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∫∑§—¥¬àÕ 
«—µ∂ÿª√–ß§å: ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫§«“¡“¡“√∂„π

°“√µâ“π∑“π°“√·µ°À—°·≈–√Ÿª·∫∫∑’Ë‡°‘¥°“√·µ°À—°

¢Õßøíπ°√“¡πâÕ¬∑’Ë¡’√Ÿª√à“ß§≈Õß√“°‰¡à°≈¡À≈—ß°“√

∫Ÿ√≥–¥â«¬√–∫∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ë·µ°

µà“ß°—π «—¥ÿÕÿª°√≥å·≈–«‘∏’°“√: øíπ¡πÿ…¬å´’Ë°√“¡πâÕ¬ øíπ¡πÿ…¬å´’Ë°√“¡πâÕ¬ øíπ¡π

§≈Õß√“°øíπ‡¥’¬«∑’Ë¡’√Ÿª√à“ßÀπâ“µ—¥‰¡à°≈¡®”π«π 40 

´’Ë ·∫àßÕÕ°‡ªìπ 4 °≈ÿà¡ °≈ÿà¡≈– 10 ´’Ë‚¥¬°“√ÿà¡ µ—¥

à«πµ—«øíπ∑’ Ëµ”·Àπàß‡Àπ◊Õ√Õ¬µàÕ‡§≈◊Õ∫øíπ·≈–

‡§≈◊Õ∫√“°øíπ 2 ¡‘≈≈‘‡¡µ√ °≈ÿà¡∑’Ë 1 (Var) ¬÷¥‡¥◊Õ¬

øíπ‰ø∫√’‡§≈’¬√å¥â«¬·«√‘‚Õ≈‘ß§å∑Ÿ‡√´‘π´’‡¡πµå °≈ÿà¡∑’Ë 2 

(Ref) „™â‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å√à«¡°—∫‡¥◊Õ¬øíπ¢π“¥

Abstract 
Purpose: To compare the fracture resistance 

and fracture mode of non-circular premolar root 

canals restored with different fiber-reinforced 

composite post systems. Materials and methods: 

Forty non-circular single premolar root canals 

were randomly assigned to four groups (n=10). 

Coronal portions of the teeth were removed at a 

level 2 mm incisal to the cemento-enamel 

junction (CEJ). In Group 1 (Var), FibreKleer®

posts were cemented with Variolink® II; in 

Group 2 (Ref), FibreKleer® posts and REFOR-

∫∑«‘∑¬“°“√ 
Original Article 
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‡≈Á°√’øÕ√å-æ‘π·≈–¬÷¥¥â«¬·«√‘‚Õ≈‘ß§å∑Ÿ‡√´‘π´’‡¡πµå °≈ÿà¡

∑’Ë 3 (Mul) ¬÷¥‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å¥â«¬«—¥ÿ·°πøíπ¬÷¥‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å¥â«¬«—¥ÿ·°πøíπ¬÷¥‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√

‡√´‘π§Õ¡‚æ‘µ¡—≈µ‘§Õ√å‚ø≈«å ·≈–°≈ÿà¡∑’Ë 4 (Evo)

∫Ÿ√≥–øíπ¥â«¬·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ¬÷¥¥â«¬·«√‘‚Õ≈‘ß§å

∑Ÿ‡√´‘π´’‡¡πµå ¬÷¥§√Õ∫øíπ‚≈À–∫πøíπ∑ÿ°´’Ë¥â«¬·«√‘‚Õ

≈‘ß§å∑Ÿ‡√´‘π´’‡¡πµå π”™‘Èπ∑¥Õ∫∑—ÈßÀ¡¥∑¥Õ∫·√ß≈‘ß§å∑Ÿ‡√´‘π´’‡¡πµå π”™‘Èπ∑¥Õ∫∑—ÈßÀ¡¥∑¥Õ∫·√ß≈‘ß§å

°¥¥â«¬‡§√◊ËÕß∑¥Õ∫“°≈™π‘¥Õ‘πµ√Õπ §«“¡‡√Á«

À—«°¥ 0.5 ¡‘≈≈‘‡¡µ√µàÕπ“∑’ ∑”¡ÿ¡ 45° °—∫·π«·°π

øíπ π”§à“·√ß‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßøíπ

·µà≈–°≈ÿà¡¡“«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« 

·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∑Ÿ°’¬å °”Àπ¥√–¥—∫π—¬·≈–‡ª√’¬∫‡∑’¬∫‡™‘ß´âÕπ™π‘¥∑Ÿ°’¬å °”Àπ¥√–¥—∫π—¬·≈–‡ª√’¬∫‡∑

”§—≠ p<0.05 ·≈–«‘‡§√“–Àå√Ÿª·∫∫°“√·µ°À—°∑’Ë‡°‘¥

¢÷Èπ¢Õß∑ÿ°°≈ÿà¡°“√∑¥≈Õß º≈°“√»÷°…“: §à“‡©≈’Ë¬

§«“¡µâ“π∑“π°“√·µ°À—°¢Õßøíπ°≈ÿà¡ Var µË”°«à“Var µË”°«à“Var

°≈ÿà¡Õ◊ËπÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.05) §«“¡

µâ“π∑“π°“√·µ°À—°¢Õßøíπ°≈ÿà¡ Ref Mul ·≈– Evo

¡’§à“‰¡à·µ°µà“ß°—π ·≈–°≈ÿà¡ Ref æ∫°“√·µ°À—°„πRef æ∫°“√·µ°À—°„πRef

√Ÿª·∫∫∑’Ë“¡“√∂∫Ÿ√≥–øíπ„À¡à‰¥â¡“°∑’Ëÿ¥ (√âÕ¬≈– 

70) ∫∑√ÿª: °“√„™â¡—≈µ‘§Õ√å‚ø≈«å·∑π™—Èπ¢Õß‡√´‘π

’‡¡πµå∑’ËÀπ“™à«¬‡æ‘Ë¡§«“¡µâ“π∑“π°“√·µ°À—°„πøíπ´’‡¡πµå∑’ËÀπ“™à«¬‡æ‘Ë¡§«“¡µâ“π∑“π°“√·µ°À—°„πøíπ´

∑’Ë¡’§≈Õß√“°‰¡à°≈¡‰¥â °“√„™â‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬√à«¡°—∫‡¥◊Õ¬øíπ¢π“¥‡≈Á°√’øÕ√åæ‘π À√◊Õ°“√„™â

‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ√à«¡°—∫·«√‘‚Õ≈‘ß§å∑Ÿ‡√´‘π´’‡¡πµå‡ªìπ

Õ’°∑“ß‡≈◊Õ°∑’Ë„™â„π°“√∫Ÿ√≥–øíπ§≈Õß√“°‰¡à°≈¡ 

§””§—≠: §«“¡µâ“π∑“π°“√·µ°À—° øíπ§≈Õß√“°‰¡à

°≈¡ √–∫∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ 

PIN were cemented with Variolink® II; in Group 

3 (Mul), FibreKleer® posts were cemented with 

Multicore® Flow; in Group 4 (Evo), Variolink®

II was used for cementation of Evolution posts 

and cores. Metallic crowns were cemented with 

Variolink® II in all teeth. The samples were 

loaded in an Instron® universal testing machine 

with a crosshead speed of 0.5 mm/min at a 45°

angle to the long axis of the tooth. The mean 

fracture load of each group was analyzed using 

the one-way ANOVA, Tukey multiple 

comparison test (p<0.05). The fracture modes of 

all experimental groups were analyzed. Results: 

The mean fracture resistance of the Var group 

was significantly lower than that of the others 

(p<0.05). No statistically significant difference 

was found between the Ref, Mul and Evo 

groups. Restorable failures were most frequently 

found in the Ref group (70%). Conclusions: The 

use of Multicore® Flow instead of the high 

thickness of resin cement layer can increase 

fracture resistance of teeth with non-circular root 

canals. Fiber-reinforced composite posts and 

REFORPIN accessory posts or Evolution posts 

and cores with Variolink® II can be used as an 

alternative treatment in teeth with non-circular 

root canals.  

Keywords:  fracture resistance, non-circular root 

canals, fiber-reinforced composite post systems 

∫∑π” 
 §«“¡”‡√Á®¢Õß°“√∫Ÿ√≥–øíπ∑’ Ë‰¥â√ —∫°“√√—°…“

§≈Õß√“°øíπ·≈â«¥â«¬‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ ¢÷Èπ

Õ¬Ÿà°—∫À≈“¬ªí®®—¬ §«“¡Àπ“¢Õß™—Èπ´’‡¡πµå‡ªìπªí®®—¬

Àπ÷Ëß∑’Ë¡’§«“¡”§—≠µàÕ§«“¡µâ“π∑“π°“√À≈ÿ¥¢Õß‡¥◊Õ¬

øíπ(1) ™—Èπ´’‡¡πµå∑’ËÀπ“‡ªìπ®ÿ¥ÕàÕπ∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—° ™—Èπ´’‡¡πµå∑’ËÀπ“‡ªìπ®ÿ¥ÕàÕπ∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—° ™—Èπ´’‡¡πµå∑’ËÀπ“‡ªìπ®ÿ¥ÕàÕπ∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—

„π™—Èπ´’‡¡πµå´÷Ëß‡’Ë¬ßµàÕ°“√Ÿ≠‡’¬°“√¬÷¥µ‘¥¢Õß‡¥◊Õ¬

øíπ(2) ·≈–øíπ∑’Ë¡’§≈Õß√“°√Ÿª√à“ß‰¡à°≈¡ ‡™àπ øíπµ—¥∫π

´’Ë¢â“ß À√◊Õøíπ°√“¡πâÕ¬(3) ‡¡◊ËÕ∫Ÿ√≥–¥â«¬‡¥◊Õ¬øíπ§Õ¡

‚æ‘µ‡√‘¡‡âπ„¬´÷Ëß¡’Àπâ“µ—¥°≈¡®÷ß‰¡àæÕ¥’°—∫√Ÿª√à“ß

¢Õß§≈Õß√“°øíπ ·≈–∑”„Àâ‡°‘¥™—Èπ´’‡¡πµå∑’ËÀπ“ ¥—ßπ—Èπ

§«√À“«‘∏’¬÷¥‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ë“¡“√∂≈¥
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§«“¡Àπ“¢Õß™—Èπ´’‡¡πµå ‡æ◊ËÕ≈¥‚Õ°“‡°‘¥§«“¡≈â¡

‡À≈«¢Õß°“√∫Ÿ√≥– 

 ®“°°“√»÷°…“«‘∏’∫Ÿ√≥–øíπ∑’ Ë√ —°…“§≈Õß√“°∑’ Ë¡’

¢π“¥„À≠à º“¬°«à“ª°µ‘ À√◊Õ‰¡à°≈¡ °“√»÷°…“¢Õß Lui 

·≈–§≥–(4) ‡πÕ«‘∏’‡√‘¡§«“¡·¢Áß·√ß„Àâ°—∫√“°øíπ‚¥¬

„™â‡√´‘π§Õ¡‚æ‘µ©“∫‡√‘¡ºπ—ß§≈Õß√“°øíπ·≈â«©“¬

·ßºà“π‡¥◊Õ¬øíπæ≈“µ‘°∑’Ëπ”·ß‰¥â ‡æ◊ËÕ∑”„Àâ‡√´‘π

§Õ¡‚æ‘µ·¢Áßµ—«°àÕπ¬÷¥°—∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬¥â«¬‡√´‘π´’‡¡πµå ¡’À≈“¬°“√»÷°…“∑¥≈Õß„™â‡¥◊Õ¬

øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬√à«¡°—∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬¢π“¥‡≈Á° æ∫«à““¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ‡âπ„¬¢π“¥‡≈Á° æ∫«à““¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“πµàÕ‡âπ„¬¢π“¥‡≈Á° æ∫«à““¡“√∂‡æ‘Ë¡§«“¡µâ“π∑“πµ

°“√·µ°À—°¢Õßøíπ‰¥â(5,6) ·µà∫“ß°“√»÷°…“æ∫«à“§à“

§«“¡µâ“π∑“π°“√·µ°À—°¢Õß°“√∫Ÿ√≥–¥â«¬«‘∏’π’È‰¡à¡’

§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫°“√

„™â‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ë¬÷¥¥â«¬‡√´‘π´’‡¡πµå

°—∫°“√„™â‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬√à«¡°—∫‡√´‘π

§Õ¡‚æ‘µ™π‘¥‰À≈·ºà‰¥â(6,7) ‚¥¬°≈ÿà¡∑’Ë„™â‡¥◊Õ¬øíπ§Õ¡

‚æ‘µ‡√‘¡‡âπ„¬√à«¡°—∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

¢π“¥‡≈ Á°¡ ’≈ —°…≥–°“√·µ°À—°¢Õßøíπ∑’ Ë“¡“√∂

´àÕ¡·´¡‰¥â¡“°°«à“°≈ÿà¡Õ◊ËπÊ(8)  

 ªí®®ÿ∫—π¡’°“√º≈‘µ‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬„π

√Ÿª·∫∫∑’Ë¡’‡¥◊Õ¬·≈–·°πøíπ‡ªìπ™‘Èπ‡¥’¬«°—π ‡™àπ Õ’‚«-

≈Ÿ™—Ëπ (Evolution fiber post, Innotech) ‡À¡“–”À√—∫

øíπ∑’Ë¡’§≈Õß√“°øíπ‡¥’¬«·≈–‡À≈◊Õ‡π◊ÈÕøíπà«πµ—«øíπ

πâÕ¬ ¡’°“√º≈‘µ√Ÿª√à“ßà«π·°πøíπ”À√—∫øíπÀπâ“ 3 

¢π“¥ ‰¥â·°à ¢π“¥‡≈Á° °≈“ß ·≈–„À≠à §«“¡¬“«à«π

‡¥◊Õ¬øíπ 8-11 ¡‘≈≈‘‡¡µ√ ·≈–√Ÿª√à“ßà«π·°πøíπ”À√—∫

øíπ°√“¡πâÕ¬ 3 ¢π“¥‡™àπ°—π ·≈–¡’§«“¡¬“«à«π‡¥◊Õ¬

øíπ 9 ¡‘≈≈‘‡¡µ√ ºŸâº≈‘µ°≈à“««à“·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ¡’

§à“¡Õ¥ÿ≈—¿“æ¬◊¥À¬ÿàπ (clastic modulus) „°≈â‡§’¬ß

°—∫‡π◊ÈÕøíπ¡“°∑’Ëÿ¥·≈–¡’√Ÿª√à“ß∑’Ë∑”„Àâ‡°‘¥°“√¬÷¥Õ¬Ÿà∑’Ë¥’ 

·µà¬—ß‰¡àæ∫°“√»÷°…“∑¥Õ∫§«“¡·¢Áß·√ß‡™‘ß°≈·≈–

§«“¡”‡√Á®„π°“√„™âß“π∑“ß§≈‘π‘°¢Õß·°π‡¥◊Õ¬øíπ

™π‘¥π’È 

 ®“°°“√»÷°…“∑’Ëºà“π¡“¬—ß‰¡àæ∫«‘∏’∫Ÿ√≥–øíπ∑’Ë¡’

§≈Õß√“°‰¡à°≈¡¥â«¬√–∫∫À√◊Õ«‘∏’∑’Ë∑”„Àâ‡°‘¥§«“¡·¢Áß

·√ß¢Õßøíπ‰¥â¥’∑’ Ëÿ¥ °“√»÷°…“π’È¡’«—µ∂ÿª√–ß§å‡æ◊ËÕ

‡ª√’¬∫‡∑’¬∫§«“¡µâ“π∑“π°“√·µ°À—°·≈–√Ÿª·∫∫∑’Ë‡°‘¥

°“√·µ°À—°¢Õßøíπ°√“¡πâÕ¬∑’Ë¡’√Ÿª√à“ß§≈Õß√“°øíπ‰¡à

°≈¡À≈—ß°“√∫Ÿ√≥–¥â«¬√–∫∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡

‡âπ„¬∑’Ë·µ°µà“ß°—π 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
   øíπ∑’Ë„™â„π°“√»÷°…“π’È‡ªìπøíπ¡πÿ…¬å´’ Ë°√“¡πâÕ¬ 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
   øíπ∑’Ë„™â„π°“√»÷°…“π’È‡ªìπøíπ¡πÿ…¬å´’ Ë°√“¡πâÕ¬ 

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 

§≈Õß√“°øíπ‡¥’¬«·≈–√“°µ√ß ‰¡à¡’√Õ¬ºÿ «—¥ÿÕÿ¥À√◊Õ

°“√·µ°À—°„¥Ê ®”π«π 40 ´’Ë √“°øíπ¡’¢π“¥„π·π«

·°â¡-≈‘Èπ 5±0.5 ¡‘≈≈‘‡¡µ√ ·≈–„π·π«„°≈â°≈“ß-‰°≈

°≈“ß 7±0.5 ¡‘≈≈‘‡¡µ√ §«“¡¬“«√“°«—¥®“°√Õ¬µàÕ

√–À«à“ß‡§≈◊Õ∫øíπ·≈–‡§≈◊Õ∫√“°øíπ¥â“π„°≈â°≈“ß  

13-14 ¡‘≈≈‘‡¡µ√ π”øíπ∑—ÈßÀ¡¥¡“∑”§«“¡–Õ“¥·≈–

‡°Á∫„π“√≈–≈“¬‰∏¡Õ≈§«“¡‡¢â¡¢âπ√âÕ¬≈– 0.1 ∑’Ë

Õÿ≥À¿Ÿ¡‘ÀâÕß(5,9)

 π”øíπ¡“µ—¥à«πµ—«øíπ‡Àπ◊Õ√Õ¬µàÕ‡§≈◊Õ∫øíπ·≈–

‡§≈◊Õ∫√“°øíπ∑“ß¥â“π„°≈â°≈“ß-‰°≈°≈“ß 2 ¡‘≈≈‘‡¡µ√ 

¥â«¬‡§√◊ËÕßµ—¥øíπ§«“¡‡√Á«µË”√ÿ àπ ISOMET™ 1000 

(Buehler, USA) ®“°π—Èπ√—°…“§≈Õß√“°øíπ‚¥¬¢¬“¬

§≈Õß√“°∑ÿ°´’Ë®π∂÷ß‰ø≈å‡∫Õ√å 35(10) Õÿ¥§≈Õß√“°øíπ¥â«¬ Õÿ¥§≈Õß√“°øíπ¥â«¬ Õÿ¥§≈Õß√“°øíπ¥

°—µ∑“‡æÕ√å™“·≈–„™â´’‡¡πµåºπ÷°§≈Õß√“°øíπ∑’Ëª√“»

®“°¬Ÿ®‘πÕ≈™π‘¥‡Õ‡Õ™æ≈— (AH Plus®, Densply 

International, USA) 

 ·∫àßøíπÕÕ°‡ªìπ 4 °≈ÿà¡ °≈ÿà¡≈– 10 ´’Ë‚¥¬°“√ÿà¡ 

™‘Èπß“π∑¥≈Õß°≈ÿà¡∑’Ë 1, 2 ·≈– 3 ‡µ√’¬¡§≈Õß√“°øíπ

¥â«¬À—«‡®“–‰ø∫√’‡§≈’¬√å (FibreKleer®, Pentron, 

USA) ‡∫Õ√å 2 ¢π“¥‡âπºà“π»Ÿπ¬å°≈“ß 1.375 ¡‘≈≈‘‡¡µ√ 

≈Õß‡¥◊Õ¬øíπ„π§≈Õß√“°„Àâ¡’§«“¡¬“« 9 ¡‘≈≈‘‡¡µ√®“°

¢Õ∫∫π¢Õßøíπ∑’Ëµ—¥‰«â ·≈–§«∫§ÿ¡¢π“¥¢Õß§≈Õß

√“°øíπ„Àâ¡’™àÕß«à“ß‡æ’¬ßæÕ”À√—∫„à‡¥◊Õ¬øíπ§Õ¡‚æ‘µ

‡√‘¡‡âπ„¬¢π“¥‡≈Á°√’øÕ√åæ‘π (Reforpin, Angelus) 

‡∫Õ√å 1 ¬“« 5 ¡‘≈≈‘‡¡µ√ ¥â“π·°â¡·≈–≈‘Èπ¥â“π≈– 1 ·∑àß 

à«π°≈ÿà¡∑’Ë 4 ‡µ√’¬¡§≈Õß√“°øíπ¥â«¬À—«‡®“–Õ’‚«≈Ÿ™—Ëπ 

¢π“¥‡âπºà“π»Ÿπ¬å°≈“ß 2 ¡‘≈≈‘‡¡µ√ ≈Õß·°π‡¥◊Õ¬øíπ 

Õ’‚«≈Ÿ™— Ëπ√Ÿª√à“ßà«π·°πøíπ”À√—∫øíπ°√“¡πâÕ¬·≈–

§«“¡¬“«à«π‡¥◊Õ¬øíπ 9 ¡‘≈≈‘‡¡µ√ ·≈â«∫Ÿ√≥–µ“¡°≈ÿà¡

∑¥≈Õß¥—ßπ’È («—¥ÿ∑’Ë„™â∫Ÿ√≥–øíπ·¥ß‰«â„πµ“√“ß∑’Ë 1 

·≈–√–∫∫·°π‡¥◊Õ¬øíπ∑’Ë„™â„π·µà≈–°≈ÿà¡·¥ß‰«â„π¿“æ

∑’Ë 1)  
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µ“√“ß∑’Ë 1  ·¥ß«—¥ÿ∑’Ë„™â„π°“√∫Ÿ√≥–øíπ 
Table 1  Materials used in the restorative procedure 

Brand name Manufacturer 
FibreKleer® Pentron Clinical Technologies, Wallingford, CT, USA 

REFORPIN Angelus Dental Industry Products, Londrina, PR, Brazil 

Evolution Fiber Post Innotech, Robbio, PV, Italy 

Silano Angelus Dental Industry Products, Londrina, PR, Brazil 

Excite® DSC Ivoclar Vivadent, Schaan, Liechtenstein 

Variolink® II Ivoclar Vivadent, Schaan, Liechtenstein 

Multicore® Flow Ivoclar Vivadent, Schaan, Liechtenstein 

¿“æ∑’Ë 1  ·¥ß™π‘¥¢Õß‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·≈–·°πøíπ∑’Ë„™â„π·µà≈–°≈ÿà¡ 
Figure 1 Diagram of fiber-reinforced composite post and core used in each group 

°≈ÿà¡∑’Ë 1

Gutta-percha 

FibreKleer® + Silano 

Excite® DSC + Variolink® II 

Multicore® Flow 

°≈ÿà¡∑’Ë 2 

Gutta-percha 

FibreKleer® + Silano 

Excite® DSC + Variolink® II 

Multicore® Flow 

REFORPIN + Silano 

°≈ÿà¡∑’Ë 3 °≈ÿà¡∑’Ë 4 

ExciteExcite® DSC + Multicore® Flow 

FibreKleerFibreKleer® + Silano 

Gutta-percha Gutta-percha 

Evolution post and core + Silano 

Excite® DSC + Variolink® II 

Gutta-percha 

Excite
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°≈ÿà¡∑’Ë 1°≈ÿà¡∑’Ë 1 „™â‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å

    ‡µ√’¬¡§≈Õß√“°øíπ·≈–º‘«¥â“π∫π¢Õßøíπ∑’Ëµ—¥‰«â¥â«¬

°√¥øÕøÕ√‘°§«“¡‡¢â¡¢âπ√âÕ¬≈– 37 π“π 15 «‘π“∑’ 

≈â“ßπÈ” ´—∫πÈ”¥â«¬·∑àß°√–¥“…®πÀ¡“¥ ∑““√¬÷¥µ‘¥ 

(Excite® DSC, Ivoclar Vivadent) ´—∫“√à«π‡°‘π 

‡µ√’¬¡‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬™π‘¥‰ø∫√’‡§≈’¬√å

µ“¡«‘∏’∑’Ë∫√‘…—∑ºŸâº≈‘µ°”Àπ¥ §◊Õ‡™Á¥æ◊Èπº‘«‡¥◊Õ¬øíπ¥â«¬

·Õ≈°ÕŒÕ≈å‡ªÉ“„Àâ·Àâß ∑““√§Ÿà§«∫‰´‡≈π™π‘¥‰´≈“‚π 

(Silano) ∑‘Èß‰«â 1 π“∑’ ‡ªÉ“≈¡„Àâ·Àâß º¡‡√´‘π´’‡¡πµå ∑‘Èß‰«â 1 π“∑’ ‡ªÉ“≈¡„Àâ·Àâß º¡‡√´‘π´’‡¡πµå ∑‘Èß‰«â

™π‘¥·«√‘‚Õ≈‘ß§å∑Ÿ (Variolink® II Ivoclar Vivadent)

à«π‡∫ (base) ·≈–µ—«‡√àßªØ‘°‘√‘¬“ (catalyst) ‡¢â“¥â«¬

°—πµ“¡§”·π–π”¢Õß∫√‘…—∑ºŸâº≈‘µ·≈â«„™â‡°≈’¬«π”“√ 

(lentulo spiral) ªíòπà«πº¡¢Õß‡√´‘π´’‡¡πµå„à„π§≈Õß

√“°øíπ®π‡µÁ¡ ªÑ“¬à«πº¡‡√´‘π´’‡¡πµå∫√‘‡«≥æ◊Èπº‘«

‡¥◊Õ¬øíπà«πª≈“¬„Àâ∑—Ë« „à„π§≈Õß√“°øíπ∑’Ë‡µ√’¬¡‰«â 

°”®—¥´’‡¡πµåà«π‡°‘π ©“¬·ßºà“π‡¥◊Õ¬øíππ“π 40 

«‘π“∑’ «“ß·¡à·∫∫æ≈“µ‘°„∑’Ë¡’√Ÿª√à“ß·≈–¢π“¥‡∑à“°—∫«‘π“∑’ «“ß·¡à·∫∫æ≈“µ‘°„∑’Ë¡’√Ÿª√à“ß·≈–¢π“¥‡∑à“°—∫«‘π“∑’ «“ß·¡à·∫∫æ≈“µ‘°„∑’

·°πøíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬√’øÕ√å§Õ√å (Reforcore®, 

Angelus, Brazil) ”À√—∫øíπ°√“¡πâÕ¬¢π“¥„À≠à µàÕ

¢÷ Èπ¡“®“°µ”·Àπàßøíπ∑’ Ëµ—¥‰«â·≈–¬÷¥¥â«¬¢’ Èº÷ Èß„ÀâÕ¬Ÿ à

°÷Ëß°≈“ß´’Ëøíπ  °àÕ·°πøíπ‚¥¬©’¥«—¥ÿ·°πøíπ ‡√´‘π§Õ¡

‚æ‘µ™π‘¥¡—≈µ‘§Õ√å‚ø≈«å (Multi-core® Flow) ©“¬·ß

®“°¥â“π∫¥‡§’È¬«π“π 40 «‘π“∑’ 

°≈ÿà¡∑’Ë 2°≈ÿà¡∑’Ë 2 „™â‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å√à«¡°—∫√’-

øÕ√åæ‘π

 ‡µ√’¬¡§≈Õß√“°øíπ ‡µ√’¬¡‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å 

‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¢π“¥‡≈Á°√’øÕ√åæ‘π ‡∫Õ√å 

1 ·≈–º¡·«√‘‚Õ≈‘ß§å∑Ÿ„à„π§≈Õß√“°øíπ¥â«¬«‘∏’°“√

‡À¡◊Õπ°≈ÿà¡∑’Ë 1 „à‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å∑’Ë‡§≈◊Õ∫¥â«¬

‡√´‘π´’‡¡πµå≈ß„π§≈Õß√“°øíπ „à√’øÕ√åæ‘π≈ß„π§≈Õß

√“°øíπ¥â“π·°â¡·≈–≈‘Èπ¥â“π≈– 1 ·∑àß °”®—¥´’‡¡πµåà«π

‡°‘π ©“¬·ß 40 «‘π“∑’ ·≈–°àÕ·°πøíπ¥â«¬«‘∏’°“√

‡À¡◊Õπ°≈ÿà¡∑’Ë 1 

°≈ÿà¡∑’Ë 3°≈ÿà¡∑’Ë 3 „™â‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å√à«¡°—∫¡—≈µ‘

§Õ√å‚ø≈«å

 ‡µ√’¬¡§≈Õß√“°øíπ·≈–‡¥◊Õ¬øíπ‰ø∫√’‡§≈’¬√å¥â«¬«‘∏’

°“√‡À¡◊Õπ°≈ÿà¡∑’Ë 1 «“ß·¡à·∫∫æ≈“µ‘°„∑’Ë‡µ√’¬¡‰«â

”À√—∫°“√°àÕ·°πøíπµàÕ¢÷Èπ¡“®“°√Ÿª·∫∫øíπ∑’Ëµ—¥‰«â

·≈–¬÷¥¥â«¬¢’Èº÷Èß ©’¥Õ—¥«—¥ÿ·°πøíπ‡√´‘π§Õ¡‚æ‘µ¡—≈µ‘

§Õ√å‚ø≈«å≈ß„π§≈Õß√“°øíπ·≈–‡§≈◊Õ∫∫π‡¥◊Õ¬øíπ π”

‡¥◊Õ¬øíπ„à≈ß„π§≈Õß√“° ©“¬·ß®“°¥â“π∫¥‡§’È¬«

π“π 60 «‘π“∑’µ“¡∑’Ë∫√‘…—∑ºŸâº≈‘µ°”Àπ¥ ·≈–©’¥¡—≈µ‘

§Õ√å‚ø≈«å≈ß„π·¡à·∫∫æ≈“µ‘°„®π‡µÁ¡ ©“¬·ß®“°

¥â“π∫¥‡§’È¬«π“π 40 «‘π“∑’ 

°≈ÿà¡∑’Ë 4°≈ÿà¡∑’Ë 4 „™â·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ

 ‡µ√’¬¡§≈Õß√“°øíπ ·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ ·≈–º¡

à«πº¡¢Õß·«√‘‚Õ≈‘ß§å∑Ÿ„à„π§≈Õß√“°øíπ¥â«¬«‘∏’°“√

‡À¡◊Õπ°≈ÿà¡∑’Ë 1 „à·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ∑’Ë‡§≈◊Õ∫¥â«¬

‡√´‘π´’‡¡πµå≈ß„π§≈Õß√“°øíπ„Àâ∂÷ßà«π≈à“ßÿ¥¢Õßà«π

·°πøíπ °”®—¥´’‡¡πµåà«π‡°‘π ©“¬·ß∑’Ë¢Õ∫¢Õß·°π

‡¥◊Õ¬øíπ∑—Èß 4 ¥â“π ¥â“π≈– 40 «‘π“∑’µ“¡∑’Ë∫√‘…—∑ºŸâº≈‘µ

°”Àπ¥ 

 π”øíπ¡“°√Õ·µàß„Àâ‡°‘¥‡âπ‘Èπÿ¥¡’√Ÿª√à“ß‡ªìπ√Õ¬

µ—¥‡©’¬ß‚§âß (chamfer finishing line) ≈÷° 0.5 ¡‘≈≈‘‡¡µ√

‚¥¬√Õ∫ ∑’Ë√Õ¬µàÕ√–À«à“ß‡§≈◊Õ∫øíπ·≈–‡§≈◊Õ∫√“°øíπ 

√â“ß§√Õ∫øíπ‚≈À–≈â«π¥â«¬‚≈À–º¡π‘°‡°‘≈-‚§√‡¡’¬¡ 

(Classic vision™ Pisces, William, USA) „Àâ¡’√Ÿª√à“ß

‡À¡◊Õπøíπ°√“¡πâÕ¬∫π·≈–¢π“¥‡∑à“°—π∑ÿ°´’Ë ∫√‘‡«≥

°÷Ëß°≈“ßæ◊Èπ‡Õ’¬ß¥â“π≈‘Èπ¢ÕßªÿÉ¡øíπ¥â“π·°â¡ (lingual 

inclined plane of buccal cusp)inclined plane of buccal cusp)inclined  ¡’≈—°…≥–‡ªìπÀ≈ÿ¡

°≈¡‡âπºà“π»Ÿπ¬å°≈“ß 2 ¡‘≈≈‘‡¡µ√ ≈÷° 1 ¡‘≈≈‘‡¡µ√ 

‡æ◊ËÕ‡ªìπ∑’Ë«“ßÀ—«°¥∑¥Õ∫§«“¡µâ“π∑“π°“√·µ°À—° ‡æ◊ËÕ‡ªìπ∑’Ë«“ßÀ—«°¥∑¥Õ∫§«“¡µâ“π∑“π°“√·µ°À—° ‡æ◊ËÕ‡ªìπ∑’

¬÷¥§√Õ∫øíπ¥â«¬·«√‘‚Õ≈‘ß§å∑Ÿ ‚¥¬‡µ√’¬¡æ◊Èπº‘«øíπ·≈–

Õ—µ√“à«πº¡‡™àπ‡¥’¬«°—∫°“√¬÷¥‡¥◊Õ¬øíπ °¥§√Õ∫øíπ

„Àâ‡¢â“∑’Ë¥â«¬·√ß 3 °‘‚≈°√—¡ ©“¬·ß∑’Ë¢Õ∫¢Õß§√Õ∫øíπ

‡æ◊ËÕ°”®—¥´’‡¡πµåà«π‡°‘π·≈–©“¬·ß´È”∑’Ë¢Õ∫¢Õß§√Õ∫

øíπ∑—Èß 4 ¥â“π ¥â“π≈– 40 «‘π“∑’ 

  ∑““√§—Ëπ°≈“ß∑’Ëº‘«√“°øíπ π”√“°øíπΩíß„π∑àÕ

æ≈“µ‘°¥â«¬Õ–§√‘≈‘°‡√´‘π™π‘¥∫à¡¥â«¬µ—«‡Õß (Forma-

tray®, Kerr, USA) ∑’Ëµ”·ÀπàßµË”°«à“√Õ¬µàÕ√–À«à“ß

‡§≈◊Õ∫øíπ·≈–‡§≈◊Õ∫√“°øíπ 2 ¡‘≈≈‘‡¡µ√ „™â‡§√◊ËÕß

”√«®§«“¡¢π“π®—¥√Ÿª·∫∫°“√‡√’¬ßµ—«¢Õßøíπ„ÀâÕ¬Ÿà„π

µ”·Àπàß°÷ Ëß°≈“ß·≈–µ—Èß©“°°—∫¢Õ∫¥â“π∫π¢Õß·∑àß 
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Õ–§√‘≈‘°‡√´‘π(11) π”øíπÕÕ°®“°Õ–§√‘≈‘°‡√´‘π‡¡◊ËÕ‡√‘Ë¡‡°‘¥

°“√·¢Áßµ—« ∑‘Èß‰«â 24 ™—Ë«‚¡ß‡æ◊ËÕ„ÀâÕ–§√‘≈‘°‡√´‘π‡°‘¥°“√

·¢Áßµ—«Õ¬à“ß‡µÁ¡∑’Ë π”øíπ¡“‡§≈◊Õ∫∫√‘‡«≥º‘«√“°øíπ¥â«¬

´‘≈‘‚§π™π‘¥‡À≈« °¥øíπ≈ß„π·∑àßÕ–§√‘≈‘°‡√´‘π¥â«¬·√ß 

3 °‘‚≈°√—¡ „Àâ´‘≈‘‚§π‡ªìπøî≈å¡∫“ßÊ ‡æ◊ËÕ®”≈Õß‡ÕÁπ¬÷¥ª√‘3 °‘‚≈°√—¡ „Àâ´‘≈‘‚§π‡ªìπøî≈å¡∫“ßÊ ‡æ◊ËÕ®”≈Õß‡ÕÁπ¬÷¥ª√‘3 °‘‚≈°√—¡ „Àâ´‘≈‘‚§π‡ªìπøî≈å¡∫“ßÊ ‡æ◊ËÕ®”≈Õß‡Õ

∑—πµå(5,12)∑—πµå(5,12)∑—πµå  ®“°π—Èππ”™‘Èπß“π‰ª∑¥Õ∫§«“¡µâ“π∑“π°“√

·µ°À—° 

°“√∑¥Õ∫§«“¡µâ“π∑“π°“√·µ°À—°

∑¥Õ∫§«“¡µâ“π∑“π°“√·µ°À—°¥â«¬‡§√◊ËÕß∑¥Õ∫

“°≈™π‘¥Õ‘πµ√Õπ (Instron® universal testing 

machine √ÿàπ 5566, Canton, MA, USA) ‚¥¬„™âÀ—«°¥

ª≈“¬¡π‡âπºà“π»Ÿπ¬å°≈“ß 2 ¡‘≈≈‘‡¡µ√(10)  ‡æ◊ËÕ®”≈Õß

√Ÿª√à“ß¢ÕßªÿÉ¡øíπ§Ÿà∫ ‚¥¬«“ßÀ—«°¥∑’Ëµ”·Àπàß∑’Ë‡µ√’¬¡

‰«â∫π§√Õ∫øíπ ·π«·√ß∑”¡ÿ¡ 45° °—∫·π«·°πøíπ(13,14)

(¿“æ∑’Ë 2) ¥â«¬§«“¡‡√Á«À—«°¥ 0.5 ¡‘≈≈‘‡¡µ√µàÕ

π“∑’(7,13,15) ®π‡°‘¥°“√·µ°À—° ∫—π∑÷°§à“·√ßŸßÿ¥∑’Ë∑”„Àâ

‡°‘¥°“√·µ°À—° 

°≈âÕß®ÿ≈∑√√»πå™π‘¥‡µÕ√‘‚Õ (stereo microscope) √ÿàπ 

ML 9300 (MEIJI, Japan)††°”≈—ß¢¬“¬ 20 ‡∑à“(5,10) °“√

·µ°À—°∑’Ë‡°‘¥¢÷ Èπ∑’Ëµ”·Àπàß‡Àπ◊Õ¢Õ∫∫π¢ÕßÕ–§√‘≈‘°

‡√´‘π´÷Ëß‡ªìπµ—«·∑π¢Õß°√–¥Ÿ°√Õ∫√“°øíπ ∂◊Õ‡ªìπ°“√

·µ°À—°∑’Ë“¡“√∂∫Ÿ√≥–øíπ„À¡à‰¥â (restorable failure)

à«π°“√·µ°À—°∑’Ë‡°‘¥µË”°«à“¢Õ∫∫π¢ÕßÕ–§√‘≈‘°‡√´‘π 

∂◊Õ‡ªìπ°“√·µ°À—°∑’Ë‰¡à“¡“√∂∫Ÿ√≥–øíπ‰¥â (non-

restorable failure)(7,14)

      

°“√«‘‡§√“–Àå∑“ß∂‘µ‘ 

 π”§à“·√ß‡©≈’ Ë¬∑’ Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßøíπ„π

·µà≈–°≈ÿà¡µ—«Õ¬à“ß¡“«‘‡§√“–Àå°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈

∑“ß∂‘µ‘‚¥¬°“√«‘‡§√“–Àå§«“¡·ª√ª√«π·∫∫∑“ß‡¥’¬« 

(one-way ANOVA) ·≈–∑¥Õ∫§«“¡·µ°µà“ß√–À«à“ß

°≈ÿà¡¥â«¬°“√‡ª√’¬∫‡∑’¬∫‡™‘ß ấÕπ (multiple comparison)

™π‘¥∑Ÿ°’¬å (Tukey) ∑’Ë√–¥—∫π—¬”§—≠ p<0.05

º≈°“√»÷°…“ 
 §à“·√ß‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßøíπ §à“§«“¡

‡∫’Ë¬ß‡∫π¡“µ√∞“π ·≈–√Ÿª·∫∫°“√·µ°À—°¢Õßøíπ·µà≈–

°≈ÿà¡·¥ß‰«â„πµ“√“ß∑’Ë 2 ®“°°“√«‘‡§√“–Àå∑“ß∂‘µ‘ æ∫

°≈ÿà¡ Var ¡’§à“‡©≈’Ë¬§«“¡µâ“π∑“π°“√·µ°À—°µË”°«à“Var ¡’§à“‡©≈’Ë¬§«“¡µâ“π∑“π°“√·µ°À—°µË”°«à“Var

°≈ÿà¡ Ref Mul ·≈– Evo ·µà‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’

π—¬”§—≠∑“ß∂‘µ‘√–À«à“ß°≈ÿà¡ π—¬”§—≠∑“ß∂‘µ‘√–À«à“ß°≈ÿà¡ π—¬”§—≠∑“ß∂‘µ‘√–À« Ref Mul ·≈– Evo ·≈–

æ∫°“√·µ°À—°∑’Ë“¡“√∂∫Ÿ√≥–øíπ„À¡à‰¥â„π°≈ÿà¡ Var 

Ref Mul ·≈– Evo ‡∑à“°—∫√âÕ¬≈– 60 √âÕ¬≈– 70 √âÕ¬≈– 

50 ·≈–√âÕ¬≈– 60 µ“¡≈”¥—∫ 

∫∑«‘®“√≥å 
     °“√»÷°…“π’È„™âøíπ∏√√¡™“µ‘ (natural teeth) „π°“√

∑¥≈Õß‡æ◊ËÕ®”≈Õß¿“«–„Àâ„°≈â‡§’¬ß°—∫∑“ß§≈‘π‘°¡“°

∑’Ëÿ¥ ·¡â«à“º≈°“√∑¥≈Õß∑’Ë‰¥â¡’§à“§«“¡·ª√ª√«πŸß°«à“

°“√∑¥≈Õß„πøíπ‡∑’¬¡ (artificially manufactured 

teeth)(16,17,18) ‡π◊ËÕß®“°¿“«–®√‘ß∑“ß§≈‘π‘°¡’ªí®®—¬

À≈“¬ª√–°“√∑’Ë‰¡à“¡“√∂§«∫§ÿ¡‰¥â ‰¥â·°à §«“¡·µ°

µà“ß¥â“πª√‘¡“≥°“√¡’·§≈‡´’¬¡æÕ°æŸπ (calcification)

¢π“¥ √Ÿª√à“ß ·≈–√Ÿª·∫∫¢Õß‚æ√ßª√–“∑øíπ ¿“«–

¢Õß‡π◊ÈÕ‡¬◊ËÕ„π‚æ√ßª√–“∑°àÕπ∂Õπøíπ Õ“¬ÿ¢ÕßºŸâªÉ«¬ 

¿“æ∑’Ë 2  ·¥ßµ”·Àπàß°“√«“ßÀ—«°¥∑’Ë°÷Ëß°≈“ßæ◊Èπ‡Õ’¬ß¥â“π¿“æ∑’Ë 2  ·¥ßµ”·Àπàß°“√«“ßÀ—«°¥∑’Ë°÷Ëß°≈“ßæ◊Èπ‡Õ’¬ß¥â“π¿“æ∑’Ë 2

„°≈â≈‘Èπ¢ÕßªÿÉ¡øíπ¥â“π„°≈â·°â¡ ‚¥¬¡’·π«·√ß∑”

¡ÿ¡ 45° °—∫·π«·°πøíπ° °—∫·π«·°πøíπ°

Figure 2 The site of loading was the center of 

lingual incline plane of buccal cusp and 

at an angle of 45 degrees to the long 

axis of the tooth 

45° 

°“√«‘‡§√“–Àå√Ÿª·∫∫°“√·µ°À—°

 π”øíπÕÕ°®“°Õ–§√‘≈‘°‡√´‘π„π∑àÕæ≈“µ‘°¡“

«‘‡§√“–Àå√Ÿª·∫∫°“√·µ°À—° (mode of failure) ¥â«¬
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°“√‡°‘¥√Õ¬√â“«‡≈Á° (microcrack) „π‡π◊ÈÕøíπ √«¡∂÷ß

ªí®®—¬Õ◊ËπÊ ∑’Ë¬“°·°à°“√µ√«®æ∫(12,18,19) ·µàÕ¬à“ß‰√

°Áµ“¡°“√„™âøíπ‡∑’¬¡¡’¢âÕ¥âÕ¬∑’Ë”§—≠§◊Õ‰¡à“¡“√∂

≈Õ°‡≈’¬π§ÿ≥≈—°…≥–µà“ßÊ ¢Õß‡π◊ÈÕøíπ∏√√¡™“µ‘‰¥â °“√

¬÷¥µ‘¥√–À«à“ß‡π◊ÈÕøíπ°—∫‡√´‘π´’‡¡πµå®÷ß·µ°µà“ß®“°øíπ

®√‘ß(20) º≈∑’Ë‰¥â®“°°“√∑¥≈Õß®÷ßπ”¡“·ª≈º≈Õâ“ßÕ‘ß„Àâ

„°≈â‡§’¬ß°—∫º≈°“√»÷°…“∑“ß§≈‘π‘°‰¥â¬“° 

 °“√»÷°…“π’È∫Ÿ√≥–øíπ¥â«¬‡¥◊Õ¬·≈–§√Õ∫øíπ°àÕπ

π”‰ª∑¥Õ∫°“√·µ°À—°‡æ◊ËÕ®”≈Õß¿“«–∑“ß§≈‘π‘°„π

°“√∂à“¬∑Õ¥·√ß∫¥‡§’È¬«≈ßŸà§√Õ∫øíπ º≈°“√∑¥≈Õß∑’Ë

‰¥â·µ°µà“ß®“°°“√∑¥Õ∫∑’Ë‰¡à¡’§√Õ∫øíπ‡π◊ËÕß®“°°“√

∫Ÿ√≥–øíπ¥â«¬§√Õ∫øíπ∑”„Àâ‡°‘¥°“√°√–®“¬·√ß≈ßŸà

‡¥◊Õ¬·≈–√“°øíπ∑’Ë·µ°µà“ßÕÕ°‰ª(21) àßº≈„ÀâÕ—µ√“

§«“¡”‡√Á®¢Õß°“√√—°…“∑“ß§≈‘π‘°„πøíπ°√“¡πâÕ¬∫π

·≈–≈à“ß‡æ‘Ë¡Ÿß¢÷ÈπÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘(22) °“√

»÷°…“π’Èæ¬“¬“¡®”≈Õß≈—°…≥–¢Õß‡ÕÁπ¬÷¥ª√‘∑—πµå·≈–

°√–¥Ÿ°√Õ∫√“°øíπ‚¥¬°“√‡§≈◊Õ∫√“°øíπ¥â«¬´‘≈‘‚§π

™π‘¥‡À≈«‡ªìπ™—Èπ∫“ßÊ §—Ëπ°≈“ß√–À«à“ß√“°øíπ°—∫Õ–§√‘-

≈‘°‡√´‘π ‡π◊ËÕß®“°°“√Ωíß√“°øíπ≈ß„πÕ–§√‘≈‘°‡√´‘π

‚¥¬µ√ßπ—Èπ‡ªìπ°“√‡√‘¡§«“¡·¢Áß·√ß·°àøíπ¥â“ππÕ°„Àâ

°—∫√“°øíπ¥â«¬§«“¡·¢Áß·√ß¢Õß·∑àßÕ–§√‘≈‘°‡√´‘π ∑”„Àâ

√“°øíπ¡’§«“¡·¢Áß·√ß¡“°¢÷ Èπ·≈–√Ÿª·∫∫¢Õß°“√

·µ°À—°Õ“®‡ª≈’Ë¬π·ª≈ß‰ª ´÷Ëß°“√‡√‘¡·√ß≈—°…≥–π’È‰¡à

æ∫„πøíπ∏√√¡™“µ‘(15)

 °“√∫Ÿ√≥–øíπ¥â«¬‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

√–∫∫µà“ßÊ ∑’Ë‡≈◊Õ°„™â„π°“√»÷°…“π’È¡“®“°À≈—°°“√≈¥

§«“¡Àπ“¢Õß™—Èπ´’‡¡πµå‚¥¬„™â«—¥ÿ∑’Ë¡’§«“¡·¢Áß·√ß¡“°

°«à“‡√´‘π´’‡¡πµå‡¢â“‰ª∑¥·∑π ·≈–‡ªìπ°“√∑¥Õ∫°“√

„™âß“π¢Õß·°π‡¥◊Õ¬øíπ™π‘¥„À¡à∑’Ëº≈‘µ¢÷Èπ¡“‡æ◊ËÕ„™â°—∫

øíπ°√“¡πâÕ¬·≈–øíπÀπâ“  

 ®“°º≈°“√∑¥≈Õßæ∫«à“„π°≈ÿà¡  ®“°º≈°“√∑¥≈Õßæ∫«à“„π°≈ÿà¡  ®“°º≈°“√∑¥≈Õßæ∫«à“„π°≈ Var „™â‡√´‘πVar „™â‡√´‘πVar

´’‡¡πµå„π°“√¬÷¥‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¡’§à“·√ß

‡©≈’ Ë¬∑’ Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢ÕßøíπµË”°«à““¡°≈ÿà¡ 

(Ref, Mul, Evo) Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.05)

º≈°“√∑¥≈Õßπ’ ÈÕ¥§≈âÕß°—∫À≈“¬°“√»÷°…“°àÕπ

Àπâ“(1,2,6,9,10) æ∫«à“™—Èπ¢Õß´’‡¡πµå∑’ËÀπ“‡ªìπ®ÿ¥ÕàÕπ∑’Ë

∑”„Àâ‡°‘¥°“√·µ°À—°„π™— Èπ´’‡¡πµå·≈–°àÕ„Àâ‡°‘¥°“√ 

Ÿ≠‡’¬°“√¬÷¥µ‘¥ ‡æ√“–™—Èπ´’‡¡πµå∑’ËÀπ“¡—°‡°‘¥øÕß

Õ“°“»¿“¬„π™—Èπ¢Õß´’‡¡πµå ·≈–‡√´‘π´’‡¡πµå‡ªìπ«—¥ÿ∑’ËÕ“°“»¿“¬„π™—Èπ¢Õß´’‡¡πµå ·≈–‡√´‘π´’‡¡πµå‡ªìπ«—¥ÿ∑’ËÕ“°“»¿“¬„π™—Èπ¢Õß´’‡¡πµå ·≈–‡√´‘π´’‡¡πµå‡ªìπ«—¥ÿ∑

¡’§ÿ≥¡∫—µ‘‡™‘ß°≈µË” ‡π◊ËÕß®“°¡’§à“§«“¡∑π·√ß¥—¥ 

(flexural strength) ‡∑à“°—∫ 85 ‡¡°–æ“§“≈ ¡’º≈≈¥

§«“¡·¢Áß·√ß¢Õß°“√‡™◊ËÕ¡·πàπ (cohesive strength) ®÷ß

‡°‘¥°“√·µ°À—°¿“¬„π‡π◊ÈÕ¢Õß´’‡¡πµå‰¥âßà“¬ πÕ°®“°π’È

Õ“®‡°‘¥§«“¡ ‡§√’¬¥–¡∫√‘‡«≥√Õ¬µàÕ√–À«à“ß´’‡¡πµå

°—∫‡π◊ÈÕøíπ‡π◊ËÕß®“°°“√À¥µ—«√–À«à“ß°“√‡°‘¥æÕ≈‘‡¡Õ√å 

(polymerization shrinkage)(1,7)   

 °≈ÿà¡ Ref „™â‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¢π“¥Ref „™â‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬¢π“¥Ref

‡≈Á°√’øÕ√åæ‘π∑’Ë¥â“π·°â¡·≈–≈‘Èπ¢Õß§≈Õß√“°øíπ ‡æ◊ËÕ

·∑π∑’Ë™—Èπ´’‡¡πµå∑’ËÀπ“¥â«¬‡¥◊Õ¬øíπ‡√‘¡‡âπ„¬·°â«∑’Ë¡’

§à“§«“¡∑π·√ß¥—¥‡∑à“°—∫ 856 ‡¡°–æ“§“≈ ·≈–„π

°≈ÿà¡ Mul „™â«—¥ÿ·°πøíπ‡√´‘π§Õ¡‚æ‘µ™π‘¥¡—≈-

µ‘§Õ√å‚ø≈«å´÷Ëß¡’§à“§«“¡∑π·√ß¥—¥‡∑à“°—∫  135  ‡¡°–-

µ“√“ß∑’Ë 2 §à“·√ß‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßøíπ §à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π ·≈–√Ÿª·∫∫°“√·µ°À—°¢Õßøíπ¢Õß·µà≈–°≈ÿà¡µ“√“ß∑’Ë 2 §à“·√ß‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßøíπ §à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π ·≈–√Ÿª·∫∫°“√·µ°À—°¢Õßøíπ¢Õß·µà≈–°≈ÿà¡µ“√“ß∑’Ë 2

°“√∑¥≈Õß 
Table 2 Mean fracture load, standard deviation and fracture mode of each experimental group 

Group 

(n=10) 

Mean 

fracture 

load (N) 

SD 

Restorable failure Non-restorable failure 
Crown 

dislodge-

ment 

Core 

fracture 

Coronal 

root 

fracture 

Total 

Middle 

root 

fracture 

Apical 

root 

fracture 

Total 

Var 443.30* 91.42 0 3 3 6 (60%) 4 0 4 (40%) 

Ref 652.62 81.54 0 3 4 7 (70%) 2 1 3 (30%) 

Mul 648.81 83.16 0 0 5 5 (50%) 3 2 5 (50%) 

Evo 643.98 79.16 3 0 3 6 (60%) 3 1 4 (40%) 

* Statistical different (p<0.05) 
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æ“§“≈¬÷¥‡¥◊Õ¬øíπ·∑π‡√´‘π´’‡¡πµå  ´÷Ëß«—¥ÿ∑—ÈßÕß

™π‘¥¡’§à“§«“¡∑π·√ß¥—¥¡“°°«à“‡√´‘π´’‡¡πµå ®÷ßÕ“®àß

º≈„Àâ§à“·√ß‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õßøíπ∑—ÈßÕß

°≈ÿà¡°“√∑¥≈Õßπ’È‰¡à·µ°µà“ß°—π ·µà¡’§à“Ÿß°«à“°≈ÿà¡ Var

Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.05) ∂÷ß·¡â«à“‡¥◊Õ¬øíπ‰ø

√’øÕ√åæ‘π¡’§«“¡∑π·√ß¥—¥¡“°°«à“‡√´‘π§Õ¡‚æ‘µ™π‘¥

¡—≈µ‘§Õ√å‚ø≈«å ·µàÕ“®‡π◊ËÕß¡“®“°°“√¡’√Õ¬µàÕ (inter-

face) À≈“¬∫√‘‡«≥ °“√‡°‘¥·√ß‡’¬¥∑“π (frictional 

force) √–À«à“ß‡¥◊Õ¬øíπ·µà≈–·∑àß(5) ·≈–Õ“®‡°‘¥øÕß

Õ“°“»√–À«à“ßº‘«‡¥◊Õ¬øíπ·≈–‡√´‘π´’‡¡πµå„π°≈ÿà¡ Ref

®÷ß∑”„Àâ§«“¡µâ“π∑“π°“√·µ°À—°¢ÕßÕß°≈ÿà¡π’È¡’§à“‰¡à

·µ°µà“ß°—π  

º≈°“√∑¥≈Õßπ’ÈÕ¥§≈âÕß°—∫°“√»÷°…“¢Õß Moosavi

·≈–§≥–(5) ·≈– Porciani ·≈–§≥–(6) æ∫«à“°“√„™â‡√´‘π 

§Õ¡‚æ‘µ·≈–‡¥◊Õ¬øíπ¢π“¥‡≈Á°‡¢â“‰ª·∑π∑’Ë™—Èπ´’‡¡πµå

∑’Ë¡’§«“¡Àπ“ ∑”„Àâ§à“§«“¡µâ“π∑“π°“√·µ°À—°¢Õßøíπ

‡æ‘Ë¡Ÿß¢÷Èπ ·≈–‡¥◊Õ¬øíπ¢π“¥‡≈Á°‡À¡“–¡„π°√≥’∑’Ë

‡¥◊Õ¬øíπÀ≈—°‰¡àæÕ¥’°—∫§≈Õß√“°øíπ ‰¥â·°à §≈Õß

√“°øíπ∑’Ë¡’§«“¡º“¬À√◊Õ§≈Õß√“°øíπ∑’Ë¡’√Ÿª√à“ß‰¡à°≈¡  

 «—¥ÿ·°πøíπ™π‘¥‰À≈·ºà‰¥â∑’Ë„™â„π°“√»÷°…“π’Èº≈‘µ

¢÷Èπ¡“‡æ◊ËÕ„™â‡ªìπ´’‡¡πµå©“∫¬÷¥·≈–«—¥ÿ·°πøíπ ¢âÕ¥’¢÷Èπ¡“‡æ◊ËÕ„™â‡ªìπ´’‡¡πµå©“∫¬÷¥·≈–«—¥ÿ·°πøíπ ¢âÕ¥’¢÷Èπ¡“‡æ

¢Õßº≈‘µ¿—≥±åπ’È§◊Õ¢—ÈπµÕπ°“√∑”ß“π√«¥‡√Á«·≈–‰¡à¬ÿàß

¬“° ≈¥√Õ¬µàÕ√–À«à“ß´’‡¡πµå©“∫¬÷¥·≈–«—¥ÿ·°πøíπ∑’Ë

‡ªìπ«—¥ÿµà“ß™π‘¥°—π ™à«¬≈¥§«“¡‡’Ë¬ßµàÕ°“√‡°‘¥§«“¡

≈â¡‡À≈«¢Õß°“√∫Ÿ√≥–øíπ(23) ·≈–∑”„Àâ‡°‘¥¿“«–‚¡‚π

∫≈ÁÕ§ (monoblock) §◊Õ„™â“√‡™◊ËÕ¡¬÷¥„π°“√¬÷¥‡π◊ÈÕ-

øíπ ‡¥◊Õ¬øíπ ·≈–·°πøíπ‡¢â“¥â«¬°—π ∑”„Àâ‡°‘¥°“√

°√–®“¬·√ß∫¥‡§’È¬«‰ªµ“¡√“°øíπ‰¥â¥’¢÷Èπ §◊Õ‡¡◊ËÕøíπ‰¥â

√—∫·√ß∫¥‡§’ È¬«‡¥◊Õ¬øíπ∑”Àπâ“∑’ Ë„π°“√¥Ÿ¥´—∫§«“¡ 

‡§√’¬¥ ≈¥§«“¡‡’Ë¬ßµàÕ°“√‡°‘¥°“√·µ°À—°¢Õß√“°øíπ(12)

 °≈ÿà¡ Evo ¡’§à“·√ß‡©≈’Ë¬∑’Ë∑”„Àâ‡°‘¥°“√·µ°À—°¢Õß

øíπŸß°«à“°≈ÿà¡ Var Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (P<0.05)

·µà‰¡à·µ°µà“ß°—∫°≈ÿà¡ Mul ·≈– Ref ·°π‡¥◊Õ¬øíπÕ’‚«Ref ·°π‡¥◊Õ¬øíπÕ’‚«Ref

≈Ÿ™—Ëπ¡’≈—°…≥–¢Õß·°π·≈–‡¥◊Õ¬øíπ∑’ËµàÕ‡ªìπ™‘Èπ‡¥’¬«°—π

§≈â“¬°—∫·°π‡¥◊Õ¬øíπ‚≈À–‡À«’Ë¬ß ´÷Ëß§«“¡‡ªìπ‡π◊ÈÕ

‡¥ ’¬«° —π¢Õß‡¥ ◊Õ¬·≈–·°πøíπÕ“®∑”„À â§ à“§«“¡

µâ“π∑“π°“√·µ°À—°¢Õßøíπ‡æ‘Ë¡Ÿß¢÷Èπµâ“π∑“π°“√·µ°À—°¢Õßøíπ‡æ‘Ë¡Ÿß¢÷Èπµâ“π∑“π°“√·µ°À (24) ∂÷ß·¡â«à“à«π

‡¥◊Õ¬øíπ¢Õß·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™—Ëπ¡’‡âπºà“π»Ÿπ¬å°≈“ß

¢π“¥„À≠à∑”„ÀâŸ≠‡’¬‡π◊ÈÕøíπ„π¢≥–°√Õ‡µ√’¬¡§≈Õß

√“°øíπ¡“°‡°‘π§«“¡®”‡ªìπ ·µà§à“§«“¡µâ“π∑“π°“√

·µ°À—°∑’Ë‰¥â°≈—∫‰¡à·µ°µà“ß®“°°≈ÿà¡ Ref ·≈– Ref ·≈– Ref Mul

Õ“®‡π◊ËÕß¡“®“°øíπ∑’Ë„™â„π°“√∑¥≈Õß¡’¢π“¥„À≠à·≈–¡’

§«“¡Àπ“¢Õß‡π◊ÈÕøíπÀ≈—ß®“°°“√°√Õ‡µ√’¬¡§≈Õß√“°- 

øíπ¡“°‡æ’¬ßæÕ∑’Ë®–‰¡à∑”„Àâ‡°‘¥§«“¡ÕàÕπ·Õ πÕ°®“°

π’È√Ÿª√à“ß¢Õß‡¥◊Õ¬øíπ™π‘¥π’È¡’≈—°…≥–§≈â“¬¢—Èπ∫—π‰¥∑’Ë¡’

‡âπºà“π»Ÿπ¬å°≈“ß„À≠à„πà«π„°≈âµ—«øíπ·≈–≈¥¢π“¥

≈ß¡“‡ªìπ¢—ÈπÊ Ÿàà«π„°≈âª≈“¬√“°øíπ ‚¥¬·µà≈–¢—Èπ¡’√Ÿª

√à“ß¥â“π¢â“ß¢Õß‡¥◊Õ¬øíπ∑’Ë¡’§«“¡¢π“π°—π´÷Ëß„Àâ§«“¡

¬÷¥Õ¬Ÿà¡“°°«à“√Ÿª√à“ßÕ∫·≈–¡’æ◊Èπ∑’Ëº‘«¡“°®÷ß„Àâ°“√¬÷¥

µ‘¥°—∫ºπ—ß§≈Õß√“°øíπ¡“°¢÷Èπ(25,26)  

 √Ÿª·∫∫°“√·µ°À—°∑’Ë“¡“√∂∫Ÿ√≥–øíπ„À¡à‰¥â„π

°≈ÿà¡°“√∑¥≈Õß∑—Èß’Ë°≈ÿà¡‰¡à·µ°µà“ß°—π¡“°π—° °“√

·µ°À—°à«π„À≠à‡°‘¥¢÷Èπ„πµ”·Àπàß∑’Ë“¡“√∂∫Ÿ√≥–øíπ

„À¡à‰¥â ´÷ Ëß¡’§«“¡Õ¥§≈âÕß°—∫À≈“¬°“√»÷°…“°àÕπ

Àπâ“(5,7,8,12,13) ‡π◊ËÕß®“°‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬ 

‡¥◊Õ¬øíπ¢π“¥‡≈Á° §Õ¡‚æ‘µ‡√´‘π ·≈–‡√´‘π´’‡¡πµå‡ªìπ

«—¥ÿ∑’ Ë¡’§à“¡Õ¥ÿ≈—¿“æ¬◊¥À¬ÿàπ„°≈â‡§’¬ß°—∫‡π◊ ÈÕøíπ 

“¡“√∂∂à“¬∑Õ¥·≈–°√–®“¬·√ß∫¥‡§’È¬«‰ªŸà‡π◊ÈÕøíπ‰¥â

¥’ ‰¡à¡’§«“¡‡§√’¬¥–¡‡°‘¥¢÷Èπ∑’Ëª≈“¬‡¥◊Õ¬øíπ‡À¡◊Õπ

‡¥◊Õ¬øíπ‚≈À–‡À«’Ë¬ß(13,16) ®÷ß≈¥§«“¡‡’Ë¬ß¢Õß°“√

·µ°À—°∫√‘‡«≥√“°øíπ´÷ Ëß‰¡à“¡“√∂∫Ÿ√≥–øíπ„À¡à‰¥â 

·≈–„π°≈ÿà¡ Var ·≈– Var ·≈– Var Ref æ∫°“√·µ°À—°∫√‘‡«≥√Õ¬µàÕRef æ∫°“√·µ°À—°∫√‘‡«≥√Õ¬µàÕRef

√–À«à“ßº‘«Àπâ“µ—¥¢Õßøíπ·≈–«—¥ÿ·°πøíπ ‡π◊ËÕß®“°

´’‡¡πµå·≈–·°πøíπ‡ªìπ«—¥ÿµà“ß™π‘¥°—π®÷ß‡°‘¥‡ªìπ®ÿ¥

‡’Ë¬ßµàÕ°“√·µ°À—°„π∫√‘‡«≥√Õ¬µàÕπ’È‰¥â ≈—°…≥–°“√

·µ°À—°¢ÕßÕß°≈ÿà¡π’È¡’§«“¡Õ¥§≈âÕß°—∫À≈“¬°“√

»÷°…“°àÕπÀπâ“(5,7,8,13) πÕ°®“°π’Èæ∫«à“„π°≈ÿà¡ Evo ‡°‘¥

°“√À≈ÿ¥¢Õß§√Õ∫øíπ¡“°∂÷ß 3 ´’Ë ‡π◊ËÕß®“°à«π·°πøíπ

¢Õß·°π‡¥◊Õ¬øíπÕ’‚«≈Ÿ™— Ëπ¡’√Ÿª√à“ßÀπâ“µ—¥°≈¡ ·≈–¡’

¢π“¥‡âπºà“π»Ÿπ¬å¢Õß·°πøíπ„°≈â‡§’¬ß°—∫§«“¡°«â“ß

¢Õßøíπ°√“¡πâÕ¬„π·π«„°≈â°≈“ß-‰°≈°≈“ß ·µà„π·π«

·°â¡-≈‘Èππ—Èπ·°πøíπ¡’¢π“¥‡≈Á°°«à“§«“¡°«â“ß¢Õßøíπ 

‡π◊ËÕß®“°øíπ∑’Ë¡’¢π“¥‡≈Á°¡’æ◊Èπ∑’Ëº‘«πâÕ¬®÷ß„Àâ°“√¬÷¥µ‘¥

°—∫´’‡¡πµå‰¥âπâÕ¬°«à“øíπ∑’Ë¡’¢π“¥„À≠à(27) ¥—ßπ—Èπ°“√¬÷¥

Õ¬Ÿà¢Õß§√Õ∫øíπ„π°≈ÿà¡ Evo ®÷ßπâÕ¬°«à““¡°≈ÿà¡·√°´÷Ëß

À≈—ß®“°°“√°√Õ‡µ√’¬¡øíπ·≈â«¡’¢π“¥¢Õßøíπ„À≠à  
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 ¢âÕ®”°—¥¢Õß°“√»÷°…“π’È§◊Õ°“√„™â‡§√◊ ËÕß∑¥Õ∫

“°≈„π°“√„Àâ·√ß°¥≈ß∫πæ◊Èπ∑’Ë‡≈Á°Ê ∫π§√Õ∫øíπ ‚¥¬

°“√„Àâ·√ß∑’ Ë¡’·π«·√ß∑”¡ÿ¡§ß∑’ Ë°—∫·π«·°πøíπ·≈–

‡ªìπ°“√„Àâ·√ß‡æ’¬ß§√—Èß‡¥’¬«‚¥¬¡’§à“·√ß¡“°¢÷Èπ‡√◊ËÕ¬Ê 

®π°√–∑—Ëß‡°‘¥°“√·µ°À—°¢Õßøíπ ÷́Ëß·µ°µà“ß‰ª®“°≈—°…≥–

°“√∫¥‡§’È¬«∑’Ë·∑â®√‘ß∑’Ë¡’·√ß°√–∑”≈ß∫πøíπ·∫∫´È”Ê 

·π«·√ß∫¥‡§’ È¬«∑’ Ë∑”¡ÿ¡°—∫øíπÀ≈“¬·π«·≈–¡’°“√

—¡º—°—π¢Õßøíπ‡ªìπ∫√‘‡«≥°«â“ß(28) °“√»÷°…“π’È‡µ√’¬¡

√Ÿª·∫∫°“√√—∫·√ß∑’Ë°÷Ëß°≈“ßæ◊Èπ‡Õ’¬ß¥â“π„°≈â≈‘Èπ¢ÕßªÿÉ¡

øíπ¥â“π„°≈â·°â¡ ‚¥¬¡’·π«·√ß∑”¡ÿ¡ 45° °—∫·π«·°π

øíπ ‡æ◊ËÕ‡ªìπ°“√®”≈Õß·π«·√ß∑’Ëµ”·ÀπàßπÕ°»Ÿπ¬å (eccen-

tric position) ´÷Ëß∑”„Àâ‡°‘¥·√ß‡©◊Õπ„π·π«‡©’¬ß°—∫øíπ 

(oblique shearing force) ®÷ß‡ªìπ∑’Ëπà“π„®»÷°…“µàÕ‰ª

∂÷ß°“√∑¥Õ∫§«“¡µâ“π∑“π°“√·µ°À—°¢Õßøíπ‚¥¬°“√

„Àâ·√ß·∫∫‡ªìπ«—Ø®—°√ (cyclic load) ‡æ◊ËÕ„Àâ¡’§«“¡„°≈â

‡§’¬ß°—∫°“√∫¥‡§’È¬«µ“¡∏√√¡™“µ‘¡“°¢÷Èπ ·≈–§«√¡’°“√

∑¥Õ∫§à“¡Õ¥ÿ≈—¿“æ¬◊¥À¬ÿàπ (elastic modulus) ¢Õß

√–∫∫‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬‡ª√’¬∫‡∑’¬∫°—∫‡π◊ÈÕ

øíπ ‡æ◊ËÕÕ∏‘∫“¬≈—°…≥–°“√·µ°∑’Ë√“°øíπ‰¥â 

∫∑√ÿª 
 ¿“¬„µâ¢âÕ®”°—¥¢Õß°“√»÷°…““¡“√∂√ÿªº≈∑’Ë‰¥â

®“°°“√»÷°…“¥—ßπ’È 

 1. §«“¡µâ“π∑“π°“√·µ°À—°¢Õßøíπ§≈Õß√“°‰¡à

°≈¡∑’Ë∫Ÿ√≥–¥â«¬‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬√à«¡°—∫

‡¥◊Õ¬øíπ¢π“¥‡≈Á° (Ref) ‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

√à«¡°—∫«—¥ÿ·°πøíπ‡√´‘π§Õ¡‚æ‘µ™π‘¥‰À≈·ºà‰¥â (Mul) 

·≈–·°π‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·°â« (Evo) ¡’§à“

‰¡à·µ°µà“ß°—π ·µà∑—Èß“¡°≈ÿà¡°“√∑¥≈Õßæ∫§à“§«“¡

µâ“π∑“π°“√·µ°À—°¢ÕßøíπŸß°«à“°“√∫Ÿ√≥–øíπ¥â«¬

‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬∑’Ë¬÷¥¥â«¬‡√´‘π´’‡¡πµå 

(Var) Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (P<0.05)

 2. °“√∫Ÿ√≥–øíπ¥â«¬‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬

∑—Èß 4 °≈ÿà¡à«π„À≠à∑”„Àâ‡°‘¥°“√·µ°À—°„π√Ÿª·∫∫∑’Ë

“¡“√∂∫Ÿ√≥–øíπ„À¡à‰¥â ‚¥¬°“√∫Ÿ√≥–¥â«¬·°π‡¥◊Õ¬

øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬·°â« (Evo) æ∫°“√À≈ÿ¥¢Õß

§√Õ∫øíπ‡°‘¥¢÷Èπ 

°‘µµ‘°√√¡ª√–°“» 
 ¢Õ¢Õ∫æ√–§ÿ≥∫√‘…—∑ ‡Õ ¥’ ‡Õ ‡§Õ√å ®”°—¥ ∑’Ë‰¥â

‡Õ◊ÈÕ‡øóôÕ‡¥◊Õ¬øíπ§Õ¡‚æ‘µ‡√‘¡‡âπ„¬‰ø∫√‘‡§≈’¬√å ·≈–

Àâ“ßÀÿâπà«π®”°—¥ ∫ÿ≠™Ÿ-Õ“√’¬“ (∫.Õ.) ‡¥Áπµ—≈·≈∫ ∑’Ë‰¥â

≈¥√“§“§√Õ∫øíπ‚≈À–À≈àÕº¡∑’Ë„™â„π°“√»÷°…“π’È 
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