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∫∑§—¥¬àÕ 
«—µ∂ÿª√–ß§å ‡æ◊ËÕ»÷°…“º≈¢Õß¢—ÈπµÕπª√—∫·µàß«—µ∂ÿª√–ß§å ‡æ◊ËÕ»÷°…“º≈¢Õß¢—ÈπµÕπª√—∫·µàß«—µ∂ÿª√–ß§å

¿“æ¥‘®‘∑—≈™π‘¥µà“ßÊ ∑’Ë¡’µàÕ°“√√–∫ÿµ”·Àπàß¢Õßµ–‰∫

§≈Õß√“°øíπ∑’Ë∂à“¬¥â«¬‡´π‡´Õ√å√ÿàπ„À¡à «‘∏’«‘®—¬ ∑” 

°“√∂à“¬¿“æ√—ß’øíπ¡πÿ…¬å√“°‡¥’¬«∑’Ë∂Ÿ°∂Õπ·≈â«π”

¡“Ωíß„π∫≈ÁÕ°®”π«π 30 ´’Ë∑’Ë¡’µ–‰∫§≈Õß√“°øíπ‡∫Õ√å 

08, 10 ·≈– 15 ‡’¬∫∂÷ßµ”·Àπàßª≈“¬√“°·≈–

µ”·Àπàß 1.0 ¡‘≈≈‘‡¡µ√ —Èπ°«à“ª≈“¬√“° ‚¥¬„™â

‡´π‡´Õ√åµà“ß°—π“¡™π‘¥‰¥â·°à Õ“√å«’®’ 5000 Õ“√å«’®’ 

6100 ·≈– ‚´æ‘°´å ‰¥â¿“æµâπ©∫—∫·≈â«∑”°“√ª√—∫·µàß

Abstract 
Objectives To investigate the effect of 

image processing algorithms in identifying the 

locations of endodontic files when using direct 

sensor digital intraoral radiography. Materials 

and Methods Thirty extracted permanent single-

rooted human teeth with single root canals were 

prepared with standard access cavities. 

Endodontic files (sizes 08, 10 and 15 k-file in 

sequence) were positioned first at the apex and 

∫∑«‘∑¬“°“√ 
Original Article 
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¿“æ„π·µà≈–™ÿ¥¥â«¬¢—ÈπµÕπ 4 ™π‘¥¥—ßπ’È 1) °“√ª√—∫

„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ (invert) 2) °“√

ª√—∫§«“¡‡ª√’¬∫µà“ß (contrast enhancement) 3) 

°“√ª√—∫¿“æ«‘∏’¡Ÿ∏ (smooth) ·≈– 4) °“√„™â¡’‡¥’¬

πøî≈-‡µÕ√å (median filter) ∑”°“√§≈–¿“æ¥â«¬«‘∏’ÿà¡  

„ÀâºŸâ—ß‡°µ°“√≥å 6 §πÕà“π¿“æ√—ß’‡æ◊ËÕ√–∫ÿµ”·Àπàß

µ–‰∫§≈Õß√“°øíπ À≈—ß®“°π—Èπ∑”°“√§”π«≥§«“¡

∂Ÿ°µâÕß„π°“√Õà“π¿“æ√—ß’¥â«¬°“√‡ª√’¬∫‡∑’¬∫§à“

æ◊Èπ∑’Ë„µâ°√“øÕ“√å‚Õ´’  ∑”°“√«‘‡§√“–Àåº≈¥â«¬∂‘µ‘

§«“¡·ª√ª√«πÕß∑“ß ·≈–§”π«≥§à“§«“¡‡ÀÁπæâÕß

¢ÕßºŸâ—ß‡°µ°“√≥å¥â«¬∂‘µ‘·§ªª“ º≈°“√«‘®—¬ §à“

‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø®“°°“√ª√—∫¿“æ ™π‘¥∑’Ë¿“æ¡’

§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ ¡’§à“Ÿß∑’Ëÿ¥ √Õß≈ß¡“§◊Õ 

°“√ª√—∫§«“¡‡ª√’¬∫µà“ß¢Õß¿“æ ·µà‰¡àæ∫§«“¡·µ°

µà“ßÕ¬à“ß¡’π —¬”§—≠∑“ß∂‘µ ‘‡¡ ◊ ËÕ‡∑ ’¬∫°—∫¿“æ

µâπ©∫—∫ à«π¿“æ∑’Ë∂Ÿ°ª√—∫¥â«¬ °“√„™â¡’‡¥’¬πøî≈‡µÕ√å 

¡’§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“øµË”∑’Ëÿ¥ ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫™π‘¥

‡´π-‡´Õ√åæ∫«à“Õ“√å«’®’ 6100 „Àâ§à“æ◊Èπ∑’Ë„µâ°√“øŸß

∑’Ëÿ¥ √Õß≈ß¡“§◊Õ Õ“√å«’®’ 5000 ·≈–‚´æ‘°´å µ“¡

≈”¥—∫ æ∫«à“§à“æ◊Èπ∑’Ë„µâ°√“ø¡’§à“‡æ‘Ë¡¢÷Èπ‡¡◊ËÕµ–‰∫¡’

¢π“¥„À≠à¢÷Èπ‚¥¬¢π“¥¢Õßµ–‰∫ „Àâº≈§«“¡·µ°µà“ß

Õ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘ (p<0.001) à«π§à“§«“¡

‡ÀÁπæâÕß√–À«à“ßºŸâ—ß‡°µ°“√≥åπ—Èπ¡’§à“Õ¬Ÿà„π™à«ß 0.265 ‡ÀÁπæâÕß√–À«à“ßºŸâ—ß‡°µ°“√≥åπ—Èπ¡’§à“Õ¬Ÿà„π™à«ß 0.265 ‡ÀÁπæâÕß√–À«à“ßº

∂÷ß 1.00 

√ÿª °“√ª√—∫·µàß¿“æ¥â«¬¢—ÈπµÕπ °“√ª√—∫„Àâ¿“æ¡’

§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ ·≈– °“√ª√—∫§«“¡‡ª√’¬∫

µà“ß Õ“®‡ªìπ«‘∏’∑’Ë™à«¬„π°“√¡Õß‡ÀÁπ·≈–√–∫ÿµ”·Àπàß

¢Õßµ–‰∫§≈Õß√“°øíπ‰¥â ·µà‰¡à·π–π”„Àâ„™â¢—ÈπµÕπ 

°“√„™â¡’‡¥’¬πøî≈‡µÕ√å ·≈–æ∫«à“°“√„™â‡´π‡´Õ√åµà“ß

√ÿàπ·≈–µà“ß™π‘¥°—π„Àâº≈·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠ 

°≈à“«§◊Õ‡´π‡´Õ√å∑’Ë¡’§«“¡≈–‡Õ’¬¥„π°“√·¥ß¿“æ‰¥â

Ÿß°«à“¡’§«“¡∂Ÿ°µâÕß„π°“√√–∫ÿµ”·Àπàßµ–‰∫‰¥â¥’

°«à“ ·≈–¢π“¥¢Õßµ–‰∫¡’º≈µàÕ°“√¡Õß‡ÀÁπµ”·Àπàß

¢Õßª≈“¬µ–‰∫§≈Õß√“°øíπ‡ªìπÕ¬à“ß¡“° 

radiographed and then 1.0 mm short of the apex 

and radiographed. Standardized images were 

obtained using the RVG 5000, RVG 6100 and 

Sopix sensor as receptors. The original images 

were then processed with four processing 

algorithms, invert, smooth, contrast enhancement 

and median filter, respectively. Six observers 

evaluated all the images independently and 

repeated with 10% of all images two weeks 

afterward. Receiver operating characteristic 

(ROC) analyses were performed and the areas 

under the curves were calculated. Two-way 

ANOVA and Bonferroni test (p=0.05) were 

performed. Kappa analysis was used to test the 

observer agreements. Results The mean Az for 

the invert and contrast enhancement images were 

higher than those of the originals. The mean Az 

for the median filter were lower than those of the 

originals. There was a significant difference 

between the mean Az of the invert and the 

median filter (p=0.002). There was a significant 

difference among the 3 types of sensors. (p<

0.001)  The RVG 6100 sensor had the hightest 

mean Az, followed by the RVG 5000 and Sopix. 

There was a significant difference among 

endodontic file size (p<0.001). The Az increased 

with increasing file size. The Kappa index for 

inter-observer agreement ranged from 0.265 to 

1.00. Conclusions The invert and contrast 

enhancement algorithms may help improve the 

ability to identify the location of endodontic 

files, whereas the median filter is not 

recommended. There was a significant difference 

among the three sensors. The sensor with higher 

resolution gave higher accuracy in locating file 

tips. In addition, the file size also played an 

important role in identifying the location of the 
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file. The bigger the file size, the higher the 

detection accuracy. 

Keywords: digital imaging, endodontic files, 

image processing 

∫∑π” 
 °“√√—°…“§≈Õß√“°øíππ—Èπ®”‡ªìπµâÕß¡’°“√„™â¿“æ °“√√—°…“§≈Õß√“°øíππ—Èπ®”‡ªìπµâÕß¡’°“√„™â¿“æ °“√√—°…“§≈Õß√“°øíππ—Èπ®”‡ªìπµ

√—ß’‡æ◊ËÕ™à«¬„πß“π√—°…“§≈Õß√“°‰¡à«à“®–‡ªìπ°“√«—¥

§«“¡¬“«√“°øíπ °“√»÷°…“∂÷ß√Ÿª√à“ß≈—°…≥–¢Õß§≈Õß

√“°øíπ∑’Ë‡°‘¥æ¬“∏‘¿“æ √«¡∂÷ß°“√‡°‘¥æ¬“∏‘¿“æ¢Õß

‡π◊ÈÕ‡¬◊ËÕª√–“∑øíπ·≈–‡π◊ÈÕ‡¬◊ËÕ√Õ∫ª≈“¬√“° ¿“æ√—ß’

®÷ß¡’§«“¡”§—≠„π°“√µ√«®«‘π‘®©—¬√Õ¬‚√§ª≈“¬√“°

·≈–™à«¬„π°“√„Àâ°“√√—°…“§≈Õß√“°øíπ √«¡‰ª∂÷ß°“√

ª√–‡¡‘π§«“¡”‡√Á®¢Õß°“√√—°…“·≈–°“√µ‘¥µ“¡°“√

À“¬¢Õß°√–¥Ÿ°√Õ∫ª≈“¬√“°¿“¬À≈—ß°“√√—°…“¥â«¬  

„πªí®®ÿ∫—π¿“æ√—ß’¥‘®‘∑—≈∑“ß∑—πµ°√√¡‰¥â¡’°“√æ—≤π“

¡“Õ¬à“ß¡“°¡“¬π—∫µ—Èß·µà ‡√¥‘‚Õ«‘‘‚Õ°√“øøïÀ√◊Õ∑’Ë‡√’¬°

—ÈπÊ«à“Õ“√å«’®’(1) (RadioVisioGraphy-RVG, Trophy 

Radiologie (Vincennes, France, 1987) ´÷Ëß„™âÕÿª°√≥å

√—∫¿“æ‡ªìπ™“√å®§Õª‡ªî≈¥’‰«´å À√◊Õ´’´’¥’ (Charge-

coupled device, CCD) ªí®®ÿ∫—π¡’°“√º≈‘µÕÿª°√≥å√—∫

¿“æ∑’Ë¡’§ÿ≥¿“æ¥’¡“°¢÷Èπ·≈–¡’°“√„™â„πß“π∑“ß∑—πµ-

°√√¡µà“ßÊ Õ¬à“ß°«â“ß¢«“ß √«¡∂÷ß°“√„™â„πß“π°“√

√—°…“§≈Õß√“°øíπ ®“°°“√”√«®„π¬ÿ‚√ªæ∫«à“ª√–¡“≥

√âÕ¬≈– 12-15 ¢Õß∑—πµ·æ∑¬å∑—Ë«‰ª„™â√–∫∫∂à“¬¿“æ√—ß’√âÕ¬≈– 12-15 ¢Õß∑—πµ·æ∑¬å∑—Ë«‰ª„™â√–∫∫∂à“¬¿“æ√—ß’√

¥‘®‘∑—≈(2-3) ∑—Èßπ’È‡π◊ËÕß®“°º≈®“°À≈“¬Ê °“√»÷°…“æ∫«à“

√–∫∫¿“æ√—ß’¥‘®‘∑—≈¬—ß§ß„Àâ¿“æ√—ß’∑’ Ë¡’§ÿ≥¿“æ¥’

‡À¡“–·°à°“√„™â«‘π‘®©—¬·≈–ª√–‡¡‘πº≈°“√√—°…“¥â“π

µà“ßÊ ∑“ß∑—πµ°√√¡‰¡àµà“ß‰ª®“°øî≈å¡(4-7) ·≈–¬—ß¡’¢âÕ¥’

Õ’°À≈“¬ª√–°“√Õ—π‰¥â·°à °“√™à«¬≈¥ª√‘¡“≥√—ß’·°àºŸâ

ªÉ«¬‚¥¬≈¥ª√‘¡“π√—ß’≈ß‰¥â∂÷ß√âÕ¬≈– 40-70(8-9) ¢÷Èπ°—∫

™π‘¥¢Õßµ—«√—∫√—ß’ §«“¡√«¥‡√Á«„π°“√√â“ß¿“æ∫π®Õ

§Õ¡æ‘«‡µÕ√å„π‡«≈“‰¡à°’Ë«‘π“∑’ ≈¥°“√„™â“√‡§¡’„π°“√

≈â“ßøî≈å¡·≈–¬—ß“¡“√∂ª√—∫·µàß¿“æ‡æ◊ËÕ™à«¬„Àâ¿“æ

·¥ß¢âÕ¡Ÿ≈∑’Ë¡’Õ¬Ÿà„Àâ‡ÀÁπ‰¥âßà“¬¢÷Èπ ‡ªìπ°“√‡æ‘Ë¡§«“¡

“¡“√∂„π°“√¡Õß‡ÀÁπ·°à∑—πµ·æ∑¬å‚¥¬‰¡àµâÕß∑”°“√

∂à“¬¿“æ√—ß’´È”„À¡à °“√·¥ß¿“æ∫π®Õ¬—ß™à«¬„π°“√

Õ∏‘∫“¬·°àºŸâªÉ«¬„Àâ‡ÀÁπ¿“æ√Õ¬‚√§·≈–‡¢â“„®¢—ÈπµÕπ

°“√√—°…“‰¥â¥’¥â«¬ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëßß“π∑“ß°“√√—°…“

§≈Õß√“°øíπ´÷ËßµâÕß°“√¿“æ√—ß’∑’Ë„Àâ§«“¡∂Ÿ°µâÕß·≈–§≈Õß√“°øíπ´÷ËßµâÕß°“√¿“æ√—ß’∑’Ë„Àâ§«“¡∂Ÿ°µâÕß·≈–§≈Õß√“°øíπ´÷ËßµâÕß°“√¿“æ√—ß’∑’Ë„Àâ§«“¡∂Ÿ°µ

√«¥‡√Á«„π°“√·¥ß¿“ææ∫«à“¿“æ√—ß’¥‘®‘∑—≈„π™àÕßª“°

¡’¢âÕ¥’µàÕ°“√∑”°“√√—°…“§≈Õß√“°øíπÕ¬à“ß¡“°∑—Èß„π·ßà

∑’Ë“¡“√∂≈¥ª√‘¡“≥√—ß’„π°“√∂à“¬¿“æµàÕºŸâªÉ«¬ °“√

·¥ßº≈¿“æ∂à“¬√—ß’‰¥âÕ¬à“ß√«¥‡√Á«„π¢≥–∑”°“√

√—°…“ºŸâªÉ«¬ ∑”„Àâ“¡“√∂∑”°“√ª√—∫‡≈◊ËÕπ§«“¡¬“«

¢Õßµ–‰∫§≈Õß√“°øíπ‰¥â∑—π∑’À“°µâÕß∑”°“√∂à“¬¿“æ

„π¡ÿ¡„À¡à ∑—Èß¬—ß“¡“√∂∑”°“√‡≈◊Õ°„™â‚ª√·°√¡§Õ¡-

æ‘«‡µÕ√å„π°“√ª√—∫ª√ÿß¿“æ‡æ◊ ËÕ„Àâ¢âÕ¡Ÿ≈∑’ ËµâÕß°“√

·¥ßÕÕ°ª√“°Ø·°à“¬µ“∑—πµ·æ∑¬å„Àâ‡ÀÁπ‰¥âßà“¬¢÷Èπ ·¥ßÕÕ°ª√“°Ø·°à“¬µ“∑—πµ·æ∑¬å„Àâ‡ÀÁπ‰¥âßà“¬¢÷Èπ ·¥ßÕÕ°ª√“°Ø·°à“¬µ“∑

¡’À≈“¬°“√»÷°…“·¥ß„Àâ‡ÀÁπ∂÷ßº≈¢Õß°“√„™â·≈–

ª√–‚¬™πå¢Õß°“√„™â¢—ÈπµÕπª√—∫·µàß¿“æ (image pro-

cessing algorithms) ¥‘®‘∑—≈´÷Ëß¡—°„™â°“√ª√—∫§à“§«“¡

«à“ß (brightness) ·≈–§à“§«“¡‡ª√’¬∫µà“ß¢Õß§«“¡¥”

¢“« (contrast)(10-13) Õ¬à“ß‰√°Áµ“¡°“√‡≈◊Õ°„™â¢—ÈπµÕπ

ª√—∫·µàß¿“æ°—∫ß“π¥â“πµà“ßÊ ∑“ß∑—πµ°√√¡°Á¡’§«“¡

”§—≠Õ¬Ÿà∑’Ë°“√‡≈◊Õ°„Àâ‡À¡“–¡°—∫¿“√–ß“π∑’Ëµà“ß°—π 

‡æ√“–‰¡à‡™àππ—ÈπÕ“®∑”„Àâª√–‘∑∏‘¿“æ„π°“√¡Õß‡ÀÁπ

≈¥≈ß‰¥â(6) Li ·≈–§≥–„πªï§.». 2004(10) √“¬ß“π∂÷ßº≈

¢Õß°“√„™â°“√ª√—∫·µàß¿“æ„π°“√¥Ÿµ–‰∫§≈Õß√“°øíπ

¥â«¬¢—ÈπµÕπ∑’Ë§‘¥§âπ¢÷Èπ„À¡à·≈–¢—ÈπµÕπ∑’Ë¡’¡“°—∫√–∫∫¥‘

®‘∑—≈∑’Ë¡’®”Àπà“¬∑—Ë«‰ª (Sidexis; Sirona Dental 

System GmbH, Bensheim, Germany) æ∫«à“§«“¡

“¡“√∂„π°“√√–∫ÿµ”·Àπàßª≈“¬µ–‰∫∑’Ë¡’¢π“¥‡≈Á°‡™àπ

‡∫Õ√å 10 ‰¥â∂Ÿ°µâÕß¡’§à“‡æ‘Ë¡¢÷Èπ„π¿“æ°≈ÿà¡∑’Ëºà“π°“√

ª√—∫·µàßÕ¬à“ß¡’π—¬”§—≠‡¡◊ËÕ‡∑’¬∫°—∫¿“æµâπ©∫—∫∑’Ë‰¡à

ª√—∫·µàß ·µà‰¡àæ∫§«“¡·µ°µà“ß√–À«à“ß¢—ÈπµÕπ∑’Ë§‘¥§âπª√—∫·µàß ·µà‰¡àæ∫§«“¡·µ°µà“ß√–À«à“ß¢—ÈπµÕπ∑’Ë§‘¥§âπª√

¢÷Èπ„À¡à°—∫¢—ÈπµÕπ∑’Ë¡’„π√–∫∫¥‘®‘∑—≈∑’Ë¡’®”Àπà“¬∑—Ë«‰ª  

§””§—≠: ¿“æ¥‘®‘∑—≈ µ–‰∫§≈Õß√“°øíπ ¢—ÈπµÕπ

ª√—∫·µàß¿“æ 
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Kal ·≈–§≥–(14) √“¬ß“πº≈°“√»÷°…“¢Õß°“√„™â¢— Èπ

µÕπª√—∫·µàß¿“æ™π‘¥µà“ßÊµàÕ§«“¡∂Ÿ°µâÕß„π°“√«—¥

§«“¡¬“«√“°øíπ‚¥¬„™â¿“æ√—ß’¥‘®‘∑—≈®“°√–∫∫·ºàπ√—∫

¿“æ¥‘®‘∑—≈ (Digora Storage Phosphor Plate, SPP)

™÷Ëß¿“¬À≈—ß°“√∂à“¬¿“æ¬—ßµâÕßπ”·ºàπ√—∫¿“æ ¥—ß°≈à“«

‰ª∑”°“√Õà“π‚¥¬°“√·°π¥â«¬·ß‡≈‡´Õ√å´÷Ëß„™â‡«≈“

Õà“π°àÕπ·¥ßº≈¿“æ∫π®Õ æ∫«à“°“√„™â¢—ÈπµÕπ∫“ß

™π‘¥¡’à«π™à«¬„Àâ°“√¡Õß‡ÀÁπ¿“æ·≈–«—¥§«“¡¬“«

√“°øíπ¡’§«“¡∂Ÿ°µâÕß‡æ‘Ë¡¢÷Èπ „π¢≥–∑’Ëß“πà«π„À≠à„π

°“√√—°…“§≈Õß√“°øíππ—ÈπµâÕß°“√„™âª√–‚¬™πå®“°√–∫∫

‡´π‡´Õ√åÀ√◊Õ√–∫∫¥‘®‘∑—≈·∫∫∑“ßµ√ß (direct digital 

system) ´÷Ëß„Àâº≈°“√·¥ß¿“æ‡°◊Õ∫®–∑—π∑’Ë∑’Ë∂à“¬¿“æ

√—ß’„π™àÕßª“°‡√Á® ·≈–√–∫∫∂à“¬¿“æ¥‘®‘∑—≈√ÿàπ„À¡àÊ

‰¥â¡’°“√æ—≤π“‰ª®“°‡¥‘¡¡“°®÷ß‡ªìπ‡√◊ËÕß®”‡ªìπ∑’ËµâÕß

∑”°“√»÷°…“„Àâ√Ÿâ∂÷ßº≈¢Õß¢—ÈπµÕπª√—∫·µàß¿“æ¥‘®‘∑—≈„π

√–∫∫‡´π‡´Õ√å∑’Ë¡’„™â„πªí®®ÿ∫—π ·≈–¢—ÈπµÕπª√—∫·µàß

¿“æ∑’Ëº≈‘µ‚¥¬ National Institues of Health (NIH, 

Besthesda, Maryland, USA) «à“®–¡’º≈µàÕ°“√√–∫ÿ

µ”·Àπàßª≈“¬µ–‰∫§≈Õß√“°øíπ¢π“¥‡≈Á°Õ¬à“ß‰√  

 °“√»÷°…“π’È®÷ß¡’«—µ∂ÿª√–ß§å»÷°…“º≈¢Õß¢—ÈπµÕπ

ª√—∫·µàß¿“æ¥‘®‘∑—≈™π‘¥µà“ßÊ ∑’Ë¡’µàÕ°“√√–∫ÿµ”·Àπàß

¢Õßµ–‰∫§≈Õß√“°øíπ∑’Ë∑”°“√∂à“¬¥â«¬‡´π‡´Õ√å√ÿàπ„À¡à  

«—¥ÿÕÿª°√≥å·≈–«‘∏’°“√ 
 °“√‡µ√’¬¡øíπµ—«Õ¬à“ß·≈–°“√∂à“¬¿“æ√—ß’

 „™âøíπ√“°‡¥’¬«∑’Ë∂Ÿ°∂Õπ®“°™àÕßª“°¡πÿ…¬å ®”π«π 

30 ´’Ë π”¡“∑”§«“¡–Õ“¥·≈–‡µ√’¬¡§≈Õß√“°øíπ ‚¥¬

∑”°“√‡ªî¥∑“ß‡¢â“Ÿà§≈Õß√“°øíπ¥â«¬À—«°√Õ°“°‡æ™√

øî™‡™Õ√å∑’Ë„™â§«“¡‡√Á«Ÿß„π°“√µ—¥·≈–¡’πÈ”æàπ ®“°π—Èπ

π”øíπ·µà≈–´’Ë¡“Ωíß„π∫≈ÁÕ°æ≈“µ‘°„ ¢π“¥ 2.5 x 2.5 

‡´πµ‘‡¡µ√ ∑’Ë¡’·ªÑßªíôπ (modeling clay) ‡ªìπµ—«¬÷¥

√“°øíπ„π°“√√â“ß·∫∫®”≈Õßøíπ”À√—∫°“√∂à“¬¿“æ

√—ß’  

 ∑”°“√„àµ–‰∫§≈Õß√“°øíπ‡∫Õ√å 08 ≈ß‰ª„π§≈Õß

√“°øíπ®π°√–∑—Ëß∂÷ßª≈“¬√“°øíπ (radiographic root 

apex) ·≈–π”∫≈ÁÕ°øíπ‰ª∂à“¬¿“æ√—ß’·∫∫¢π“π (Pa-

ralleling Technique) ‚¥¬„™â‡´π‡´Õ√å 3 ™π‘¥ ‰¥â·°à Õ“√å

«’®’ 5000 (Kodak RVG 5000, Eastman Kodak, 

Rochester, NY, USA) ‚´æ‘°´å (Sopix, Sopro 

Imaging, Acteon Group, La Ciotat Cedex, France)

·≈– Õ“√å«’®’ 6100 (Kodak RVG 6100, Eastman 

Kodak, Rochester, NY, USA)  ‡°Á∫¢âÕ¡Ÿ≈≈ß∫π‡§√◊ËÕß

§Õ¡æ‘«‡µÕ√åæ°æ“¢π“¥®Õ 17 π‘È« (HP pavilion 

dv9500 Notebook PC, Hewlett-Packard, CA, USA)

‡§√◊ËÕß∂à“¬¿“æ√—ß’∑’Ë„™â„π°“√»÷°…“π’È§◊Õ‡§√◊ËÕß∂à“¬¿“æ

√—ß’„π™àÕßª“°™π‘¥°√–∫Õ°’ Ë‡À≈’ Ë¬¡º◊πºâ“∑’ Ë¡ ’≈”

°√–∫Õ°√—ß’¬“« 12 π‘È« (Focus, Instrumentarium, 

Tuusula, Finland) ·≈–∑”°“√∂à“¬¥â«¬ §à“§«“¡µà“ß

»—°¬å 60 °‘‚≈‚«≈µå  °√–·‰øøÑ“ 7 ¡‘≈≈‘·Õ¡·ª√å „™â‡«≈“ 

0.16 «‘π“∑’ ‚¥¬¡’«—¥ÿ‡≈’¬π·∫∫‡π◊ÈÕ‡¬◊ËÕÕàÕπ (MixD

Àπ“ 1 ‡´πµ‘‡¡µ√) «“ßÕ¬ŸàÀπâ“µàÕ∫≈ÁÕ°øíπ √–¬–Àà“ß

√–À«à“ß∫≈ÁÕ°øíπ·≈–®ÿ¥°”‡π‘¥√—ß’ (source-to-object)

‡∑à“°—∫ 35 ‡´πµ‘‡¡µ√ √–¬–Àà“ß√–À«à“ß‡´π‡´Õ√å∂÷ß

∫≈ÁÕ°øíπ (object-to-detector) ‡∑à“°—∫ 2 ‡´πµ‘‡¡µ√ 

 ∑”°“√ª√—∫§«“¡¬“«¢Õßµ–‰∫§≈Õß√“°øíπ‡∫Õ√å 

08 „ÀâÕ¬Ÿà„πµ”·Àπàß—Èπ°«à“ª≈“¬√“°øíπ 1.0 ¡‘≈≈‘‡¡µ√ 

·≈–∑”°“√∂à“¬¿“æ√—ß’´È”Õ’°¥â«¬‡´π‡´Õ√å∑—Èß“¡™π‘¥

¢â“ßµâπÀ≈—ß®“°π—Èπ‡ª≈’Ë¬π¢π“¥µ–‰∫§≈Õß√“°øíπ‡ªìπ 

‡∫Õ√å 10 ·≈– 15 ·≈–∑”°“√∂à“¬¿“æ√—ß’√“°øíπ∑—ÈßÀ¡¥‡∫Õ√å 10 ·≈– 15 ·≈–∑”°“√∂à“¬¿“æ√—ß’√“°øíπ∑—ÈßÀ¡¥‡∫Õ√å 10 ·≈– 15 ·≈–∑”°“√∂à“¬¿“æ√—ß’√“°øíπ∑—È

∑—Èß„πµ”·Àπàß∑’Ëµ–‰∫§≈Õß√“°øíπ∂÷ßª≈“¬√“°·≈–—Èπ

°«à“ª≈“¬√“° 1.0 ¡‘≈≈‘‡¡µ√ ¥â«¬‡´π‡´Õ√å∑—Èß“¡™π‘¥

¥â«¬«‘∏’°“√‡™àπ‡¥’¬«°—π 

°“√ª√—∫·µàß¿“æ√—ß’·≈–°“√Õà“π¿“æ√—ß’

 ¿“æ√—ß’¥‘®‘∑—≈∑—ÈßÀ¡¥∂Ÿ°‡°Á∫„ππ“¡°ÿ≈∑’‰Õ‡Õø-

‡Õø (TIFF) „π√Ÿª·∫∫¥—Èß‡¥‘¡∑’Ë¬—ß‰¡à¡’°“√ª√—∫·µàß·≈–

‡°Á∫·¬°„π·µà≈–‚ø≈‡¥Õ√å (folder) ·≈â«∑”°“√ª√—∫·µàß

¿“æ¥‘®‘∑—≈µâπ©∫—∫‚¥¬„™â¢—ÈπµÕπª√—∫·µàß¿“æ ImageJ

1.36 ¢Õß National Institues of Health (NIH, 

Besthesda, MD, USA) ´÷Ëß‡ªìπ¢—ÈπµÕπª√—∫·µàß¿“æ∑’Ë

“¡“√∂¥“«πå‚À≈¥‰¥âø√’·≈–‡ªìπ¢—ÈπµÕπ∑’Ë“¡“√∂ª√—∫

·µàß¿“æ∑’ Ë¡“®“°À≈“°À≈“¬µâπ°”‡π‘¥À√◊Õ‡°‘¥®“°

‡´π‡´Õ√åµà“ß™π‘¥°—π‰¥â Õ’°∑—Èß¬—ß¡’¢—ÈπµÕπ°“√ª√—∫·µàß

¿“æ„Àâ‡≈◊Õ°À≈“¬™π‘¥ ‚¥¬„π°“√»÷°…“π’È‰¥â‡≈◊Õ°„™â¢—Èπ

µÕπª√—∫¿“æ 4 ™π‘¥¥—ßµàÕ‰ªπ’È 1) °“√ª√—∫„Àâ¿“æ¡’

§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ (invert) 2) °“√ª√—∫§«“¡
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‡ª√’¬∫µà“ß (contrast enhancement) 3) °“√ª√—∫¿“æ«‘∏’

¡Ÿ∏ (Smooth) ·≈– 4) °“√„™â¡’‡¥’¬πøî≈‡µÕ√å (median 

filter)

 √â“ß‚ø≈å‡¥Õ√å„π°“√Õà“π¿“æ√—ß’µà“ßÊ 5 ‚ø≈‡¥Õ√å 

Õ—π‰¥â·°à ¿“æ√—ß’µâπ©∫—∫ ¿“æ√—ß’∑’Ëª√—∫„Àâ¿“æ¡’§«“¡

‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ ¿“æ√—ß’∑’Ë¡’°“√ª√—∫§«“¡‡ª√’¬∫

µà“ß ¿“æ√—ß’∑’Ë∂Ÿ°ª√—∫·µàß«‘∏’¡Ÿ∏ ·≈–¿“æ√—ß’∑’Ë∂Ÿ°ª√—∫

·µàß¥â«¬°“√„™â¡’‡¥’¬πøî≈‡µÕ√å ‚¥¬„π·µà≈–™ÿ¥∑” °“√

§≈–¿“æ√—ß’∑’Ë¡’∑—Èßµ–‰∫§≈Õß√“°øíπ∂÷ßª≈“¬√“°æÕ¥’ 

30 ¿“æªπ°—∫¿“æ√—ß’¢Õßµ–‰∫§≈Õß√“°øíπ—Èπ°«à“30 ¿“æªπ°—∫¿“æ√—ß’¢Õßµ–‰∫§≈Õß√“°øíπ—Èπ°«à“30 ¿“æªπ°—∫¿“æ√—ß’¢Õßµ–‰∫§≈Õß√“°øíπ—

ª≈“¬√“° 30 ¿“æ‚¥¬°“√ÿà¡√«¡‡ªìπ 60 ¿“æ„π·µà≈–

™ÿ¥¿“æ ∑”°“√√â“ß‚ø≈‡¥Õ√å¥—ß°≈à“«”À√—∫¿“æ®“°

µ–‰∫§≈Õß√“°øíπ‡∫Õ√å 08 10 ·≈–‡∫Õ√å 15 ®“°

‡´π‡´Õ√å Õ“√å«’®’ 5000 ‚´æ‘°´å ·≈– Õ“√å«’®’ 6100 ‰¥â√«¡

∑—Èß‘Èπ  45 ™ÿ¥¿“æ∑’Ëµà“ß°—π‡æ◊ËÕ°“√Õà“π¿“æ√—ß’ 

 °“√·ª≈º≈¿“æ√—ß’«à““¡“√∂√–∫ÿµ”·Àπàß¢Õß

ª≈“¬µ–‰∫§≈Õß√“°øíπ«à“Õ¬Ÿà∑’ Ëª≈“¬√“°À√◊Õ—Èπ°«à“

ª≈“¬√“° 1.0 ¡‘≈≈‘‡¡µ√π—Èπ∑”°“√Õà“π‚¥¬ºŸâ—ß‡°µ- 

°“√≥å (Observers) ∑—Èß‘Èπ 6 §π ‚¥¬ 4 §π‡ªìπ√—ß’ ∑—Èß‘Èπ 6 §π ‚¥¬ 4 §π‡ªìπ√—ß’ ∑—

∑—πµ·æ∑¬å Õ’°1 §π‡ªìππ—°»÷°…“ª√‘≠≠“‚∑“¢“«‘™“

√—ß’«‘∑¬“™àÕßª“°·≈–·¡Á°´‘≈‚≈‡ø‡™’¬≈·≈– Õ’° 1 §π

‡ªìπ∑—πµ·æ∑¬å∑—Ë«‰ª ‚¥¬∑”°“√Õà“πº≈®“°Àπâ“®Õ

§Õ¡æ‘«‡µÕ√åæ°æ“¢π“¥ 17 π‘È« (HP Pavilion dv9500 

Notebook PC, Hewlett-Packard, CA, USA) ∑’Ë∂Ÿ°µ—Èß

§à“§«“¡≈–‡Õ’¬¥¢Õß®Õ¿“æ∑’Ë 1440 x 900 æ‘°‡´≈ 

(pixels) ∑”°“√Õà“π„πÀâÕß∑’Ë¡’°“√ª√—∫·ß„Àâ¡◊¥≈—«

‡æ◊ ËÕ„Àâ‡À¡“–·°à°“√Õà“πº≈¿“æ√—ß’∑’ ËµâÕß°“√¥Ÿ√“¬

≈–‡Õ’¬¥¢Õß¿“æ 

 ºŸâ—ß‡°µ°“√≥å∑”°“√Õà“π¿“æ√—ß’·µà≈–¿“æ·≈–

ª√–‡¡‘πµ”·Àπàß¢Õßª≈“¬µ–‰∫§≈Õß√“°øíπ‚¥¬„™â

≈”¥—∫¢—Èπ¢Õß√–¥—∫§«“¡¡—Ëπ„® 5 √–¥—∫¥—ßπ’È √–¥—∫ 1 ‡¡◊ËÕ

¡—Ëπ„®„π°“√¡Õß‡ÀÁπµ–‰∫§≈Õß√“°øíπÕ¬Ÿà—Èπ°«à“ª≈“¬

√“° √–¥—∫∑’Ë 2 ‰¥â·°àµ–‰∫§≈Õß√“°øíππà“®–Õ¬Ÿà—Èπ°«à“

ª≈“¬√“° √–¥—∫∑’Ë 3 ·¥ß∂÷ß§«“¡‰¡à·πà„®µ”·Àπàß¢Õß

µ–‰∫§≈Õß√“°øíπ √–¥—∫∑’Ë 4 „Àâ§«“¡‡ÀÁπ«à“µ–‰∫§≈Õß

√“°øíππà“®–Õ¬ŸàæÕ¥’∑’Ëª≈“¬√“°·≈– √–¥—∫∑’Ë 5 ¡—Ëπ„®«à“

µ–‰∫§≈Õß√“°øíπÕ¬Ÿà∑’Ëª≈“¬√“°·πàπÕπ °àÕπ°“√Õà“π

º≈®–¡’¢âÕ·π–π”°“√Õà“π·≈–¡’‡Õ°“√‡µ◊Õπ°“√∫—π∑÷°

º≈‡ªìπ≈“¬≈—°…≥åÕ—°…√°”°—∫Õ¬Ÿà °“√Õà“π¿“æ√—ß’·µà 

≈–™ÿ¥¿“æ‰¡à¡’¢âÕ®”°—¥„π‡√◊ËÕß¢Õß‡«≈“ ‚¥¬ºŸâ—ß‡°µ-

°“√≥å∑”°“√Õà“π¿“æ∑—ÈßÀ¡¥∑—Èß 45 ™ÿ¥¿“æ·≈–∑”°“√

Õà“π§√—Èß∑’ËÕß‡ªìπ®”π«π√âÕ¬≈– 10 ¢Õß¿“æ„π™ÿ¥·√° 

‚¥¬∑‘Èß™à«ß‡«≈“√–À«à“ß°“√Õà“π∑—ÈßÕß§√—Èß„ÀâÀà“ß°—π‰¡à

πâÕ¬°«à“  2 —ª¥“Àå 

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ 

 °“√«‘‡§√“–Àå§à“§«“¡∂Ÿ°µâÕß„π°“√Õà“πº≈¢Õß

·µà≈–™ÿ¥¿“æ°√–∑”‚¥¬°“√π”¢âÕ¡Ÿ≈∑’Ë‰¥â®“°°“√Õà“π

¢Õß·µà≈–ºŸâ—ß‡°µ°“√≥å „π·µà≈–™ÿ¥¿“æ¢Õßµ–‰∫§≈Õß

√“°øíπ·µà≈–¢π“¥¡“∑”°“√√â“ß√’´‘ø‡«Õ√å‚Õ‡ªÕ√å‡√µ‘ß

·§·√°‡µÕ√å√‘µ‘°‡§‘ø À√◊Õ ‡√’¬°¬àÕ«à“ Õ“√å‚Õ´’ 

(Receiver Operating Characteristics Curves, ROC 

curve) ‚¥¬„™â‚ª√·°√¡∂‘µ‘ SPSS v. 12.0 (SPSS for 

Windows version 12.0, SPSS, Chicago, IL) À≈—ß

®“°π—Èπ∑”°“√‡ª√’¬∫‡∑’¬∫§à“æ◊Èπ∑’Ë„µâ°√“øÕ“√å‚Õ´’ (Az 

value) ´÷Ëß·¥ß∂÷ß§à“§«“¡∂Ÿ°µâÕß„π°“√√–∫ÿµ”·Àπàß

¢Õßµ–‰∫§≈Õß√“°øíπ¢Õß°“√Õà“πº≈¿“æ√—ß’·µà≈–™ÿ¥ 

∑’Ë∂Ÿ°ª√—∫·µàß¿“æ¥â«¬¢—ÈπµÕπµà“ßÊ °—π ·≈– ¢π“¥¢Õß

µ–‰∫§≈Õß√“°øíπ∑’Ëµà“ßÊ °—π·≈–∑¥Õ∫§«“¡·µ°µà“ß

∑“ß∂‘µ‘‚¥¬„™â°“√«‘‡§√“–Àå¥â«¬∂‘µ‘ ANOVA ∑’Ë√–¥—∫

§«“¡‡™◊ËÕ¡—Ëπ√âÕ¬≈– 95 „πà«π¢Õß°“√∑¥Õ∫§à“§«“¡

‡™◊ËÕ¡—Ëπ¢Õß§«“¡Õ¥§≈âÕß„π°“√Õà“πº≈¢ÕßºŸâ—ß‡°µ-

°“√≥å (intra and inter-observer agreements)

§”π«≥¥â«¬«‘∏’°“√«‘‡§√“–Àå§à“∂‘µ‘·§ªªÑ“ (Kappa 

analysis) ´÷Ëß¡’§à“∫√√∑—¥∞“π„π°“√·ª≈º≈¥—ßπ’È ∂â“§à“

∂‘µ‘·§ªªÑ“¡’§à“πâÕ¬°«à“ 0 À¡“¬∂÷ß °≈ÿà¡ºŸâ—ß‡°µ-

°“√≥å·∑∫‰¡à¡’§«“¡‡ÀÁπæâÕß°—π ∂â“¡’§à“Õ¬Ÿà„π™à«ß 0 ∂÷ß 

0.20 À¡“¬∂÷ß°≈ÿà¡ºŸâ—ß‡°µ°“√≥å¡’§«“¡‡ÀÁπ§àÕπ¢â“ß‡ÀÁπ

æâÕß ∂â“¡’§à“„π™à«ß 0.21 ∂÷ß 0.40 À¡“¬∂÷ß °≈ÿà¡ºŸâ

—ß‡°µ°“√≥å¡’§«“¡‡ÀÁπæâÕß§àÕπ¢â“ß¥’ ∂â“¡’§à“„π™à«ß 

0.41 ∂÷ß 0.60 À¡“¬∂÷ß °≈ÿà¡ºŸâ—ß‡°µ°“√≥å¡’§«“¡‡ÀÁπ

æâÕß°—π¥’ª“π°≈“ß ∂â“¡’§à“Õ¬Ÿà„π™à«ß 0.61-0.80 À¡“¬∂÷ß 

°≈ÿà¡ºŸâ—ß‡°µ°“√≥å¡’§«“¡‡ÀÁπæâÕß¥’¡“° ·≈–∂â“¡’§à“

¡“°°«à“ 0.81 À¡“¬∂÷ß ¡’§«“¡‡ÀÁπæâÕß°—π‡°◊Õ∫¡∫√Ÿ≥å 

º≈°“√»÷°…“ (Results)
 ®“°°“√»÷°…“‰¥â§à“‡©≈’Ë¬§«“¡∂Ÿ°µâÕß (Az value 
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of ROC) „π°“√Õà“πº≈¿“æ√—ß’·µà≈–™ÿ¥µ“¡ ¢π“¥

µ–‰∫  ™π‘¥¢Õß‡´π‡´Õ√åµà“ßÊ ·≈–µ“¡™π‘¥¢Õß°“√ª√—∫

·µàß¿“æ¥—ß·¥ß„πµ“√“ß∑’Ë 1  

 ®“°∂‘µ‘ Two-Way ANOVA æ∫«à“µ—«·ª√À≈—°∑’Ë

¡’§«“¡·µ°µà“ß‰¥â·°à ™π‘¥¢Õß¢—ÈπµÕπª√—∫·µàß¿“æ  

™π‘¥¢Õß‡´π‡´Õ√å∑’Ë„™â ·≈– ¢π“¥¢Õßµ–‰∫§≈Õß√“°øíπ 

æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠√–À«à“ß™π‘¥¢Õß¢—Èπ

µÕπ°“√ª√—∫·µàß¿“æ·µà≈–™π‘¥ (p< 0.001) ‚¥¬∑’Ë§à“

§«“¡∂Ÿ°µâÕß„π°“√√–∫ÿµ”·Àπàß¢Õßµ–‰∫§≈Õß√“°øíπ∑’Ë

‰¥â®“°¢—ÈπµÕπ°“√ª√—∫¿“æ¥â«¬°“√„™â¡’‡¥’¬πøî≈‡µÕ√å ¡’

§à“µË”°«à“§à“∑’Ë‰¥â®“°¢—ÈπµÕπ°“√ª√—∫¿“æ„Àâ¿“æ¡’§«“¡

‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ Õ¬à“ß¡’π—¬”§—≠ Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ

∑”°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“øÕ“√å‚Õ´’ „π∑”°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“øÕ“√å‚Õ´’ „π∑”°“√‡ª√’¬∫‡∑’¬∫§à“‡©≈’Ë¬æ◊

√–À«à“ß¿“æµâπ©∫—∫°—∫¢—ÈπµÕπ°“√ª√—∫¿“æ™π‘¥µà“ßÊ

∑—Èß 4 ™π‘¥ ‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠∑“ß

∂‘µ‘ µ“√“ß∑’Ë 2 √ÿª§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø¢Õß¢—ÈπµÕπ

ª√—∫¿“æ·µà≈–™π‘¥ ®–‡ÀÁπ«à“§à“∑’Ë‰¥â®“°¢—ÈπµÕπ°“√

ª√—∫„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ „Àâ§à“‡©≈’Ë¬æ◊Èπ∑’Ë

„µâ°√“øŸßÿ¥ µ“¡¡“¥â«¬¢—ÈπµÕπ°“√ª√—∫§«“¡‡ª√’¬∫

µà“ß¢Õß¿“æ ·≈–¿“æµâπ©∫—∫    

 πÕ°®“°π’È¬—ßæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠

∑“ß∂‘µ‘ √–À«à“ß‡´π‡´Õ√å∑’Ë„™â„π°“√√—∫¿“æ∑—Èß“¡™π‘¥ 

(p=0.002)  ‚¥¬∑’Ë §à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø∑’Ë‰¥â®“°°“√

∂à“¬¥â«¬‡´π‡´Õ√å Õ“√å«’®’ 6100 ¡’§à“Ÿß∑’Ëÿ¥ √Õß≈ß¡“§◊Õ

‡´π‡´Õ√å™π‘¥ Õ“√å«’®’ 5000 ·≈– ‚´æ‘°´å µ“¡≈”¥—∫ 

µ“√“ß∑’Ë 3 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø¢Õß‡´π‡´Õ√å·µà≈–

™π‘¥  ®“° Post Hoc Bonferroni Test æ∫§«“¡·µ°Post Hoc Bonferroni Test æ∫§«“¡·µ°Post Hoc Bonferroni Test

µà“ß√–À«à“ß‡´π‡´Õ√å Õ“√å«’®’ 5000 ·≈– Õ“√å«’®’ 6100 (p=

µ“√“ß∑’Ë 1 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø (Mean Az) ¢Õß°“√Õà“π¿“æ®“°‡´π‡´Õ√å∑—Èß 3 ™π‘¥·≈–‡∫Õ√åµ–‰∫§≈Õß√“°øíπ∑’Ëµà“ß°—π 

(08, 10, 15) 
Table 1 Mean Az of three different sensors and three sizes of endodontic files (08, 10 and 15) 

File size/ Sensor type Mean Az of each Image processing 
#08 Original Invert Contrast Smooth Median filter 

RVG 5000 

RVG 6100 

Sopix 

0.888 

0.966 

0.855 

0.902 

0.970 

0.905 

0.911 

0.979 

0.811 

0.911 

0.981 

0.800 

0.900 

0.890 

0.799 
#10 

RVG 5000 

RVG 6100 

Sopix 

0.952 

0.948 

0.905 

0.952 

0.948 

0.961 

0.961 

0.966 

0.944 

0.956 

0.946 

0.849 

0.950 

0.926 

0.867 
#15 

RVG 5000 

RVG 6100 

Sopix 

0.961 

0.965 

0.933 

0.961 

0.979 

0.941 

0.930 

0.979 

0.949 

0.955 

0.970 

0.924 

0.927 

0.966 

0.939 

µ“√“ß∑’Ë 2 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø µ“√“ß∑’Ë 2 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø µ“√“ß∑’Ë 2 (Mean Az) ¢Õß¢—ÈπµÕπ°“√ª√—∫·µàß¿“æ·µà≈–™π‘¥ 
Table 2 Mean Az of each image processing algorithm 

Image processing Mean Az S.D. 
original 0.928 0.007 

Invert 0.946 0.007 

Contrast enhancement 0.937 0.007 

Smooth 0.920 0.007 

Median filter 0.910 0.007 
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0.005)  ·≈–§«“¡·µ°µà“ß√–À«à“ß‡´π‡´Õ√å ‚´æ‘°´å °—∫   ·≈–§«“¡·µ°µà“ß√–À«à“ß‡´π‡´Õ√å ‚´æ‘°´å °—∫   ·≈–§«“¡·µ°µà“ß√–À«à“ß‡´π‡´Õ√å ‚´æ‘°´å °—

Õ“√å«’®’ 5000 ·≈–°—∫ Õ“√å«’®’ 6100 (p< 0.001)

 ®“°∂‘µ‘ ANOVA æ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬

”§—≠√–À«à“ß¢π“¥¢Õßµ–‰∫§≈Õß√“°øíπ∑’Ë„™â‚¥¬§à“

§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø¢Õßµ–‰∫‡∫Õ√å 15 ¡’§à“Ÿß∑’Ëÿ¥ √Õß

≈ß¡“§◊Õ‡∫Õ√å 10 ·≈– ‡∫Õ√å 08 (µ“√“ß∑’Ë 4) ‚¥¬æ∫«à“

µ–‰∫‡∫Õ√å 08 ¡’§à“§«“¡∂Ÿ°µâÕß„π°“√√–∫ÿµ”·ÀπàßµË”

°«à“ µ–‰∫‡∫Õ√å 10 ·≈– 15 Õ¬à“ß¡’π—¬”§—≠ (p<0.001)

à«πµ–‰∫‡∫Õ√å 10 ·≈– 15 ‰¡à¡’§«“¡·µ°µà“ß°—πÕ¬à“ß¡’

π—¬”§—≠ (p=0.124)  

 √–¥—∫§«“¡‡ÀÁπæâÕß„π°“√Õà“π√–À«à“ß·µà≈–ºŸ â

—ß‡°µ°“√≥å (inter-observers agreement) ¢Õß°“√

√–∫ÿµ”·Àπàßµ–‰∫∑’Ë¡’¢π“¥‡≈Á°¡“°§◊Õ ‡∫Õ√å 08 ‡¡◊ËÕ

ª√–‡¡‘π¥â«¬∂‘µ‘·§ªª“ ¡’§à“Õ¬Ÿà„π™à«ß 0.265 ∂÷ß 0.933 

·≈– ¡’§à“§«“¡‡ÀÁπæâÕßŸß¢÷Èπ”À√—∫µ–‰∫∑’Ë¡’¢π“¥‡âπ

ºà“π»Ÿπ¬å°≈“ß¡“°¢÷Èπ‚¥¬¡’§à“Õ¬Ÿà„π™à«ß 0.545 ∂÷ß 1.00 

”À√—∫µ–‰∫‡∫Õ√å 10 ·≈– ¡’§à“Õ¬Ÿà„π™à«ß 0.675 ∂÷ß 

1.000 ”À√—∫µ–‰∫‡∫Õ√å 15 à«π√–¥—∫§«“¡‡ÀÁπæâÕß

¿“¬„π¢ÕßºŸâ‡°µ°“√≥å ¡’§à“Õ¬Ÿà„π™à«ß 0.715 ∂÷ß1.000  

‚¥¬∑’ËºŸâ—ß‡°µ°“√≥åà«π¡“°¡’√–¥—∫§«“¡¡—Ëπ„®„π°“√

√–∫ÿµ”·Àπàß¢Õßµ–‰∫Õ¬Ÿà„π√–¥—∫Ÿß (‡≈◊Õ°„™â 1 À√◊Õ 5 

‡ªìπ§”µÕ∫√–¥—∫§«“¡¡—Ëπ„®) ‡¡◊ËÕ∑”°“√Õà“π¿“æ¢Õß

µ–‰∫∑ÿ°¢π“¥∑’Ë∂à“¬®“°‡´π‡´Õ√å√–∫∫ Õ“√å«’®’ 5000 

·≈–Õ“√å«’®’ 6100 ·µà‡¡◊ËÕ∑”°“√Õà“π¿“æ¢Õßµ–‰∫‡∫Õ√å 

08 ∑’Ë∂à“¬‚¥¬„™â‡´π‡´Õ√å ‚´æ‘°´å ¡’Õ¬Ÿà√âÕ¬≈– 5-12 ¢Õß

§”µÕ∫∑’ËºŸâ—ß‡°µ°“√≥å‰¡à¡—Ëπ„®„π°“√√–∫ÿµ”·Àπàß¢Õß

µ”·Àπàßµ–‰∫§≈Õß√“°øíπ (√–¥—∫§«“¡¡—Ëπ„®„π√–¥—∫ 

3) ”À√—∫√–¥—∫§«“¡¡—Ëπ„®¢Õß°“√Õà“π¿“æµ–‰∫‡∫Õ√å 

10 ·≈– 15 ∑’Ë∂à“¬®“°√–∫∫ ‚´æ‘°´å ¡’§à“§«“¡¡—Ëπ„®Ÿß

‡™àπ‡¥’¬«°—∫√–∫∫ Õ“√å«’®’ 

∫∑«‘®“√≥å·≈–√ÿª 
 °“√»÷°…“„π§√— Èßπ’ È¡’«—µ∂ÿª√–ß§å‡æ◊ ËÕ»÷°…“·≈–

∫∑«‘®“√≥å·≈–√ÿª 
 °“√»÷°…“„π§√— Èßπ’ È¡’«—µ∂ÿª√–ß§å‡æ◊ ËÕ»÷°…“·≈–

∫∑«‘®“√≥å·≈–√ÿª 

‡ª√’¬∫‡∑’¬∫º≈¢Õß¢—ÈπµÕπª√—∫·µàß¿“æ¥‘®‘∑—≈™π‘¥µà“ßÊ

∑’Ë¡’µàÕ°“√√–∫ÿµ”·Àπàß¢Õßµ–‰∫§≈Õß√“°øíπ ‚¥¬∑” 

°“√‡ª√’¬∫‡∑’¬∫º≈°“√√–∫ÿµ”·Àπàß¢Õßµ–‰∫§≈Õß

√“°øíπ¢π“¥µà“ßÊ °—π§◊Õ ‡∫Õ√å 08 10 ·≈– 15 ‚¥¬„™â

‡´π‡´Õ√åµà“ß°—π 3 ™π‘¥§◊Õ Õ“√å«’®’ 5000 Õ“√å«’®’ 6100 

·≈– ‚´æ‘°´å ∑—Èßπ’È‡æ◊ËÕ»÷°…“«à“¢—ÈπµÕπª√—∫¿“æ™π‘¥„¥∑’Ë

®–™à«¬‡æ‘Ë¡ª√–‘∑∏‘¿“æ„π°“√¡Õß‡ÀÁπ·≈–√–∫ÿµ”·Àπàß

¢Õßµ–‰∫§≈Õß√“°øíπ‰¥â¥’¢÷Èπ ‡π◊ËÕß®“°º≈°√–∑∫¢Õß

°“√ª√—∫·µàß¿“æ√—ß’„π∑“ß∑—πµ°√√¡µàÕ¿“√–ß“π·µà≈–

™π‘¥‰¡à‡À¡◊Õπ°—π·≈–¬—ß¢÷Èπ°—∫§ÿ≥¿“æ¢Õß¢âÕ¡Ÿ≈¿“æ

√—ß’‡∫◊ÈÕßµâπ·≈–™π‘¥¢Õß°“√ª√—∫·µàß¿“æ¥â«¬ ‡ªÑ“À≈—°

¢Õß°“√ª√—∫·µàß¿“æ√—ß’°Á‡æ◊ËÕ∑”°“√ª√—∫¿“æ∑’Ë¡’¢âÕ¡Ÿ≈¢Õß°“√ª√—∫·µàß¿“æ√—ß’°Á‡æ◊ËÕ∑”°“√ª√—∫¿“æ∑’Ë¡’¢âÕ¡Ÿ≈¢Õß°“√ª√—∫·µàß¿“æ√—ß’°Á‡æ◊

‡æ’¬ßæÕÕ¬Ÿà·≈â«„Àâßà“¬µàÕ°“√¡Õß‡ÀÁπ·≈–°“√„Àâ°“√

«‘π‘®©—¬ ¥—ßπ—ÈπÀ“°¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ¢Õß¿“æ√—ß’¡’‰¡à‡æ’¬ß

æÕ °“√ª√—∫·µàß¿“æ°Á®–‰¡à“¡“√∂√â“ß¢âÕ¡Ÿ≈π—Èπ¢÷Èπ

¡“‰¥â ·≈–‡ªìπ‰ª‰¥â«à“À“°¢âÕ¡Ÿ≈‡∫◊ÈÕßµâπ‡¥‘¡π—Èπ¥’Õ¬Ÿà

·≈â«·≈–ßà“¬µàÕ°“√¡Õß‡ÀÁπ °“√ª√—∫·µàß¿“æ°ÁÕ“®™à«¬

µ“√“ß∑’Ë 3 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø µ“√“ß∑’Ë 3 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø µ“√“ß∑’Ë 3 (Mean Az) ¢Õß‡´π‡´Õ√å·µà≈–™π‘¥ 
Table 3 Mean Az of three sensors 

Sensor type Mean Az S.D. 
RVG 5000 0.935 0.005 

RVG 6100 0.958 0.005 

Sopix 0.892 0.005 

µ“√“ß∑’Ë 4 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø µ“√“ß∑’Ë 4 ·¥ß§à“‡©≈’Ë¬æ◊Èπ∑’Ë„µâ°√“ø µ“√“ß∑’Ë 4 (Mean Az) ¢Õßµ–‰∫·µà≈–¢π“¥ 
Table 4 Mean Az of each file size Table 4 Mean Az of each file size Table 4

File size Mean Az S.D. 
08 0.896 0.005 

10 0.937 0.005 

15 0.952 0.005 
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‡æ‘Ë¡ª√–‘∑∏‘¿“æ°“√¡Õß‡ÀÁπ‰¥â‰¡à¡“°π—°À√◊ÕÕ“®∑”„Àâ

≈¥≈ß°Á‰¥â ´÷Ëßº≈°“√»÷°…“„π§√—Èßπ’Èæ∫«à“¡’§«“¡·µ°µà“ß

Õ¬à“ß¡’π—¬”§—≠¢Õß°“√„™â¢—ÈπµÕπª√—∫·µàß¿“æ‚¥¬∑’Ë

§«“¡·µ°µà“ßπ—Èπ®–Õ¬Ÿà√–À«à“ß°“√„™â¢—ÈπµÕπ°“√ª√—∫„Àâ

¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ °—∫¢—ÈπµÕπ°“√ª√—∫

¿“æ‚¥¬„™â¡’‡¥’¬πøî≈‡µÕ√å ‚¥¬§à“§«“¡∂Ÿ°µâÕß„π°“√

√–∫ÿµ”·Àπàßµ–‰∫¡’§à“Ÿß¢÷Èπ®“°¿“æµâπ©∫—∫‡¡◊ËÕ∑”°“√

ª√—∫¥â«¬¢—ÈπµÕπ°“√ª√—∫„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫

ª°µ‘ ·µàæ∫«à“¡’§à“§«“¡∂Ÿ°µâÕß„π°“√Õà“πº≈≈¥≈ß‡¡◊ËÕ

∑”°“√ª√—∫¿“æ‚¥¬°“√„™â¡’‡¥’¬πøî≈‡µÕ√å  ∂÷ß·¡âπ«à“

‡¡◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫º≈°“√Õà“π§à“¢Õß∑—ÈßÕß¢—ÈπµÕπ

‡∑’¬∫°—∫§à“¢Õß°“√Õà“π®“°¿“æµâπ©∫—∫®–‰¡àæ∫§«“¡

·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘°Áµ“¡ ®“°º≈°“√

»÷°…“π’ÈÕ“®°≈à“«‰¥â«à“¢—ÈπµÕπ °“√ª√—∫„Àâ¿“æ¡’§«“¡

‡¢â¡µ√ß¢â“¡°—∫ª°µ‘ ·≈– °“√ª√—∫§à“§«“¡‡ª√’¬∫µà“ß ¡’

º≈™à«¬‡æ‘Ë¡ª√–‘∑⁄∏‘¿“æ°“√¡Õß‡ÀÁπµ–‰∫·≈–™à«¬„Àâ

§«“¡∂Ÿ°µâÕß„π°“√√–∫ÿµ”·Àπàß∂Ÿ°µâÕß¡“°¬‘Ëß¢÷Èπ  

 º≈°“√»÷°…“π’È¡’§«“¡Õ¥§≈âÕß°—∫°“√√“¬ß“π°“√

»÷°…“¢Õß Kal ·≈–§≥–(14) „πªï §.». 2007 ´÷Ëß∑”°“√

»÷°…“º≈¢Õß°“√ª√—∫·µàß¿“æ™π‘¥µà“ßÊ µàÕ°“√«—¥

§«“¡¬“«√“°¢Õßµ–‰∫§≈Õß√“°øíπ‚¥¬„™â·ºàπ√—∫¿“æ

™π‘¥ ¥‘°Õ√à“ (Digora) ·≈–·¥ß¿“æ∫π®Õ∑’Ëµ—Èß§à“°“√

·¥ßº≈∑’Ë 1024 x 768 æ‘°‡´≈ ∑’Ëæ∫«à“¢—ÈπµÕπ°“√ª√—∫

„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫ª°µ‘  °“√ª√—∫§à“§«“¡

‡ª√’¬∫µà“ßÀ√◊Õ§«“¡«à“ß¢Õß¿“æ (contrast/bright-

ness adjustment) ·≈– °“√ª√—∫‡πâπ¢Õ∫ (edge 

enhanced) ™à«¬„Àâ°“√«—¥§«“¡¬“«√“°„°≈â‡§’¬ß√–¬–

®√‘ß¡“°¢÷Èπ ‡¡◊ËÕ„™âµ–‰∫§≈Õß√“°øíπ‡∫Õ√å 15 ‡∑à“π—Èπ·µà®√‘ß¡“°¢÷Èπ ‡¡◊ËÕ„™âµ–‰∫§≈Õß√“°øíπ‡∫Õ√å 15 ‡∑à“π—Èπ·µà®√‘ß¡“°¢÷Èπ ‡¡◊ËÕ„™âµ–‰∫§≈Õß√“°øíπ‡∫Õ√å 15 ‡∑

‰¡à™à«¬„π°“√ª√—∫ª√ÿß§«“¡∂Ÿ°µâÕß„π°“√Õà“π¿“æ¢Õß

µ–‰∫§≈Õß√“°øíπ¢π“¥‡≈Á°∑—Èß‡∫Õ√å 08 ·≈– 10 ¢âÕ·µ°

µà“ß„π°“√»÷°…“π’È°—∫°“√»÷°…“¢Õß Kal ·≈–§≥–§◊Õ

Õÿª°√≥å√—∫¿“æ∑’Ë·µ°µà“ß°—π´÷Ëß„π°“√»÷°…“§√—Èßπ’È‡≈◊Õ°

„™âÕÿª°√≥å√—∫¿“æ™π‘¥‡´π‡´Õ√å´÷Ëß“¡“√∂√â“ß¿“æ¥‘®‘

∑—≈‰¥â∑—π∑’‚¥¬‰¡àµâÕß∑”°“√ºà“π°“√·°π´÷Ëß‡À¡“–°—∫

°“√„™âß“π‡æ◊ ËÕ°“√√—°…“§≈Õß√“°øíπ¡“°°«à“√–∫∫ 

·ºàπ√—∫¿“æ¥‘®‘∑—≈ ´÷Ëß‡¡◊ËÕ∂à“¬¿“æ√—ß’·≈â«µâÕßπ”·ºàπ

√—∫¿“æ‰ª∑”°“√·°π°àÕπ®÷ß®–‰¥â¿“æª√“°Ø∫π®Õ 

‡´π‡´Õ√å∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È‰¥â·°à ´’¡Õ (CMOS)

Õ“√å«’®’ 5000, Õ“√å«’®’ 6100 ·≈– ´’´’¥’ (CCD) ‚´æ‘°´å 

·≈–¢âÕ·µ°µà“ßÕ’°ª√–°“√§◊Õ§«“¡≈–‡Õ’¬¥¢ÕßÀπâ“®Õ

„π°“√·¥ßº≈°“√Õà“π¿“æ´÷Ëß„π°“√»÷°…“π’Èµ— Èß‰«â∑’ Ë 

1440 x 900 æ‘°‡´≈ ´÷ËßŸß°«à“„π°“√»÷°…“¢Õß Kal ·≈–

§≥–(14) ¡’§«“¡‡ªìπ‰ª‰¥â∑’Ë«à“°“√µ—Èß§à“§«“¡≈–‡Õ’¬¥∑’Ë

Ÿß¢÷Èπ¢Õß®Õ§Õ¡æ‘«‡µÕ√å∑”„Àâ°“√·¥ßº≈¢Õß¿“æ√—ß’

µâπ©∫—∫·¥ßº≈‰¥â¥’‡µÁ¡∑’Ë ¥—ßπ—Èπ°“√„™â¢—ÈπµÕπª√—∫·µàß

¿“æ¥â«¬¢—ÈπµÕπ °“√ª√—∫„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫

ª°µ‘ ·≈– °“√ª√—∫§«“¡‡ª√’¬∫µà“ß ®÷ßÕ“®™à«¬‡æ‘Ë¡

§«“¡“¡“√∂„π°“√¡Õß‡ÀÁπ·≈–√–∫ÿµ”·Àπàß‰¥â‰¡à¡“°

®÷ß‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§—≠∑“ß∂‘µ‘°—∫¿“æ

µâπ©∫—∫ πÕ°®“°π’È¬—ßæ∫«à“‡´π‡´Õ√å Õ“√å«’®’ 5000 ·≈– 

Õ“√å«’®’ 6100 ∑’Ë„™â„π°“√»÷°…“π’È¡’¢π“¥æ‘°‡´≈¢Õß

‡´π‡´Õ√å‡≈Á°°«à“·ºàπ√—∫¿“æ¥‘®‘∑—≈ ∑’Ë„™â„π°“√»÷°…“¢Õß 

Kal ·≈–§≥–  ‚¥¬‡´π‡´Õ√å Õ“√å«’®’ ∑—ÈßÕß¡’¢π“¥æ‘°

‡´≈∑’Ë 18.5 x 18.5 ‰¡§√Õπ (µm) ‡¡◊ËÕ‡∑’¬∫°—∫¢π“¥ 71 

‰¡§√Õπ (µm) ¢Õß·ºàπ√—∫¿“æ¥‘°Õ√à“ (Digora) ∑’Ë„™â„π

°“√»÷°…“¢Õß Kal ·≈–§≥– „π¢≥–∑’Ë§«“¡Àπ“∑’Ë

ª≈“¬¢Õßµ–‰∫‡∫Õ√å 08, 10 ·≈– 15 ‡∑à“°—∫ 0.08, 0.10 

·≈– 0.15 ¡‘≈≈‘‡¡µ√ µ“¡≈”¥—∫ µ“¡À≈—°¢Õß§«“¡∂’Ë

π’§«‘∑å (Nyquist frequency) ·≈â«§«“¡≈–‡Õ’¬¥¥â“π

‡ª‡™’¬≈ (spatial resolution) ¢Õß√–∫∫µâÕß¡’§à“

‡∑à“°—∫Õß‡∑à“¢Õß§«“¡∂’Ë‡ª‡™’¬≈ ¢Õß«—µ∂ÿ∑’Ë‡≈Á°∑’Ëÿ¥∑’Ë

“¡“√∂µ√«®«—¥‰¥â(15)  ¥—ßπ—Èπ¢π“¥¢Õß«—µ∂ÿ∑’Ë‡≈Á°∑’Ëÿ¥∑’Ë

‡´π‡´Õ√å Õ“√å«’®’ 5000 ·≈– Õ“√å«’®’ 6100 ®–“¡“√∂

·¥ß√“¬≈–‡Õ’¬¥‰¥âµâÕß¡’¢π“¥Õ¬à“ßπâÕ¬‡∑à“°—∫ 37 µ

m À√◊Õ 0.037 ¡‘≈≈‘‡¡µ√ ´÷Ëß‡≈Á°°«à“ª≈“¬µ–‰∫‡∫Õ√å 08 

(0.08 mm) ¥—ßπ—Èπ Õ“√å«’®’ 5000·≈– Õ“√å«’®’ 6100 ®÷ß

“¡“√∂·¥ß√“¬≈–‡Õ’¬¥¢Õßµ–‰∫‡∫Õ√å 08 ‰¥â ¥â«¬

¢π“¥æ‘°‡´≈∑’Ë‡≈Á°°«à“∑”„Àâ¿“æµâπ©∫—∫®“°√–∫∫ Õ“√å

«’®’ 5000 ·≈– Õ“√å«’®’ 6100 „π°“√»÷°…“π’È¡’§«“¡

≈–‡Õ’¬¥„π°“√·¥ß¿“æŸßÕ¬Ÿà·≈â«°“√„™â¢—ÈπµÕπª√—∫

¿“æ®÷ß™à«¬‰¥â‰¡à¡“°·≈–„π°√≥’¢Õßµ–‰∫¢π“¥‡≈Á°Ê 

°“√ª√—∫¿“æ¬—ßÕ“®∑”„Àâ¢âÕ¡Ÿ≈¢Õßµ–‰∫¢π“¥‡≈Á°

Ÿ≠À“¬‰ª‰¥â¥â«¬¥—ß‡™àπ°√≥’∑’Ë„™â¢—ÈπµÕπ°“√ª√—∫¥â«¬«‘∏’

¡Ÿ∏ ·≈– °“√„™â¡’‡¥’¬πøî≈‡µÕ√å °“√»÷°…“∂÷ßº≈¢Õß°“√

ª√—∫·µàß¿“æ¥â«¬¢— ÈπµÕπ∑’ ËÕÕ°·∫∫¢÷ Èπ‡ÕßµàÕ°“√

ª√–‡¡‘π§«“¡¬“«¢Õßµ–‰∫§≈Õß√“°øíπ‚¥¬ Li ·≈–
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§≥–(10) „πªï §.». 2004 æ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’

π—¬”§—≠„π°“√Õà“πº≈¢Õßµ–‰∫‡∫Õ√å 10 √–À«à“ß¿“æπ—¬”§—≠„π°“√Õà“πº≈¢Õßµ–‰∫‡∫Õ√å 10 √–À«à“ß¿“æπ—¬”§

√—ß’µâπ©∫—∫´÷Ëß∂à“¬¥â«¬‡´π‡´Õ√å‰´‡¥°´‘ (Sidexis) √ÿàπ

°àÕπªï §.» 2004 °—∫¿“æ√—ß’∑’Ë‰¥â√—∫°“√ª√—∫·µàß¥â«¬¢—Èπ

µÕπ∑’ËÕÕ°·∫∫¢÷Èπ¡“ ·µà‰¡àæ∫§«“¡·µ°µà“ß„π°“√Õà“π

¿“æ¢Õßµ–‰∫‡∫Õ√å 15  

 ®“°√“¬ß“π°“√»÷°…“§«“¡≈–‡Õ’¬¥¢ÕßÕÿª°√≥å√—∫

¿“æ 18 ™π‘¥¢Õß Farman ·≈– Farman(16) „πªï §.». 

2005 æ∫«à“ Õ“√å«’®’ 6000 ¡’§à“§«“¡≈–‡Õ’¬¥¥â“π

‡ª‡™’¬≈ 20 lp/mm ·≈– Õ“√å«’®’ 5000 ¡’§à“§«“¡

≈–‡Õ’¬¥Õ¬Ÿà∑’Ë 14 lp/mm à«π ‡´π‡´Õ√å‚´æ‘°´å π—Èπ‰¡à¡’

°“√√“¬ß“π°“√»÷°…“∂÷ß§«“¡≈–‡Õ’¬¥¢Õß‡´π‡´Õ√å 

™π‘¥π’È ·¡âπ«à“¢âÕ¡Ÿ≈∑’Ë∑“ß∫√‘…—∑ºŸâº≈‘µ·®âß∫π‡«ª‰´¥å ™π‘¥π’È ·¡âπ«à“¢âÕ¡Ÿ≈∑’Ë∑“ß∫√‘…—∑ºŸâº≈‘µ·®âß∫π‡«ª‰´¥å ™π‘¥π’

(website)(17) °≈à“««à“ ‡´π‡´Õ√å ‚´æ‘°´å ¡’§«“¡≈–‡Õ’¬¥

µ“¡∑ƒ…Æ’‰¥â∂÷ß 22.7 lp/mm °Áµ“¡ „π°“√»÷°…“§√—Èßπ’È

æ∫«à“¡’§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬”§Ì≠√–À«à“ß‡´π‡´Õ√å

∑—Èß 3 ™π‘¥∑’Ë„™â ‚¥¬∑’Ë ™π‘¥Õ“√å«’®’ 6100 ¡’§à“§«“¡∂Ÿ°

µâÕß„π°“√√–∫ÿµ”·Àπàßµ–‰∫Ÿß∑’Ëÿ¥ √Õß≈ß¡“‰¥â·°à µâÕß„π°“√√–∫ÿµ”·Àπàßµ–‰∫Ÿß∑’Ëÿ¥ √Õß≈ß¡“‰¥â·°à µâÕß„π°“√√–∫ÿµ”·Àπàßµ–‰∫Ÿß∑’Ëÿ¥ √Õß≈ß¡“‰¥â·°

Õ“√å«’®’ 5000 ·≈– ‚´æ‘°´å µ“¡≈”¥—∫ “‡Àµÿ∑’Ë‡≈◊Õ°

∑”°“√»÷°…“„π‡´π‡´Õ√å∑— Èß“¡™π‘¥π’È‡π◊ ËÕß®“°«à“∑—Èß

“¡™π‘¥‡ªìπ√–∫∫∂à“¬¿“æ√—ß ’¥ ‘® ‘∑ —≈„πª“°∑’ Ë¡ ’

®”Àπà“¬„πª√–‡∑»‰∑¬·≈–¬—ß¡’¢âÕ¡Ÿ≈πâÕ¬¡“°∑’ Ëπ”

‡´π‡´Õ√å ‚´æ‘°´å¡“„™â„π°“√»÷°…“ Õ¬à“ß‰√°Áµ“¡‡´π-

‡´Õ√å ‚´æ‘°´å ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È‡ªìπ‡´π‡´Õ√å√ÿàπªï 

§.». 2004 ´÷ËßÕ“®¡’¢π“¥æ‘°‡´≈„À≠à°«à“¢Õß√ÿàπªí®®ÿ∫—π

∑’Ë∑“ß∫√‘…—∑·®âß¢âÕ¡Ÿ≈‰«â∫πÕ‘π‡µÕ√å‡πµ (22 lp/mm)

‡æ√“–À“°¡’¢π“¥æ‘°‡´≈‡≈Á°≈ß®π‰¥â§à“§«“¡≈–‡Õ’¬¥∑’Ë 

22 lp/mm ·≈â«º≈∑’Ë‰¥âπà“®–‰¡à·µ°µà“ß®“°¢Õß Õ“√å«’®’ 

6100  

    °“√»÷°…“π’Èæ∫«à“¢π“¥¢Õßµ–‰∫§≈Õß√“°øíπ¡’º≈

µ àÕ§«“¡∂Ÿ°µ âÕß„π°“√√–∫ ÿµ”·Àπàß¢Õßµ–‰∫´ ÷ Ë ß

Õ¥§≈âÕß°—∫°“√»÷°…“Õ◊ËπÊ ∑’Ëºà“π¡“ ‚¥¬ Kal ·≈–

§≥–(14)  æ∫«à“§à“§«“¡∂Ÿ°µâÕß„π°“√«—¥√–¬–§«“¡¬“«

√“°¡’§à“Ÿß¢÷Èπµ“¡¢π“¥¢Õßµ–‰∫∑’Ë„À≠à¢÷Èπ ·¡âπ«à“®–¡’

¢âÕ·π–π”«à“µ–‰∫‡∫Õ√å 08 ‡≈Á°‡°‘π‰ª„π°“√„™â«—¥§«“¡

¬“«√“° ·µà„π°“√ªØ‘∫—µ‘∑“ß§≈‘π‘°„π∫“ß§√—Èß·≈â«°Á¡’¬“«√“° ·µà„π°“√ªØ‘∫—µ‘∑“ß§≈‘π‘°„π∫“ß§√—Èß·≈â«°Á¡’¬“«√“° ·µà„π°“√ªØ‘∫

§«“¡®”‡ªìπ∑’Ë®–µâÕß„™âµ–‰∫¢π“¥‡≈Á°Ê ‡™àπ„π √“°øíπ

¥â“π„°≈â°≈“ß-·°â¡ (mesiobuccal root) ¢Õßøíπ°√“¡

∫π º≈®“°°“√»÷°…“π’È·¥ß«à“§«√„™âµ–‰∫‡∫Õ√å 15 „π

°“√«—¥§«“¡¬“«√“°„π°√≥’∑’Ë“¡“√∂„àµ–‰∫‡∫Õ√å 15 

‰¥â‡æ◊ËÕ§«“¡∂Ÿ°µâÕß∑’Ë¡“°¢÷Èπ„π°“√«—¥§«“¡¬“«√“° 

 ¿“æ·ß«à“ß„π°“√Õà“π¿“æ√—ß’°Á¡’º≈µàÕ°“√

¡Õß‡ÀÁπ ¡’¢âÕ‡πÕ·π–«à“°“√Õà“π¿“æ¥‘®‘∑—≈§«√∑”°“√

Õà“π„πÀâÕß∑’Ë¡’·ß«à“ßπâÕ¬À√◊Õ∂Ÿ°∑”„Àâ¡◊¥≈ß‡™àπ‡¥’¬«

°—∫°“√Õà“πº≈¿“æ√—ß’·∫∫∏√√¡¥“ °“√»÷°…“‚¥¬ 

Friedlander ·≈–§≥–Friedlander ·≈–§≥–Friedlander (18) „πªï §.». 2002 æ∫«à“°“√

Õà“π¿“æ√—ß’¥‘®‘∑—≈„π§≈‘π‘°∑—πµ°√√¡∑—Ë«‰ª≈¥§«“¡∂Ÿ°

µâÕß„π°“√«‘π‘®©—¬ ·≈– „π°“√»÷°…“¢Õß Li ·≈–

§≥–(10) ∑’Ë‡°’Ë¬«°—∫º≈¢Õß°“√ª√—∫·µàß¿“æ¥â«¬¢—ÈπµÕπ∑’Ë

ÕÕ°·∫∫¢÷Èπ‡Õß°Áæ∫«à“¡’§«“¡·µ°µà“ß„π§à“§«“¡∂Ÿ°

µ âÕß¢Õß°“√ª√–‡¡ ‘π§«“¡¬“«√“°√–À« à“ß°≈ÿ à¡ºŸ â

—ß‡°µ°“√≥å∑’ËÕà“π¿“æ„πÀâÕß¡◊¥°—∫Õ’°°≈ÿà¡∑’ËÕà“π¿“æ

„πÀâÕß∑’Ë¡’·ß«à“ß®“°À≈Õ¥‰ø ‚¥¬æ∫«à“°≈ÿà¡∑’ËÕà“π

¿“æ„πÀâÕß¡◊¥¡’§«“¡∂Ÿ°µâÕß¡“°°«à“·≈–¡’§«“¡

¡Ë”‡¡Õ¢Õß§«“¡∂Ÿ°µâÕß¥’°«à“ °“√»÷°…“¢Õß Heo 

·≈–§≥–(19) ªï §.». 2008 °Áæ∫«à“°“√·ª≈º≈¢Õßµ”·Àπàß

µ–‰∫‡∫Õ√å 08 „πÀâÕß∑’Ë¡’§«“¡«à“ß¡“°°«à“µâÕß„™â‡«≈“

π“π°«à“°“√·ª≈º≈„πÀâÕß∑’Ë¡◊¥ „π°“√»÷°…“π’È®÷ß‰¥â®—¥

„Àâ°“√Õà“π¿“æ∑”„πÀâÕß∑’Ë§àÕπ¢â“ß¡◊¥ 

 ®Õ·¥ß¿“æ°Á‡ªìπÕ’°ªí®®—¬∑’Ë§«√§”π÷ß∂÷ß „π°“√

»÷°…“§√—Èßπ’È„™â§Õ¡æ‘«‡µÕ√åæ°æ“‰¥â·°à HP Pavilion17-

in WXGA+/1440 x 900  „π°“√·¥ß¿“æ√—ß’∑—ÈßÀ¡¥ 

∑—Èßπ’È‡æ◊ËÕ®”≈Õß¿“æ°“√≥å„π§≈‘π‘°∑—πµ°√√¡∑’ËÕ“®¡’

°“√„™â§Õ¡æ‘«‡µÕ√åæ°æ“√à«¡°—∫‡´π‡´Õ√å„πª“°„π°“√

√—°…“§≈Õß√“°øíπ ´÷Ëß°“√ª√—∫¡ÿ¡¢Õß®Õ¿“æ„π°“√Õà“π

¿“æÕ“®¡’º≈µàÕ°“√¡Õß‡ÀÁπ‰¥â „π°“√»÷°…“§√—Èßπ’È‰¥â

Õπÿ≠“µ„ÀâºŸâ—ß‡°µ°“√≥å·µà≈–∑à“π∑”°“√ª√—∫¡ÿ¡„π°“√

Õà“π¿“æ√—ß’‰¥âµ“¡Õ‘√–„Àâ‰¥â¡ÿ¡∑’Ë‡ÀÁπ‰¥â™—¥‡®π πÕ° 

®“°π’È¬—ß¡’·π«‚πâ¡«à“®Õ¿“æ™π‘¥·∫π∑’Ë„™â‡∑§‚π‚≈¬’

·Õ≈´’¥’ (LCD-Liquid Crystal Display) ®–‡ªìπ∑’Ëπ‘¬¡

„™â¡“°¢÷Èπ ·¡âπ«à“®–¡’§«“¡·µ°µà“ß°—π„π¥â“π°“¬¿“æ

√–À«à“ß®Õ§Õ¡æ‘«‡µÕ√å™π‘¥À≈Õ¥§“‚∏¥‡√¬å (Cathode 

Ray Tube, CRT) °—∫®Õ·∫π·∫∫·Õ≈´’¥’ ·µà®“°

√“¬ß“π°“√»÷°…“‚¥¬ Baksi ·≈–§≥–(20) „πªï §.». 

2009 ´÷Ëß∑”°“√‡ª√’¬∫‡∑’¬∫®Õ·Õ≈´’¥’ ¢Õß§Õ¡æ‘«‡µÕ√å

æ°æ“°—∫®Õ´’Õ“√å∑’ (CRT) „π°“√ª√–‡¡‘π§«“¡¡
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∫√Ÿ≥å¢Õß°“√Õÿ¥§≈Õß√“°øíπ‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’

π—¬”§—≠√–À«à“ß®Õ∑—ÈßÕß™π‘¥ ‚¥¬∑’Ë®Õ∑—ÈßÕß¡’§à“

§«“¡≈–‡Õ’¬¥„π°“√·¥ß¿“æ∑’Ë‡∑à“°—π∑’Ë 1024 x 768 

(XGA)    

„π°“√»÷°…“π’È¢—ÈπµÕπª√—∫·µàß¿“æ∑’Ë‡≈◊Õ°„™â‡ªìπ

¢—ÈπµÕπª√—∫·µàß¿“æ¢Õß NIH À√—∞Õ‡¡√‘°“∑’Ë“¡“√∂

¥“«πå‚À≈¥‰¥âø√’ (http://rsb.info.nih.gov/ij) ∑—Èßπ’È‡æ◊ËÕ

„Àâ“¡“√∂‡ª√’¬∫‡∑’¬∫º≈¢Õß¢—ÈπµÕπª√—∫·µàß¿“æ™π‘¥

‡¥’¬«°—π‰¥â°—∫‡´π‡´Õ√å∑’Ëµà“ßÊ °—π∑—Èß“¡™π‘¥‡π◊ËÕß®“°

¢—ÈπµÕπª√—∫·µàß¿“æ∑’Ë·µà≈–√–∫∫„Àâ¡“Õ“®¡’°“√‡√’¬°

™◊ËÕµà“ßÊ °—π·≈–Õ“®¡’¢— ÈπµÕπ‰¡à‡À¡◊Õπ°—π Õ¬à“ß‰√

°Áµ“¡”À√—∫¢—ÈπµÕπ °“√ª√—∫„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß

¢â“¡°—∫ª°µ‘ ·≈– °“√ª√—∫§«“¡‡ª√’¬∫µà“ß π—Èπ®—¥«à“

‡ªìπ¢—ÈπµÕπæ◊Èπ∞“π∑’Ë¡—°¡’¡“°—∫™ÿ¥§”—Ëß´Õø∑å·«√å¢Õß

√–∫∫¥‘®‘∑—≈∑—Ë«‰ª 

 ‚¥¬√ÿªÕ“®°≈à“«‰¥â«à“”À√—∫‡´π‡´Õ√å√ÿàπ„À¡à∑’Ë¡’

§«“¡≈–‡Õ’¬¥¢Õß¿“æµâπ©∫—∫ŸßÕ¬Ÿà·≈â«π—Èπ°“√ª√—∫·µàß

¿“æ¥â«¬¢—ÈπµÕπ°“√ª√—∫„Àâ¿“æ¡’§«“¡‡¢â¡µ√ß¢â“¡°—∫

ª°µ‘ ·≈– °“√ª√—∫§à“§«“¡‡ª√’¬∫µà“ß¢Õß¿“æ Õ“®™à«¬

„π°“√¡Õß‡ÀÁπ·≈–√–∫ÿµ”·Àπàß¢Õßµ–‰∫§≈Õß√“°øíπ

‰¥â ·µà‰¡à·π–π”„Àâ„™â¢—ÈπµÕπ°“√„™â¡’‡¥’¬πøî≈‡µÕ√å „π

°“√√–∫ÿµ”·Àπàßµ–‰∫ ·≈–πÕ°®“°π’È¬—ßæ∫«à“‡´π‡´Õ√å

¥‘®‘∑—≈µà“ß√ÿàπ·≈–µà“ß∫√‘…—∑®–„Àâº≈¢Õß°“√ª√“°Ø„π

¿“æ·µ°µà“ß°—πÕ¬à“ß¡’π—¬”§—≠ °≈à“«§◊Õ‡´π‡´Õ√å∑’Ë¡’

§«“¡≈–‡Õ’¬¥„π°“√·¥ß¿“æ‰¥âŸß°«à“®–¡’§«“¡∂Ÿ°

µâÕß„π°“√√–∫ÿµ”·Àπàßµ–‰∫‰¥â¡“°°«à“ ·≈–¢π“¥¢Õß

µ–‰∫¡’º≈µàÕ°“√¡Õß‡ÀÁπ ‚¥¬∑’ËºŸâ—ß‡°µ°“√≥å“¡“√∂

√–∫ÿµ”·Àπàßµ–‰∫‰¥â∂Ÿ°µâÕß¡“°¢÷Èπ‡¡◊ËÕ„™âµ–‰∫∑’Ë¡’¢π“¥

„À≠à¢÷Èπ 

°‘µµ‘°√√¡ª√–°“» 
 §≥–ºŸâ«‘®—¬¢Õ¢Õ∫§ÿ≥§≥–∑—πµ·æ∑¬»“µ√å ¡À“-

«‘∑¬“≈—¬‡™’¬ß„À¡à∑’Ë„Àâ°“√π—∫πÿπ‡ß‘π∑ÿπ«‘®—¬„π§√—Èßπ’È

·≈–¢Õ¢Õ∫§ÿ≥ºŸâ„Àâ§«“¡Õπÿ‡§√“–Àå„π°“√«‘®—¬§√—Èßπ’È

‰¥â·°à Õ.∑æ≠.°“√—µÀå ª√–‚¡®π’¬å  Õ.∑æ≠.®ß¥’ °”∫—ß

µπ Õ.∑æ.Õ“ππ∑å  ®“√ÿÕ—§√– „π°“√‡ªìπºŸâ—ß‡°µ°“√≥å  

º».∑æ≠.ÿæ—µ√“ ·ßÕ‘π∑√å∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå„Àâ¬◊¡

™ÿ¥‡´π‡´Õ√å„π™àÕßª“°√–∫∫¥‘®‘∑—≈ ·Õ§µ‘ÕÕπ (Sopix 

system) ·≈– Dr. M. Kevin O Carroll »“µ√“®“√¬å

æ‘‡»… §≥–∑—πµ·æ∑¬»“µ√å ¡À“«‘∑¬“≈—¬¡‘´‘‘ªªïô 

·≈–ºŸ â‡™’ Ë¬«™“≠∑’Ëª√÷°…“æ‘‡»…¢Õß§≥–∑—πµ·æ∑¬-

»“µ√å ¡À“«‘∑¬“≈—¬‡™’¬ß„À¡à „π°“√‡µ√’¬¡∫∑§«“¡

¿“§¿“…“Õ—ß°ƒ… ·≈– §ÿ≥«‚√®πåæ≈ ‚™µ‘¡‘∑°ÿ≈ ∑’Ë„Àâ

§«“¡Õπÿ‡§√“–Àå„Àâ¬◊¡‡´π‡´Õ√åÕ“√å«’®’ 6100  
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