-mens were immersed in distilled water at 

37°C for 24 h prior to testing. The tensile bond 

strength test was performed using a universal 

testing machine (Instron 8872, Fareham, UK) 

with a 1mm/min crosshead speed until fracture. 

The bond strength was determined and analyzed 

by 1way-ANOVA and Tamhane’s test with a 

significance level of 0.05.  

Results: The EDS analysis showed the 

deposition of silicon element on the surface of 

alumina filler. The mean tensile bond strengths 

(SD) in MPa of control, 5, 10 and15 wt% groups 

were 25.4 (3.1), 26.5 (4.6), 22.8 (3.8) and 18.4 

(3.3), respectively. From statistical analysis, the 

tensile bond strengths of all groups except in 15 

wt% were not signi-ficantly different, while, in 

15 wt% group was significantly small among 

each other. The failure mode of all of the 

specimens was adhesive failure.  

Conclusions: Within the limitations of this 

study, it can be concluded that addition of 

silanized alumina filler reinforced into PMMA 

denture base less than 10 wt% do not change 

tensile bond strength between PMMA denture 

base and denture teeth.  

Keywords: Alumina, Artificial Teeth, Denture 

Base, Silane Coupling Agent, Tensile Bond 

Strength  
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∫∑π” 
 µ—Èß·µàÕ¥’µ®π∂÷ßªí®®ÿ∫—π°“√∫Ÿ√≥–‡æ◊ËÕ∑¥·∑πøíπ

∏√√¡™“µ‘∑’ËÀ“¬‰ª ‰¡à«à““‡Àµÿ¡“®“° øíπºÿ ‚√§ª√‘∑—πµå 

æ¬“∏‘¿“æµà“ßÊ ‡°’Ë¬«°—∫™àÕßª“°·≈–¢“°√√‰°√ ¿“«–

øíπÀ“¬‰ª·µà°”‡π‘¥À√◊Õ‡°‘¥Õÿ∫—µ‘‡Àµÿ∫√‘‡«≥„∫Àπâ“¢“

°√√‰°√π—Èπ¡’°“√∫Ÿ√≥–‰¥âÀ≈“¬«‘∏’ ‡™àπ øíπ‡∑’¬¡·∫∫µ‘¥

·πàπ (fixed denture prosthesis) øíπ‡∑’¬¡·∫∫∂Õ¥‰¥â 

(removable denture prosthesis) À√◊Õ°“√„™â√“°øíπ

‡∑’¬¡ (dental implant) ‡æ◊ËÕ°“√√Õß√—∫øíπ‡∑’¬¡  ‡æ◊ËÕ°“√√Õß√—∫øíπ‡∑’¬¡  ‡æ◊ËÕ°“√√Õß√—∫øíπ‡∑

(implant support denture)  ‰¡à«à“®–‡ªìπøíπ‡∑’¬¡∫“ß

à«π∂Õ¥‰¥â (removable partial denture) À√◊Õ øíπ

‡∑’¬¡∑—Èßª“°∂Õ¥‰¥â (removable complete denture)

‚¥¬øíπ‡∑’¬¡®–¡’à«πª√–°Õ∫∑’Ë‡À¡◊Õπ°—π°Á§◊Õ ´’Ëøíπ

‡∑’¬¡ (artificial tooth) ·≈–à«π¢Õß∞“πøíπ‡∑’¬¡ 

(denture base) ‚¥¬à«πª√–°Õ∫·µà≈–à«π≈â«π¡’§«“¡

”§—≠‰¡àπâÕ¬‰ª°«à“°—π 

 ªí®®ÿ∫—π¡’°“√π”«—¥ÿÀ≈“¬ª√–‡¿∑¡“„™â„π°“√

ª√–¥‘…∞å∞“πøíπ‡∑’¬¡·≈–´’Ëøíπ‡∑’¬¡(1,2) ·µà∑’Ë‰¥â√—∫§«“¡ ·µà∑’Ë‰¥â√—∫§«“¡ ·µ

π‘¬¡‡ªìπÕ¬à“ß¡“°‰¥â·°à ‡√´‘π—ß‡§√“–Àå‡¡∑‘≈‡¡∑“§√‘

‡≈µ (synthetic methyl methacrylate) À√◊Õ‡ªìπ∑’Ëπ‘¬¡

‡√’¬°«à“ ‡√´‘π Õ–§√‘≈‘° (acrylic resin)(2) ‡π◊ËÕß®“°‡ªìπ

«—¥ÿ∑’Ë‰¡à‡ªìπÕ—πµ√“¬µàÕ‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“° ¡’§«“¡·¢Áß

·√ß∑πµàÕ°“√·µ°À—°·≈–¡’‡∂’¬√¿“æ¢Õß¡‘µ‘ (dimen-

sional stability) ‡æ’¬ßæÕµàÕ°“√π”¡“„™âß“π„π™àÕß

ª“° πÕ°®“°π’È¬—ß¡’§«“¡«¬ß“¡ ·≈–“¡“√∂´àÕ¡ 

·´¡‰¥âßà“¬ „π°√≥’∑”∞“πøíπ‡∑’¬¡·≈– ’́Ëøíπ‡∑’¬¡®”‡ªìπ

µâÕßæ‘®“√≥“§ÿ≥¡∫—µ‘§◊ÕµâÕß¡’√“¬≈–‡Õ’¬¥∑“ß∑—πµ

°“¬«‘¿“§»“µ√å‰¥âÕ¬à“ß∂Ÿ°µâÕß „Àâ§«“¡«¬ß“¡ ‰¡à¡’

§«“¡‡ªìπæ‘…À√◊Õ°“√√–§“¬‡§◊ÕßµàÕ‡π◊ÈÕ‡¬◊ËÕ¿“¬„π™àÕß

ª“° „™âß“π‰¥âßà“¬ À“´◊ÈÕ‰¥â–¥«° √“§“∂Ÿ° ¡’§«“¡·¢Áß

·√ß µâ“π∑“π°“√÷° (wear resistance) ·≈–¡’°“√¬÷¥

µ‘¥°—π√–À«à“ß∞“πøíπ‡∑’¬¡·≈–´’Ëøíπ‡∑’¬¡∑’Ë¥’ Õ¬à“ß‰√

°Áµ“¡„π∑“ß§≈‘π‘°¬—ß§ßæ∫ªí≠À“¢Õß°“√„™âß“πøíπ

‡∑’¬¡™π‘¥·∫∫∂Õ¥‰¥â∑’Ë„™â«—¥ÿ™π‘¥π’ÈÕ¬Ÿà ∑’Ëæ∫‰¥â∫àÕ¬

‰¥â·°à °“√À≈ÿ¥¢Õß´’Ëøíπ‡∑’¬¡®“°∞“πøíπ‡∑’¬¡ °“√÷°

¢Õß´’Ëøíπ‡∑’¬¡(3-5) °“√÷°·≈–°“√·µ°À—°¢Õß∞“πøíπ

‡∑’¬¡(6,7) °“√À≈ÿ¥¢Õß´’Ëøíπ‡∑’¬¡¡’“‡Àµÿ¡“®“° °“√

ÕÕ°·∫∫¢Õß∞“πøíπ‡∑’¬¡„Àâ§≈ÿ¡´’Ëøíπ‡∑’¬¡‰¡à‡À¡“–¡ 

πÕ°®“°π’È °“√ªπ‡ªóôÕπ∫π´’Ëøíπ‡∑’¬¡„π¢—ÈπµÕπ°“√

ª√–¥‘…∞åøíπ‡∑’¬¡∑”„Àâ‡°‘¥°“√¢—¥¢«“ßµàÕ°“√¬÷¥µ‘¥¢Õß

´’Ëøíπ‡∑’¬¡°—∫∞“πøíπ‡∑’¬¡ ‡¡◊ËÕπ”¡“„™âß“π®÷ß∑”„Àâ‡°‘¥

°“√À≈ÿ¥¢Õß´’Ëøíπ‡∑’¬¡‰¥âßà“¬‡¡◊ËÕ¡’·√ß¡“°√–∑” à«π

°“√·µ°À—°¢Õß∞“πøíπ‡∑’¬¡¡’“‡Àµÿ¡“®“° °“√ÕÕ° 

·∫∫∑’Ë‰¡à∂Ÿ°µâÕß ∑”„Àâ∞“π¢Õßøíπ‡∑’¬¡‰¡à·π∫π‘∑°—∫

‡π◊ÈÕ‡¬◊ËÕà«π∑’ËµâÕß√Õß√—∫·√ß∫¥‡§’È¬«„π™àÕßª“°∑”„Àâ¡’

·√ß∫‘¥¥—¥ßÕ¡“°√–∑”µàÕ∞“πøíπ‡∑’¬¡À√◊Õ°√≥’∑’Ëà«π

¢Õß∞“πøíπ‡∑’¬¡¡’§«“¡Àπ“‰¡à‡æ’¬ßæÕ ∑”„Àâ‰¡à¡’§«“¡

·¢Áß·√ß‡æ’¬ßæÕµàÕ·√ß∑’Ë¡“°√–∑” Õ’°“‡ÀµÿÀπ÷Ëß§◊Õ 

ºŸâªÉ«¬∑’Ë¡’·√ß∫¥‡§’È¬«∑’Ë§àÕπ¢â“ßŸßÀ√◊Õ¡’æƒµ‘°√√¡°“√

∑“πÕ“À“√∑’Ë‡Àπ’¬«·≈–·¢Áß‡ªìπª√–®”´÷ËßÕ“®‡ªìπªí®®—¬

∑’Ë‡’Ë¬ßµàÕ°“√·µ°À—°¢Õßøíπ‡∑’¬¡‰¥âßà“¬¢÷Èπ ®“°‡Àµÿº≈∑’Ë‡’Ë¬ßµàÕ°“√·µ°À—°¢Õßøíπ‡∑’¬¡‰¥âßà“¬¢÷Èπ ®“°‡Àµÿº≈∑’Ë‡’Ë¬ßµ

¥—ß°≈à“«∑”„Àâ‡°‘¥·π«§«“¡§‘¥∑’Ë®–ª√—∫ª√ÿß§ÿ≥¡∫—µ‘

¢Õß«—¥ÿ∑”∞“πøíπ‡∑’¬¡ ªí®®ÿ∫—π«‘∏’∑’Ëπ‘¬¡«‘∏’Àπ÷Ëß„π°“√

ª√—∫ª√ÿß§ÿ≥¡∫—µ‘‡æ◊ËÕ‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈ (mecha-

nical properties) ¢Õß ‡√´‘π Õ–§√‘≈‘° §◊Õ°“√‡√‘¡¥â«¬

«—¥ÿÕ—¥·∑√°‡™àπ ‡´Õ√å‚§‡π’¬ (zirconia)(8) ‡âπ„¬·°â« 

(glass fiber)(9) ´‘≈‘°“ (silica)(10) ·≈– Õ≈Ÿ¡‘π“ 

(alumina)(6,11)  

 „π°“√»÷°…“∑’Ëºà“π¡“‰¥â¡’°“√„™â«—¥ÿÕ—¥·∑√°Õ≈Ÿ-

¡‘π“‡√‘¡„π ‡√´‘π Õ–§√‘≈‘° àßº≈„Àâ«—¥ÿ¡’§«“¡·¢Áß·√ß

·≈–‡Àπ’Ë¬«π”Õÿ≥À¿Ÿ¡‘‰¥â¥’¢÷Èπ(6,11) Õ¬à“ß‰√°Áµ“¡„π∫“ß

°“√»÷°…“¬—ß‰¡à“¡“√∂√ÿªº≈¢Õß°“√‡√‘¡«—¥ÿÕ—¥

·∑√°Õ≈Ÿ¡‘π“„π·ßà¢Õß°“√‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈ ‡™àπ°“√

»÷°…“¢Õß Alhareb ·≈– Ahmad ‰¥â»÷°…“„π°“√‡√‘¡Ahmad ‰¥â»÷°…“„π°“√‡√‘¡Ahmad

Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 5 ‡√‘¡„π ‡√´‘π Õ–§√‘≈‘° æ∫«à“

“¡“√∂‡æ‘Ë¡ (fracture toughness) ·≈– ¡Õ¥Ÿ≈—¬◊¥

À¬ÿàπ (flexural modulus) ·µàæ∫«à“ §«“¡·¢Áß·√ß¬÷¥¥÷ß 

(tensile bond strength) °≈—∫≈¥≈ß(8) „π∫“ß°“√»÷°…“

“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‡√‘¡„π™‘Èπß“π∑’Ë‰¡à‰¥â‡µ√’¬¡æ◊Èπº‘«

¥â«¬“√‡™◊ËÕ¡¬÷¥ (bonding agent) À√◊Õ‰¡à‰¥â„™â“√§Ÿà

§«∫‰´‡≈π (silane coupling agent) ®÷ßÕ“®‡ªìπ‡Àµÿº≈

∑’Ë∑”„Àâ‰¡à¡’°“√‡™◊ËÕ¡¬÷¥µ‘¥√–À«à“ß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“

°—∫ ‡√´‘π Õ–§√‘≈‘° àßº≈„Àâ§«“¡·¢Áß·√ß¥—¥¢«“ß 

(flexural strength) ·≈–§«“¡·¢Áß·√ß¥÷ß¬÷¥≈¥≈ß(12)

‡π◊ ËÕß®“°‰¡à¡’§«“¡“¡“√∂„π°“√¬÷¥√–À«à“ß«—¥ÿÕ—¥

·∑√°°—∫ ‡√´‘π ‡¡∑√‘°´å (resin matrix)
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“√§Ÿà§«∫‰´‡≈π∂Ÿ°π”¡“„™â„π°“√ª√—∫ª√ÿß§ÿ≥¡∫—µ‘ “√§Ÿà§«∫‰´‡≈π∂Ÿ°π”¡“„™â„π°“√ª√—∫ª√ÿß§ÿ≥¡∫—µ‘ “√§Ÿà§«∫‰´‡≈π∂Ÿ°π”¡“„™â„π°“√ª√—∫ª√ÿß§ÿ≥¡∫—µ

°“√‡™◊ËÕ¡¬÷¥√–À«à“ß«—¥ÿÕß«—¥ÿ∑’Ë·µ°µà“ß°—π‡™àπ °“√

ª√—∫ª√ÿßæ◊Èπº‘«¢Õß«—¥ÿÕ—¥·∑√°´‘≈‘°“„π°“√‡√‘¡„π«—¥ÿ 

‡√´‘π §Õ¡æÕ‘µ (composite resin)(13) ‚¥¬‚§√ß√â“ß

¢Õß“√§Ÿà§«∫®–¡’´‘≈‘°Õπ (silicon, Si) ‡ªìπÕß§å

ª√–°Õ∫·≈–‡ªìπà«π‡™◊ËÕ¡√–À«à“ß“√Õ‘π∑√’¬å (organic 

substrate) ·≈– “√Õπ‘π∑√’¬å (inorganic substrate)

‚¥¬¡’°“√‡°‘¥ªØ‘°‘√‘¬“¥—ß‚§√ß√â“ß  

(RO)
3
SiCX-Y

 ‚¥¬ RO ‡™àπ °≈ÿà¡ ‡¡∑Õ°´’Ë (methoxy) ‡ªìπà«π

∑’Ë∑”ªØ‘°‘√‘¬“°—∫à«π“√Õπ‘π∑√’¬å„π“√Õ—¥·∑√° 

Si ‡ªìπà«π‚§√ß√â“ß¢Õß“√‡™◊ËÕ¡¬÷¥∑’Ë¡’ ´‘≈‘°Õπ 

‡ªìπÕß§åª√–°Õ∫   

CX ‡ªìπà«π¢Õß‚§√ß√â“ß§“√å∫Õπ (Carbon) ‡ªìπ

Õß§åª√–°Õ∫ 

Y ‡™àπ à«πÕ–¡‘‚π (Amino) À√◊Õ ‡¡∑“§√‘‡≈µ 

(Methacrylate) ‡ªìπà«π∑’Ë∑”ªØ‘°‘√‘¬“°—∫à«π“√

Õ‘π∑√’¬å„πà«π ‡√´‘π ‡¡∑√‘°´å  

”À√—∫“√§Ÿà§«∫‰´‡≈π∑’Ëπ‘¬¡„™â¡“°„π∑“ß∑—πµ-

°√√¡ ‡™àπ “√§Ÿà§«∫‰´‡≈π™π‘¥ ‡¡∑“§√‘≈Õ°´’Ë‚æ√æ‘≈

‰µ√‡¡∑Õ°´’Ë (methacryloxypropyltrimethoxysilane)

À√◊Õ ‡ÕÁ¡æ’‡Õ (MPS) ‡ªìπ“√§Ÿà§«∫‰´‡≈π∑’Ë„™âÕ¬à“ß

·æ√àÀ≈“¬‡π◊ËÕß®“°¡’§ÿ≥¡∫—µ‘¢Õß§à“¥—™π’°“√≈–≈“¬ 

(solubility parameter) ∑’Ë‡À¡“–¡°—∫ ‡√´‘π ‡¡∑√‘°´å 

‚¥¬§à“¥—™π’°“√≈–≈“¬§◊Õ“√„¥°Áµ“¡∑’Ë¡’§à“¥—™π’°“√

≈–≈“¬∑’Ë„°≈â‡§’¬ß°—π®–“¡“√∂≈–≈“¬´÷Ëß°—π·≈–°—π‰¥â¥’

∑”„Àâ“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ“¡“√∂‡™◊ËÕ¡°—∫ ‡√´‘π ‡¡∑√‘°´å 

¢Õß ‡√´‘π Õ–§√‘≈‘° ‰¥â¥’(13-16) à«π∫πº‘«¢Õß“√Õ—¥

·∑√° “√§Ÿà§«∫‰´‡≈π®–∂Ÿ°¥Ÿ¥´—∫≈ß∫πæ◊Èπº‘«·≈–‡°‘¥

™—Èπ¢Õß“√§Ÿà§«∫‰´‡≈π¢÷ÈπÕß™—Èπ ‚¥¬™—Èπ∑’Ëµ‘¥°—∫º‘«“√

Õ—¥·∑√°®–¡’°“√‡™◊ËÕ¡¬÷¥∑’Ë·¢Áß·√ß¡“°¥â«¬æ—π∏–‚§«“-

‡≈πµå (covalent bond) ‡√’¬°«à“à«π‡§¡’´Õø (chemi-

sorbed)  à«π™—ÈππÕ°®–¡’°“√‡™◊ËÕ¡‰¢«â°—π¥â«¬æ—π∏–

‰Œ‚¥√‡®π (hydrogen bond) ·≈–·√ß ·«π‡¥Õ«“≈µå 

(Van der Waals force) ·µà™—ÈππÕ°π’È®–‰¡à·¢Áß·√ß‡√’¬°

«à“à«πøî‘´Õø (physisorbed) ´÷Ëß“¡“√∂≈â“ßÕÕ°‰¥â

ßà“¬‚¥¬µ—«∑”≈–≈“¬∑“ß‡§¡’(15)

 ¡’°“√»÷°…“∂÷ß°“√„™â “√§Ÿà§«∫‡ÕÁ¡æ’‡Õ °—∫«—¥ÿ

Õ—¥·∑√°´‘≈‘°“ (silica filler) „π°“√‡√‘¡‡æ◊ËÕ‡æ‘Ë¡

§ÿ≥¡∫—µ‘∑“ß°≈ (mechanical properties) ¢Õß«—¥ÿ

∑“ß∑—πµ°√√¡(10,13) Õ¬à“ß‰√°Áµ“¡°“√»÷°…“∂÷ß°“√„™â 

“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ °—∫«—¥ÿÕ—¥·∑√°Õ≈Ÿ¡‘π“„π°“√‡√‘¡

‡æ◊ËÕ‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈¢Õß«—¥ÿ∑“ß∑—πµ°√√¡¬—ß¡’‡æ◊ËÕ‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈¢Õß«—¥ÿ∑“ß∑—πµ°√√¡¬—ß¡’‡æ◊ËÕ‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈¢Õß«—¥ÿ∑“ß∑

πâÕ¬ ®“°‡Àµÿº≈¥—ß°≈à“«„π°“√»÷°…“§√—Èßπ’È‰¥â»÷°…“∂÷ß

§«“¡·¢Áß·√ß¬÷¥¥÷ß (tensile bond strength) √–À«à“ß´’Ë

øíπ‡∑’¬¡Õ–§√‘≈‘°”‡√Á®√Ÿª°—∫∞“πøíπ‡∑’¬¡ ‡√ ‘́π Õ–§√‘≈‘°

™π‘¥∫à¡µ—«¥â«¬§«“¡√âÕπ (heat polymerization resin 

acrylic denture base) ∑’Ë‰¥â√—∫°“√‡√‘¡“√Õ—¥·∑√°

Õ≈Ÿ¡‘π“„πª√‘¡“≥∑’Ë·µ°µà“ß°—π ‚¥¬“√Õ—¥·∑√°Õ≈Ÿ¡‘π“

∑’Ë„™â‡√‘¡π—Èπ‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«¥â«¬“√§Ÿà§«∫‡ÕÁ¡-

æ’‡Õ ‚¥¬°“√»÷°…“§√—Èßπ’È¡’¡¡µ‘∞“πÀ≈—°§◊Õ‰¡à¡’§«“¡æ’‡Õ ‚¥¬°“√»÷°…“§√—Èßπ’È¡’¡¡µ‘∞“πÀ≈—°§◊Õ‰¡à¡’§«“¡æ’‡Õ ‚¥¬°“√»÷°…“§√—Èßπ’È¡

·µ°µà“ß¢Õß§«“¡·¢Áß·√ß¬÷¥¥÷ß√–À«à“ß´’Ëøíπ‡∑’¬¡Õ–-

§√‘≈‘°”‡√Á®√Ÿª°—∫∞“πøíπ‡∑’¬¡ ‡√´‘π Õ–§√‘≈‘° ∑’Ë‰¥â√—∫

°“√‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«

„πª√‘¡“≥∑’Ë·µ°µà“ß°—π„π∑ÿ°°≈ÿà¡ 

  

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
¢—ÈπµÕπ°“√ª√—∫ª√ÿßæ◊Èπº‘«¢Õß«—¥ÿÕ—¥·∑√°

Õ≈Ÿ¡‘π“ (Silanization of alumina particle)

 “√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë„™â‡ªìπ™π‘¥∑√ß°≈¡¢π“¥‡âπ

ºà“π»Ÿπ¬å°≈“ß 18-23 ‰¡§√Õπ (AH35-2, MICRON, 

Himeji-shi, Hyogo-ken, Japan) ¡’æ◊Èπ∑’Ëº‘« 0.36 

µ“√“ß¡‘≈≈‘‡¡µ√µàÕÀπ÷Ëß°√—¡ ∑”°“√ª√—∫ª√ÿßæ◊Èπº‘«“√

Õ—¥·∑√°Õ≈Ÿ¡‘π“‚¥¬„™â“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ (KBM 503, 

Shin-Etsu Chemical, Tokyo, Japan) ‚¥¬„™âª√‘¡“≥

“√§Ÿà§«∫‰´‡≈π‡ÕÁ¡æ’‡Õ √âÕ¬≈– 0 ·≈– 0.1 ‚¥¬πÈ”

Àπ—°  

 ª√‘¡“≥“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ √âÕ¬≈– 0.1 ‚¥¬πÈ”Àπ—° 

‡ªìπª√‘¡“≥∑’Ë“√§Ÿà§«∫‡°‘¥ªØ‘°‘√‘¬“√â“ß™—Èπ‡§≈◊Õ∫Àπ÷Ëß

™—Èπ (monolayer) ¢÷Èπ∫πæ◊Èπº‘«¢Õß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ 

´÷ Ëß‡°‘¥¢÷ Èπµ“¡Ÿµ√°“√§”π«≥™—Èπ‡§≈◊Õ∫Àπ÷Ëß™— Èπ¢Õß

Õ“√å‡§≈ (Arkle’s equation)(17) ¥—ß¡°“√∑’Ë·¥ß 

 ª√‘¡“≥¢Õß“√‡™◊ËÕ¡¬÷¥ (°√—¡)  ‡∑à“°—∫ 

 ª√‘¡“≥“√Õ—¥·∑√° (°√—¡) X æ◊Èπ∑’Ëº‘«“√Õ—¥·∑√° 

(µ“√“ß¡‘≈≈‘‡¡µ√µàÕÀπ÷Ëß°√—¡) / (À“√¥â«¬) 

 §à“¢Õßæ◊Èπ∑’Ë„π°“√‡§≈◊Õ∫∑’ËπâÕ¬∑’Ëÿ¥¢Õß“√‡™◊ËÕ¡
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¬÷¥ (µ“√“ß¡‘≈≈‘‡¡µ√µàÕÀπ÷Ëß°√—¡) 

 ‡¡◊ËÕ §à“¢Õßæ◊Èπ∑’Ë„π°“√‡§≈◊Õ∫∑’ËπâÕ¬∑’Ëÿ¥¢Õß“√ 

§Ÿà§«∫‡ÕÁ¡æ’‡Õ ¡’§à“‡∑à“°—∫ 314(16)

 “√≈–≈“¬ ‡Õ∑“πÕ≈ (70% Ethanol solution)

ª√‘¡“≥ 100 ¡‘≈≈‘≈‘µ√ ∂Ÿ°‡µ√’¬¡‚¥¬ „™â‡Õ∑“πÕ≈ 

(Carlo erba, Rodano, Milano, Italy) §«“¡‡¢â¡¢âπ√âÕ¬

≈– 99.8 ‚¥¬ª√‘¡“µ√ º¡°—∫πÈ”ª√“»®“°Õ‘ÕÕπ 

(deionized water) ≈ß„π¢«¥‚æ≈’‡Õ∑‘≈’π (polyethy-

lene) ª√—∫§à“§«“¡‡ªìπ°√¥·≈–§«“¡‡ªìπ¥à“ß‚¥¬À¬¥

“√≈–≈“¬°√¥Õ–´‘µ‘° (Acetic acid, Carlo erba, 

Rodano, Milano, Italy) „Àâ¡’§à“ 4.5 «—¥§à“§«“¡‡ªìπ 

°√¥·≈–§«“¡‡ªìπ¥à“ß‚¥¬„™â‡§√◊ËÕß«—¥§«“¡‡ªìπ°√¥·≈–

¥à“ß (pH-meter) ®“°π—Èππ”“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ ª√‘¡“≥ 

0.1 °√—¡ º¡„π“√≈–≈“¬ ‡Õ∑“πÕ≈ ªî¥Ω“¢«¥‚æ≈’-

‡Õ∑‘≈’π„Àâ·πàπ ∑”°“√ªíòπ·≈–‡¢¬à“„Àâ≈–≈“¬∑—Ë«°—π®π‰¥â

“√≈–≈“¬¢Õß“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ„π‡Õ∑“πÕ≈ „π§«“¡

‡¢â¡¢âπ√âÕ¬≈– 0.1 ‚¥¬πÈ”Àπ—° ∑‘Èß‰«â 30 π“∑’„Àâ“√§Ÿà

§«∫‡ÕÁ¡æ’‡Õ ‡°‘¥ªØ‘°‘√‘¬“‰Œ‚¥√‰≈´‘ (hydrolysis)

·≈–‡°‘¥‚§√ß√â“ß‰´≈“πÕ≈ (silanol formation) ‡æ◊ËÕ

‡°‘¥ªØ‘°‘√‘¬“µàÕ‰ª ®“°π—Èππ”“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ª√‘¡“≥

100 °√—¡ „à≈ß„π“√≈–≈“¬“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ ‡æ◊ËÕ∑’Ë

®–ª√—∫ª√ÿßæ◊ Èπº‘«‚¥¬°“√‡§≈◊Õ∫“√§Ÿ à§«∫‡ÕÁ¡æ’‡Õ 

∑”°“√ªíòπ·≈–∫¥®π“√≈–≈“¬√–‡À¬®πÀ¡¥®“°π—Èπ

‡°Á∫“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë∑”°“√ª√—∫ª√ÿßæ◊Èπº‘«·≈â«„πµŸâ

ªÑÕß°—π°“√ªπ‡ªóôÕπ∑’ËÕÿ≥À¿Ÿ¡‘ÀâÕß ‡ªìπ‡«≈“ 14 «—π‡æ◊ËÕ

„Àâ‡°‘¥°“√·ÀâßÕ¬à“ß¡∫Ÿ√≥å  π”“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë

‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«·≈â«‰ª«‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß

´‘≈‘°Õπ∫πæ◊Èπº‘« à«π“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¡à‰¥â√—∫°“√

ª√—∫ª√ÿßæ◊Èπº‘« (√âÕ¬≈– 0 ‚¥¬πÈ”Àπ—°¢Õß “√§Ÿà§«∫‡ÕÁ¡

æ’‡Õ) ∂Ÿ°„™â‡æ◊ËÕ‡ªìπ°≈ÿà¡§«∫§ÿ¡ 

°“√«‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß´‘≈‘°Õπ (Silicon 

deposition analysis)

 «‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß∏“µÿ´‘≈‘°Õπ∫πæ◊Èπº‘«“√Õ—¥

·∑√°Õ≈Ÿ¡‘π“‚¥¬„™â °≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥àÕß

°√“¥ (scanning electron microscope) √à«¡°—∫°“√

„™â‡ª°‚µ√¡‘‡µÕ√å°√–®“¬æ≈—ßß“π (energy dispersive 

spectrometer, EDS software) °àÕπ«‘‡§√“–Àå°“√§ßÕ¬Ÿà °àÕπ«‘‡§√“–Àå°“√§ßÕ¬Ÿà °àÕπ«‘‡§√“–À

¢Õß∏“µÿ´‘≈‘°Õπ∫πæ◊Èπº‘« °≈ÿà¡¢Õß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“

∑’Ë∑”°“√ª√—∫ª√ÿßæ◊Èπº‘«∂Ÿ°≈â“ß‚¥¬„™â “√‡µµ√–‰Œ‚¥√-

øŸ√—π (Tetrahydrofuran, THF, Carlo erba, Rodano, 

Milano, Italy) ‚¥¬„à“√Õ—¥·∑√°Õ≈Ÿ¡‘π“·≈–“√ 

‡µµ√–‰Œ‚¥√øŸ√—π„π∂â«¬‚æ≈’‡Õ∑‘≈≈’π∑”°“√≈â“ß‡æ◊ËÕ‡Õ“

à«π“√§Ÿà§«∫„π™—Èπøî‘´ÕøÕÕ°„Àâ‡À≈◊Õ·µà„πà«π¢Õß

™—Èπ‡§¡’´Õø 

 “√≈–≈“¬‡µµ√–‰Œ‚¥√øŸ√—π∑’Ë≈â“ß„π·µà§√—Èßπ”¡“

µ√«®Õ∫‚¥¬„™â‡§√◊ËÕß‡ª°‚µ√‚ø‚µ¡‘‡µÕ√å (spectro-

photometer, Nicolet Evolution 500, Thermo-

electron Corp., WI, USA) ≈â“ß·≈–µ√«®Õ∫®π

°√–∑—Ëß“√≈–≈“¬∑’Ë≈â“ß·¥ß§à“‡ª°µ√—¡¥Ÿ¥°≈◊π·ß 

(absorbance spectrum peak) ∑’Ë§«“¡¬“«§≈◊Ëπ 250  

π“‚π‡¡µ√ ‡∑à“π—Èπ´÷Ëß‡ªìπ§à“‡ª°µ√—¡¥Ÿ¥°≈◊π·ß¢Õß

“√≈–≈“¬‡µµ√–‰Œ‚¥√øŸ√—π∑’Ë‰¡à¡’“√Õ◊Ëπªπ‡ªóôÕπ π”

“√Õ—¥·∑√°Õ≈Ÿ¡‘π“‰ªÕ∫„Àâ·Àâß„πµŸâÕ∫∑’ËÕÿ≥À¿Ÿ¡‘ 37 

Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 14 «—π‡æ◊ËÕ„Àâ·ÀâßÕ¬à“ß¡∫Ÿ√≥å 

®“°π—Èπ·∫àß∫“ßà«π¢Õß“√Õ—¥·∑√°¡“«‘‡§√“–Àå°“√§ß

Õ¬Ÿà¢Õß´‘≈‘°Õπ∫πæ◊Èπº‘«“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ ‚¥¬¡’°≈ÿà¡

“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¡à‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«‡ªìπ 

°≈ÿà¡§«∫§ÿ¡ 

°“√‡µ√’¬¡ºß‡√´‘π Õ–§√‘≈‘°∑’Ëº¡“√Õ—¥·∑√°

Õ≈Ÿ¡‘π“ 

 ‡√´‘π Õ–§√‘≈‘°∑’Ë„™â‡µ√’¬¡™‘Èπß“π‡ªìπ™π‘¥∫à¡µ—«¥â«¬

§«“¡√âÕπ (heat-polymerized PMMA, Triplex hot, 

Ivoclar Vivadent AG, Schaan, Liechtenstein) π”

“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ëºà“π°“√ª√—∫ª√ÿßæ◊Èπº‘«º¡√à«¡°—∫

ºß‡√´‘π Õ–§√‘≈‘°„π∂â«¬‚æ≈’‡Õ∑‘≈≈’π „π—¥à«π¢ÕßÕ≈Ÿ-

¡‘π“√âÕ¬≈– 5 10 ·≈– 15 ‚¥¬πÈ”Àπ—° π”ºß‡√ ‘́π Õ–§√‘≈‘°

∑’Ëº¡√à«¡°—∫“√Õ—¥·∑√°Õ≈Ÿ¡‘π“‰ªªíòπ‡æ◊ËÕ„Àâà«πº¡

‡¢â“°—π‚¥¬„™â‡§√◊ËÕßªíòπº¡ (non bubbling kneader, 

NBK-1, Nippon Seiki, Tokyo, Japan)  

°“√‡µ√’¬¡´’Ëøíπ‡∑’¬¡Õ–§√‘≈‘°”À√—∫°“√

∑¥Õ∫

 ´’Ëøíπ‡∑’¬¡Õ–§√‘≈‘°∑’Ë„™â„π°“√∑¥Õ∫‡ªìπ´’Ëøíπ‡∑’¬¡

·∫∫‡¡∑‘≈‡¡∑“§√‘‡≈µ™π‘¥‡âπ (linear polymethyl 
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methacrylate) ¬’ËÀâÕ‡¡‡®Õ√å‡¥π∑å (Major dent, Major 

Prodotti Dentari, Italy) ‡µ√’¬¡´’Ëøíπ‡∑’¬¡‚¥¬„™âÀ—«°√Õ

§“√å‰∫¥å (carbide bur) °√Õ·µàß√à«¡°—∫°“√„™â°√–¥“…

∑√“¬ ¢—¥¥â“πª√–™‘¥—π‡Àß◊Õ°®π‡ªìπ√–π“∫ ‚¥¬‡¡◊ËÕ

∑”°“√‡µ√’¬¡´’Ëøíπ‡∑’¬¡‡√’¬∫√âÕ¬·≈â« µ√«®Õ∫∫√‘‡«≥

∑’Ë®–∑”°“√∑¥Õ∫‰¡à„Àâ¡’øÕß·≈–Õ¬Ÿà„π™—Èπ∞“π (base)

¢Õß´’Ëøíπ‡∑’¬¡‡™àπ‡¥’¬«°—π∑—ÈßÀ¡¥„π∑ÿ°´’Ë ¥—ß√Ÿª∑’Ë 1 

·≈â« π”‰ªÕ—¥Õ–§√‘≈‘° µ“¡°≈ÿà¡∑’Ë¡’à«πº¡“√Õ—¥

·∑√°Õ≈Ÿ¡‘π“√âÕ¬≈– 5 10 ·≈– 15 ‚¥¬„™âà«πº¡µ“¡∑’Ë

∫√‘…—∑°”Àπ¥ π”‰ª∫à¡„π‡§√◊ËÕß∫à¡Õ–§√‘≈‘° ‚¥¬„™â

Õÿ≥À¿Ÿ¡‘ 75 Õß»“‡´≈‡´’¬ ‡ªìπ‡«≈“ 9 ™—Ë«‚¡ß ‡¡◊ËÕ∫à¡

‡√Á®∑”°“√·¬°™‘Èπµ—«Õ¬à“ßÕÕ°®“°¿“™π–À≈àÕ·∫∫øíπ

·≈–ª≈“‡µÕ√åÀ‘π °”®—¥‡»…ª≈“‡µÕ√åÀ‘π∑’Ë‡À≈◊ÕÕ¬Ÿà

‚¥¬π”™‘Èπµ—«Õ¬à“ß·™à„π“√≈–≈“¬‚æ·∑‡´’¬¡ ´‘‡µ√¥ 

(potassium citrate) §«“¡‡¢â¡¢âπ√âÕ¬≈– 30 √à«¡°—∫

‡§√◊ËÕß‡¢¬à“Õ—≈µ√“‚´π‘° (ultrasonic vibrator) ‡ªìπ‡«≈“ 

30 π“∑’ ®“°π—Èππ”™‘Èπµ—«Õ¬à“ß‰ª¬÷¥°—∫∑àÕ‡À≈Á°°≈â“‰√â30 π“∑’ ®“°π—Èππ”™‘Èπµ—«Õ¬à“ß‰ª¬÷¥°—∫∑àÕ‡À≈Á°°≈â“‰√â30 π“∑’ ®“°π—Èππ”™‘Èπµ

π‘¡ ‡æ◊ËÕµ—¥µ“¡·π«¬“«¢Õßøíπ„Àâ‰¥â§«“¡Àπ“™‘Èπ≈– 2 

¡‘≈≈‘‡¡µ√ ∑’Ë§«“¡‡√Á« 450 √Õ∫µàÕπ“∑’ ·√ß°¥ 400  

π‘«µ—π ¥â«¬‡§√◊ËÕßµ—¥§«“¡‡√Á«µË” (low speed cutting 

machine: ISOMET, BUEHLER, Ill) µ√«®Õ∫§«“¡

¡∫Ÿ√≥å¢Õß™‘Èπµ—«Õ¬à“ß‚¥¬‰¡à¡’øÕßÕ“°“» À√◊ÕÕ–§√‘≈‘°

‰¡à‡µÁ¡æ◊Èπ∑’Ë√Õ¬µàÕ√–À«à“ß´’Ëøíπ‡∑’¬¡·≈–∞“πøíπ‡∑’¬¡ 

®“°π—Èπ°√Õ·µàß¥â«¬À—«°√Õ§“√å‰∫¥å  (plain cut coarse 

carbide bur, Edenta AG, AU/SG, Switzerland) „Àâ

‰¥â™‘Èπµ—«Õ¬à“ß√Ÿª¡‘π‘¥—¡‡∫≈≈å (mini-dumbbell shape)

¢π“¥æÕ¥’°—∫µ—«®—∫¬÷¥‡æ◊ËÕπ”‰ª∑¥Õ∫¥—ß√Ÿª∑’Ë 2 °≈ÿà¡

≈– 10 ™‘Èπ π”™‘Èπµ—«Õ¬à“ß∑¥Õ∫·™àπÈ”°≈—Ëπ„πµŸâ§«∫§ÿ¡

Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬‡ªìπ‡«≈“ 24 ™—Ë«‚¡ß °àÕπ

∑¥Õ∫ ‡¡◊ËÕ§√∫µ“¡‡«≈“ π”™‘Èπµ—«Õ¬à“ß∑¥Õ∫¡“¬÷¥

°—∫µ—«®—∫¬÷¥‚≈À– (metal jig) ª√–°∫µ—«®—∫¬÷¥‚≈À–

à«π∫π‡¢â“¥â«¬°—π ·≈–¢—π°√Ÿ„Àâ·πàπ¥—ß√Ÿª∑’Ë 3 

 π”™‘ Èπµ—«Õ¬à“ßæ√âÕ¡µ—«®—∫¬÷¥¡“∑”°“√∑¥Õ∫

§«“¡·¢Áß·√ß¬÷¥¥÷ß‚¥¬¬÷¥‡æ◊ ËÕ∑¥Õ∫‚¥¬„™â‡§√◊ ËÕß

∑¥Õ∫“°≈ (universal testing machine, Instron, 

Model 8872, USA.) ‚¥¬„™â§«“¡‡√Á« 1 ¡‘≈≈‘‡¡µ√µàÕ

π“∑’ ®”°—¥¢π“¥·√ßÕ¬Ÿà„π™à«ß 0 ∂÷ß 1000 π‘«µ—π ‡√‘Ë¡¥÷ß

®π™‘Èπß“πÀ≈ÿ¥ÕÕ°®“°°—π ∫—π∑÷°§à“·√ß¥÷ßŸßÿ¥ (maxi-

mum load) ∑’Ë∑”„Àâ™‘ Èπµ—«Õ¬à“ßÀ≈ÿ¥ÕÕ°®“°°—π „π

Àπà«¬‡ªìππ‘«µ—π «—¥¢π“¥æ◊Èπ∑’Ëº‘«∫√‘‡«≥∑’Ë·µ°À—°¥â«¬

‡§√◊ËÕß«—¥‡«Õ√å‡π’¬ §“≈‘ª‡ªÕ√å ·∫∫¥‘®‘µÕ≈ ‡§√◊ËÕß«—¥‡«Õ√å‡π’¬ §“≈‘ª‡ªÕ√å ·∫∫¥‘®‘µÕ≈ ‡§√◊ËÕß«—¥‡«Õ√å‡π’¬ §“≈‘ª‡ªÕ√å (digimatic 

caliper, Mitutoyo, Tokyo, Japan) π”§à“·√ß¥÷ß¢Õß™‘Èπ

µ—«Õ¬à“ß∑ÿ°™‘Èπ¡“§”π«≥‚¥¬„™âŸµ√ 

 §à“§«“¡·¢Áß·√ß¬÷¥¥÷ß (MPa) = ·√ß¥÷ß (π‘«µ—π) / 

æ◊Èπ∑’Ë∫√‘‡«≥·µ°À—° (µ“√“ß¡‘≈≈‘‡¡µ√)          

√Ÿª∑’Ë 1 ·¥ß¿“æµ—¥µ“¡¬“«¢Õß´’Ëøíπ‡∑’¬¡°àÕπµ—¥·≈–´’Ë

øíπ‡∑’¬¡À≈—ßµ—¥·µàß·≈â« 
Figure 1 Demonstrated artificial teeth before and 

after prepared specimens.  

°àÕπµ—¥ À≈—ßµ—¥ 

¢—¥·µàßº‘«øíπ‡∑’¬¡∫√‘‡«≥∑’Ë∑”°“√∑¥Õ∫¥â«¬‡§√◊ËÕß

¢—¥º‘««—¥ÿ (polishing machine, Imptech, DPS 3200, 

USA.) ∑’Ë¡’πÈ”À≈àÕµ≈Õ¥‡«≈“ √à«¡°—∫°√–¥“…∑√“¬πÈ”

‡∫Õ√å 600, 1000, 1200 ‡ªìπ‡«≈“ 10, 20 ·≈– 20 «‘π“∑’ 

µ“¡≈”¥—∫ 

°“√‡µ√’¬¡™‘Èπß“π”À√—∫°“√∑¥Õ∫·√ß¬÷¥¥÷ß

 π”´’Ëøíπ‡∑’¬¡∑’Ë¢—¥·≈â«‰ª¬÷¥°—∫¢’Èº÷Èß∑”∞“π’™¡æŸ 

(pink base-plate wax) ·≈–π”‰ª≈ß·∫∫À≈àÕ¥â«¬

ªŸπª≈“‡µÕ√å (Plaster of Paris) ‡™àπ‡¥’¬«°—∫°“√∑”øíπ

‡∑’¬¡ª°µ‘ √Õ®πªŸπª≈“‡µÕ√å·¢Áßµ—«¡∫Ÿ√≥å π”‡Õ“

¿“™π–À≈àÕ·∫∫øíπ (dental flask) ·™à„ππÈ”√âÕπ

ª√–¡“≥ 5 π“∑’‡æ◊ËÕ°”®—¥¢’Èº÷Èß ∑”°“√·¬°à«π∫π·≈–

≈à“ß¢Õß¿“™π–À≈àÕ·∫∫øíπÕÕ°®“°°—π °”®—¥¢’Èº÷ Èß∑’Ë

‡À≈◊ÕÕ¬Ÿà‚¥¬„™âπÈ”√âÕπ®“°‡§√◊ËÕß‰≈à¢’Èº÷Èß ∑”§«“¡–Õ“¥

¥â“πª√–™‘¥—π‡Àß◊Õ°¢Õß´’Ëøíπ‡∑’¬¡Õ’°§√—Èß¥â«¬‰ÕπÈ”‡ªìπ

‡«≈“ 30 «‘π“∑’ «“ß‰«â„πµŸâÕ∫‡æ◊ËÕ„Àâ·Àâß‡ªìπ‡«≈“ 24 

™—Ë«‚¡ß ∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ ‡¡◊ËÕ§√∫µ“¡‡«≈“
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π”™‘Èπµ—«Õ¬à“ß∑’Ëºà“π°“√∑¥Õ∫·≈â« ¡“µ√«®Õ∫

°“√·µ°À—°‡æ◊ËÕ®”·π°≈—°…≥–¢Õß°“√·µ°À—° (mode 

of failure) π”¢âÕ¡Ÿ≈§à“§«“¡·¢Áß·√ß¬÷¥¥÷ß∑’Ë‰¥â¡“

«‘‡§√“–Àå∂‘µ‘ ‚¥¬„™â∂‘µ‘°“√«‘‡§√“–Àå§«“¡·ª√ª√«π

∑“ß‡¥’¬« (One-way ANOVA) ®“°π—Èπ‡ª√’¬∫‡∑’¬∫

§«“¡·µ°µà“ß√–À«à“ß°≈ÿ à¡‚¥¬„™â°“√∑¥Õ∫‡ª√’¬∫

‡∑’¬∫‡™‘ß´âÕπ™π‘¥ ∑“¡Œ“π (Tamhan’s Test) ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 ‚¥¬™‘Èπß“π∑’Ë∑¥Õ∫∑ÿ°™‘Èπ®–∂Ÿ°

µ√«®Õ∫∫√‘‡«≥∑’Ë·µ°À—°‡æ◊ËÕ—ß‡°µ≈—°…≥–¢Õß°“√

·µ°À—° ¥â«¬°≈âÕß®ÿ≈∑√√»πå ∑’Ë°”≈—ß¢¬“¬ 35 ‡∑à“ 

º≈°“√»÷°…“ 
º≈°“√«‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß´‘≈‘°Õπ  

 ®“°°“√«‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß∏“µÿ´‘≈‘°Õπ∫πæ◊Èπ

º‘«“√Õ—¥·∑√°Õ≈Ÿ¡‘π“À≈—ß≈â“ß¥â«¬‡µµ√–‰Œ‚¥√øŸ√—π‚¥¬

„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ·∫∫àÕß°√“¥√à«¡°—∫°“√

„™â‡ª°‚µ√¡‘‡µÕ√å°√–®“¬æ≈—ßß“π æ∫«à“¡’∏“µÿÕ≈Ÿ-

¡‘‡π’¬¡·≈–´‘≈‘°Õπ°√–®“¬Õ¬Ÿà∫πæ◊Èπº‘«¢Õß“√Õ—¥·∑√°

Õ≈Ÿ¡‘π“∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«‚¥¬„™â“√§Ÿà§«∫‡ÕÁ¡- 

æ’‡Õ à«π°≈ÿà¡¢Õß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¡à‰¥â√—∫°“√

ª√—∫ª√ÿßæ◊Èπº‘«π—Èπæ∫‡©æ“–∏“µÿÕ≈Ÿ¡‘‡π’¬¡‡∑à“π—Èπ ®“°

º≈°“√«‘‡§√“–Àå·¥ß„Àâ‡ÀÁπ«à““√§Ÿ à§«∫‡ÕÁ¡æ’‡Õ 

“¡“√∂‡°‘¥ªØ‘°‘√‘¬“∫πæ◊Èπº‘«“√Õ—¥·∑√°Õ≈Ÿ¡‘π“‰¥â 

‚¥¬ª√‘¡“≥¢Õß∏“µÿ„π·µà≈–°≈ÿà¡·¥ß„πµ“√“ß∑’Ë 1 

º≈°“√∑¥Õ∫§à“§«“¡·¢Áß·√ß¬÷¥¥÷ß·≈–™π‘¥

¢Õß°“√·µ°À—°

  §à“§«“¡·¢Áß·√ß¬÷¥¥÷ß„π·µà≈–°≈ÿà¡·≈–≈—°…≥–

¢Õß°“√·µ°À—°∂Ÿ°·¥ß„πµ“√“ß∑’Ë 2 §à“§«“¡·¢Áß·√ß

¬÷¥¥÷ß∑ÿ°°≈ÿà¡Õ¬Ÿà„π™à«ß 18.4-26.5 ‡¡°°–ª“§“≈ ‚¥¬

§à“§«“¡·¢Áß·√ß¬÷¥¥÷ß„π°≈ÿà¡‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë

‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«√âÕ¬≈– 15 ‚¥¬ª√‘¡“µ√¡’§à“µË”

ÿ¥ (18.4±3.3 ‡¡°°–ª“§“≈) Õ¬à“ß¡’π—¬”§—≠∑“ß

∂‘µ‘ (p>0.05) ·≈–„π∑ÿ°°≈ÿà¡∑¥Õ∫¡’≈—°…≥–°“√

·µ°À—°‡ªìπ™π‘¥°“√·µ°À—°·∫∫¬÷¥µ‘¥ (adhesive 

failure)

∫∑«‘®“√≥å 
 „π°“√»÷°…“π’ È‰¥ â» ÷°…“∂÷ß§«“¡·¢Áß·√ß¬÷¥¥÷ß

√–À«à“ß´’ Ëøíπ‡∑’¬¡Õ–§√‘≈‘°”‡√Á®√Ÿª°—∫∞“πøíπ‡∑’¬¡ 

‡√´‘π Õ–§√‘≈‘° ™π‘¥∫à¡µ—«¥â«¬§«“¡√âÕπ ∑’Ë‰¥â√—∫°“√

ª√—∫ª√ÿß‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπ

º‘«¥â«¬“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ „πª√‘¡“≥¢Õß“√Õ—¥·∑√°∑’Ë

µà“ß°—π ®“°º≈°“√∑¥Õ∫∑’Ë‰¥âπ”¡“«‘‡§√“–Àå∑“ß∂‘µ‘

æ∫«à“‡©æ“–°≈ÿà¡ ∞“πøíπ‡∑’¬¡ ‡√´‘π Õ–§√‘≈‘° ∑’Ë‡√‘¡

“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 15 ‚¥¬πÈ”Àπ—° „Àâ

§à“§«“¡·¢Áß·√ß¬÷¥¥÷ß∑’ËπâÕ¬∑’Ëÿ¥Õ¬à“ß¡’π—¬”§—≠  

√Ÿª∑’Ë 2 ·¥ß√Ÿª√à“ß¡‘π‘¥—¡‡∫≈≈å·≈–°“√„à™‘Èπß“πµ—«Õ¬à“ß√Ÿª∑’Ë 2 ·¥ß√Ÿª√à“ß¡‘π‘¥—¡‡∫≈≈å·≈–°“√„à™‘Èπß“πµ—«Õ¬à“ß√Ÿª∑’Ë 2

„π‚≈À–µ—«®—∫¬÷¥ 
Figure 2 Demonstrated the mini-dumbbell-shaped 

specimen inserted in metal jig. 

√Ÿª∑’Ë 3 ·¥ß™‘Èπß“πæ√âÕ¡µ—«®—∫¬÷¥ ∑’Ëæ√âÕ¡∑¥Õ∫ √Ÿª∑’Ë 3 ·¥ß™‘Èπß“πæ√âÕ¡µ—«®—∫¬÷¥ ∑’Ëæ√âÕ¡∑¥Õ∫ √Ÿª∑’Ë 3

Figure 3 Demonstrated the specimen inserted in 

metal jig prepared for testing. 
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“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ∑’Ë„™â‡ªìπª√‘¡“≥‡æ’¬ßæÕ∑’Ë‡°‘¥°“√

‡§≈◊Õ∫Àπ÷Ëß™—Èπ (monolayer) ∫πº‘«“√Õ—¥·∑√°Õ≈Ÿ¡‘π“

∑’Ë„™â„π°“√∑¥≈Õß‚¥¬§”π«≥®“°Ÿµ√¢ÕßÕ“√å‡§≈(17)

·≈–√ÿª‰¥â®“°°“√«‘‡§√“–Àå°“√§ßÕ¬Ÿà¢Õß∏“µÿ´‘≈‘°Õπ∑’Ë

¡’§à“„°≈â‡§’¬ß°—π∑—Èß°àÕπ≈â“ß·≈–À≈—ß≈â“ß“√Õ—¥·∑√° 

Õ≈Ÿ¡‘π“¥â«¬“√≈–≈“¬‡µµ√–‰Œ‚¥√øŸ√—π °“√∑¥≈Õß§√—Èß

π’ È‰¥âµ√«®Õ∫“√≈–≈“¬‡µµ√–‰Œ‚¥√øŸ√—π∑’ Ë≈â“ß®π

°√–∑—Ëß“√≈–≈“¬·¥ß§à“‡ª°µ√—¡¥Ÿ¥°≈◊π·ß ∑’Ë§«“¡ 

¬“«§≈◊Ëπ 250 π“‚π‡¡µ√ ´÷Ëß‡ªìπ§à“‡ª°µ√—¡¥Ÿ¥°≈◊π·ß

¢Õß“√≈–≈“¬‡µµ√–‰Œ‚¥√øŸ√—π∑’Ë‰¡à¡’“√Õ◊Ëπªπ‡ªóôÕπ

‡æ◊ ËÕ¬◊π¬—πº≈¢Õß°“√§ßÕ¬Ÿ à¢Õß´‘≈‘°Õπ∫πº‘«“√Õ—¥

·∑√°Õ≈Ÿ¡‘π“ °“√∑’Ë“√Õ—¥·∑√°‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«

‚¥¬„™â“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ·≈â«‡°‘¥°“√‡§≈◊Õ∫Àπ÷Ëß™—Èπ„Àâ

º≈µàÕ°“√¬÷¥√–À«à“ß“√Õ—¥·∑√°°—∫ ‡√´‘π ‡¡∑√‘°´å ∑’Ë¥’

·≈–‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈¢Õß«—¥ÿ∑’ Ë‡√‘¡¥â«¬“√Õ—¥

·∑√°(15,16) “√§Ÿà§«∫‡ÕÁ¡æ’‡Õ∑’Ë‡§≈◊Õ∫Àπ÷Ëß™—Èπ®–„Àâ°“√

‡™◊ËÕ¡¬÷¥µ‘¥°—∫º‘«“√Õ—¥·∑√°∑’Ë·¢Áß·√ß¡“°¥â«¬æ—π∏–

‚§«“‡≈πµå ·≈–Õ’°¥â“π®–‡™◊ËÕ¡°—∫ ‡√´‘π ‡¡∑√‘°´å ∑”„Àâ

‡°‘¥°“√‡™◊ËÕ¡¬÷¥∑’Ë¥’√–À«à“ß“√Õ—¥·∑√°°—∫ ‡√´‘π ‡¡∑-

√‘°´å(6,13,14)√‘°´å(6,13,14)√‘°´å    

 ®“°°“√»÷°…“∑’Ëºà“π¡“ °“√‡™◊ËÕ¡¬÷¥√–À«à“ßÕ≈Ÿ- 

¡‘π“°—∫ ‡√´‘π Õ–§√‘≈‘° ®–„Àâº≈°“√‡™◊ËÕ¡¬÷¥∑’Ë¥’¢÷Èπ‡¡◊ËÕ

„™â“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ¡“∑”°“√ª√—∫ª√ÿßæ◊Èπº‘«¢ÕßÕ≈Ÿ-

¡‘π“(6,16) ·≈–°“√„™â“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¥â√—∫°“√

ª√—∫ª√ÿßæ◊Èπº‘«¥â«¬“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ·≈–‡√‘¡„π ‡√´‘π 

Õ–§√‘≈‘° “¡“√∂ ‡æ‘Ë¡§«“¡·¢Áß·√ß¥—¥¢«“ß (flexural 

strength) ·≈–§«“¡µâ“π∑“πµàÕ°“√÷° (wear resis-

tance) ¢Õß™‘Èπß“π ‡√´‘π Õ–§√‘≈‘°‰¥â ·µà°“√»÷°…“∑’Ëºà“π

¡“‰¥â„™â“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 10 ‚¥¬πÈ”

Àπ—°‡∑à“π—Èπ ‚¥¬‰¡à‰¥â‡ª√’¬∫‡∑’¬∫“√Õ—¥·∑√°„π

ª√‘¡“≥∑’Ë·µ°µà“ß‰ª(6) à«π„π°“√∑¥≈Õß§√—Èßπ’È§à“§«“¡

·¢Áß·√ß¬÷¥¥÷ß„π°≈ÿà¡§«∫§ÿ¡ °≈ÿà¡∑’Ë‡√‘¡“√Õ—¥·∑√° 

Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 5 ·≈–10 ‚¥¬πÈ”Àπ—° ¡’§à“‰¡à

·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ ‡π◊ËÕß®“°ª√‘¡“≥

¢Õß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“‰¡à‰¥â‡¬Õ–‡°‘π‰ª ∑”„Àâ‰¡à‡°‘¥

°“√¢—¥¢«“ß°“√‡™◊ËÕ¡√–À«à“ß´’Ëøíπ‡∑’¬¡∑’Ë‡ªìπ™π‘¥Õ–- 

§√‘≈‘°°—∫∞“πøíπ‡∑’¬¡∑’Ë‡ªìπÕ–§√‘≈‘° ´÷Ëß·µ°µà“ß®“°„π

°≈ÿà¡‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 15 ‚¥¬ 

µ“√“ß∑’Ë 1 ª√‘¡“≥√âÕ¬≈–‚¥¬πÈ”Àπ—°¢Õß∏“µÿÕ≈Ÿ¡‘‡π’¬¡·≈–

∏“µÿ´‘≈‘°Õπ„π“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‰¡à‰¥â√—∫°“√

ª√—∫ª√ÿßæ◊Èπº‘«·≈–‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«¥â«¬

“√§Ÿà§«∫‰´‡≈π (3 ™‘Èπµ—«Õ¬à“ß µàÕ °≈ÿà¡)  
Table 1 Mean percentage of Al and Si compo-

sition in non-silanized and silanized 

alumina fillers (n=3).  
Mass Percentage of elements composition (SD) 

Specimen 
Al Si 

Non-THF 
washing 

After THF 
washing 

Non-THF 
washing 

After THF 
washing 

0.0% MPS  100.0 (0.0) 100.0 (0.0) -- -- 

0.1% MPS 96.2 (0.6) 96.4 (0.5) 3.8 (0.6) 3.6 (0.5)

µ“√“ß∑’Ë 2 §à“§«“¡·¢Áß·√ß¬÷¥¥÷ß·≈–≈—°…≥–¢Õß°“√·µ°À—°µ“√“ß∑’Ë 2 §à“§«“¡·¢Áß·√ß¬÷¥¥÷ß·≈–≈—°…≥–¢Õß°“√·µ°À—°µ“√“ß∑’Ë 2

„π∑ÿ°°≈ÿà¡°“√∑¥≈Õß 
Table 2 Tensile bond strength and mode of failure 

of all test groups.   

Condition 
Tensile bond 
strength ±SD 

(MPa) 

Significance 
(α = 0.05) 

Mode of 
fracture and 
percentage 

No filler 
(control) 25.4±3.1  a AF:100 

0.1% MPS 
with 5% Al 26.5±4.6  a AF:100 

0.1% MPS 
with 10% Al 22.8±3.8  a AF:100 

0.1% MPS 
with 15% Al 18.4±3.3  b AF:100

Mean (S.D), n=10
„π°≈ÿà¡∑’Ë¡’Õ—°…√‡À¡◊Õπ°—π‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘
Mean (S.D), n=10
„π°≈ÿà¡∑’Ë¡’Õ—°…√‡À¡◊Õπ°—π‰¡à¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘
Mean (S.D), n=10

(p>0.05)  
Values with the same letter were not significantly different at 
p>0.05.
AF ·¥ß°“√·µ°À—°·∫∫¬÷¥µ‘¥ (adhesive failure)
AF means the adhesive failure. 

 ‡ÕÁ¡æ’‡Õ ‡ªìπ“√§Ÿà§«∫‰´‡≈π∑’Ë„™â„π∑“ßÕÿµ“À-

°√√¡·≈–π‘¬¡„™â„π∑“ß∑—πµ°√√¡(13-16) ‚¥¬‡∑§π‘§°“√

ª√—∫ª√ÿßæ◊Èπº‘«“√Õ—¥·∑√°‚¥¬„™â“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ„π

°“√»÷°…“§√—Èßπ’È Õâ“ßÕ‘ß¡“®“°°“√»÷°…“∑’Ëºà“π¡“(6,13,16)

®“°º≈°“√∑¥≈Õßæ∫«à“°“√„™â“√§Ÿ à§«∫‡ÕÁ¡æ’‡Õ 

“¡“√∂‡°‘¥ªØ‘°‘√‘¬“§Ÿà§«∫∫πº‘«“√Õ—¥·∑√°Õ≈Ÿ¡‘π“

‚¥¬ª√‘¡“≥§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 ‚¥¬πÈ”Àπ—° ¢Õß
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πÈ”Àπ—° ¡’§à“§«“¡·¢Áß·√ß¬÷¥¥÷ßπâÕ¬∑’Ëÿ¥Õ“®‡°‘¥®“°

ª√‘¡“≥“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë‡æ‘Ë¡¡“°¢÷Èπ Õ¥§≈âÕß°—∫

°“√»÷°…“∑’Ëºà“π¡“∑’Ë°≈à“«‰«â«à“ª√‘¡“≥“√Õ—¥·∑√°Õ≈Ÿ-

¡‘π“∑’Ë‡√‘¡‰¡à‰¥â™à«¬‡æ‘Ë¡§ÿ≥¡∫—µ‘∑“ß°≈¢ÕßÕ–§√‘≈‘°- 

‡√´‘π ·≈– Õ“®®–·¬à≈ß‡¡◊ËÕ‡√‘¡„πª√‘¡“≥∑’Ë¡“°‡°‘π

‰ª(8) ·≈–°“√‡™◊ËÕ¡¬÷¥°—π√–À«à“ß ‡√´‘π Õ–§√‘≈‘° °—∫ 

‡√´‘π Õ–§√‘≈‘° ¬àÕ¡„Àâ°“√‡™◊ËÕ¡∑’Ë¥’°«à“ ‡√´‘π Õ–§√‘≈‘° 

°—∫ Õ≈Ÿ¡‘π“  ¢âÕ¥’Õ’°ª√–°“√Àπ÷Ëß¢Õß°“√„™â“√§Ÿà§«∫ 

‰´‡≈π∑”„Àâ“√Õ—¥·∑√°∑’Ë‰¥â√—∫°“√ª√—∫ª√ÿßæ◊Èπº‘«‚¥¬„™â

“√§Ÿà§«∫‰´‡≈π‡°‘¥°“√°√–®“¬Õ¬à“ß¡Ë”‡¡Õ„π ‡√´‘π-

‡¡∑√‘°´å ´÷Ëß‡ªìπº≈µàÕ§«“¡·¢Áß·√ß∑’Ë‡æ‘Ë¡¢÷Èπ„π™‘Èπß“π∑’Ë

‡√‘¡“√Õ—¥·∑√°π—ÈπÊ(14,18) √«¡∂÷ß¡’§«“¡µâ“π∑“πµàÕ

°“√÷°∑’Ë‡æ‘Ë¡¢÷Èπ‡™àπ°—π(19,20)

 ∂÷ß·¡â«à“°“√»÷°…“„π§√—Èßπ’È°“√‡√‘¡“√Õ—¥·∑√° 

Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 5 ·≈– 10 ‚¥¬πÈ”Àπ—° º¡≈ß„π 

‡√´‘π Õ–§√‘≈‘° ∑”∞“πøíπ‡∑’¬¡„Àâ§à“§«“¡·¢Áß·√ß¬÷¥

√–À«à“ß´’Ëøíπ‡∑’¬¡°—∫∞“πøíπ‡∑’¬¡‰¡à·µ°µà“ß®“°°≈ÿà¡∑’Ë

‰¡à‡√‘¡“√Õ—¥·∑√° ·µàÀ“°æ‘®“√≥“√à«¡°—∫°“√»÷°…“∑’Ë‰¡à‡√‘¡“√Õ—¥·∑√° ·µàÀ“°æ‘®“√≥“√à«¡°—∫°“√»÷°…“∑’Ë‰¡

ºà“π¡“∑’Ë‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“·≈â«∑”„Àâ‡æ‘Ë¡§ÿ≥-

¡∫—µ‘∑“ß°≈¢Õß™‘Èπß“π‡™àπ §«“¡µâ“π∑“πµàÕ°“√÷° 

·≈– §à“§«“¡·¢Áß·√ß¥—¥¢«â“ß∑’Ë‡æ‘Ë¡¢÷Èπ(6) °“√‡√‘¡¥â«¬

“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ ®÷ß¡’ª√–‚¬™πå„π„™â‡æ◊ËÕª√—∫ª√ÿß

«—¥ÿ∑”∞“πøíπ‡∑’¬¡‡æ◊ËÕπ”‰ª„™â„π°“√√—°…“ºŸâªÉ«¬∑’Ë¡’

§«“¡®”‡ªìπµâÕß∑”øíπ‡∑’¬¡„π∑“ß§≈‘π‘°µàÕ‰ª 

∫∑√ÿª 
 ¿“¬„µâ¢âÕ®”°—¥¢Õß°“√∑¥≈Õß§√—Èßπ’È “¡“√∂√ÿª

∫∑√ÿª 
 ¿“¬„µâ¢âÕ®”°—¥¢Õß°“√∑¥≈Õß§√—Èßπ’È “¡“√∂√ÿª

∫∑√ÿª 

º≈‰¥â¥—ßπ’È º≈‰¥â¥—ßπ’È º≈‰¥â¥—ßπ

1. æ∫°“√§ßÕ¬Ÿà¢Õß∏“µÿ´‘≈‘°Õπ°√–®“¬Õ¬Ÿà∫πæ◊Èπ

º‘«¢Õß“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ À≈—ß®“°∑”°“√ª√—∫ª√ÿßæ◊Èπ

º‘«¥â«¬“√§Ÿà§«∫‡ÕÁ¡æ’‡Õ 

 2. °“√‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“∑’Ë∂Ÿ°ª√—∫ª√ÿßæ◊Èπº‘«

¥â«¬“√§Ÿà§«∫‡ÕÁ¡æ’‡Õª√‘¡“≥πâÕ¬°«à“√âÕ¬≈– 10 ≈ß

„π∞“πøíπ‡∑’¬¡Õ–§√‘≈‘°‰¡à¡’º≈µàÕ§à“§«“¡·¢Áß·√ß¬÷¥

¥÷ß√–À«à“ß´’Ëøíπ‡∑’¬¡Õ–§√‘≈‘°°—∫∞“πøíπ‡∑’¬¡Õ–§√‘≈‘° 

 3. °≈ÿà¡‡√‘¡“√Õ—¥·∑√°Õ≈Ÿ¡‘π“ª√‘¡“≥√âÕ¬≈– 15 

‚¥¬πÈ”Àπ—° ¡’§à“§«“¡·¢Áß·√ß¬÷¥¥÷ßπâÕ¬∑’Ëÿ¥ 

4. ∑ÿ°°≈ÿà¡°“√∑¥Õ∫¡’≈—°…≥–°“√·µ°À—°‡ªìπ

™π‘¥°“√·µ°À—°·∫∫¬÷¥µ‘¥  

°‘µµ‘°√√¡ª√–°“» 
 ß“π«‘®—¬§√—Èßπ’È‰¥â√—∫°“√π—∫πÿπ®“° ∑ÿπàß‡√‘¡

°“√«‘®—¬ ‚√ßæ¬“∫“≈°≈“ß ”π—°°“√·æ∑¬å°√ÿß‡∑æ 

¡À“π§√ ·≈–∑ÿππ”‡πÕº≈ß“π∑“ß«‘™“°“√ ®“°§≥–

∑—πµ·æ∑¬»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à 

‡Õ°“√Õâ“ßÕ‘ß 
1. Phoenix RD. Denture base materials. Dent 

Clin North Am 1996; 40: 113-120.  

2. Meng TR, Latta MA. Physical properties of 
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Dent Pract 2005; 6: 93-100. Dent Pract 2005; 6: 93-100. Dent Pract

3. Winkler S, Monasky GE, Kwok J. Laboratory 
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wear resistance of three types of composite 
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3-methacryloxypropyltrimethoxysilane on the 

flexural properties and wear resistance of 

alumina reinforced PMMA. Dent Mater J 

2012; 31(4): 623-628. 

7. Darbar UR, Huggett R, Harrison A. Denture 

fracture - a survey. Br Dent J 1994; 176: 342-Br Dent J 1994; 176: 342-Br Dent J

345.  



80 CM Dent J Vol. 34 No. 2 July-December 2013™¡. ∑—πµ“√ ªï∑’Ë 34 ©∫—∫∑’Ë 2 °.§.-∏.§. 2556 

8. Alhareb AO, Ahmad ZA. Effect of Al2O3/

ZrO2 reinforcement on the mechanical 

properties of PMMA denture base. J Reinf 

Plast Compos 2011; 30: 85-83. 

9. Meric G, Ruyter IE. Effect of thermal cycling 

on composites reinforced with two differently 

sized silica-glass fibers. Dent Mater 2007; 23: Dent Mater 2007; 23: Dent Mater

1157-1163. 

10. Abboud M, Vol S, Duguet E. PMMA-based 

composite materials with reactive ceramic 

fillers, Part III: Radiopacifying particle 

reinforced bond cement. J Mater Sci: Mater in 

Med 2000; 11: 295-300. Med 2000; 11: 295-300. Med

11. Ellakwa AE, Morsy MA, El-Sheikh AM. 

Effect of aluminum oxide addition on the 

flexural strength and thermal diffusivity of 

heat-polymerized acrylic resin. J Prosthodont 

2008; 17: 439-444.  

12. Ash BJ, Siegel RW, Schadler LS. Mechanical 

Behavior of Alumina/Poly (methyl metha-

crylate) Nanocomposites. Macromol 2004; 37: Macromol 2004; 37: Macromol

1358-1369. 

13. Arksornnukit M, Takahashi H, Nishiyama N. 

Effects of silane coupling agent amount on 

mechanical properties and hydrolytic 

durability of composite resin after hot water 

storage. Dent Mater J 2004; 23: 31-36.  Dent Mater J 2004; 23: 31-36.  Dent Mater J

14. Matinlinna JP, Lassila LVJ, Ozcan M, Yli-

Urpo A, Vallittu PK. An introduction to silanes 

and their clinical applications in dentistry. Int J 

Prosthodont 2004; 17: 155-164. Prosthodont 2004; 17: 155-164. Prosthodont

15. Zulkifli R. Surface fracture analysis of glass 

fibre reinforced epoxy composites treated with 

different type of coupling agent. Eur J Sci Res

2009; 29: 55-65. 

16. Chaijareenont P, Takahashi H, Nishiyama N, 

Arksornnukit M. Effects of silane coupling 

agents and solutions of different polarity on 

PMMA bonding to alumina. Dent Mater J. Dent Mater J. Dent Mater J

2012; 31(4): 610-616. 

17. Arkles B. Silane coupling agent chemistry. 

Pennsylvania: Petrarch Systems Catalogue; 

1987, p. 59. 

18. Sideridou ID, Karabela MM. Effect of the 

amount of 3 -methacyloxypropyltrimethoxy-

silane coupling agent on physical properties of 

dental resin nanocomposites. Dent Mater

2009; 25: 1315-1324. 

19. Arikawa H, Kuwahata H, Seki H, Kanie T, 

Fujii K, Inoue K. Deterioration of mechanical 

properties of composite resins. Dent Mater J

1995; 14: 78-83. 

20. Nihei T, Dabanoglu A, Teranaka T, Kurata S, 

Ohashi K, Kondo Y, Yoshino N, Hickel R, 

Kunzelmann KH. Three-body-wear resistance 

of the experimental composites containing 

filler treated with hydrophobic silane coupling 

agents. Dent Mater 2008; 24: 760-764. Dent Mater 2008; 24: 760-764. Dent Mater


