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1¿“§«‘™“∑—πμ°√√¡ª√–¥‘…∞å §≥–∑—πμ·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬
2π‘ ‘μ∫—≥±‘μ»÷°…“ ¿“§«‘™“∑—πμ°√√¡ª√–¥‘…∞å §≥–∑—πμ·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬

∫∑§—¥¬àÕ

«—μ∂ÿª√– ß§å ‡æ◊ËÕ∑¥ Õ∫·≈–‡ª√’¬∫‡∑’¬∫§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π·≈–≈—°…≥–°“√·μ°À—°¢Õß«— ¥ÿ‡´Õ√å
‚§‡π’¬‡´√“¡‘°∑’Ë¡’Õ—μ√“ à«π§«“¡Àπ“¢Õß§Õ√åμàÕ«’‡π’¬√åæÕ√å´‡≈πμà“ß°—π

«— ¥ÿ·≈–«‘∏’°“√ ∑”°“√¢÷Èπ√Ÿª™‘Èπμ—«Õ¬à“ß‡´Õ√å‚§‡π’¬‡´√“¡‘° ‡ªìπ·ºàπ°≈¡¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß 15 ¡‘≈≈‘‡¡μ√
Àπ“ 1.2 ¡‘≈≈‘‡¡μ√ ®”π«π 50 ™‘Èπ ·∫àß‡ªìπ 5 °≈ÿà¡ °≈ÿà¡≈– 10 ™‘Èπμ“¡Õ—μ√“ à«π§«“¡Àπ“¢Õß™—Èπ§Õ√åμàÕ™—Èπ
«’‡π’¬√å °≈ÿà¡∑’Ë 1 = 1:0 (§Õ√å∑—Èß™‘Èπ) °≈ÿà¡∑’Ë 2 = 2:1 (§Õ√å 0.8 ¡‘≈≈‘‡¡μ√) °≈ÿà¡∑’Ë 3 = 1:1 (§Õ√å 0.6 ¡‘≈≈‘‡¡μ√)
°≈ÿà¡∑’Ë 4 = 1:2 (§Õ√å 0.4 ¡‘≈≈‘‡¡μ√) ·≈– °≈ÿà¡∑’Ë 5 = 0:1 («’‡π’¬√å∑—Èß™‘Èπ) π”™‘Èπμ—«Õ¬à“ß¡“∑¥ Õ∫·≈–§”π«≥
À“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π μ“¡¡“μ√∞“π ISO 6872 ªï §.». 1995 ‚¥¬„™â‡§√◊ËÕß∑¥ Õ∫ “°≈∑’Ë
§«“¡‡√Á«À—«°¥ 1 ¡‘≈≈‘‡¡μ√μàÕπ“∑’ ®π™‘Èπμ—«Õ¬à“ß·μ°

º≈°“√»÷°…“ §à“‡©≈’Ë¬§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π·≈–§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π¢Õß°≈ÿà¡∑’Ë 1 = 921.48 ± 106.86
‡¡°–æ“ §—≈ °≈ÿà¡∑’Ë 2 = 1009.49 ± 98.72 ‡¡°–æ“ §—≈ °≈ÿà¡∑’Ë 3 = 895.68 ± 92.96 ‡¡°–æ“ §—≈ °≈ÿà¡∑’Ë
4 = 768.08 ± 73.17 ‡¡°–æ“ §—≈ ·≈–°≈ÿà¡∑’Ë 5 = 70.49 ± 8.54 ‡¡°–æ“ §—≈ º≈°“√«‘‡§√“–Àå∑“ß ∂‘μ‘¥â«¬
°“√∑¥ Õ∫§«“¡·ª√ª√«π∑“ß‡¥’¬«·≈â«∑”°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ·∫∫·∑¡‡Œπ æ∫«à“ °≈ÿà¡∑’Ë 1-3 ¡’§à“§«“¡
·¢Áß·√ß¥—¥¢«“ß Õß·°π·μ°μà“ß°—πÕ¬à“ß‰¡à¡’π—¬ ”§—≠ (p > 0.05) ·μà¡’§«“¡·μ°μà“ß°—∫°≈ÿà¡∑’Ë 4 ·≈– 5 Õ¬à“ß
¡’π—¬ ”§—≠∑“ß ∂‘μ‘ (p < 0.05)

 √ÿª ∑’Ë§«“¡Àπ“√«¡¢Õß™‘Èπμ—«Õ¬à“ß 1.2 ¡‘≈≈‘‡¡μ√ Õ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å 1:0 2:1 ·≈– 1:1 „Àâ§à“§«“¡
·¢Áß·√ß¥—¥¢«“ß Õß·°π·μ°μà“ßÕ¬à“ß‰¡à¡’π—¬ ”§—≠ ·μà‡¡◊ËÕÕ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å≈¥≈ß‡ªìπ 1:2 ∑”„Àâ§à“§«“¡
·¢Áß·√ß¥—¥¢«“ß Õß·°π≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ ·≈–æ∫°“√·μ°√–À«à“ß™—Èπ„π°≈ÿà¡∑’Ëª√–°Õ∫¥â«¬™—Èπ§Õ√å·≈–™—Èπ
«’‡π’¬√å

(« ∑—πμ ®ÿÃ“œ 2554;34:75-86)

§” ”§—≠: §«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π; ‡´Õ√å‚§‡π’¬‡´√“¡‘°; Õ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å
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∫∑π”

«— ¥ÿÕÕ≈‡´√“¡‘°¡’À≈“¬™π‘¥´÷Ëß¡’§«“¡·μ°μà“ß°—πμ“¡

«‘∏’°“√¢÷Èπ√Ÿª·≈–‚§√ß √â“ß∑“ß‡§¡’¢Õß«— ¥ÿ «— ¥ÿ∑’Ëπ‘¬¡„™â

Õ¬à“ß·æ√àÀ≈“¬ ‰¥â·°à °≈“ ‡´√“¡‘° ‡™àπ ‰Õæ’‡Õ ‡Õ¡‡æ√ 

(IPS Empress, Ivoclar, Schaan, Liechtenstein) Õ–≈Ÿ¡‘

π“‡´√“¡‘° ‡™àπ Õ‘π´’·√¡Õ–≈Ÿ¡‘π“ (In-Ceram Alumina,

Vita Zahnfabrik, Bad Sackingen, Germany) ·≈–‡´Õ√å

‚§‡π’¬‡´√“¡‘°∑’Ë‰¥â√—∫§«“¡π‘¬¡¡“°„πªí®®ÿ∫—π ÷́Ëß à«π„À≠à

‡ªìπ‡´Õ√å‚§‡π’¬∑’Ë¡’¬‘∑‡∑√’¬¡ÕÕ°‰´¥å‡æ◊ËÕ„Àâ‡°‘¥§«“¡‡ ∂’¬√

∫“ß à«π (Yttrium-oxide-partially-stabilized Zirconia,

YPSZ) À√◊Õ∑’Ë‡√’¬°Õ’°™◊ËÕÀπ÷Ëß«à“ ¬‘∑‡∑√’¬‡μμ√–‚°π—≈‡´Õ√å

‚§‡π’¬‚æ≈’§√‘ μ—≈ À√◊Õ «“¬-∑’´’æ’ (Yttria tetragonal

zirconia polycrystal, Y-TZP) μ—«Õ¬à“ß‡™àπ ‡´Õ√å§Õπ

(Cercon, Degudent GmbH, Hanue-Wolfgang, Ger-

many)1 ‡´Õ√å‚§‡π’¬‡´√“¡‘°¡’§«“¡‡¢â“°—π‰¥â∑“ß™’«¿“æ°—∫

‡π◊ÈÕ‡¬◊ËÕ„π™àÕßª“° (biocompatibility)2-5 ·≈–‰¡à‡ªìπæ‘…

μàÕ‡´≈ (non-cytotoxicity)6

«— ¥ÿ‡´Õ√å‚§‡π’¬‡´√“¡‘°™π‘¥ «“¬-∑’´’æ’ ¡’°“√π”¡“

„™â°—π¡“°¢÷Èπ„π°“√∫Ÿ√≥–∑“ß∑—πμ°√√¡ ‡π◊ËÕß®“°¡’ ¡∫—μ‘

‡™‘ß°≈∑’Ë¥’ ‚¥¬‡©æ“–§«“¡·¢Áß·√ß∑’Ë¡“°¢÷Èπ ®“°¢∫«π°“√

∑√“π´øÕ√å‡¡™—Ëπ∑—ø‡øππ‘Ëß (transformation toughening)

‚¥¬°“√‡ª≈’Ë¬π‡ø ¢ÕßÕπÿ¿“§‡´Õ√å‚§‡π’¬®“°‡ø ‡μμ√–‚°π—≈

(tetragonal phase) ‰ª‡ªìπ‡ø ‚¡‚π§≈‘π‘° (monoclinic

phase) √Õ∫ª≈“¬¢Õß√Õ¬·μ° ∑”„Àâª√‘¡“μ√¢ÕßÕπÿ¿“§

‡æ‘Ë¡¢÷Èπ‡°‘¥‡ªìπ§«“¡‡§âπÕ—¥ (compressive stress) ∑’Ë

ªÑÕß°—π‰¡à„Àâ√Õ¬·μ°·ºà¢¬“¬ÕÕ°‰ª2 ‡´Õ√å‚§‡π’¬‡´√“¡‘°™π‘¥

«“¬-∑’´’æ’ ¡’§ÿ≥ ¡∫—μ‘∑“ß°≈μà“ßÊ ∑’Ë¥’ „π·ßà¢Õß§«“¡

 “¡“√∂„π°“√¥Ÿ¥´—∫æ≈—ßß“π°àÕπ°“√·μ°À—° (fracture

toughness) ´÷Ëß¡’§à“ª√–¡“≥ 6-8 ‡¡°–æ“ §—≈.‡¡μ√1/2

§à“§«“¡·¢Áß·√ß¥—¥¢«“ß (flexural strength) ª√–¡“≥

800-1000 ‡¡°–æ“ §—≈7  “¡“√∂μâ“π∑“πμàÕ°“√·μ°À—°

(fracture resistance) ‰¥â¥’ ‚¥¬¡’§à“·√ß∑’Ë∑”„Àâ‡°‘¥°“√·μ°À—°

(fracture force) ª√–¡“≥ 2,226-3,486 π‘«μ—π „π§√Õ∫

øíπ8 ·≈– 1,973-2,237 π‘«μ—π „π –æ“πøíπ9,10 ∑”„Àâ

‡À¡“–∑’Ë®–‡ªìπ«— ¥ÿ∫Ÿ√≥–„πøíπÀ≈—ß∑’ËμâÕßμâ“π∑“πμàÕ·√ß∑’Ë

¡’¡“°„π∫√‘‡«≥π’È §ÿ≥ ¡∫—μ‘∑’Ëπà“∑÷Ëß¢Õß‡´Õ√å‚§‡π’¬‰¥â∂Ÿ°π”

¡“„™âª√–‚¬™πå„π∑“ß°“√·æ∑¬å·≈–∑“ß«‘»«°√√¡À≈“¬Õ¬à“ß

¡“°àÕπÀπâ“π’È·≈â« „π∑“ß°“√·æ∑¬å “¢“»—≈¬°√√¡°√–¥Ÿ°

‰¥â„™â‚æ≈’§√‘ μ—≈‰≈πåÕ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å (polycrystaline

aluminium oxide) ‡ªìπ«— ¥ÿ∑’Ë„™â∑” –‚æ°‡∑’¬¡ (total hip

replacement, THR)7

¥â«¬§«“¡·¢Áß·√ß∑’Ë Ÿß°«à“‡´√“¡‘°™π‘¥Õ◊Ëπ ∑”„Àâ°“√

∑”§√Õ∫øíπ¥â«¬‡´Õ√å‚§‡π’¬‡´√“¡‘°™π‘¥«“¬-∑’´’æ’ “¡“√∂

‡æ‘Ë¡§«“¡Àπ“¢Õß«’‡π’¬√åæÕ√å´‡≈π®“°°“√≈¥§«“¡Àπ“¢Õß

§Õ√å ∑”„Àâ¡’§«“¡‚ª√àß· ß ·≈– “¡“√∂≈¥§«“¡Àπ“¢Õß

 à«π‚¬ß (connector) „π –æ“πøíπ≈ß‰¥â °“√„™â«— ¥ÿ

‡´Õ√å‚§‡π’¬‡´√“¡‘°„π°“√∫Ÿ√≥–øíππ—Èπ ∑“ß∫√‘…—∑ºŸâº≈‘μ

·π–π”„Àâ‡μ√’¬¡øíπ∑“ß¥â“π ∫øíπ„Àâ¡’™àÕß«à“ß 1.5-2

¡‘≈≈‘‡¡μ√ ‡æ◊ËÕ‡ªìπ∑’ËÕ¬Ÿà¢Õß§Õ√å‡´Õ√å‚§‡π’¬Àπ“ 1 ¡‘≈≈‘‡¡μ√

¥â“πºπ—ßμ“¡·°π (axial wall) „Àâ¡’™àÕß«à“ß 1.5 ¡‘≈≈‘‡¡μ√

‡æ◊ËÕ‡ªìπ∑’ËÕ¬Ÿà¢Õß§Õ√å‡´Õ√å‚§‡π’¬Àπ“ 0.4 ¡‘≈≈‘‡¡μ√ §«“¡

·¢Áß·√ß¢Õß™‘Èπß“π‡´√“¡‘°®÷ß¢÷Èπ°—∫§«“¡Àπ“¢Õß∑—Èß à«π

§Õ√å·≈– à«π«’‡π’¬√åæÕ√å´‡≈πª√–°Õ∫°—π ∫“ß∫√‘‡«≥¡’™àÕß

«à“ß∑’Ë®–∫Ÿ√≥–®”°—¥∑”„ÀâμâÕß‡ª≈’Ë¬π·ª≈ßÕ—μ√“ à«π§«“¡

Àπ“¢Õß§Õ√å·≈–«’‡π’¬√åæÕ√å´‡≈π ÷́ËßÕ“®∑”„Àâ§«“¡·¢Áß·√ß

¢Õß™‘Èπß“π≈¥≈ß‰¥â °“√∑¥≈Õß∑“ßÀâÕßªØ‘∫—μ‘°“√·≈–®“°

°“√μ√«®∑“ß§≈‘π‘°æ∫«à“ §√Õ∫øíπ¡—°·μ°À—°‚¥¬ à«π¢Õß

«’‡π’¬√åæÕ√å´‡≈π∫‘Ëπ·μ°·¬°ÕÕ°¡“®“° à«π§Õ√åª√–¡“≥

√âÕ¬≈– 70-7811 ´÷ËßÕ“®‡π◊ËÕß¡“®“°°“√„™âÕ—μ√“ à«π§«“¡

Àπ“¢Õß§Õ√åμàÕ«’‡π’¬√åæÕ√å´‡≈π∑’Ë‰¡à‡À¡“– ¡ ·≈–§«“¡

‡¢â“°—π‰¥â (compatibilitiy) √–À«à“ß§Õ√å°—∫«’‡π’¬√åæÕ√å´‡≈π

‡™àπ Õß§åª√–°Õ∫  —¡ª√– ‘∑∏å°“√¢¬“¬μ—«‡¡◊ËÕ√âÕπ œ≈œ

´÷Ëß¬—ß‡ªìπ∑’Ë ß —¬

Thomvanich Salimee ·≈– Arksornnukit12 ‰¥â

∑”°“√∑¥ Õ∫À“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π (biaxial

flexural strength) „π«— ¥ÿÕÕ≈‡´√“¡‘°Õ‘π ’́·√¡·≈–

‰Õæ’‡Õ ‡Õ¡‡æ√  2 ∑’Ë¡’Õ—μ√“ à«π§«“¡Àπ“¢Õß§Õ√åμàÕ

«’‡π’¬√å·μ°μà“ß°—π¥—ßπ’È §◊Õ 1:0 2:1 1:1 1:2 ·≈– 0:1 æ∫«à“

Õ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å∑’Ë·μ°μà“ß°—π¡’º≈∑”„Àâ§à“§«“¡·¢Áß·√ß

¥—¥¢«“ß Õß·°π¢ÕßÕ‘π ’́·√¡¡’§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠

·μà„π‰Õæ’‡Õ ‡Õ¡‡æ√  2 ‰¡àæ∫§«“¡·μ°μà“ßÕ¬à“ß¡’π—¬ ”§—≠

·≈–§«“¡·¢Áß·√ß‚¥¬√«¡¢Õß‡´√“¡‘°∑’Ëª√–°Õ∫¥â«¬«— ¥ÿ§Õ√å

·≈–«’‡π’¬√å¢÷ÈπÕ¬Ÿà°—∫™π‘¥¢Õß‡´√“¡‘°·≈–Õ—μ√“ à«π§Õ√åμàÕ

«’‡π’¬√å ´÷Ëß‡√◊ËÕß¥—ß°≈à“«¬—ß¡’°“√»÷°…“°—π‰¡à¡“°π—°°—∫«— ¥ÿ
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‡´Õ√å‚§‡π’¬‡´√“¡‘° ¥—ßπ—Èπ°“√«‘®—¬§√—Èßπ’È ®÷ß¡’«—μ∂ÿª√– ß§å

‡æ◊ËÕ∑”°“√»÷°…“∂÷ßÕ—μ√“ à«π§«“¡Àπ“¢Õß§Õ√å‡´Õ√å‚§‡π’¬

·≈–«’‡π’¬√åæÕ√ǻ ‡≈π∑’Ë‡À¡“– ¡∑’Ë®–„Àâ§«“¡·¢Áß·√ß·°à§√Õ∫-

øíπ·≈– –æ“πøíπ‡´Õ√å‚§‡π’¬‡´√“¡‘°™π‘¥«“¬-∑’´’æ’ ‚¥¬

‡ª√’¬∫‡∑’¬∫§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π·≈–≈—°…≥–

°“√·μ°À—° „π™‘Èπμ—«Õ¬à“ß∑’Ë¡’§«“¡Àπ“¢Õß à«π§Õ√å·≈–

«’‡π’¬√åæÕ√å´‡≈π·μ°μà“ß°—π

«— ¥ÿ·≈–«‘∏’°“√

¢÷Èπ√Ÿª™‘Èπμ—«Õ¬à“ß®“°«— ¥ÿ‡´Õ√å‚§‡π’¬¡ÕÕ°‰´¥å

‡´Õ√å§Õπ´÷Ëß¡’¬‘∑‡∑√’¬¡ÕÕ°‰´¥åº ¡Õ¬Ÿà√âÕ¬≈– 5  ·≈–«’‡π’¬√å

æÕ√å´‡≈π‡´Õ√å§Õπ ’́·√¡§‘  (Cercon Base and Cercon

Ceram Kiss, Degudent GmbH, Hanue-Wolfgang,

Germany) ‚¥¬·∫àß™‘Èπμ—«Õ¬à“ßÕÕ°‡ªìπ 5 °≈ÿà¡ °≈ÿà¡≈– 10 ™‘Èπ

·∫àßμ“¡§«“¡Àπ“·≈–Õ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å ¥—ßμ“√“ß∑’Ë 1

‚¥¬‡ªìπ·ºàπ°≈¡‡ âπºà“π»Ÿπ¬å°≈“ß 15 ¡‘≈≈‘‡¡μ√ Àπ“ 1.2

¡‘≈≈‘‡¡μ√ (√Ÿª∑’Ë 1)

°“√‡μ√’¬¡™—Èπ§Õ√å

 √â“ß™—Èπ§Õ√å®“°·∑àß‡´Õ√å§Õπ‡∫ ∑’Ëºà“π°“√‡º“∫“ß à«π

(partially sintered) ‚¥¬„™âÀ—«°√Õ§“√å‰∫¥å°√Õ„Àâ‰¥â‡ªìπ

·ºàπ°≈¡ „Àâ¡’§«“¡Àπ“·≈–‡ âπºà“π»Ÿπ¬å°≈“ß„À≠à°«à“

μ“√“ß∑’Ë 1 °“√·∫àß°≈ÿà¡™‘Èπμ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“π’È

Table 1 Groups of specimen in this study

Group 1 2 3 4 5

Core : veneer ratio 1:0 2:1 1:1 1:2 0:1

Core : veneer thickness (mm.) 1.2:0 0.8:0.4 0.6:0.6 0.4:0.8 0:1.2

Number 10 10 10 10 10

√Ÿª∑’Ë 1 ‚§√ß √â“ß·≈–¢π“¥™‘Èπμ—«Õ¬à“ß∑’Ë„™â∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π

Fig. 1 Structure and dimension of test specimen for biaxial flexural strength

Veneer

Core

15 mm.

1.2 mm.
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¢π“¥∑’ËμâÕß°“√√âÕ¬≈– 30 ‡æ◊ËÕ™¥‡™¬°“√À¥μ—«À≈—ß°“√

‡º“μ“¡§”·π–π”¢Õß∫√‘…—∑ºŸâº≈‘μ ®“°π—Èππ”¡“¢—¥¥â«¬

°√–¥“…∑√“¬¢—¥·Àâß‡∫Õ√å 100 120 360 500 ·≈– 800

μ“¡≈”¥—∫ π”‰ª‡º“∑’ËÕÿ≥À¿Ÿ¡‘ 1,350 Õß»“‡´≈‡´’¬  ‡ªìπ

‡«≈“ 6 ™—Ë«‚¡ß ∑‘Èß‰«â„Àâ‡¬Áπ «—¥§«∫§ÿ¡§«“¡Àπ“‚¥¬„™â

¥‘®‘μÕ≈‰¡‚§√¡‘‡μÕ√å «—¥ 5 μ”·Àπàß ¥—ß√Ÿª∑’Ë 2 π”™‘Èπμ—«Õ¬à“ß

¡“μ√«®À“√Õ¬√â“«‚¥¬·™à™‘Èπμ—«Õ¬à“ß„Àâ —¡º— °—∫πÈ”¬“μ√«®

À“√Õ¬√â“« (VITA In-Ceram Testing Liquid, Vita

Zahnfabrik, BadSakingen, Germany) ∑—Èß Õß¥â“πÊ

≈– 10 π“∑’ π”™‘Èπμ—«Õ¬à“ß∑’Ëμ√«®ºà“π·≈â«¡“∑”°“√æàπ∑√“¬

(sandblast) ¥â«¬ºßÕ–≈Ÿ¡‘‡π’¬¡ÕÕ°‰´¥å¢π“¥ 110 ‰¡§√Õπ

∑’Ë§«“¡¥—π 3.5 ‡Œ§‚μæ“ -§—≈ √–¬–Àà“ß 10 ¡‘≈≈‘‡¡μ√

‡Õ’¬ß∑”¡ÿ¡ 45 Õß»“°—∫√–π“∫ ·≈â«π”‰ª∑”§«“¡ –Õ“¥

¥â«¬‡§√◊ËÕß∑”§«“¡ –Õ“¥·∫∫§«“¡∂’Ë‡Àπ◊Õ‡ ’¬ß‡ªìπ‡«≈“

15 π“∑’

°“√‡μ√’¬¡™—Èπ«’‡π’¬√å

 √â“ß™—Èπ«’‡π’¬√åæÕ√å´‡≈π  ”À√—∫™‘Èπμ—«Õ¬à“ß„π°≈ÿà¡∑’Ë

2-5 ‚¥¬„π°≈ÿà¡∑’Ë 2-4 ∑”‡æ‘Ë¡∫π™—Èπ§Õ√å‚¥¬∑“‰≈‡πÕ√å

·≈–π”‰ª‡¢â“‡μ“‡º“μ“¡‚ª√·°√¡°“√‡º“∑’Ë∫√‘…—∑°”Àπ¥

∑‘Èß‰«â„Àâ‡¬Áπ ®“°π—Èππ”‰ª¢÷Èπ√Ÿª„π·¡à·∫∫ ‘́≈‘‚§π∑’Ë„À≠à°«à“

¢π“¥∑’ËμâÕß°“√‡æ◊ËÕ™¥‡™¬°“√À¥μ—«À≈—ß°“√‡º“  à«π„π°≈ÿà¡

∑’Ë 5 ¢÷Èπ√Ÿª«’‡π’¬√åæÕ√å´‡≈π∑—Èß™‘Èπ‚¥¬„™â·ºàπ·°â«∫“ß (glass

slide) √à«¡°—∫·¡à·∫∫«ß°≈¡∑’Ë∑”®“°ªŸπ¬‘ª´—Ë¡ ‡º“™—Èπ

«’‡π’¬√å·≈–«’‡π’¬√å∑—Èß™‘Èπμ“¡‚ª√·°√¡°“√‡º“∑’Ë∫√‘…—∑°”Àπ¥

∑‘Èß‰«â„Àâ‡¬Áπ π”¡“°√Õ·μàß¥â“π∑’ËæÕ°«’‡π’¬√åæÕ√å´‡≈π¥â«¬

À—«°√Õ ‘́≈‘‚§π·≈–¢—¥¥â«¬°√–¥“…∑√“¬πÈ”‡∫Õ√å 360 500

800 ·≈– 1000 μ“¡≈”¥—∫ „Àâ‰¥â§«“¡Àπ“·≈–¡’√–π“∫∑’Ë

∂Ÿ°μâÕß «—¥§«“¡Àπ“™‘Èπμ—«Õ¬à“ß„Àâ‰¥â§«“¡Àπ“ 1.2 ± 0.005

¡‘≈≈‘‡¡μ√ ·≈–‡ âπºà“π»Ÿπ¬å°≈“ß 15 ± 0.5 ¡‘≈≈‘‡¡μ√ π”‰ª

∑”§«“¡ –Õ“¥¥â«¬‡§√◊ËÕß∑”§«“¡ –Õ“¥·∫∫§«“¡∂’Ë‡Àπ◊Õ

‡ ’¬ß‡ªìπ‡«≈“ 15 π“∑’ „π¢∫«π°“√ √â“ß™‘Èπμ—«Õ¬à“ß ‡¡◊ËÕ

μ√«®¥â«¬ “¬μ“ À“°æ∫™‘Èπß“π¡’√Õ¬√â“« √Ÿæ√ÿπ ∫‘Ëπ·μ°

À√◊Õ‰¡à‰¥â¢π“¥ ®–∑”°“√§—¥ÕÕ°·≈– √â“ß™‘Èπ„À¡à∑¥·∑π

‡°Á∫™‘Èπμ—«Õ¬à“ß∑’Ë‰¥â„πÕÿ≥À¿Ÿ¡‘ÀâÕß

°“√∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π

π”™‘Èπμ—«Õ¬à“ß¡“∑¥ Õ∫§«“¡·¢Áß·√ß¥—¥¢«“ß Õß

·°πμ“¡¡“μ√∞“π ISO 6872 ªï §.». 199513 ‚¥¬„™â‡§√◊ËÕß

∑¥ Õ∫ “°≈ (Instron testing machine model 5566,

Instron Co., USA) ·≈–·ªÑπ∑¥ Õ∫‡ªìπ≈Ÿ°∫Õ≈‡À≈Á°√Õß

√—∫ “¡≈Ÿ° (piston on three ball) ‚¥¬„™âÀ—«°¥¢π“¥‡ âπ

ºà“π»Ÿπ¬å°≈“ß 0.75 ¡‘≈≈‘‡¡μ√ «“ß™‘Èπμ—«Õ¬à“ß≈ß∫π·ªÑπ

∑¥ Õ∫‚¥¬„Àâ à«π¢Õß«’‡π’¬√åæÕ√å´‡≈πÕ¬Ÿà∑“ß¥â“π∫π

‡§≈◊ËÕπÀ—«°¥≈ß∑’Ë®ÿ¥°≈“ß¢Õß™‘Èπμ—«Õ¬à“ß¥â«¬§«“¡‡√Á«

1 ¡‘≈≈‘‡¡μ√μàÕπ“∑’®π·μ° ∫—π∑÷°§à“·√ß°¥ Ÿß ÿ¥§”π«≥

§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°πμ“¡ Ÿμ√ ”À√—∫™‘Èπß“π

™—Èπ‡¥’¬« (°≈ÿà¡∑’Ë 1 ·≈– 5)13 ·≈–™‘Èπß“π Õß™—Èπ (°≈ÿà¡∑’Ë 2

3 ·≈– 4)14

π”¢âÕ¡Ÿ≈∑’Ë‰¥â¡“«‘‡§√“–Àå∑“ß ∂‘μ‘ ‚¥¬„™â‚ª√·°√¡

‡Õ æ’‡Õ ‡Õ  √ÿàπ 13 (SPSS Inc, USA) À“§à“§«“¡·¢Áß·√ß

¥—¥¢«“ß Õß·°π‡©≈’Ë¬·≈–§à“‡∫’Ë¬ß‡∫π¡“μ√∞“π·≈–«‘‡§√“–Àå

√Ÿª∑’Ë 2 ®ÿ¥· ¥ßμ”·Àπàß°“√«—¥§«∫§ÿ¡§«“¡Àπ“¢Õß™‘Èπμ—«Õ¬à“ß ≈Ÿ°»√· ¥ßμ”·Àπàß∑’Ë„™â«—¥¢π“¥‡ âπºà“π»Ÿπ¬å°≈“ß

Fig. 2 Locations used to control thickness (dots) and  diameter (arrows)
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§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« (one-way ANOVA) ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 π”™‘Èπμ—«Õ¬à“ß∑’Ë·μ°¡“μ√«® Õ∫

≈—°…≥–æ◊Èπº‘«¥â«¬°≈âÕß®ÿ≈∑√√»πå™π‘¥ ‡μÕ√‘‚Õ·≈–°≈âÕß

®ÿ≈∑√√»πåÕ‘‡≈§μ√Õπ·∫∫ àÕß°√“¥‡æ◊ËÕ¥Ÿ≈—°…≥–°“√·μ°

º≈°“√»÷°…“

®“°º≈°“√∑¥≈Õß §à“‡©≈’Ë¬·√ß°¥ Ÿß ÿ¥„π·μà≈–°≈ÿà¡
· ¥ß„π√Ÿª∑’Ë 3 π”§à“·√ß°¥ Ÿß ÿ¥¢Õß·μà≈–™‘Èπμ—«Õ¬à“ß¡“
§”π«≥§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π ®“°π—Èππ”¢âÕ¡Ÿ≈
‰ª∑¥ Õ∫°“√°√–®“¬μ—« æ∫«à“¡’°“√°√–®“¬‡ªìπª°μ‘·≈–

∑¥ Õ∫§«“¡·ª√ª√«π¥â«¬°“√∑¥ Õ∫·∫∫≈’«’π (Leveneûs

Test) ·≈–°“√‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ·∫∫·∑¡‡Œπ (Tamhane

multiple comparison) æ∫«à“„π°≈ÿà¡∑’Ë 1 2 ·≈– 3 ¡’§à“

§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π·μ°μà“ß°—πÕ¬à“ß‰¡à¡’π—¬

 ”§—≠∑“ß ∂‘μ‘ ·≈–‡¡◊ËÕπ”‰ª‡ª√’¬∫‡∑’¬∫°—∫°≈ÿà¡∑’Ë 4 ·≈–

5 æ∫«à“ ¡’§«“¡·μ°μà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘

(√Ÿª∑’Ë 4) ™‘Èπμ—«Õ¬à“ß∑’Ë·μ°·∫àß‡ªìπ 2 ≈—°…≥– §◊Õ °“√·μ°

‡ªìπ à«πÊ μ“¡·π«√—»¡’ ÷́Ëßæ∫„π°≈ÿà¡μ—«Õ¬à“ß∑’Ë‡ªìπ™—Èπ

‡¥’¬« §◊Õ °≈ÿà¡∑’Ë 1 ·≈– 5 (√Ÿª∑’Ë 5) ·≈–°“√·μ°≈àÕπ√–À«à“ß

™—Èπ (delamination) ´÷Ëßæ∫„π°≈ÿà¡∑’Ë‡ªìπ Õß™—Èπ (√Ÿª∑’Ë 6

·≈– 7) ‚¥¬™—Èπ«’‡π’¬√å∑’Ë·μ°≈àÕπ à«π„À≠à®–¡’™—Èπ¢Õß‡æ ∑å

‰≈‡πÕ√åμ‘¥ÕÕ°¡“¥â«¬

‡¡◊ËÕæ‘®“√≥“°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß√–¬–∑“ß

°—∫·√ß∑’Ë‡ª≈’Ë¬π‰ª¢Õß™‘Èπμ—«Õ¬à“ß∑—Èß 5 °≈ÿà¡ æ∫«à“¡’

≈—°…≥–‡À¡◊Õπ°—π§◊Õ ¡’¬Õ¥·À≈¡¢Õß°√“ø∑’Ë —¡æ—π∏å°—∫

°“√·μ°À—°¢Õß™‘Èπμ—«Õ¬à“ß‡æ’¬ß®ÿ¥‡¥’¬« (√Ÿª∑’Ë 8)

«‘®“√≥å

„π°“√»÷°…“π’È∑”°“√∑¥ Õ∫‚¥¬„Àâ™—Èπ§Õ√åÕ¬Ÿà¥â“π≈à“ß

‚¥¬„Àâ™—Èπ«’‡π’¬√å√—∫·√ß°¥¥â“π∫π ‡æ◊ËÕ “¡“√∂π”¡“‡ª√’¬∫

‡∑’¬∫°—∫‡´√“¡‘°™π‘¥Õ‘π ’́·√¡·≈–‰Õæ’‡Õ ‡Õ¡‡æ√  2 ∑’Ë‰¥â

∑”°“√»÷°…“‰«â°àÕπÀπâ“π’È12 ‚¥¬¡’°“√»÷°…“∑’Ë· ¥ß„Àâ‡ÀÁπ

«à“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π‰¥â√—∫º≈®“°§ÿ≥ ¡∫—μ‘

√Ÿª∑’Ë 3 ·ºπ¿Ÿ¡‘· ¥ß§à“‡©≈’Ë¬¢Õß·√ß∑’Ë∑”„Àâ‡°‘¥°“√·μ°À—°¢Õß‡´√“¡‘° 5 °≈ÿà¡

Fig. 3 Mean and standard deviation of fracture force of 5 groups
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√Ÿª∑’Ë 4 §à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“μ√∞“π¢Õß§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π¢Õß™‘Èπμ—«Õ¬à“ß∑—Èß 5 °≈ÿà¡

Fig. 4 Mean and standard deviation of biaxial flexural strength of five groups

√Ÿª∑’Ë 5 ≈—°…≥–°“√·μ°„π·π«√—»¡’ æ∫„π°≈ÿà¡∑’Ë‡ªìπ™—Èπ‡¥’¬« (a) °≈ÿà¡∑’Ë 1 §Õ√å‡´Õ√å‚§‡π’¬∑—Èß™‘Èπ æ∫°“√·μ°ÕÕ°‡ªìπ 4-6
™‘Èπ ·≈– (b) °≈ÿà¡∑’Ë 5 «’‡π’¬√åæÕ√å´‡≈π∑—Èß™‘Èπ æ∫°“√·μ°ÕÕ°‡ªìπ 2-4 ™‘Èπ

Fig. 5 Fracture mode of radial crack found in monolayer specimens: a) group 1 zirconia core broke into 4-6
pieces b) veneering porcelain broke into 2-4 pieces
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√Ÿª∑’Ë 6 √Ÿª·∫∫°“√·μ°„π™‘Èπμ—«Õ¬à“ß¢Õß°≈ÿà¡∑’Ëª√–°Õ∫¥â«¬ Õß™—Èπ °≈ÿà¡∑’Ë 2 (a) °≈ÿà¡∑’Ë 3 (b) ·≈–°≈ÿà¡∑’Ë 4 (c) æ∫°“√
·μ°·∫∫√—»¡’√à«¡°—∫°“√·μ°≈àÕπ¢Õß™—Èπ«’‡π’¬√å∫√‘‡«≥„°≈â®ÿ¥°¥

Fig. 6 Fracture mode in bilayer specimen in group 2 (a), group 3 (b), and group 4 (c). Radial crack were found
in combination with delamination of veneer porcelain near loading point

√Ÿª∑’Ë 7 ¿“æ®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§μ√Õπ· ¥ß≈—°…≥–√Õ¬·μ°¢Õß™‘Èπμ—«Õ¬à“ß„π°≈ÿà¡∑’Ë 2

a. æ∫∫√‘‡«≥∑’Ë™—Èπ«’‡π’¬√å·¬°°—∫™—Èπ§Õ√å ·≈–√Õ¬·μ°·∫∫∑√ß°√«¬ (≈Ÿ°»√) „π™—Èπ«’‡π’¬√å (°”≈—ß¢¬“¬ 75 ‡∑à“)

b. · ¥ßæ◊Èπº‘«°“√·μ°∫√‘‡«≥√Õ¬μàÕ æ∫°“√·μ°√–À«à“ß™—Èπ‡æ ∑å‰≈‡πÕ√å·¬°ÕÕ°¡“®“°™—Èπ§Õ√å (°”≈—ß¢¬“¬ 2000
‡∑à“)

Fig. 7 Scanning electron micrograph showed fracture pattern in specimen of group 2

a. Delamination at the interface and cone crack (arrow) were found (75 x)

b. Fracture surface at bonding interface, delamination of paste liner from core material was observed (2000 x)

¢Õß«— ¥ÿ∑’ËÕ¬Ÿà™—Èπ≈à“ß¡“°°«à“15 πÕ°®“°π’Èº≈®“°«‘∏’‰ø‰πμå

‡Õ≈‘‡¡πμå (finite element) · ¥ß„Àâ‡ÀÁπ«à“ °“√«“ß„π

≈—°…≥–¥—ß°≈à“«®–¡’°“√°√–®“¬·√ß‡ªìπ≈—°…≥–‡¥’¬«¥â«¬

·√ß‡§âπÕ—¥∫πº‘««’‡π’¬√å¿“¬„μâ·√ß°¥‡™àπ‡¥’¬«°—∫ ¿“«–∑“ß

§≈‘π‘°16

®“°º≈°“√∑¥≈Õß æ∫«à“„π°≈ÿà¡μ—«Õ¬à“ß∑’Ë 1 2 ·≈– 3

¡’§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π ·μ°μà“ß°—πÕ¬à“ß‰¡à¡’π—¬

 ”§—≠∑“ß ∂‘μ‘ · ¥ß„Àâ‡ÀÁπ«à“§«“¡Àπ“¢Õß§Õ√å‡´Õ√å‚§‡π’¬

μàÕ«’‡π’¬√åæÕ√ǻ ‡≈π„πÕ—μ√“ à«π¥—ß°≈à“«‰¡à¡’º≈μàÕ§«“¡·¢Áß·√ß

¥—¥¢«“ß Õß·°π ·μà‡¡◊ËÕ§«“¡Àπ“¢Õß™—Èπ§Õ√å≈¥≈ß‡ªìπ 0.4

¡‘≈≈‘‡¡μ√ „π°≈ÿà¡∑’Ë 4 ®–∑”„Àâ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß

·°π≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠ §≈â“¬°—∫º≈¢ÕßÀ≈“¬ß“π

«‘®—¬15,17-19 ∑’Ë°≈à“«∂÷ß§«“¡ ”§—≠¢ÕßÕ—μ√“ à«π§Õ√å·≈–

«’‡π’¬√å∑’Ë¡’º≈μàÕ§«“¡·¢Áß·√ß¢Õß‡´√“¡‘° ™π‘¥‡´Õ√å‚§‡π’¬
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√Ÿª∑’Ë 8 √Ÿª·∫∫§«“¡ —¡æ—π∏å√–À«à“ß°“√¬◊¥°—∫·√ß°¥¢Õß™‘Èπμ—«Õ¬à“ß¢≥–∑¥ Õ∫ ‚¥¬æ∫¬Õ¥·À≈¡¢Õß°√“ø∑’Ë —¡æ—π∏å°—∫
°“√·μ°À—°¢Õß™‘Èπ‡æ’¬ß®ÿ¥‡¥’¬«„π∑ÿ°°≈ÿà¡μ—«Õ¬à“ß

Fig. 8 Pattern of load-extension relation in testing specimen.  Single peak of graph at fracture point was observed
in every group

·≈–Õ–≈Ÿ¡‘π“ ‚¥¬Õ—μ√“ à«π§Õ√å·≈–«’‡π’¬√å∑’Ë¡“°¢÷Èπ¡’·π«‚πâ¡

∑”„Àâ‡´√“¡‘°¡’§«“¡·¢Áß·√ß¡“°¢÷Èπ ´÷Ëßªí®®—¬ ”§—≠∑’Ë∑”„Àâ
‡°‘¥§«“¡·μ°μà“ßπ’È¢÷ÈπÕ¬Ÿà°—∫§«“¡‡¢â“°—π‰¥â¢Õß«— ¥ÿ∑—Èß Õß
™π‘¥¥â«¬´÷Ëß‰¥â·°à§ÿ≥ ¡∫—μ‘‡™‘ß°≈ ‡™àπ §à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥
À¬ÿàπ §à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬μ—«‡¡◊ËÕ√âÕπ ·≈–°“√¬÷¥μ‘¥°—π
¢Õß«— ¥ÿ ‡ªìπμâπ ´÷Ëß¢÷ÈπÕ¬Ÿà°—∫Õß§åª√–°Õ∫¢Õß‡´√“¡‘°∑—Èß
 Õß™π‘¥ ·μà®–μà“ß®“°«— ¥ÿ‰Õæ’‡Õ ‡Õ¡‡æ√ „π°“√∑¥≈Õß

°àÕπÀπâ“π’È12 ‡π◊ËÕß®“°«— ¥ÿ‰Õæ’‡Õ ‡Õ¡‡æ√ ¡’§«“¡‡¢â“°—π

‰¥â°—∫«’‡π’¬√åæÕ√å´‡≈π„π¥â“πÕß§åª√–°Õ∫·≈–§à“¡Õ¥Ÿ≈— 

 ¿“æ¬◊¥À¬ÿàπ∑’Ë„°≈â‡§’¬ß°«à“

‡ªìπ∑’Ëπà“ —ß‡°μ«à“§à“·√ß Ÿß ÿ¥‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√

·μ°À—°¢Õß™‘Èπμ—«Õ¬à“ß¡’§à“¡“°¢÷Èπμ“¡™—Èπ§Õ√å∑’ËÀπ“¢÷Èπ

(√Ÿª∑’Ë 3) ·μà‡¡◊ËÕπ”¡“§”π«≥À“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß

 Õß·°πæ∫«à“ „π°≈ÿà¡∑’Ë‡ªìπ§Õ√å‡´Õ√å‚§‡π’¬√à«¡°—∫«’‡π’¬√å

æÕ√å´‡≈π„πÕ—μ√“ à«π 2:1 °≈—∫¡’§à“§«“¡·¢Áß·√ß¥—¥¢«“ß

 Õß·°π¡“°°«à“°≈ÿà¡∑’Ë‡ªìπ§Õ√å‡´Õ√å‚§‡π’¬∑—Èß™‘Èπ ‡™àπ‡¥’¬«

°—∫√“¬ß“πº≈°“√«‘®—¬ ¢Õß Guazzato ·≈–§≥–16 ∑’Ëæ∫«à“

™‘Èπμ—«Õ¬à“ß∑’Ëª√–°Õ∫¥â«¬™—Èπ§Õ√å·≈–«’‡π’¬√åæÕ√å´‡≈π„π

Õ—μ√“ à«π 1:1 „π°“√∑¥ Õ∫·∫∫‡¥’¬«°—π„Àâ§à“§«“¡·¢Áß·√ß

¥—¥¢«“ß Õß·°π¡“°°«à“™‘Èπμ—«Õ¬à“ß∑’Ë‡ªìπ§Õ√å‡´Õ√å‚§‡π’¬

∑—Èß™‘ÈπÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘μ‘  “‡Àμÿ∑’Ë‡ªìπ‡™àππ’Èπà“®–

‡π◊ËÕß®“°§«“¡‡¢â“°—π‰¥â¢Õß§à“ —¡ª√– ‘∑∏å°“√¢¬“¬μ—«‡¡◊ËÕ

√âÕπ∑’Ë‡¢â“°—π‰¥â¥’ ∑”„Àâ‡°‘¥§«“¡‡§âπ§â“ß (residual stress)

∑’ËæÕ‡À¡“–∑”„Àâ‡ √‘¡§«“¡·¢Áß·√ß¢Õß§Õ√å‡´Õ√å‚§‡π’¬¡“°¢÷Èπ

Õ¬à“ß‰√°Áμ“¡§à“∑’Ë¡“°°«à“°—π¥—ß°≈à“«°Á¡’§«“¡·μ°μà“ßÕ¬à“ß

‰¡à¡’π—¬ ”§—≠∑“ß ∂‘μ‘„π°“√∑¥≈Õßπ’È

°“√§”π«≥À“§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π„π™‘Èπ

μ—«Õ¬à“ß∑’Ëª√–°Õ∫¥â«¬«— ¥ÿ Õß™π‘¥¬÷¥μ‘¥°—π´÷Ëß¡’§ÿ≥ ¡∫—μ‘

¢Õß§à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥À¬ÿàπ·≈–§à“Õ—μ√“ à«πªí«´Õßμà“ß°—π

„πß“π«‘®—¬π’È ‰¥â„™â Ÿμ√∑’Ë¥—¥·ª≈ß¡“®“° Ÿμ√¢Õß Roark ∑’Ë

„™âÀ“§à“§«“¡‡§âπ¥—¥‚§âß (bending stress) ¥â“π„μâ¢Õß«— ¥ÿ

∑’Ëª√–°Õ∫¥â«¬ Õß™—Èπ20 ·≈–∂◊Õ«à“‡´√“¡‘°·μà≈–™—Èπ¡’§à“

Õ—μ√“ à«πªí«´Õß‡∑à“°—π14 ¥—ßπ—Èπ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß

·°π„π™‘Èπμ—«Õ¬à“ß®÷ß¢÷Èπ°—∫§«“¡·μ°μà“ß°—π¢Õß§à“¡Õ¥Ÿ≈— 

 ¿“æ¬◊¥À¬ÿàπ‡ªìπ ”§—≠ ‚¥¬«— ¥ÿ∑’Ë¡’§à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥

À¬ÿàπ¢Õß™—Èπ§Õ√å·≈–™—Èπ«’‡π’¬√å∑’Ëμà“ß°—π¡“°®–‡°‘¥°“√·μ°
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√–À«à“ß™—Èπ‰¥âßà“¬16 ®“°ß“π«‘®—¬π’È§à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥À¬ÿàπ

¢Õß§Õ√å‡´Õ√å‚§‡π’¬μà“ß°—∫«’‡π’¬√åæÕ√ǻ ‡≈πª√–¡“≥ 3.5 ‡∑à“

(210 ·≈– 60 °‘°–æ“ §—≈) ∑”„Àâ°“√ àßºà“π·≈–°√–®“¬

·√ß‰ª„π‡´√“¡‘°∑—Èß™‘Èπ∑”‰¥â‰¡à¥’  Õ¥§≈âÕß°—∫°“√»÷°…“

°àÕπÀπâ“π’È12 ´÷Ëßæ∫«à“Õ‘π´’·√¡¡’§à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥À¬ÿàπ

¢Õß§Õ√å·≈–«’‡π’¬√åμà“ß°—π¡“° ∑”„Àâæ∫°“√·μ°·¬°™—Èπ¢Õß

Õ‘π´’·√¡‡ªìπ à«π„À≠à ·μà‰¡àæ∫°“√·μ°≈—°…≥–π’È„π‰Õæ’

‡Õ ‡Õ¡‡æ√  2 ∑’Ë¡’§à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥À¬ÿàπ¢Õß§Õ√å·≈–«’‡π’¬√å

∑’Ëμà“ß°—π‡æ’¬ß 1.4 ‡∑à“

§à“ —¡ª√– ‘∑∏‘Ï°“√¢¬“¬μ—«‡¡◊ËÕ√âÕπ∑’Ëμà“ß°—π¢Õß«— ¥ÿ
·μà≈–™—Èπ¡’º≈μàÕ°“√¬÷¥μ‘¥¢Õß«— ¥ÿ‡™àπ°—π21 ‚¥¬§Õ√å‡´Õ√å
‚§‡π’¬¡’§à“ 10.5 x 10-6/Õß»“‡§≈«‘π ·μà«’‡π’¬√åæÕ√å´‡≈π
‡´Õ√å§Õπ´’·√¡§‘ ¡’§à“ 9.2 x 10-6/Õß»“‡§≈«‘π ∑’ËÕÿ≥À¿Ÿ¡‘
25-500 Õß»“‡´≈‡´’¬  ∑”„Àâ¡’º≈μàÕ§«“¡‡¢â“°—π‰¥â¢Õß
«— ¥ÿ∑—Èß Õß™π‘¥ De Jager ·≈–§≥–22  √ÿª«à“°“√∑’Ë®–‡æ‘Ë¡
§«“¡·¢Áß·√ß„Àâ§√Õ∫øíπ‡´√“¡‘°π—Èπ ™—Èπ«’‡π’¬√åæÕ√ǻ ‡≈π„°≈â
°—∫∫√‘‡«≥∑’Ëμ‘¥°—∫™—Èπ§Õ√å‡ªìπμ”·Àπàß∑’Ë ”§—≠ °“√∑’Ë¡’§à“
 —¡ª√– ‘∑∏‘Ï°“√¢¬“¬μ—«‡¡◊ËÕ√âÕπ∑’Ë‰¡à‡¢â“°—π ∑”„Àâ‡æ‘Ë¡§«“¡
‡§âπ¥÷ß„π™—Èπ«’‡π’¬√å ®÷ß·π–π”„Àâ§à“π’Èμà“ß°—ππâÕ¬∑’Ë ÿ¥‡∑à“∑’Ë
®–‡ªìπ‰ª‰¥â

¥—ßπ—Èπ°“√„™â‡´Õ√å‚§‡π’¬‡´√“¡‘°√à«¡°—∫«’‡π’¬√åæÕ√ǻ ‡≈π
„π°“√∫Ÿ√≥–øíπ®÷ß¡’·π«‚πâ¡‡¥’¬«°—∫‡´√“¡‘°™π‘¥Õ–≈Ÿ¡‘π“
´÷Ëß§«“¡·¢Áß·√ß¢Õß‡´√“¡‘°®–¡’§«“¡ —¡æ—π∏å°—∫§«“¡Àπ“
¢Õß§Õ√å∑’Ë‡æ‘Ë¡¢÷Èπ ·¡â‡´Õ√å‚§‡π’¬‡´√“¡‘°®–¡’§«“¡·¢Áß·√ß
¡“°°«à“ ·μà°Á§«√„Àâ§«“¡√–¡—¥√–«—ß„π∫√‘‡«≥∑’ËÕ—μ√“ à«π
§Õ√å·≈–«’‡π’¬√åμË” ‡™àπ∫√‘‡«≥ª≈“¬øíπ®÷ß¡’‚Õ°“ ∑’Ë®–‡°‘¥°“√
·μ°À—°‰¥âßà“¬

‡¡◊ËÕæ‘®“√≥“≈—°…≥–°“√·μ°¢Õß™‘Èπμ—«Õ¬à“ßæ∫«à“
„π°≈ÿà¡∑’Ë¡’™—Èπ‡¥’¬« ™‘Èπμ—«Õ¬à“ß‡´Õ√å‚§‡π’¬ à«π„À≠à¡’°“√
·μ°„π·π«√—»¡’ (4-6 ™‘Èπ) ¡“°°«à“™‘Èπμ—«Õ¬à“ß«’‡π’¬√å (2-4
™‘Èπ) ¥—ß√Ÿª∑’Ë 5 ‡π◊ËÕß¡“®“°§Õ√å‡´Õ√å‚§‡π’¬¡’§«“¡·¢Áß·√ß¡“°
°«à“®÷ß°√–®“¬·√ß‰ª∑—Ë«∫√‘‡«≥™‘Èπμ—«Õ¬à“ß‰¥â¥’°«à“ ‡¡◊ËÕ¥Ÿ
®“°°≈âÕß®ÿ≈∑√√»πåÕ‘‡≈§μ√Õπ·∫∫ àÕß°√“¥æ∫«à“§Õ√å‡´Õ√å
‚§‡π’¬¡’≈—°…≥–·πàπ∑÷∫‰¡à¡’√Ÿæ√ÿπ μà“ß®“°«’‡π’¬√åæÕ√å-
´‡≈π´÷Ëß¡’√Ÿæ√ÿπÕ¬Ÿà∑—Ë«‰ª  à«π≈—°…≥–°“√·μ°„π°≈ÿà¡∑’Ë 2 3
·≈– 4 æ∫°“√·μ°·∫∫√—»¡’·≈–¡’°“√·μ°≈àÕπ¢Õß™—Èπ
«’‡π’¬√å∫√‘‡«≥ à«π°≈“ßÕÕ°¡“ (√Ÿª∑’Ë 6)  à«π«’‡π’¬√å∑’Ë¢Õ∫πÕ°

¢Õß™‘Èπμ—«Õ¬à“ß®–‰¡à·μ°≈àÕπÕÕ°¡“ ‡π◊ËÕß¡“®“°§«“¡‡§âπ
∑’Ë‡°‘¥®“°°“√ —¡º—  (contact stress) ®–¡’Õ‘∑∏‘æ≈„Àâ‡°‘¥
§«“¡‡§âπÕ—¥„°≈â°—∫∫√‘‡«≥À—«°¥23 ®÷ß‡ÀÁπ°“√·μ°≈àÕπ¢Õß
™—Èπ«’‡π’¬√å„π à«π°≈“ß ·≈– Õ¥§≈âÕß°—∫º≈°“√«‘‡§√“–Àå
‰ø‰πμå‡Õ≈‘‡¡πμå∑’Ë√“¬ß“π¡“°àÕπÀπâ“π’È16,23 πÕ°®“°π’È
‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—π®–æ∫«à“§«“¡°«â“ß¢Õß™—Èπ«’‡π’¬√å√Õ∫
πÕ°∑’Ë‡À≈◊Õμ‘¥°—∫™—Èπ§Õ√å„π°≈ÿà¡∑’Ë 2 ®–°«â“ß°«à“„π°≈ÿà¡∑’Ë 3
·≈–°≈ÿà¡∑’Ë 4 ‡ªìπ‰ª‰¥â«à“ ™‘Èπμ—«Õ¬à“ß∑’Ë¡’™—Èπ§Õ√å∑’Ë∫“ß°«à“
‡°‘¥°“√‚§âßßÕ (deflection) ‰¥â¡“°°«à“ ®÷ß‡°‘¥°“√·μ°≈àÕπ
¢Õß™—Èπ«’‡π’¬√å‡ªìπ∫√‘‡«≥°«â“ß°«à“ ¥—ßπ—Èπ à«π§Õ√å¥â“π„μâ∑’Ë
Àπ“°«à“®÷ß “¡“√∂ªÑÕß°—π°“√‚§âßßÕ‰¥â¥’ ÷́Ëß°àÕ„Àâ‡°‘¥§«“¡
·¢Áß·√ß¢Õß«— ¥ÿ‡´√“¡‘°∑—Èß™‘Èπ¡“°°«à“

®ÿ¥‡√‘Ë¡μâπ√Õ¬·μ°¢Õß™—Èπ‡´√“¡‘° “¡“√∂‡°‘¥®“°
μ”·Àπàßμà“ßÊ ‰¥â·°à  à«πμàÕ√–À«à“ß™—Èπ§Õ√å·≈–™—Èπ«’‡π’¬√å
æ◊Èπº‘«¢Õß™—Èπ«’‡π’¬√å ·≈–æ◊Èπº‘«¢Õß™—Èπ§Õ√å11 ‡¡◊ËÕæ‘®“√≥“
°√“ø· ¥ß§«“¡ —¡æ—π∏å√–À«à“ß√–¬–∑“ß°—∫·√ß∑’Ë‡ª≈’Ë¬π‰ª
¢Õß™‘Èπμ—«Õ¬à“ß∑—Èß 5 °≈ÿà¡ æ∫«à“≈—°…≥–‡À¡◊Õπ°—π∑ÿ°°≈ÿà¡
§◊Õ ¡’¬Õ¥·À≈¡¢Õß°√“ø∑’Ë —¡æ—π∏å°—∫°“√·μ°À—°¢Õß™‘Èπ
μ—«Õ¬à“ß‡æ’¬ß®ÿ¥‡¥’¬« (√Ÿª∑’Ë 8)  Õ¥§≈âÕß°—∫º≈¢Õß
Wakabayashi ·≈– Anusavice18 ´÷ËßÕ∏‘∫“¬«à“√Õ¬√â“«‡√‘Ë¡
‡°‘¥®“°„π™—Èπ«’‡π’¬√å·ºà¢¬“¬¡“∂÷ß™—Èπ§Õ√å·≈â«®÷ß·ºà¢¬“¬‰ª
μ“¡√Õ¬μàÕ√–À«à“ß™—Èπ ‚¥¬∑’Ë™—Èπ«’‡π’¬√å¬—ß¬÷¥μ‘¥Õ¬Ÿà°—∫ à«π
§Õ√å æ√âÕ¡°—∫°“√‡°‘¥√Õ¬√â“«∑’Ë∫√‘‡«≥¥â“π„μâ¢Õß§Õ√åºà“π
‰ª Ÿà™—Èπ«’‡π’¬√åπ”‰ª Ÿà°“√·μ°À—°∑—Èß™‘Èπ·≈–‡°‘¥°“√·μ°≈àÕπ¢Õß
™—Èπ«’‡π’¬√å ·μàº≈π’Èμà“ß°—∫„π°“√«‘®—¬¢Õß Guazzatto ·≈–
§≥–16 ·≈– Studart ·≈–§≥–24 ´÷Ëßæ∫«à“¡’¬Õ¥·À≈¡¢Õß
°√“ø 2 ®ÿ¥‡æ‘Ë¡¢÷Èπ¡“°àÕπ∑’Ë®–∂÷ß¬Õ¥·À≈¡ Ÿß ÿ¥ ÷́Ëß
 —¡æ—π∏å°—∫°“√·μ°¢Õß™—ÈπæÕ√ǻ ‡≈π°àÕπ∑’Ë®–‡°‘¥°“√·μ°À—°
¢Õß™—Èπ§Õ√å„π∑’Ë ÿ¥ §«“¡·μ°μà“ß¢Õßº≈¥—ß°≈à“«Õ“®‡π◊ËÕß¡“
®“°·√ß¬÷¥μ‘¥¢Õß™—Èπ§Õ√å·≈–«’‡π’¬√åÀ√◊Õ®“°§«“¡·¢Áß·√ß
¢Õßμ—«æÕ√å´‡≈π«’‡π’¬√å´÷ËßÕ“®μà“ß°—π„π·μà≈–°“√∑¥≈Õß

„π°“√∑¥≈Õßπ’Èæ∫«à“æ∫«à“™—Èπ¢Õß‡æ ∑å‰≈‡πÕ√å®–μ‘¥‰ª
°—∫ à«π¢Õß™—Èπ«’‡π’¬√å∑’Ë·μ°≈àÕπÕÕ°¡“®“°™—Èπ§Õ√å‡´Õ√å‚§‡π’¬
‡ªìπ à«π„À≠à (√Ÿª∑’Ë 7) Õß§åª√–°Õ∫¢Õß‰≈‡πÕ√åÕ“®¡’º≈
∑”„Àâ™—Èπ‰≈‡πÕ√åμ‘¥‰ª°—∫™—Èπ«’‡π’¬√å ‡π◊ËÕß®“°‰≈‡πÕ√å‡ªìπ
‡ø≈¥å ª“μ‘°æÕ√å´‡≈π∑’Ë¡’´’≈’‡π’¬¡ (selenium) ‡ªìπÕß§å
ª√–°Õ∫ ®÷ß∑”„Àâ‡¢â“°—π‰¥â¥’°«à“ à«π§Õ√å25 ·≈–‡ªìπ‰ª‰¥â
«à“™—Èπ‡æ ∑å‰≈‡πÕ√å¡’§à“¡Õ¥Ÿ≈—  ¿“æ¬◊¥À¬ÿàπ·≈– à«π
ª√–°Õ∫∑’Ë„°≈â‡§’¬ß°—∫™—Èπ«’‡π’¬√åæÕ√å´‡≈π ∑”„Àâ‡°‘¥°“√·μ°
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≈àÕπμ‘¥ÕÕ°¡“°—∫™—Èπ«’‡π’¬√å‡ªìπ à«π„À≠à

„π∑“ß§≈‘π‘°°“√‡∫’Ë¬ß‡∫π¢Õß√Õ¬·μ° (crack deflec-

tion) ∑”„Àâæ∫™—Èπ«’‡π’¬√åæÕ√å´‡≈π·μ°¡“°°«à“∑’Ë®–‡°‘¥°“√

·μ°À—°∑—Èß™‘Èπ ‡π◊ËÕß®“°‡´Õ√å‚§‡π’¬μâ“π∑“π°“√‡°‘¥√Õ¬√â“«

‰¥â¥’°«à“15 ‚¥¬√Õ¬·μ°∑’Ë·ºà¢¬“¬¡“®“°™—Èπ«’‡π’¬√å®–‡°‘¥

°“√‡∫’Ë¬ß‡∫π∑’Ë√Õ¬μàÕ√–À«à“ß™—Èπ§Õ√å·≈–™—Èπ«’‡π’¬√å ‡¡◊ËÕ„™â

«— ¥ÿ§Õ√å∑’Ë¡’§«“¡‡Àπ’¬« ‡™àπ Õ‘π´’·√¡‡´Õ√å‚§‡π’¬ ·≈–

‡´Õ√å‚§‡π’¬‡´√“¡‘°™π‘¥«“¬-∑’´’æ’24 ·μà√Õ¬·μ°‰¡à “¡“√∂

·ºà¢¬“¬®“°‡´√“¡‘°∑’Ë¡’§à“¡Õ¥Ÿ≈— ·≈–§«“¡‡Àπ’¬«μË”‰ª Ÿà

‡´√“¡‘°∑’Ë¡’§à“¥—ß°≈à“«¡“°°«à“‰¥â26

¡’ªí®®—¬Õ’°À≈“¬Õ¬à“ß∑’Ë¡’º≈μàÕ≈—°…≥–°“√·μ°À—°

¢Õß«— ¥ÿ‡´√“¡‘°∑’Ëª√–°Õ∫¥â«¬™—Èπ§Õ√å·≈–«’‡π’¬√åæÕ√å´‡≈π

‰¥â·°à §«“¡‡§âπ∑’Ë‡À≈◊Õ§â“ß®“°°√–∫«π°“√¢÷Èπ√Ÿª ≈—°…≥–

°“√‡μ√’¬¡øíπ‡æ◊ËÕ√Õß√—∫«— ¥ÿ∫Ÿ√≥– °“√‡°‘¥∑√“π´øÕ√å‡¡™—Ëπ

¢Õßº≈÷°‡´Õ√å‚§‡π’¬∑’Ë à«π‡™◊ËÕ¡√–À«à“ß§Õ√å°—∫«’‡π’¬√å‡π◊ËÕß

®“°Õÿ≥À¿Ÿ¡‘À√◊Õ·√ß‡§âπ °“√ √â“ß™‘Èπß“π∑’ËÕ“®¡’√Õ¬√â“«

‡°‘¥¢÷Èπμ“¡∏√√¡™“μ‘Õ¬Ÿà·≈â«  “√¬÷¥μ‘¥ (luting agent)

∑‘»∑“ß μ”·Àπàß ·≈–™π‘¥¢Õß·√ß∑’Ë„Àâ ·≈– ¿“æ·«¥≈âÕ¡

¢≥–∑¥ Õ∫21,26-29 Õß§åª√–°Õ∫¢Õß«— ¥ÿ·≈–§à“§«“¡

 “¡“√∂„π°“√¥Ÿ¥ —́∫æ≈—ßß“π°àÕπ°“√·μ°À—°¢Õß«— ¥ÿ·μà≈–

™—Èπ23 ¥—ßπ—Èπ ·¡â°“√„™â§Õ√å‡´Õ√å‚§‡π’¬®–‡ªìπ∑’Ë¬Õ¡√—∫«à“

 “¡“√∂μâ“π∑“πμàÕ°“√·μ°À—°‰¥â Ÿß ·μà°Á§«√„Àâ§«“¡

 ”§—≠°—∫‚§√ß √â“ßÕ—μ√“ à«π§Õ√å·≈–«’‡π’¬√å∑’Ë‡À¡“– ¡

°√–∫«π°“√¢÷Èπ√Ÿª™—Èπ«’‡π’¬√åæÕ√ǻ ‡≈π√«¡∑—Èß°“√ª√—∫ª√ÿß·√ß

¬÷¥√–À«à“ß™—Èπ§Õ√å°—∫™—Èπ«’‡π’¬√å„Àâ¥’¢÷Èπ‡æ◊ËÕ§«“¡ ”‡√Á®„π

√–¬–¬“«

 √ÿª

Õ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å∑’Ë·μ°μà“ß°—π¡’º≈μàÕ§à“§«“¡

·¢Áß·√ß¥—¥¢«“ß Õß·°π¢Õß«— ¥ÿ‡´Õ√å‚§‡π’¬‡´√“¡‘°™π‘¥

«“¬-∑’´’æ’ ‚¥¬∑’ËÕ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å 1:0 2:1 ·≈– 1:1

„Àâ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π·μ°μà“ß°—πÕ¬à“ß‰¡à¡’π—¬

 ”§—≠ ·μà‡¡◊ËÕÕ—μ√“ à«π§Õ√åμàÕ«’‡π’¬√å≈¥≈ß‡ªìπ 1:2 ®–∑”

„Àâ§à“§«“¡·¢Áß·√ß¥—¥¢«“ß Õß·°π≈¥≈ßÕ¬à“ß¡’π—¬ ”§—≠

∑“ß ∂‘μ‘

°‘μμ‘°√√¡ª√–°“»

¢Õ¢Õ∫§ÿ≥°“√ π—∫ πÿπ‡ß‘π∑ÿπ°“√«‘®—¬®“°°Õß∑ÿπ«‘®—¬

§≥–∑—πμ·æ∑¬»“ μ√å ®ÿÃ“≈ß°√≥å¡À“«‘∑¬“≈—¬ ª√–®”ªï

2550 ¢Õ¢Õ∫§ÿ≥Õ“®“√¬å‰ææ√√≥ «‘∑¬“ππ∑å ∑’Ë™à«¬„Àâ

§«“¡√Ÿâ·≈–§”ª√÷°…“∑“ß¥â“π ∂‘μ‘ ·≈–¢Õ¢Õ∫§ÿ≥∫√‘…—∑

‡´Õ√å§Õπ‰∑¬·≈π¥å ∑’Ë‡Õ◊ÈÕ‡øóôÕ«— ¥ÿ‡´Õ√å§Õπ‡∫ ·≈–«’‡π’¬√å
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Abstracts

Objective To investigate the biaxial flexural strength (BFS) and mode of fracture of zirconia
ceramic with different thickness of core: veneer ratio.

Materials and methods Fifty disc specimens (15 mm. in diameter and 1.2 mm. in thickness) of
zirconia ceramic were fabricated for 5 groups (n=10) according to core:veneer ratio; group 1 = 1:0
(core alone), group 2 = 2:1 (core 0.8 mm) group 3 = 1:1 (core 0.6 mm.), group 4 = 1:2 (core 0.4 mm.)
and group 5 = 0:1 (veneer porcelain alone). All specimens were subjected to biaxial flexural test
following ISO 6872: 1995 until failure occurred and calculated the BFS. All tests were carried out
on the Instron 5566 with crosshead speed of 1.0 mm/min.

Results The means BFS ± SD of group 1-5 were 921.48 ± 106.86 MPa, 1009.49 ± 98.72 MPa,
895.68 ± 92.96 MPa, 768.08 ± 73.17 MPa and 70.49 ± 8.54 MPa, respectively. ANOVA and Tamhane
test revealed that there was no significant difference among the BFS of group 1, group 2 and group
3 (p > 0.05) but the BFS of these groups were significantly higher than the BFS of group 4 and group
5 (p < 0.05).

Conclusion In case of specimen with 1.2 mm. in thickness, the difference of core and veneer ratio
1:0, 2:1 and 1:1 did not affect the BFS, but decreasing in thickness of core and veneer ratio to 1:2,
the BFS of zirconia ceramic was significantly decreased. Delamination of core-veneer interface can
be observed in all core-veneer specimens.

(CU Dent J. 2011;34:75-86)
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