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∫∑§—¥¬àÕ
«— ¥ÿ∫Ÿ√≥–øíπÀ≈“¬™π‘¥∑’Ëπ‘¬¡·æ√àÀ≈“¬„πªí®®ÿ∫—π√«¡∂÷ß«— ¥ÿ∫Ÿ√≥–øíπ‡´√“¡‘°™π‘¥‡ø≈ ª“µ‘°

(Feldspathic porcelain) ∂Ÿ°π”¡“¬÷¥µ‘¥°—∫‡§≈◊Õ∫øíπÀ√◊Õ‡π◊ÈÕøíπ¥â«¬ “√¬÷¥µ‘¥™π‘¥‡¡µ“§√‘≈‡≈µ‡√´‘π

·≈–§Õ¡‚æ ‘µ «— ¥ÿ∫Ÿ√≥–øíπ‡À≈à“π’È‰¥â√—∫·√ß∫¥‡§’È¬«´÷Ëß‡ªìπ·√ß°√–∑” È́”Ê ·≈–Õ“®¡’§à“ Ÿß∂÷ß 800 π‘«µ—π

°àÕ„Àâ‡°‘¥§«“¡≈â“„πµ—««— ¥ÿ∫Ÿ√≥– ·≈– àßº≈µàÕ°“√¬÷¥µ‘¥√–À«à“ß«— ¥ÿ∫Ÿ√≥–·≈–‡§≈◊Õ∫øíπÀ√◊Õ‡π◊ÈÕøíπ

«—µ∂ÿª√– ß§åÀ≈—°¢Õßß“π«‘®—¬π’È§◊Õ»÷°…“Õ‘∑∏‘æ≈¢Õß§«“¡≈â“µàÕ°“√¬÷¥µ‘¥√–À«à“ß‡´√“¡‘°™π‘¥‡ø≈ ª“µ‘°

·≈–º‘«‡§≈◊Õ∫øíπ∏√√¡™“µ‘¢Õß¡πÿ…¬å ‚¥¬∑”°“√∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡≈â“ (Fatigue resistance)

¢Õß™‘Èπ∑¥ Õ∫ ·≈–∑”°“√»÷°…“«‘‡§√“–Àå°“√·µ°À—°·≈–§«“¡‡ ’¬À“¬∑’Ë‡°‘¥¢÷Èπ°—∫™‘Èπ∑¥ Õ∫‚¥¬„™â

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ àÕß°√“¥ (Scanning electron microscope) ·≈–°≈âÕß®ÿ≈∑√√»πå™π‘¥ Incident

light microscope „π™‘Èπ∑¥ Õ∫∑’Ëºà“π°“√¬âÕ¡ ’¥â«¬´‘≈‡«Õ√å‰π‡µ√∑ (AgNO
3
)

‡´√“¡‘°®”π«π 61 ™‘Èπ∂Ÿ° √â“ß¢÷Èπ¥â«¬°√–∫«π°“√‡º“À≈Õ¡ºß‡´√“¡‘°1 „π‡∫â“∑π‰ø∑√ß°√–∫Õ°

¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 5 ¡‘≈≈‘‡¡µ√  Ÿß 4 ¡‘≈≈‘‡¡µ√ ‡´√“¡‘° 10 ™‘Èπ∂Ÿ°π”‰ª∑¥ Õ∫À“§à“§«“¡·¢Áß·√ß

‡©◊Õπ¥â«¬‡§√◊ËÕß Universal Testing Machine  ”À√—∫™‘Èπ‡´√“¡‘°∑’Ë‡À≈◊Õº‘«¥â“πÀπ÷Ëß¢Õß™‘Èπ‡´√“¡‘°∂Ÿ°‡ªÉ“∑√“¬,

°—¥¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° 9.5% ‡ªìπ‡«≈“ 15 π“∑’ ·≈–‰¥â√—∫°“√ª√—∫ ¿“æº‘«¥â«¬ “√‰´‡≈π‰æ√‡¡Õ√å ™‘Èπ

‡´√“¡‘°∂Ÿ°·∫àß‡ªìπ 3 °≈ÿà¡ °≈ÿà¡≈– 17 ™◊Èπ‚¥¬°“√ ÿà¡ øíπ°√“¡„À≠à¢Õß¡πÿ…¬å 51 ´’Ë´÷Ëß∂Ÿ°∂Õπ·≈–‡°Á∫‰«â

„π “√≈–≈“¬‰∑¡Õ≈‡ªìπ√–¬–‡«≈“‰¡à‡°‘π 3 ‡¥◊Õπ º‘«‡§≈◊Õ∫øíπ¥â“πÀπ÷Ëß‰¥â√—∫°“√°—¥¥â«¬°√¥øÕ øÕ√‘°

37.5% ‡ªìπ‡«≈“ 30 «‘π“∑’ ≈â“ß·≈–‡ªÉ“·Àâß ™‘Èπ‡´√“¡‘°∂Ÿ°¬÷¥µ‘¥°—∫º‘«‡§≈◊Õ∫øíπ¡πÿ…¬å‚¥¬„™â “√¬÷¥µ‘¥

™π‘¥‡√ ‘́π 3 √–∫∫§◊Õ Calibra2, Nexus3, ·≈– Panavia4 ™‘Èπ∑¥ Õ∫∂Ÿ°π”‰ª∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡≈â“

„π‡§√◊ËÕß∑¥ Õ∫§«“¡≈â“ (Fatigue testing machine) ‚¥¬„™â«‘∏’°“√∑¥ Õ∫·∫∫¢—Èπ∫—π‰¥ (Staircase method)

°”Àπ¥®”π«π√Õ∫§ß∑’Ë∑’Ë 5000 √Õ∫ ·≈–Õ—µ√“‡√Á«¢Õß°“√∑¥ Õ∫ 80 √Õ∫µàÕπ“∑’ ™‘Èπ∑¥ Õ∫∑’Ë·µ°À—°

√–À«à“ß°“√∑¥≈Õß∂Ÿ°π”‰ª»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ àÕß°√“¥  à«π™‘Èπ∑¥ Õ∫´÷Ëß‰¡à·µ°À—°

∂Ÿ°π”‰ª¬âÕ¡¥â«¬ “√ª√–°Õ∫ ‘́≈‡«Õ√å‰π‡µ√∑ ·≈–‰¥â√—∫°“√µ—¥·µàß‡æ◊ËÕ»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå™π‘¥

Incident light microscope

Õ‘∑∏‘æ≈¢Õß§«“¡≈â“µàÕ°“√¬÷¥µ‘¥√–À«à“ß«— ¥ÿ∫Ÿ√≥–øíπ‡´√“¡‘°
™π‘¥‡ø≈ ª“µ‘°·≈–º‘«‡§≈◊Õ∫øíπ∏√√¡™“µ‘¢Õß¡πÿ…¬å

The Influence of Fatigue in Resin-Bonded
Ceramic/Enamel Bonds
∑æ≠. ¿“«‘≥’¬å ªÆ‘æ—∑∏å«ÿ≤‘°ÿ≈ 1

Prof. Lawrence H Mair 2

1 ¿“§«‘™“∑—πµ°√√¡∑—Ë«‰ª §≥–∑—πµ·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤
2 School of Dentistry, University of Central Lancashire, UK

1 Vitadur, Vivadent, 2 Calibra with Prime and Bond resin, Dentsply, 3 Nexus with Optibond resin, Kerr,
4 Panavia with Clearfil SE Bond resin, Kuraray.
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º≈°“√∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡≈â“§◊Õ Calibra 13.74 + 0.1 MPa, Nexus 11.41 + 1.44

MPa, Panavia 12.28 + 2.66 MPa º≈®“°°“√»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πå „π∑ÿ°°≈ÿà¡∑¥≈Õß “¡“√∂æ∫

√Õ¬·µ°√â“« (crack) ´÷Ëß‡°‘¥®“°§«“¡≈â“¢Õß«— ¥ÿ ‚¥¬√Õ¬·µ°√â“«π’È‡√‘Ë¡‡°‘¥„π™‘Èπ‡´√“¡‘°À√◊Õ‡°‘¥∫√‘‡«≥

√Õ¬µàÕ√–À«à“ß™‘Èπ‡´√“¡‘°·≈–º‘«‡§≈◊Õ∫øíπ √Õ¬·µ°√â“«¥”‡π‘πºà“π™—Èπ«— ¥ÿ§Õ¡‚æ ‘µ·µà‰¡à∑”„Àâº‘«‡§≈◊Õ∫

øíπ·µ° °“√¬âÕ¡ ’¥â«¬´‘≈‡«Õ√å‰π‡µ√∑æ∫«à“¡’§«“¡‡ ’¬À“¬·≈–√Õ¬√â“«‡°‘¥¢÷Èπ„π«— ¥ÿ‡´√“¡‘°·≈–¡’°“√√—Ë«´÷¡

∫√‘‡«≥√Õ¬µàÕ√–À«à“ß‡´√“¡‘°·≈–‡√ ‘́π§Õ¡‚æ ‘µ

ß“π«‘®—¬π’Èæ∫«à“™‘Èπ∑¥ Õ∫·µ°À—°„π≈—°…≥–º ¡§◊Õ¡’°“√·µ°À—°∑—Èß„πµ—««— ¥ÿ·≈–„π∫√‘‡«≥√Õ¬µàÕ¢Õß

«— ¥ÿ·≈– “√¬÷¥µ‘¥ °“√¬âÕ¡ ’™‘Èπ∑¥ Õ∫· ¥ß„Àâ‡ÀÁπ«à“¡’§«“¡‡ ’¬À“¬‡°‘¥¢÷Èπ„π™‘Èπ‡´√“¡‘°°àÕπ‡°‘¥°“√·µ°À—°

· ¥ß«à“§«“¡ÕàÕπ·Õ¢Õß«— ¥ÿ‡´√“¡‘°‡ªìπ “‡Àµÿ ”§—≠∑’Ë àßº≈µàÕ°“√·µ°À—°¢Õß™‘Èπ∑¥ Õ∫

Abstract
Many modern dental restorations including feldspatic ceramic are bonded to tooth surface by

metacrylate resins and composites. These restorations are usually subjected to cyclic masticatory

forces with peak loads of 800N. In this study, resin-bonded ceramic specimens were subjected to

cyclic loading. Fracture and damage were studied using SEM and incident light microscopy was used

to investigate specimens stained with AgNO
3
.

Sixty-one ceramic cylinders (Φ=5mmx4 mm) were fabricated by sintering porcelain powder.1

Ten ceramic cylinders were tested in the Universal Testing Machine for shear strength. The rest of

ceramic cylinders were sandblasted and etched with 9.5% hydrofluoric acid for 15 minutes. The

ceramic surface was treated with a primer (silane) and randomly divided into 3 groups of 17. Each

group was treated with one of three resin cement systems2-4 (Calibra, Nexus, Panavia). The enamel of

51 extracted teeth those were kept in thymol solution no more than 3 months was etched with 37.5%

phosphoric acid for 30 seconds and the resin applied.  The well prepared cylinders were then attached

and bonded to the enamel surface. The specimen was held in a fatigue testing machine and subjected

to a “staircase” fatigue test using 5000 cycles at 80 cycles/ min. The fracture surfaces of the failed

specimens were examined in a SEM. Other non-fractured samples were stained with AgNO
3
 and

prepared for incident light microscopy.

The fatigue limit results were Calibra 13.74 + 0.1 MPa, Nexus 11.41 + 1.44 MPa, Panavia

12.28 + 2.66 MPa. In all systems, the fatigue crack initiated at either the ceramic or the ceramic/resin

interface. The crack propagated through the bonding composite and did not fracture the underlying

tooth. Staining indicated damage in the ceramic and leakage along the ceramic resin interface.

In this study, the specimens failed by mixed mode fracture. Staining indicated that there was ceramic

damage prior to failure. It was shown that the weakness of ceramic was the important factor causes

specimen fracture.

Keywords: Fatigue resistance, Bonding, Ceramic, Adhesion, Fractography

1 Vitadur, Vivadent, 2 Calibra with Prime and Bond resin, Dentsply, 3 Nexus with Optibond resin, Kerr,
4 Panavia with Clearfil SE Bond resin, Kuraray.
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∫∑π”/ Introduction
‡∑§‚π‚≈¬’ ”§—≠∑’Ë‡°‘¥¢÷Èπ·≈–¡’°“√æ—≤π“

Õ¬à“ßµàÕ‡π◊ËÕß„π«ß°“√∑—πµ°√√¡·≈–∑—πµ«— ¥ÿ

»“ µ√å„π™à«ß√–¬–‡«≈“ 20 ªï∑’Ëºà“π¡“§◊Õ “√¬÷¥µ‘¥

‡√ ‘́π´÷Ëß “¡“√∂¬÷¥µ‘¥«— ¥ÿ∫Ÿ√≥–øíπ™π‘¥µà“ßÊ √«¡

∂÷ß«— ¥ÿ‡´√“¡‘°™π‘¥‡ø≈ ª“µ‘°°—∫øíπ‰¥âÕ¬à“ß

‡Àπ’¬«·πàπ  “√¬÷¥µ‘¥™π‘¥‡√´‘π∑”Àπâ“∑’Ë ”§—≠ 2

ª√–°“√§◊Õ 1) ∑”Àπâ“∑’Ë¬÷¥«— ¥ÿ∫Ÿ√≥–øíπ„ÀâÕ¬Ÿà°—∫∑’Ë

·≈– 2) ∑”Àπâ“∑’Ë‡ √‘¡§«“¡·¢Áß·√ß„Àâ°—∫«— ¥ÿ

∫Ÿ√≥–øíπ·≈–™à«¬ªÑÕß°—π°“√‡°‘¥√Õ¬·µ°√â“« (Crack

initiation) ·≈–°“√¥”‡π‘π¢Õß√Õ¬·µ°√â“«π—Èπ (Crack

propagation)  “√¬÷¥µ‘¥‡√ ‘́π®–¬÷¥æ◊Èπº‘«¥â“π¬÷¥µ‘¥

(Bonding surface) ∑—ÈßÀ¡¥¢Õß«— ¥ÿ∫Ÿ√≥–‡¢â“°—∫

º‘«øíπ ¥—ßπ—Èπ∂â“‡°‘¥§«“¡≈â¡‡À≈«¢Õß°“√¬÷¥µ‘¥π’È

Õ“® àßº≈„Àâ‡°‘¥°“√À≈ÿ¥À“¬¢Õß«— ¥ÿ∫Ÿ√≥–∑—Èß™‘Èπ

À√◊Õ àßº≈„Àâ‡°‘¥°“√·µ°À—°À√◊Õ‡°‘¥√Õ¬·µ°√â“«„π

™‘Èπ«— ¥ÿ∫Ÿ√≥–øíπ‰¥â  °≈‰°À≈—°¢Õß°“√¬÷¥µ‘¥¥â«¬

 “√¬÷¥µ‘¥™π‘¥‡√ ‘́πª√–°Õ∫¥â«¬ 1) °“√∑”„Àâ‡°‘¥

°“√·∑√°´÷¡¢Õß “√‡√´‘π∑’Ë‰¥â√—∫°“√¥—¥·ª≈ß

(Modified resin) ‡¢â“‰ª∑—Èß„πæ◊Èπº‘«¢Õßøíπ∑’Ëºà“π

°“√°—¥¥â«¬°√¥øÕ øÕ√‘°·≈â«·≈–æ◊Èπº‘«¢Õß«— ¥ÿ

‡´√“¡‘°∑’Ëºà“π°“√°—¥¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘°·≈â« 2)

°“√°√–µÿâπ„Àâ‡°‘¥ªØ‘°‘√‘¬“°“√°àÕµ—«¢Õß«— ¥ÿ‡¡µ“

§√‘≈‡≈µ‡√ ‘́π‚¥¬°“√©“¬· ß∑’Ëæ◊Èπº‘«∑—Èß Õß ¢—Èπ

µÕππ’È∑”„Àâ “√‡¡µ“§√‘≈‡≈µ‡√´‘π´÷Ëß·∑√°´÷¡≈ß‰ª

„πæ◊Èπº‘«∑—Èß Õß‡°‘¥·¢Áßµ—«·≈–‡°‘¥°“√¬÷¥µ‘¥∑“ß°≈

(Micromechanical attachment) °—∫æ◊Èπº‘« 3) °“√

¬÷¥µ‘¥æ◊Èπº‘«∑—Èß Õß‡¢â“¥â«¬°—π¥â«¬ “√¬÷¥µ‘¥™π‘¥

‡√ ‘́π§Õ¡‚æ ‘∑´÷Ëß¡’°“√‡µ‘¡ “√‡µ‘¡ (Fillers) ‡æ◊ËÕ

‡æ‘Ë¡§«“¡·¢Áß·√ß ·≈– “¡“√∂‡°‘¥°“√∑”ªØ‘°‘√‘¬“

™π‘¥ cross polymerize °—∫°≈ÿà¡‰«π‘≈ ((-C=C) vinyl

group) „π™—Èπ‡√ ‘́π °≈‰°∑—ÈßÀ¡¥π’È∑”„Àâ‡°‘¥‡ªìπ

‚§√ß √â“ß°“√¬÷¥µ‘¥¢Õß™—Èπµà“ßÊ‡¢â“¥â«¬°—π´÷ËßÕ“®

‡√’¬°«à“ çResin-bonded sandwich¥—ß√Ÿª¿“æ∑’Ë 1

√Ÿª¿“æ∑’Ë 1 Resin-bonded sandwich

ß“π«‘®—¬∑“ß∑—πµ«— ¥ÿ»“ µ√å¡ÿàß‡πâπ°“√»÷°…“‡æ◊ËÕ

æ—≤π“·≈–ª√—∫ª√ÿß§«“¡·¢Áß·√ß¢Õß°“√¬÷¥µ‘¥

√–À«à“ß«— ¥ÿ‡´√“¡‘°·≈–º‘«øíπ ·µà°“√∑¥ Õ∫ à«π

„À≠à∑’Ë·≈â«¡“π‘¬¡„™â°“√∑¥ Õ∫·∫∫ monotonic tests

‡™àπ°“√∑¥ Õ∫§«“¡·¢Áß·√ß¥÷ß (Tensile test) §«“¡

·¢Áß·√ß°¥ (Compressive test) À√◊Õ§«“¡·¢Áß·√ß

‡©◊Õπ (Shear test) °“√∑¥ Õ∫‡À≈à“π’È®–„™â·√ß„π

°“√¥÷ßÀ√◊Õ„Àâ·√ß°√–∑”µàÕ«— ¥ÿ„π≈—°…≥–°¥À√◊Õ

‡©◊Õπ ‚¥¬·√ß∑’Ë°√–∑”®–‡æ‘Ë¡¢÷Èπ‡√◊ËÕ¬Ê ®π‡°‘¥°“√

·µ°À—°¢Õß™‘Èπ∑¥ Õ∫ ÷́Ëß∂÷ß·¡â«à“°“√∑¥ Õ∫‡À≈à“

π’È®– “¡“√∂∑”‰¥âÕ¬à“ß√«¥‡√Á« ·µà·√ß°√–∑”„π

≈—°…≥–π’È‰¡à Õ¥§≈âÕß°—∫·√ß∫¥‡§’È¬«∑’Ë‡°‘¥¢÷Èπ®√‘ß

„π™àÕßª“° ÷́Ëß¡’≈—°…≥–‡ªìπ·√ß°√–∑” È́”Ê (cyclic

forces) ·≈–∑”„Àâ‡°‘¥°“√·µ°À—°®“°§«“¡≈â“¢Õß

«— ¥ÿ∫Ÿ√≥–øíπ ®“°°“√§âπ§«â“º≈ß“π«‘®—¬„π≈—°…≥–

‡¥’¬«°—π∑’Ë‰¥â√—∫°“√µ’æ‘¡æå ¡’ß“π«‘®—¬®”π«π‰¡à¡“°

π—°∑’Ë∑¥ Õ∫§«“¡·¢Áß·√ß¢Õß°“√¬÷¥µ‘¥¥â«¬°“√

∑¥ Õ∫§«“¡≈â“ ·≈–ß“π«‘®—¬ à«π„À≠à„™â·√ß°√–∑”

µàÕ™‘Èπ∑¥ Õ∫„π°“√∑¥ Õ∫§«“¡≈â“Õ¬Ÿà„π™à«ß 2-12

°‘‚≈°√—¡ ‚¥¬ 80% ¢Õßß“π«‘®—¬„™â·√ß°√–∑”µË”°«à“

5 °‘‚≈°√—¡ [1-4] ´÷Ëß‰¡à Õ¥§≈âÕß°—∫·√ß∫¥‡§’È¬«„π

™àÕßª“°∑’Ë¡’§à“‡©≈’Ë¬ª√–¡“≥ 0.5-16 °‘‚≈°√—¡ ·≈–

Õ“®¡’§à“ Ÿß∂÷ß 80 °‘‚≈°√—¡„πºŸâªÉ«¬∑’Ë¡’°“√∫¥‡§’È¬«

º‘¥ª°µ‘À√◊ÕºŸâªÉ«¬∑’Ë¡’Õ“°“√πÕπ°—¥øíπ  [5-8]
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«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬/ Aims
°“√«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ 1) «‘‡§√“–Àå§à“

§«“¡µâ“π∑“πµàÕ§«“¡≈â“¢Õß°“√¬÷¥µ‘¥√–À«à“ß

«— ¥ÿ‡´√“¡‘°™π‘¥‡ø≈ ª“µ‘°·≈–º‘«‡§≈◊Õ∫øíπ¢Õß

¡πÿ…¬å 2) ‡æ◊ËÕ»÷°…“≈—°…≥–¢Õßæ◊Èπº‘«∑’Ë·µ°À—°

®“°§«“¡≈â“‚¥¬„™â°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥

 àÕß°√“¥ 3) ‡æ◊ËÕ»÷°…“≈—°…≥–¢Õß√Õ¬·µ°√â“«

(crack) ∑’Ë‡°‘¥„π™‘Èπ∑¥ Õ∫∑’Ë‰¡à·µ°À—°´÷Ëß∂Ÿ°¬âÕ¡ ’

¥â«¬´‘≈‡«Õ√å‰π‡µ√∑ [9,10] ¥â«¬°≈âÕß®ÿ≈∑√√»πå™π‘¥

Incident light microscope

Õÿª°√≥å·≈–«‘∏’¥”‡π‘π°“√«‘®—¬/ Material and
method

°“√‡µ√’¬¡™‘Èπ‡´√“¡‘°

™‘Èπ‡´√“¡‘°®”π«π 61 ™‘Èπ∂Ÿ° √â“ß¢÷Èπ¥â«¬

°√–∫«π°“√‡º“À≈Õ¡ºß‡´√“¡‘° (Vitadur Alpha,

VITA Zahnfabrik, Germany) „π‡∫â“∑π‰ø‚¥¬„™â

‡µ“‡º“ Ÿ≠≠“°“» (vacuum furnace, Multimat MC

II, DeTray, Dentsply, Germany) ÷́Ëß∑”„Àâ‰¥â™‘Èπ

‡´√“¡‘°∑√ß°√–∫Õ°¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß

5 ¡‘≈≈‘‡¡µ√  Ÿß 4 ¡‘≈≈‘‡¡µ√ ‚¥¬‡´√“¡‘°®”π«π 10 ™‘Èπ

‡µ√’¬¡‰«â ”À√—∫°“√∑¥ Õ∫§«“¡·¢Áß·√ß‡©◊Õπ¥â«¬

‡§√◊ËÕß Universal Testing Machine º‘«¥â“πÀπ÷Ëß¢Õß

™‘Èπ‡´√“¡‘°∑’Ë‡À≈◊Õ∂Ÿ°‡ªÉ“∑√“¬¥â«¬ºßÕ≈Ÿ¡‘π“¢π“¥

50 ‰¡§√Õπ‡ªìπ‡«≈“ 30 «‘π“∑’ ·≈–∑”§«“¡ –Õ“¥

¥â«¬°“√·™àπÈ”„π‡§√◊ËÕß —Ëπ™π‘¥Õ—≈µ√â“‚´π‘°‡ªìπ‡«≈“

15 π“∑’ ·≈â«®÷ß∂Ÿ°°—¥¥â«¬°√¥‰Œ‚¥√ø≈ŸÕÕ√‘° 9.5%

‡ªìπ‡«≈“ 15 π“∑’ ≈â“ß¥â«¬πÈ” 1 π“∑’ ‡ªÉ“·Àâß ·≈–

‰¥â√—∫°“√ª√—∫ ¿“æº‘«¥â«¬°“√∑“ “√‰´‡≈π‰æ√‡¡Õ√å

 ”À√—∫‡´√“¡‘° ™‘Èπ‡´√“¡‘°∂Ÿ°·∫àß‚¥¬°“√ ÿà¡‡ªìπ

3 °≈ÿà¡ °≈ÿà¡≈– 17 ™‘Èπ ‡æ◊ËÕ¬÷¥µ‘¥°—∫º‘«‡§≈◊Õ∫øíπ

¥â«¬ “√ ¬÷¥µ‘¥‡√ ‘́π 3 √–∫∫ ¥—ß√“¬≈–‡Õ’¬¥„π

µ“√“ß∑’Ë 1

√–∫∫ “√¬÷¥µ‘¥∑’Ë  “√¬÷¥µ‘¥‡√´‘π  “√‡¡µ“§√‘≈‡≈µ ∫√‘…—∑ºŸâº≈‘µ ‡≈¢√À— ¢Õß«— ¥ÿ

„™â„π°“√∑¥ Õ∫ §Õ¡‚æ ‘µ ‡√´‘π

1.Calibra 2 paste dual cure* Prime and Bond Dentsply,USA 0207000948

System composite based NT
on Bis-GMA. Single bottle Dual

cure resin

2.Panavia 2 paste tri-cure# ED-PrimerTwo Kuraray,Japan 00013A
System  system  liquid, dual cure

resin

3.Nexus 2 part dual cure* Optibond Solo Plus Kerr, USA Base423969

System Base on Bis-GMA Single liquid. Light Catalyst428992

cure resin

* light cure + subsequent chemical cure

# ight cure + subsequent anaerobic and chemical cure.

µ“√“ß∑’Ë 1  “√¬÷¥µ‘¥™π‘¥‡√ ‘́π„™â„π°“√∑¥≈Õß
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°“√‡µ√’¬¡º‘«‡§≈◊Õ∫øíπ
º‘«‡§≈◊Õ∫øíπ‰¥â®“°øíπ°√“¡„À≠à¢Õß¡πÿ…¬å

51 ’́Ë´÷Ëß∂Ÿ°∂Õπ ∑”§«“¡ –Õ“¥ ·≈–‡°Á∫‰«â„π

 “√≈–≈“¬ ‰∑¡Õ≈∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡´’¬  ‡ªìπ

√–¬–‡«≈“‰¡à‡°‘π 3 ‡¥◊Õπ √“°øíπ∂Ÿ°µ—¥ÕÕ°·≈–øíπ

¥â“πÀπ÷Ëß∂Ÿ°Ωíß„πÕ–§√‘≈‘°™π‘¥‚æ≈’‡¡∑‘≈‡¡µ“§√‘‡≈∑

(Polymethylmetacrylate, PMMA) ‡À≈◊Õ‡æ’¬ßº‘«

øíπ¥â“πÀπ÷Ëß‚º≈àæâπº‘«Õ–§√‘≈‘° º‘«‡§≈◊Õ∫øíπ‰¥â√—∫

°“√¢—¥·µàß‡≈Á°πâÕ¬¥â«¬°√–¥“…∑√“¬πÈ”‡∫Õ√å 600

‡æ◊ËÕ„Àâ¡’√–π“∫·∫π‡À¡“–°—∫°“√¬÷¥µ‘¥ º‘«

‡§≈◊Õ∫øíπ∂Ÿ°°—¥¥â«¬°√¥øÕ øÕ√‘° 37.5% ‡ªìπ‡«≈“

30 «‘π“∑’ ≈â“ß¥â«¬πÈ” 20 «‘π“∑’·≈–‡ªÉ“·Àâß®πº‘«

‡§≈◊Õ∫øíπ¡’≈—°…≥–¢“«¢ÿàπ

°“√‡§≈◊Õ∫æ◊Èπº‘«∑’ËµâÕß°“√¬÷¥µ‘¥¥â«¬ “√‡√ ‘́π
∑—Èßº‘««— ¥ÿ‡´√“¡‘°·≈–º‘«‡§≈◊Õ∫øíπ´÷Ëßºà“π

°√√¡«‘∏’°“√°—¥¥â«¬°√¥·≈â«∂Ÿ°∑“¥â«¬ “√‡¡µ“§√‘≈

‡≈µ‡√ ‘́π ∑‘Èß‰«â‡ªìπ‡«≈“ 20 «‘π“∑’ ·≈âß®÷ß‡ªÉ“≈¡

‡∫“Ê „Àâ “√∑”≈–≈“¬√–‡À¬‰ª ·≈–©“¬· ß‡æ◊ËÕ„Àâ

‡√´‘π‡°‘¥ªØ‘°‘√‘¬“°àÕµ—« °√–∫«π°“√π’È‡ªìπ°“√

·ª≈ß ¿“ææ◊Èπº‘«¢Õß‡´√“¡‘°·≈–‡§≈◊Õ∫øíπ„Àâ

°≈“¬‡ªìπæ◊Èπº‘«∑’Ë¡’°“√·∑√°´÷¡·≈–‡§≈◊Õ∫¥â«¬‡√´‘π

°“√¬÷¥µ‘¥ Õßæ◊Èπº‘«∑’Ë¡’°“√·∑√° ÷́¡·≈–‡§≈◊Õ∫
¥â«¬ “√‡√´‘π·≈â«

™‘Èπ‡´√“¡‘°´÷Ëß‰¥â√—∫°“√‡µ√’¬¡¥â«¬°√¥·≈–

 “√‡√ ‘́π·≈â«®–∂Ÿ°∑“¥â«¬ “√¬÷¥µ‘¥‡√ ‘́π§Õ¡‚æ ‘µ

‡©æ“– ”À√—∫·µà≈–°≈ÿà¡∑¥ Õ∫·≈–∂Ÿ°π”‰ª¬÷¥µ‘¥

°—∫º‘«‡§≈◊Õ∫øíπ∑’Ë‡µ√’¬¡‰«â  “√¬÷¥µ‘¥ à«π‡°‘π∂Ÿ°

°”®—¥ÕÕ°¥â«¬·ª√ß¢π“¥‡≈Á° ·≈â«®÷ß∑”°“√©“¬

· ß‡æ◊ËÕ„Àâ‡°‘¥°√–∫«π°“√‚æ≈’‡¡Õ‰√‡´™—Ëπ¢Õß “√

¬÷¥µ‘¥ ‚¥¬©“¬· ß‡ªìπ‡«≈“ 40 «‘π“∑’‚¥¬√Õ∫∑—Èß 4

¥â“π ™‘Èπ∑¥ Õ∫´÷Ëß‡µ√’¬¡‡ √Á®·≈â«¡’≈—°…≥–¥—ß

√Ÿª¿“æ∑’Ë 2 ÷́Ëß™‘Èπ ∑¥ Õ∫∑—ÈßÀ¡¥∑’Ë‡µ√’¬¡‡ √Á®·≈â«

®–∂Ÿ°‡°Á∫‰«â„ππÈ”∑’ËÕÿ≥À¿Ÿ¡‘ 25 Õß»“‡´≈‡´’¬ ®π

°√–∑—Ëß∂Ÿ°π”¡“∑¥ Õ∫

√Ÿª¿“æ∑’Ë 2 (A) ¿“æ™‘Èπ∑¥ Õ∫∑’Ë‡µ√’¬¡‡ √Á®·≈â«

(B) ·ºπ¿“æ· ¥ß®ÿ¥∑’Ë„Àâ·√ß°√–∑”µàÕ™‘Èπ∑¥ Õ∫·≈–‡ âπ®ÿ¥‰¢àª≈“· ¥ß·π«°“√·µ°À—°¢Õß™‘Èπ∑¥ Õ∫
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°“√∑¥ Õ∫§«“¡·¢Áß·√ß‡©◊Õπ¢Õß‡´√“¡‘°
‡´√“¡‘° 10 ™‘Èπ∂Ÿ°π”‰ª∑¥ Õ∫À“§à“§«“¡

·¢Áß·√ß‡©◊Õπ¥â«¬‡§√◊ËÕß Universal Testing Machine

‚¥¬µ—Èß§à“§«“¡‡√Á«¢Õß°“√„Àâ·√ß (cross head

speed) ∑’Ë 50 ¡‘≈≈‘‡¡µ√µàÕπ“∑’ ·≈–§”π«≥À“§à“

30% ¢Õß§à“‡©≈’Ë¬§«“¡·¢Áß·√ß‡©◊Õπ‡æ◊ËÕπ”¡“„™â

‡ªìπ§à“·√ß‡√‘Ë¡µâπ„π°“√∑¥ Õ∫§«“¡≈â“·∫∫¢—Èπ

∫—π‰¥µàÕ‰ª

‡§√◊ËÕß∑¥ Õ∫§«“¡≈â“
‡§√◊ËÕß∑¥ Õ∫§«“¡≈â“‰¥â∂Ÿ° √â“ß¢÷Èπ ”À√—∫„™â

„πß“π«‘®—¬π’È‚¥¬‡©æ“– ‚¥¬‡ªìπ‡§√◊ËÕß∑¥ Õ∫§«“¡

≈â“·∫∫ 5  ∂“π’́ ÷Ëß “¡“√∂∑”°“√∑¥ Õ∫™‘Èπ∑¥ Õ∫

‰¥â∂÷ß 5 ™‘Èπ„π‡«≈“‡¥’¬«°—π §«“¡‡√Á«¢Õß‡§√◊ËÕß

∑¥ Õ∫ “¡“√∂ ª√—∫‰¥â‚¥¬°“√ª√—∫√–¥—∫§«“¡‡√Á«

¢Õßµ—«¡Õ‡µÕ√ǻ ÷Ëß∑”Àπâ“∑’ËÀ¡ÿπ«ß≈âÕ¢â“ß„µâ·¢π∑¥ Õ∫

‡§√◊ËÕß∑¥ Õ∫π’È®–„Àâ·√ß°√–∑”µàÕ™‘Èπ∑¥ Õ∫ºà“π

·∑àß‡À≈Á°´÷Ëß¡’ª≈“¬µ—¥·∫π·π∫°—∫º‘«¢Õß™‘Èπ

∑¥ Õ∫∫√‘‡«≥√Õ¬µàÕ√–À«à“ß™‘Èπ‡´√“¡‘°·≈–º‘«

‡§≈◊Õ∫øíπ  ”À√—∫∑ÿ° ∂“π’∑¥ Õ∫·√ß°√–∑”µàÕ™‘Èπ

∑¥ Õ∫ “¡“√∂ª√—∫‰¥â‚¥¬°“√‡æ‘Ë¡À√◊Õ≈¥®”π«π

¢Õß«ß·À«ππÈ”Àπ—°∫π·°π√—∫πÈ”Àπ—°∑’Ëª≈“¬¥â“π

Àπ÷Ëß¢Õß·¢π∑¥ Õ∫ ´÷Ëß “¡“√∂ª√—∫√–¥—∫πÈ”Àπ—°

‰¥âµ—Èß·µà 8 ∂÷ß 100 °‘‚≈°√—¡ °“√À¡ÿπ¢Õß«ß≈âÕ„µâ

·¢π∑¥ Õ∫®–¬°ª≈“¬¥â“πÀπ÷Ëß¢Õß·¢π¢÷Èπ‡ªìπ

®—ßÀ«– ÷́Ëß àßº≈„Àâ‡°‘¥·√ß°√–∑”µàÕ™‘Èπ∑¥ Õ∫‡ªìπ

®—ßÀ«–‡™àπ°—π  ”À√—∫°“√∑¥≈Õßπ’È‰¥âµ—Èß§à“Õ—µ√“‡√Á«

¢Õß°“√∑¥ Õ∫‰«â∑’Ë 80 √Õ∫µàÕπ“∑’´÷Ëß Õ¥§≈âÕß

°—∫Õ—µ√“‡√Á«¢Õß°“√∫¥‡§’È¬«„π™àÕßª“°

√Ÿª¿“æ∑’Ë 3 ‡§√◊ËÕß∑¥ Õ∫§«“¡≈â“·∫∫ 5  ∂“π’´÷Ëß “¡“√∂„Àâ·√ß

°√–∑”µàÕ™‘Èπ∑¥ Õ∫ Ÿß∂÷ß 100 °‘‚≈°√—¡

°“√∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡≈â“ (Fatigue
Resistance) ¢Õß™‘Èπ∑¥ Õ∫

°“√∑¥ Õ∫§«“¡µâ“π∑“πµàÕ§«“¡≈â“¢Õß™‘Èπ

∑¥ Õ∫°√–∑”‚¥¬«‘∏’°“√∑¥ Õ∫·∫∫¢—Èπ∫—π‰¥

(Staircase Method) ÷́ËßÕâ“ßÕ‘ß®“°∫∑§«“¡µ’æ‘¡æå

¢Õß Draughn (Draughn 1979) „π°“√∑¥ Õ∫

§«“¡µâ“π∑“πµàÕ§«“¡≈â“·∫∫¢—Èπ∫—π‰¥π’È ™‘Èπ∑¥ Õ∫

®–‰¥â√—∫°“√∑¥ Õ∫‡ªìπ®”π«π√Õ∫∑’Ë§ß∑’Ë‚¥¬„™â·√ß

°√–∑”´÷Ëß¡’§à“ª√–¡“≥„°≈â‡§’¬ß°—∫¢’¥®”°—¥§«“¡≈â“

(Fatigue Limit) ¢Õß«— ¥ÿÀ√◊Õ™‘Èπµ—«Õ¬à“ß  ‚¥¬

∑—Ë«‰ª·≈â«§à“π’È§”π«≥‰¥â®“°§à“§«“¡·¢Áß·√ß‡©◊Õπ

¢Õß«— ¥ÿ (Shear Strength) ‚¥¬§à“¢’¥®”°—¥§«“¡

≈â“¡’§à“ª√–¡“≥§√à“«Ê‡∑à“°—∫ 30% ¢Õß§à“§«“¡

·¢Áß·√ß‡©◊Õπ¢Õß«— ¥ÿ ∂â“™‘Èπ∑¥ Õ∫·√°∑’Ë‰¥â√—∫°“√
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∑¥ Õ∫≈â¡‡À≈«À√◊Õ‡ ’¬À“¬¿“¬„π®”π«π√Õ∫

(Cycles) ∑’Ë°”Àπ¥‰«â  ”À√—∫°“√∑¥≈Õßπ’È°”Àπ¥

®”π«π√Õ∫§ß∑’Ë∑’Ë 5000 √Õ∫ ™‘Èπ∑¥ Õ∫µàÕ‰ª®–

∂Ÿ°∑¥ Õ∫¥â«¬√–¥—∫·√ß°√–∑”∑’ËπâÕ¬≈ß´÷Ëß≈¥≈ß

‡ªìπ§à“§ß∑’Ë (fixed increment) 4 kg. ·µà∂â“™‘Èπ

∑¥ Õ∫·√°‰¡à¡’§«“¡‡ ’¬À“¬ ™‘Èπ∑¥ Õ∫∑’Ë 2 ®–‰¥â

√—∫°“√∑¥ Õ∫¥â«¬·√ß°√–∑”∑’Ë‡æ‘Ë¡¢÷Èπ‡ªìπ§à“§ß∑’Ë (4

kg) ‡™àπ°—π  ™‘Èπ∑¥ Õ∫µàÕÊ  ‰ª‰¥â√—∫°“√∑¥ Õ∫„π

·∫∫‡¥’¬«°—π‚¥¬√–¥—∫·√ß°√–∑”µàÕ™‘Èπ∑¥ Õ∫π—ÈπÊ

¢÷ÈπÕ¬Ÿà°—∫«à“™‘Èπ∑¥ Õ∫°àÕπÀπâ“Õ¬Ÿà√Õ¥À√◊Õ≈â¡‡À≈«

®”π«π™‘Èπ∑¥ Õ∫∑’ËµâÕß„™â„π°“√∑¥ Õ∫·∫∫¢—Èπ

∫—π‰¥π’ÈπâÕ¬°«à“°“√∑¥ Õ∫§«“¡≈â“·∫∫Õ◊ËπÊ

Õ¬à“ß‰√°Áµ“¡°“√∑¥ Õ∫π’ÈµâÕß°“√™‘Èπ∑¥ Õ∫Õ¬à“ß

πâÕ¬°≈ÿà¡≈– 15 ™‘Èπ‡æ◊ËÕ°“√«‘‡§√“–Àå∑“ß ∂‘µ‘∑’Ë∂Ÿ°µâÕß

§à“Õ—µ√“‡√Á«¢Õß√Õ∫·√ß°√–∑”µ—Èß§à“‰«â∑’Ë 80 √Õ∫

µàÕπ“∑’ ´÷Ëß§à“π’Èπ”¡“®“°§à“§«“¡‡√Á«¢Õß√Õ∫°“√

‡§’È¬«„π™àÕßª“°¡πÿ…¬å µ—«Õ¬à“ß°√–∫«π°“√

∑¥ Õ∫·∫∫¢—Èπ∫—π‰¥ “¡“√∂· ¥ß‰¥â¥—ß√Ÿª¿“æ∑’Ë 4

√Ÿª¿“æ∑’Ë 4 · ¥ßµ—«Õ¬à“ßº≈°“√∑¥ Õ∫§«“¡≈â“·∫∫¢—Èπ∫—π‰¥

®“°√Ÿª¿“æ∑’Ë 4 ™‘Èπ∑¥ Õ∫™‘Èπ·√°‰¥â√—∫°“√∑¥ Õ∫¥â«¬·√ß°√–∑” 21 °‘‚≈°√—¡ ( ÷́Ëß‡ªìπ§à“∑’Ë§”π«≥

‰¥â®“° 30% ¢Õß§à“‡©≈’Ë¬§«“¡·¢Áß·√ß‡©◊Õπ¢Õß™‘Èπ‡´√“¡‘°®”π«π 10 ™‘Èπ) ·≈–Õ¬Ÿà√Õ¥„π®”π«π√Õ∫∑’Ë

°”Àπ¥‰«â (‡™àπ 5,000 √Õ∫) ·√ß∑’Ë°√–∑”µàÕ™‘Èπ∑¥ Õ∫∑’Ë Õß®÷ß‡æ‘Ë¡¢÷Èπ‡ªìπ®”π«π§ß∑’Ë§◊Õ 4 °‘‚≈°√—¡(‡ªìπ

25 °‘‚≈°√—¡) ™‘Èπ∑¥ Õ∫∑’Ë Õß¬—ß§ßÕ¬Ÿà√Õ¥„π®”π«π√Õ∫∑’Ë°”Àπ¥ ¥—ßπ—Èπ·√ß∑’Ë°√–∑”µàÕ™‘Èπ∑¥ Õ∫∑’Ë “¡

®÷ß‡æ‘Ë¡¢÷ÈπÕ’° 4 °‘‚≈°√—¡(‡ªìπ 29 °‘‚≈°√—¡) ‡¡◊ËÕ™‘Èπ∑¥ Õ∫∑’Ë “¡≈â¡‡À≈«°àÕπ∂÷ß®”π«π√Õ∫∑’Ë°”Àπ¥

™‘Èπ∑¥ Õ∫∑’Ë ’Ë®÷ß∂Ÿ°∑¥ Õ∫¥â«¬·√ß°√–∑”∑’Ë≈¥≈ß 4 °‘‚≈°√—¡ (25 °‘‚≈°√—¡) ´÷Ëß‡¡◊ËÕ™‘Èπ∑¥ Õ∫∑’Ë ’Ë≈â¡‡À≈«

Õ’°„π®”π«π√Õ∫∑’Ë°”Àπ¥®÷ß∑”„Àâ™‘Èπ∑¥ Õ∫∑’ËÀâ“∂Ÿ°∑¥ Õ∫∑’Ë 21 °‘‚≈°√—¡ (≈¥≈ß 4 °‘‚≈°√—¡) °“√∑¥ Õ∫

·∫∫¢—Èπ∫—π‰¥¥”‡π‘π‰ª‡™àππ’È®π§√∫∑ÿ°™‘Èπ∑¥ Õ∫
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72

°“√«‘‡§√“–Àå§à“§«“¡µâ“π∑“πµàÕ§«“¡≈â“¢Õß
™‘Èπ∑¥ Õ∫

®“°µ—«Õ¬à“ß°“√∑¥ Õ∫§«“¡≈â“·∫∫¢—Èπ

∫—π‰¥„π√Ÿª¿“æ∑’Ë 4 æ∫«à“¡’™‘Èπ∑¥ Õ∫Õ¬Ÿà√Õ¥ 8 ™‘Èπ

·≈–≈â¡‡À≈« 7 ™‘Èπ °“√«‘‡§√“–Àåº≈¢—Èπ·√°æ‘®“√≥“

®“°‡Àµÿ°“√≥å∑’Ë‡°‘¥πâÕ¬°«à“(Õ¬Ÿà√Õ¥À√◊Õ≈â¡‡À≈«) „π

°“√§”π«≥§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß

§«“¡µâ“π∑“πµàÕ§«“¡≈â“®–µâÕß∑”°“√®—¥¢âÕ¡Ÿ≈„π

µ“√“ß¥—ßµ“√“ß∑’Ë 2 ‚¥¬§à“·√ß°√–∑”µË” ÿ¥∑’Ë™‘Èπ

N    2

N2

7     2

µ—«Õ¬à“ß‡°‘¥§«“¡≈â¡‡À≈«®–„Àâ§à“‡ªìπ i=0, §à“·√ß

°√–∑”√–¥—∫µàÕ‰ª®÷ß‡ªìπ i=1, i=2, i=3,Ç µ“¡≈”¥—∫

§à“‡©≈’Ë¬§«“¡µâ“π∑“πµàÕ§«“¡≈â“ (X) ·≈–§à“‡∫’Ë¬ß

‡∫π¡“µ√∞“π (S)  “¡“√∂§”π«≥‰¥â®“° ¡°“√∑’Ë 1

·≈– 2 [11-15] ‚¥¬„π ¡°“√¥—ß°≈à“«, §à“ X
o
 §◊Õ

§à“·√ß°√–∑”∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë„™â„π°“√∑¥ Õ∫, §à“ d §◊Õ

§à“·√ß°√–∑”§ß∑’Ë∑’Ë„™â‡æ‘Ë¡À√◊Õ≈¥„π√–À«à“ß°“√

∑¥ Õ∫ („π∑’Ëπ’È§◊Õ 4 °‘‚≈°√—¡)

µ“√“ß∑’Ë  2 µ“√“ß°“√§”π«≥º≈°“√∑¥ Õ∫§«“¡≈â“·∫∫¢—Èπ∫—π‰¥

·√ß°√–∑”(°‘‚≈°√—¡) i n
i

i n
i

i2 n
i

33 3 4 12 36

29 2 2 4 8

25 1 1 1 1

21 0 0 0 0

N = Σni  A = Σin
i

B = Σi2n
i

= 7 = 17 = 45

§à“‡©≈’Ë¬ (X) = X
o
 + d ( A + 1) [ ¡°“√∑’Ë1]

§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π (SD) = 1.62 d ( NB › A2  + 0.029) [ ¡°“√∑’Ë 2]

„π ¡°“√∑’Ë 1 ®–„™â‡§√◊ËÕßÀ¡“¬∫«°(+) µàÕ‡¡◊ËÕ‡ªìπ°“√«‘‡§√“–Àå´÷Ëßº≈°“√∑¥ Õ∫ à«π¡“°‡ªìπ°“√Õ¬Ÿà√Õ¥

¢Õß™‘Èπ∑¥ Õ∫, ·≈–®–„™â‡§√◊ËÕßÀ¡“¬≈∫ (-) µàÕ‡¡◊ËÕ™‘Èπ∑¥ Õ∫ à«π¡“°≈â¡‡À≈«

‡¡◊ËÕ„ à¢âÕ¡Ÿ≈®“°µ“√“ß∑’Ë 1 „π ¡°“√∑’Ë 1 ·≈– 2 ·≈â«‰¥âº≈¥—ßπ’È

X = 21 + (4) ( 17 › 1 )  =  28.71 Kg

SD = (1.62) (4) [(7)(45) › (172) + 0.029]  =  3.63 Kg

 ”À√—∫°“√«‘‡§√“–Àå§«“¡·µ°µà“ß∑“ß ∂‘µ‘√–À«à“ß°≈ÿà¡∑¥ Õ∫„™â Behrens-Fisher T-test ´÷Ëß “¡“√∂„™â

‡æ’¬ß§à“‡©≈’Ë¬, §à“‡∫’Ë¬ß‡∫π¡“µ√∞“π·≈–®”π«π™‘Èπ∑¥ Õ∫„π°“√§”π«≥ ‡π◊ËÕß®“°§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß

‡∫π¡“µ√∞“π∑’Ë‰¥â®“°°“√∑¥≈Õßπ’È‰¡à‰¥â§”π«≥®“°§à“‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π®√‘ß¢Õß™‘Èπ∑¥ Õ∫

·µà≈–™‘Èπ [16-18]
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Calibra 13.74 + 0.1 21.22 +  2.66 t = 11.75 p < 0.001

(Prime&Bond)

Panavia 12.28 + 2.66 16.14 + 2.95 t = 3.50 P = 0.002

(Clearfill bond)

Nexus 11.41 + 1.44 17.91 + 5.09 t = 4.99 p < 0.001

(Optibond)

Bonding systems
Fatigue Limit
(MPa + SD)

Shear Bond
Strength

(MPa + SD)

T Value Probability

Subsets

1 Calibra Panavia

(13.74+ 0.1) (12.28 +2.66)

2 Panavia Nexus

(12.28+2.66) (11.41+1.44)

°“√»÷°…“æ◊Èπº‘«™‘Èπ∑¥ Õ∫∑’Ë·µ°À—°
æ◊Èπº‘«∑’Ë·µ°À—°¢Õß™‘Èπ∑¥ Õ∫∂Ÿ°π”¡“

‡§≈◊Õ∫¥â«¬∑Õß‡æ◊ËÕ “¡“√∂π”‰ª«‘‡§√“–Àå¥â«¬

°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ àÕß°√“¥ (JEOL

JSM-35C, Cambridge, UK)

°“√»÷°…“™‘Èπ∑¥ Õ∫∑’Ë‰¡à·µ°À—°
™‘È π∑¥ Õ∫∑’Ë ‰ ¡à ·µ°À— °∂Ÿ °π”¡“·™à „π

 “√ª√–°Õ∫ ‘́≈‡«Õ√å‰π‡µ√∑ (5 mol/L) ‡ªìπ‡«≈“ 48

™—Ë«‚¡ß ·≈â«®÷ß∂Ÿ°µ—¥¥â«¬‡§√◊ËÕßµ—¥™‘Èπ∑¥ Õ∫

(Beuhler, Isomet 11-1180, Coventry, UK) ºà“π

°÷Ëß°≈“ß™‘Èπ∑¥ Õ∫ „π·π«¥‘Ëß‡æ◊ËÕ‡º¬„Àâ‡ÀÁπ™—Èπ

‡´√“¡‘°, √Õ¬µàÕ√–À«à“ß™—Èπ‡´√“¡‘°·≈–‡§≈◊Õ∫øíπ,

·≈–µ—«øíπ À≈—ß®“°π—ÈπÀπâ“µ—¥¢Õß™‘Èπ∑¥ Õ∫®÷ß∂Ÿ°

π”‰ª»÷°…“¥â«¬°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ àÕß

°√“¥

º≈°“√«‘®—¬/ Result
®“°º≈°“√«‘‡§√“–Àå∑“ß ∂‘µ‘æ∫«à“ “¡“√∂

®”·π°°≈ÿà¡∑¥ Õ∫´÷Ëß¡’º≈°“√∑¥≈Õß„°≈â‡§’¬ß°—π

‰¥â‡ªìπ 2 °≈ÿà¡¬àÕ¬¥—ßµ“√“ß∑’Ë 3 ‚¥¬°≈ÿà¡∑¥ Õ∫∑’Ë

Õ¬Ÿà„π°≈ÿà¡¬àÕ¬‡¥’¬«°—π‰¡à¡’§«“¡·µ°µà“ß¢Õßº≈

°“√∑¥≈ÕßÕ¬à“ß¡’π—¬ ”§—≠

µ“√“ß∑’Ë  3 · ¥ß°“√®”·π°°≈ÿà¡¬àÕ¬·≈–§à“‡©≈’Ë¬§«“¡µâ“π∑“πµàÕ§«“¡≈â“·≈–§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π

(MPa)

„π∑ÿ°°≈ÿà¡°“√∑¥ Õ∫æ∫«à“§à“§«“¡µâ“π∑“πµàÕ§«“¡≈â“¡’§à“µË”°«à“§à“§«“¡·¢Áß·√ß‡©◊ÕπÕ¬à“ß¡’π—¬ ”§—≠

µ“√“ß∑’Ë 4 · ¥ß§à“§«“¡µâ“π∑“πµàÕ§«“¡≈â“‡ª√’¬∫‡∑’¬∫°—∫§à“§«“¡·¢Áß·√ß‡©◊Õπ
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º≈°“√»÷°…“™‘Èπ∑¥ Õ∫¥â«¬°≈âÕß®ÿ≈∑√√»πå
Õ‘‡≈§µ√Õπ™π‘¥ àÕß°√“¥

æ∫«à“ 80% ¢Õß™‘Èπ∑¥ Õ∫¡’√Õ¬·µ°√â“«

‡°‘¥¢÷Èπ„π™‘Èπ‡´√“¡‘°∫√‘‡«≥¢â“ß„µâ®ÿ¥∑’Ë¡’·√ß°√–∑”

√Õ¬·µ°√â“«¥”‡π‘πºà“π√Õ¬µàÕ√–À«à“ß‡´√“¡‘°·≈–

 “√‡√´‘π ·≈–®÷ßºà“π‡¢â“‰ª„π™—Èπ¢Õß “√¬÷¥µ‘¥§Õ¡

‚æ ‘µ °“√»÷°…“æ◊Èπº‘«¢Õß™‘Èπ‡´√“¡‘°∑’Ë·µ°À—°æ∫

«à“¡’≈—°…≥–‡ªìπ¢—Èπ¢Õß°“√·µ°À—° (Fracture steps)

´÷Ëß¢¬“¬ ¢π“¥ÕÕ°‡ªìπ«ß°«â“ß ·≈–æ∫¡’°“√·µ°

·¢πß¢Õß√Õ¬√â“«„π™—Èπ¢Õß “√¬÷¥µ‘¥§Õ¡‚æ ‘µ

∑”„Àâ‡°‘¥‡ªìπ™—ÈπÊ  ∑’Ë́ âÕπ‡À≈◊ËÕ¡∑—∫°—π¢Õß§Õ¡‚æ ‘µ

√Ÿª¿“æ∑’Ë 5 ¿“ææ◊Èπº‘«¢Õß™‘Èπ∑¥ Õ∫∑’Ë·µ°À—°

(A) ¿“æ∂à“¬°”≈—ß°“√¢¬“¬µË”®“°°≈âÕß

®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥ àÕß°√“¥ ·≈–·ºπ∑’Ë· ¥ß

µ”·Àπàß¢Õß¿“æ B-F, √Õ¬√â“«¥”‡π‘π®“°¥â“π∫π≈ß

 Ÿà¥â“π≈à“ß¢Õß¿“æ

(B) ¢—Èπ¢Õß°“√·µ°À—°∑’Ë‡°‘¥¢÷Èπ∫πº‘«∑’Ë·µ°À—°

¢Õß‡´√“¡‘°

(C) ¿“æ¢¬“¬¢Õß¿“æ (B) · ¥ß¢—Èπ¬àÕ¬¢Õß

°“√·µ°À—°∑’Ë‡°‘¥∫πæ◊Èπº‘«∑’Ë·µ°À—°¢Õß‡´√“¡‘°

(D) √Õ¬µàÕ√–À«à“ß‡´√“¡‘°, ‡√ ‘́π, ·≈–§Õ¡‚æ ‘µ

(E) √Õ¬µàÕ√–À«à“ß§Õ¡‚æ ‘µ, ‡√´‘π, ·≈–º‘«øíπ

(F) °“√·µ°·¢πß¢Õß√Õ¬·µ°À—°„π§Õ¡‚æ ‘µ

º≈°“√»÷ °… “™‘È π ∑¥ Õ∫ ÷́Ë ß ∂Ÿ ° ¬â Õ ¡¥â « ¬
 “√ª√–°Õ∫ ‘́≈‡«Õ√å‰π‡µ√∑

™‘Èπ∑¥ Õ∫∑ÿ°™‘Èπ¡’°“√µ‘¥ ’∑’Ë∫√‘‡«≥√Õ¬µàÕ

√–À«à“ß™‘Èπ‡´√“¡‘°·≈–º‘«‡§≈◊Õ∫øíπ ÷́Ëß∫àß™’È«à“

∫√‘ ‡«≥π’È¡’ ‚Õ°“ ¡“°∑’Ë®–¡’°“√·∑√°´÷¡¢Õß

¢Õß‡À≈«„π™àÕßª“°·≈–§√“∫ ’µà“ßÊ  ™‘Èπ∑¥ Õ∫

À≈“¬™‘Èπ¡’°“√µ‘¥ ’„π™‘Èπ‡´√“¡‘°‡Õß·≈–„π∫√‘‡«≥

√Õ¬µàÕ¢Õß™—Èπ‡√´‘π·≈–™—Èπ§Õ¡‚æ ‘µ (√Ÿª¿“æ∑’Ë 5C

·≈– 5D) ‡¡◊ËÕæ‘®“√≥“Õ¬à“ß„°≈â™‘¥®–æ∫«à“¡’°“√

µ‘¥ ’¢Õß√Õ¬·µ°√â“«‡≈Á°Ê  „π∫√‘‡«≥∑’Ë¡’·√ß°√–∑”

´÷Ëß· ¥ß∂÷ß§«“¡≈â“„π‡π◊ÈÕ‡´√“¡‘°

√Ÿª¿“æ∑’Ë 6 ™‘Èπ∑¥ Õ∫´÷Ëß∂Ÿ°¬âÕ¡¥â«¬ “√ª√–°Õ∫

´‘≈‡«Õ√å‰π‡µ√∑

(A) ¿“æ∂à“¬°”≈—ß°“√¢¬“¬µË”®“°°≈âÕß®ÿ≈∑√√»πå

incident light microscope ·≈–·ºπ∑’Ë· ¥ßµ”·Àπàß

¢Õß¿“æ B, C

(B) √Õ¬√â“«„π‡´√“¡‘° ÷́Ëßµ‘¥ ’¬âÕ¡´‘≈‡«Õ√å‰π‡µ√∑

(C) °“√µ‘¥ ’¬âÕ¡´‘≈‡«Õ√å‰π‡µ√∑∫√‘‡«≥√Õ¬

µàÕ√–À«à“ß‡´√“¡‘°-§Õ¡‚æ ‘µ-º‘«øíπ

(D) ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§µ√Õπ™π‘¥

 àÕß°√“¥¢Õß™‘Èπ∑¥ Õ∫„π¿“æ (C)
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 √ÿª·≈–Õ¿‘ª√“¬º≈°“√«‘®—¬/ Results and
Discussion

·¡â«à“º≈®“°°“√∑¥≈Õßπ’È®–∫àß™’È«à“§à“§«“¡

µâ“π∑“πµàÕ§«“¡≈â“¢Õß°“√¬÷¥µ‘¥¢Õß«— ¥ÿ‡´√“¡‘°

·≈–º‘«‡§≈◊Õ∫øíπ¡’§à“µË”°«à“§à“§«“¡·¢Áß·√ß‡©◊Õπ

Õ¬à“ß¡’π—¬ ”§—≠ ·≈–¡’§à“„°≈â‡§’¬ß°—∫§à“‡©≈’Ë¬¢Õß

§à“·√ß∫¥‡§’È¬« ª°µ‘„π¡πÿ…¬å ·µàæ÷ßµ√–Àπ—°«à“

æ◊Èπ∑’Ëº‘«¢Õß™‘Èπ∑¥ Õ∫∑’Ë„™â„π°“√«‘®—¬π’È¡’§à“πâÕ¬°«à“

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫æ◊Èπ∑’Ë º‘«®√‘ß¢Õß§√Õ∫øíπÀ√◊Õ

Àπâ“øíπ‡∑’¬¡ ‡π◊ËÕß®“°§«“¡·¢Áß·√ß¢Õß°“√¬÷¥µ‘¥

√–À«à“ß«— ¥ÿ∫Ÿ√≥–øíπ·≈–º‘«øíπ·ª√º—πµ“¡¢π“¥

¢Õßæ◊Èπ∑’Ëº‘«¬÷¥µ‘¥ ®÷ß‰¡àπà“·ª≈°„®∑’Ë«— ¥ÿ∫Ÿ√≥–øíπ

‡À≈à“π’È¡’§«“¡§ß∑π‡¡◊ËÕ„™â∑”°“√∫Ÿ√≥–„πºŸâªÉ«¬∑’Ë¡’

·√ß∫¥‡§’È¬«ª°µ‘´÷Ëß¡’§à“ª√–¡“≥ 0.5-16 °‘‚≈°√—¡

Õ¬à“ß‰√°Áµ“¡„πºŸâªÉ«¬∑’Ë¡’·√ß∫¥‡§’È¬« ¡“°°«à“ª°µ‘

‡™àπ ºŸâªÉ«¬∑’ËπÕπ°—¥øíπ´÷ËßÕ“®¡’§à“·√ß°—¥¢≥–πÕπ

À≈—∫ Ÿß∂÷ß 80 °‘‚≈°√—¡ §à“§«“¡·¢Áß·√ß¢Õß°“√¬÷¥

µ‘¥π’È‰¡à‡æ’¬ßæÕ ß“π«‘®—¬π’Èæ∫«à“„π™‘Èπ∑¥ Õ∫ à«π

„À≠à√Õ¬·µ°√â“«‡√‘Ë¡‡°‘¥¢÷Èπ„πµ—««— ¥ÿ‡´√“¡‘° ‰¡à„™à

∑’Ë√Õ¬µàÕ√–À«à“ß«— ¥ÿ‡´√“¡‘°·≈–º‘«‡§≈◊Õ∫øíπ · ¥ß

«à“§ÿ≥ ¡∫—µ‘§«“¡µâ“π∑“πµàÕ§«“¡≈â“¢Õß‡´√“¡‘°¡’

§«“¡ ”§—≠¡“°µàÕ§«“¡·¢Áß·√ß¢Õß°“√¬÷¥µ‘¥¢Õß

«— ¥ÿ∫Ÿ√≥–øíπ‡´√“¡‘°™π‘¥‡ø≈ ª“µ‘°·≈–º‘«øíπ

°“√æ—≤π“·≈–ª√—∫ª√ÿß§ÿ≥ ¡∫—µ‘π’È¢Õß«— ¥ÿ®÷ß¡’

§«“¡ ”§—≠·≈– àßº≈„Àâ«— ¥ÿ∫Ÿ√≥–øíπ¡’§«“¡

µâ“π∑“πµàÕ·√ß∫¥‡§’È¬«‰¥â¥’¢÷Èπ  ¿“«–∑’Ë‡ªìπ®√‘ß„π

™àÕßª“°π—Èπ«— ¥ÿ∫Ÿ√≥–øÑπ∂Ÿ°°√–∑”¥â«¬·√ß∫¥

‡§’È¬«´÷Ëß¡’§à“‰¡à§ß∑’Ë (dynamic load) ·≈–Õ¬Ÿà¿“¬„µâ

§«“¡™◊Èπ®“°πÈ”≈“¬·≈–Õÿ≥À¿Ÿ¡‘„π™àÕßª“°∑’Ë¡’°“√

‡ª≈’Ë¬π·ª≈ß‡ªìπ™à«ßÊ Õ¬Ÿàµ≈Õ¥‡«≈“µ“¡≈—°…≥–

Õ“À“√∑’Ë√—∫ª√–∑“π µ—«·ª√‡À≈à“π’È≈â«π¡’Õ‘∑∏‘æ≈µàÕ

§«“¡∑π∑“π·≈–Õ“¬ÿ°“√„™âß“π¢Õß«— ¥ÿ∫Ÿ√≥–øÑπ

°“√»÷°…“„π¢—ÈπµàÕ‰ª§«√∑”°“√∑¥≈Õß¿“¬„µâ

 ¿“«–®”≈Õß¥—ß°≈à“« ‡æ◊ËÕ “¡“√∂À“∫∑ √ÿª¢Õß

§«“¡∑π∑“π·≈–Õ“¬ÿ°“√„™âß“π¢Õß«— ¥ÿ∫Ÿ√≥–øÑπ‰¥â

„°≈â‡§’¬ß§«“¡‡ªìπ®√‘ß¡“°∑’Ë ÿ¥

°“√«‘®—¬π’È¬—ß· ¥ß„Àâ‡ÀÁπ«à“´‘≈‡«Õ√å‰π‡µ√∑

 “¡“√∂„™â„π°“√¬âÕ¡ ’√Õ¬√â“«À√◊Õ√Õ¬·¬°´÷Ëß‡°‘¥

¢÷Èπ∫√‘‡«≥√Õ¬µàÕ¢Õß«— ¥ÿ·≈–„π‡π◊ÈÕ‡´√“¡‘°‰¥â

Õ¬à“ß™—¥‡®π ®÷ß‡ªìπ«‘∏’°“√Àπ÷Ëß∑’Ë “¡“√∂„™â«‘‡§√“–Àå

√àÕß√Õ¬§«“¡‡ ’¬À“¬„π«— ¥ÿ‰¥âπÕ°®“°°“√„™â ’¬âÕ¡

™π‘¥Õ◊ËπÊ
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