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Background and objective: Dual-energy X-ray

absorptiometry  is regarded as reference method for bone

density assessment.  Quantitative ultrasound (QUS) has

been introduced as an alternative technology to bone

densitometry. To study short-term precision (coefficient

of variation; CV%) and the intra- and inter-observer

reliability of QUS in measuring bone mineral density of the

calcaneus.

Methods:   This study is cross-sectional descriptive study.

Subjects were 20 persons (10 woman ,10 man) in the age

group between 20-70 years olds.

Results: Short-term precision of SOS, BUA, SI showed

by coefficient of variation (CV%) were 0.99, 6.42, 6.27

respectively.  The correlation coefficient (r) for SOS, BUA,

SI  between the 1st and 2nd observer was 0.82, 0.755

and 0.861 respectively (p<0.001). The limits of agreement

for evaluating inter-observer reliability were used. The

respective mean of differences and the standard

deviation (SD) of SOS, BUA, SI between the measurements

of the 1st and 2nd observers were-2.99 (SD = 22.41),

0.19 (SD=10.71) and  -1.1 (SD = 9.44). None of the

comparisons significantly differed from zero, with  p-value

of one sample   t-test compare with zero (i.e., 0.06, 0.797

and 0.101 respectively).

Conclusion:  The QUS is the reliable tool for measuring

bone mineral density and it could be used as alternative

for diagnosing osteoporosis, particularly in areas with

limited access to, and resources for, DXA.

π‘æπ∏åµâπ©∫—∫ • Original Article

À≈—°°“√·≈–«—µ∂ÿª√– ß§å:  Dual Energy X-ray Absorptiometry
‡ªìπ°“√«—¥§à“¡«≈°√–¥Ÿ°∑’Ëπ‘¬¡ ¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß ·µà
√“§“·æß ¡’¢π“¥„À≠à   ‡§√◊ËÕß quantitative ultrasound (QUS)
πà“®–„™â«‘π‘®©—¬‚√§·∑π‰¥â °“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å
‡æ◊ËÕÀ“§«“¡·¡àπ¬”√–¬– —Èπ (short-term precision) ¢Õß‡§√◊ËÕß
quantitative calcaneal ultrasound (Achilles Express) §”π«≥
‡ªìπ coefficient of variation (CV) ·≈–À“§à“ reliability ¢Õß
‡§√◊ËÕß«—¥„πÕ“ “ ¡—§√§π‡¥’¬«°—π ‚¥¬ºŸâ«—¥µà“ß∫ÿ§§≈°—π
«‘∏’°“√»÷°…“: ‡ªìπ Cross-sectional descriptive study ™“¬
·≈–À≠‘ß®”π«πÕ¬à“ß≈–10 §π™à«ßÕ“¬ÿ 20-70 ªï √«¡ 20 §π
∫—π∑÷°¢âÕ¡Ÿ≈ πÈ”Àπ—°  à«π Ÿß Õ“¬ÿ ‡æ»   «—¥¥â«¬ calcaneal
quantitative ultrasound (Achilles Express) ∑’Ë âπ‡∑â“¥â“π´â“¬
«—¥´È” 10 §√—Èß‚¥¬ºŸâ«—¥§π·√° «—¥´È”Õ’° 10 §√—Èß‚¥¬ºŸâ«—¥
§π∑’Ë Õß
º≈°“√»÷°…“: §«“¡·¡àπ¬”√–¬– —Èπ¢Õß SOS, BUA , SI ‡ªìπ
CV% ‡∑à“°—∫ 0.99, 6.42, 6.27 µ“¡≈”¥—∫correlation coefficient
√–À«à“ßºŸâµ√«®∑—Èß Õß‡∑à“°—∫ 0.821, 0.755 , 0.861 (p<0.001)
reliability „π°“√µ√«®«—¥¢ÕßºŸâµ√«®∑—Èß Õß «‘‡§√“–Àå‚¥¬ limits
of agreement æ∫«à“ mean difference·≈– standard deviation
¢Õß§à“ SOS, BUA ·≈–§à“ SI √–À«à“ß§π·√°·≈–§π∑’Ë 2
‡∑à“°—∫ -2.99 (SD = 22.41), 0.19 (SD=10.71) ·≈– -1.1 (SD =
9.44)  ·≈–‰¡àæ∫§«“¡·µ°µà“ßÕ¬à“ß¡’π—¬ ”§—≠ (p= 0.06,
0.797 ·≈– 0.101 µ“¡≈”¥—∫)
 √ÿª:  °“√»÷°…“æ∫«à“ ‡§√◊ËÕß QUS ¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß
·≈–Õ“®®–‡ªìπÕ’°∑“ß‡≈◊Õ°„™â«‘π‘®©—¬‚√§°√–¥Ÿ°æ√ÿπ·∑π
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∫∑π”

‚√§°√–¥Ÿ°æ√ÿπ §◊Õ‚√§∑’Ë°√–¥Ÿ°¡’¡«≈µË”·≈–¡’‚§√ß √â“ß
¿“¬„π¢Õß°√–¥Ÿ°‡ ◊ËÕ¡∑√ÿ¥≈ß∑”„Àâ°√–¥Ÿ°‡ª√“–·≈–·µ°À—°
ßà“¬1, 2 Õß§å°“√Õπ“¡—¬‚≈°‰¥â‡ πÕ‡°≥±å°“√«‘π‘®©—¬‚√§
°√–¥Ÿ°æ√ÿπ‚¥¬„™â§à“¡«≈°√–¥Ÿ°À√◊Õ§à“§«“¡Àπ“·πàπ¢Õß
¡«≈°√–¥Ÿ°‡ªìπ‡°≥±å„π°“√«‘π‘®©—¬ ‚¥¬°“√µ√«®«—¥§à“¡«≈
°√–¥Ÿ°∑’Ë‰¥â√—∫§«“¡π‘¬¡ Ÿß ÿ¥ „πªí®®ÿ∫—ππ’È§◊Õ°“√µ√«®«—¥
¥â«¬‡§√◊ËÕß DEXA À√◊Õ DXA (Dual Energy X-ray Absorptiometry)
‡π◊ËÕß®“°¡’§«“¡πà“‡™◊ËÕ∂◊Õ·≈–¡’§«“¡§≈“¥‡§≈◊ËÕπµË”3

·µà‡ªìπ°“√µ√«®∑’Ë¡’√“§“·æß πÕ°®“°π’È‡§√◊ËÕß¡◊Õπ’È¬—ß¡’„™â
‡æ’¬ß‰¡à°’Ë·Ààß„πª√–‡∑»‰∑¬ ®÷ß‰¡à‡À¡“– ¡ ”À√—∫‡ªìπ
‡§√◊ËÕß¡◊Õ«‘π‘®©—¬‚√§°√–¥Ÿ°æ√ÿπ∑—Ë«ª√–‡∑»‰¥â

‡§√◊ËÕß¡◊ÕÕ’°™π‘¥Àπ÷Ëß∑’Ë‡√‘Ë¡‡ªìπ∑’Ëπ‘¬¡„™â¡“°„πªí®®ÿ∫—π
§◊Õ ‡§√◊ËÕß quantitative ultrasound (QUS) µ√«®«—¥§à“¡«≈
°√–¥Ÿ°¥â«¬§≈◊Ëπ‡ ’¬ß§«“¡∂’Ë Ÿß ¡’√“§“∂Ÿ° ¡’¢π“¥‡≈Á°
 “¡“√∂‡§≈◊ËÕπ¬â“¬‰¥â‚¥¬ –¥«°·≈– “¡“√∂π”¡“„™â‰¥âµ“¡
‚√ßæ¬“∫“≈∑—Ë«‰ª πÕ°®“°π’È¬—ß‰¡à·æ√à√—ß ’„Àâ‡ªìπÕ—πµ√“¬
µàÕ∑—ÈßºŸâµ√«®·≈–ºŸâ√—∫°“√µ√«®

°“√»÷°…“°àÕπÀπâ“π’È„πµà“ßª√–‡∑»‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫
calcaneal quantitative ultrasound ·µà≈–™π‘¥ æ∫«à“ ¡’§«“¡
·¡àπ¬”„π°“√«—¥ (precision) (CV%) ‰¥â„°≈â‡§’¬ß°—π ‚¥¬§à“
standardized coefficient variation (sCV%)  ”À√—∫ speed of
sound (SOS) ¡’§à“√–À«à“ß 3.14-5.5%   ”À√—∫ broadband
ultrasound attenuation (BUA) ¡’§à“√–À«à“ß 2.45-6.01%4,5

‚¥¬¡’°“√»÷°…“°àÕπÀπâ“π’È∂÷ß precision ¢Õß Achilles Express
‡∑à“°—∫ 1.8%, 0.3%, 1.9%  ”À√—∫ BUA, SOS, stiffness index
(SI) µ“¡≈”¥—∫6

°“√»÷°…“„π§√—Èßπ’È‡æ◊ËÕÀ“§«“¡·¡àπ¬”√–¬– —Èπ (short-
term precision) ¢Õß‡§√◊ËÕß quantitative calcaneal ultrasound
(Achilles Express) ‚¥¬§”π«π‡ªìπ coefficient of variation
(CV%) ·≈–À“§à“ reliability (test-retest) ¢Õß‡§√◊ËÕß quantitative
calcaneal ultrasound (Achilles Express) „πºŸâªÉ«¬§π‡¥’¬«°—π
‚¥¬ºŸâ«—¥µà“ß∫ÿ§§≈°—π´÷Ëß§”π«≥¥â«¬ limits of agreement
µ“¡ Bland and Alman method

«‘∏’°“√»÷°…“

°≈ÿà¡ª√–™“°√
Õ“ “ ¡—§√™“¬·≈–À≠‘ß∑’Ë¡’ ÿ¢¿“æ·¢Áß·√ß®”π«π

Õ¬à“ß≈– 10 §π ™à«ßÕ“¬ÿµ—Èß·µà 20-70 ªï √«¡∑—Èß ‘Èπ®”π«π 20
§π ∑ÿ°§π¬‘π¬Õ¡‡¢â“√à«¡°“√»÷°…“Õ¬à“ß‡µÁ¡„® ¿“¬À≈—ß
®“°‰¥â√—∫øíß§”Õ∏‘∫“¬·≈–´—°∂“¡‡°’Ë¬«°—∫°“√»÷°…“π’ÈÕ¬à“ß
≈–‡Õ’¬¥ ·≈–≈ß™◊ËÕ¬‘π¬Õ¡‡¢â“√à«¡°“√»÷°…“ Õ“ “ ¡—§√
∑ÿ°§π‰¡à‡§¬¡’ª√–«—µ‘°àÕπÀπâ“À√◊Õ°”≈—ß¡’°“√µ‘¥‡™◊ÈÕ„π
°√–¥Ÿ° âπ‡∑â“ À√◊Õ°√–¥Ÿ° âπ‡∑â“·µ° ‡π◊ÈÕßÕ°¢Õß°√–¥Ÿ°
¡–‡√Áß¢Õß°√–¥Ÿ° ‚√§∑“ß metabolic ¢Õß°√–¥Ÿ° ∑”„Àâ‰¡à
 “¡“√∂ª√–‡¡‘π°“√µ√«®§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ° âπ‡∑â“
¥â«¬ ‡§√◊ËÕß quantitative calcaneal ultrasound (Achilles
Express)‰¥â °“√»÷°…“π’È‰¥âºà“π°“√æ‘®“√≥“®“°§≥–
°√√¡°“√®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
·≈â« (HE501225)

®”π«πµ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“π’È
°“√§”π«≥ª√–™“°√ ®“° Ÿµ√

n =   + 3

‚¥¬   Z
r
 =    In

‚¥¬°”Àπ¥„Àâ  α (type I error) = 0.05,  β (type II error)
= 0.2, r (correlation coefficient) = 0.7 ®–§”π«≥¢π“¥°≈ÿà¡
µ—«Õ¬à“ß‰¥â 13 §π

‡§√◊ËÕß¡◊Õµ√«®«—¥§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ°
quantitative calcaneal ultrasound (Achilles Express)

(lunar, Madison, WI, USA) ‡ªìπ calcaneal ultrasound ™π‘¥
water based system §«∫§ÿ¡Õÿ≥À¿Ÿ¡‘¢≥–«—¥„Àâ§ß∑’Ë‚¥¬
®–«—¥º≈‡ªìπ§à“speed of sound (SOS), broadband ultrasound
attenuation (BUA), stiffness index

«‘∏’°“√
∫—π∑÷°¢âÕ¡Ÿ≈ πÈ”Àπ—°   à«π Ÿß  Õ“¬ÿ  ‡æ» ∑”§«“¡ –Õ“¥

 âπ‡∑â“¥â“π´â“¬ ∑”°“√«—¥¥â«¬ Achilles Express ∑’Ë âπ‡∑â“

Keywords: QUS (Quantitative ultrasound), DXA (Dual

Energy X-ray Absorptiometry), reliability, SI (stiffness

index)

1 + r
1 - r

α
2

1
2

Z   - Z
1
 - β (upper)   2

Z
r

‡§√◊ËÕß DXA ‰¥â ‚¥¬‡©æ“–„π‡¢µ™π∫∑À√◊Õ‚√ßæ¬“∫“≈∑’Ë
‰¡à¡’‡§√◊ËÕß DXA
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¥â“π´â“¬¿“¬„πÀâÕß∑’Ë¡’Õÿ≥À¿Ÿ¡‘§ß∑’Ë «—¥´È” 10 §√—Èß„πÕ“ “
 ¡—§√§π‡¥’¬«°—π‚¥¬ºŸâ«—¥§π‡¥’¬«°—π ®“°π—Èπ«—¥´È”Õ’° 10 §√—Èß
‚¥¬ºŸâ«—¥§π∑’Ë Õß

°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈
1. «‘‡§√“–Àå§ÿ≥≈—°…≥–æ◊Èπ∞“π¢ÕßºŸâ‡¢â“√à«¡«‘®—¬

„π°√≥’¢Õß¢âÕ¡Ÿ≈™π‘¥µàÕ‡π◊ËÕß‡™àπÕ“¬ÿ πÈ”Àπ—°  à«π Ÿß
§à“ BMI ®–· ¥ß‡ªìπ§à“‡©≈’Ë¬ §«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π
§à“ median ·≈–§à“µË” ÿ¥·≈– Ÿß ÿ¥

2. «‘‡§√“–Àå§à“ §«“¡·¡àπ¬” √–¬– —Èπ (short term
precision) ¢Õß speed of sound (SOS), broadband ultrasound

attenuation (BUA), stiffness index (SI) ‡ªìπ coefficient of
variation (CV%) ‚¥¬§à“ CV% ¢Õß°“√«—¥„πÕ“ “ ¡—§√ 20 §π
‡ªìπ™“¬ 10 §π À≠‘ß 10 §π Õ“ “ ¡—§√·µà≈–§π®–∂Ÿ°«—¥
¥â«¬ºŸâ«—¥ Õß§π§π≈–10 §√—Èß√«¡°“√«—¥∑—Èß ‘Èπ 20 §√—ÈßµàÕ
Õ“ “ ¡—§√·µà≈–§π §à“ CV% §”π«≥®“° §à“ root mean
square ¢Õß§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π (SD) ¢Õß°“√«—¥
·µà≈–§π·≈â«À“√¥â«¬§à“‡©≈’Ë¬ (mean) ¢Õß°“√«—¥∑ÿ°§π

3. «‘‡§√“–Àå§«“¡πà“‡™◊ËÕ∂◊Õ (reliability) ¢Õß°“√«—¥¥â«¬
Achilles Express ‚¥¬ºŸâ«—¥µà“ß∫ÿ§§≈°—π¥â«¬«‘∏’ limits of
agreement ¢Õß bland and altman7

º≈°“√»÷°…“

µ“√“ß∑’Ë 1 §ÿ≥≈—°…≥–æ◊Èπ∞“π∑“ß§≈‘π‘°¢ÕßÕ“ “ ¡—§√ºŸâ‡¢â“√à«¡«‘®—¬∑—Èß™“¬·≈–À≠‘ßÕ¬à“ß≈– 10 §π ™à«ßÕ“¬ÿµ—Èß·µà
20-70 ªï √«¡∑—Èß ‘Èπ®”π«π 20 §π

mean Standard deviation median Minimum - maximum
Õ“¬ÿ (ªï) 45.25 14.85 45.50 22-70
πÈ”Àπ—° (°‘‚≈°√—¡) 64.80 16.74 63.00 43-100
 à«π Ÿß (‡´πµ‘‡¡µ√) 161.35 7.03 160.00 150-176
BMI (¥—™π’¡«≈°“¬) 25.02 5.99 23.62 17.15-36.89

µ“√“ß∑’Ë 2 §«“¡·¡àπ¬”√–¬– —Èπ (short term precision) ¢Õß§à“ speed of sound (SOS), broadband ultrasound attenuation
(BUA), stiffness index (SI) · ¥ß‡ªìπ coefficient of variation (CV%)

Female by female by Female male Male Male both male both male total

1st 2nd total by 1st by 2nd total and female and female
observer observer observer observer  by 1st observer  by 2nd observer

CV% SOS 0.65 0.51 0.67 1.21 1.19 1.23 0.97 0.91 0.99

CV% BUA 7.61 6.09 7.18 4.71 5.63 5.62 6.28 5.85 6.42

CV% SI 5.71 5.20 6.00 4.95 7.03 6.51 5.33 6.21 6.27

µ“√“ß∑’Ë 3 §«“¡·¡àπ¬”√–¬– —Èπ (short term precision) ¢Õß speed of sound (SOS), broadband ultrasound attenuation (BUA),
stiffness index (SI) · ¥ß‡ªìπ coefficient of variation (CV%) ·¬°‡ªìπ„π°≈ÿà¡Õ“¬ÿπâÕ¬°«à“ 50 ªï·≈–¡“°°«à“ 50 ªï
¢÷Èπ‰ª‡¡◊ËÕ∑”°“√«—¥‡∑’¬∫√–À«à“ßºŸâ«—¥§π∑’Ë 1 ·≈– 2

°≈ÿà¡Õ“¬ÿπâÕ¬°«à“ 50 ªï °≈ÿà¡Õ“¬ÿ¡“°°«à“ 50 ªï¢÷Èπ‰ª
(®”π«π 12 §π) (®”π«π 8 §π)

1st observer 2nd observer total 1st observer 2nd observer total
CV% SOS 0.49 1.11 0.90 1.41 0.50 1.11
CV% BUA 6.67 5.84 6.51 5.62 5.88 6.27
CV% SI 4.69 6.90 6.41 6.19 4.93 6.06
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®“°µ“√“ß∑’Ë 4 · ¥ß∂÷ß§à“ —¡ª√– ‘∑∏‘Ï·Ààß§«“¡ —¡æ—π∏å
√–À«à“ßºŸâµ√«®«—¥§π·√°·≈–§π∑’Ë Õß¢Õß§à“ SOS = 0.821,
BUA = 0.755 ·≈–§à“ SI = 0.861 (p-value<0.001)  à«π°“√
«‘‡§√“–ÀåÀ“§«“¡πà“‡™◊ËÕ∂◊Õ¢Õßº≈°“√µ√«®«—¥√–À«à“ß§π·√°
·≈–§π∑’Ë Õß «‘‡§√“–Àå‚¥¬«‘∏’ limits of agreement √–À«à“ß
§à“‡©≈’Ë¬¢Õß§«“¡·µ°µà“ß¢Õßº≈°“√µ√«®¢ÕßºŸâµ√«® Õß§π
‡∑’¬∫°—∫§à“»Ÿπ¬å æ∫«à“§à“‡©≈’Ë¬¢Õß§«“¡·µ°µà“ß·≈–
§à“§«“¡‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§à“ SOS, BUA ·≈–§à“ SI
√–À«à“ß§π·√°·≈–§π∑’Ë 2 ‡∑à“°—∫ -2.99 (SD = 22.41), 0.19
(SD=10.71) ·≈– -1.1 (SD = 9.44) ·≈–‰¡àæ∫§«“¡·µ°µà“ß
®“°§à“»Ÿπ¬åÕ¬à“ß¡’π—¬ ”§—≠„π∑ÿ°°“√‡ª√’¬∫‡∑’¬∫ ‚¥¬¡’§à“
p-value ¢Õß one sample t-test ‡∑’¬∫°—∫§à“»Ÿπ¬å‡∑à“°—∫  0.06,
0.797 ·≈– 0.101 µ“¡≈”¥—∫

«‘®“√≥å

‚√§°√–¥Ÿ°æ√ÿπ (osteoporosis) ‡ªìπ¿“«–∑’Ë¡’§«“¡ ”§—≠
‡π◊ËÕß®“°‡ªìπ “‡Àµÿ¢Õß°“√‡°‘¥°√–¥Ÿ°À—°ßà“¬°«à“§πª°µ‘
´÷Ëß¡’§«“¡ ”§—≠µàÕ°“√∫√‘°“√ “∏“√≥ ÿ¢¢Õßª√–‡∑»
°“√§—¥°√ÕßºŸâªÉ«¬∑’Ë¡’¿“«–°√–¥Ÿ°æ√ÿπ®÷ß¡’§«“¡®”‡ªìπ‡æ◊ËÕ
®– “¡“√∂„Àâ°“√√—°…“ºŸâªÉ«¬µ—Èß·µà„π√–¬–·√° ‚¥¬°“√
µ√«®À“¡«≈°√–¥Ÿ° (Bone mineral density-BMD) ‡ªìπ°“√
µ√«®∑’Ë¡’§«“¡®”‡ªìπ„π°“√«‘π‘®©—¬‚√§°√–¥Ÿ°æ√ÿπ∑’Ë‡ªìπ°“√
µ√«®¡“µ√∞“π (gold standard investigation for osteoporosis)
·µà„π°“√µ√«®‚¥¬«‘∏’¥—ß°≈à“«¡’§à“„™â®à“¬ Ÿß ·≈–‰¡à “¡“√∂
∑”‰¥â„π∑ÿ° ∂“πæ¬“∫“≈

‡§√◊ËÕß quantitative ultrasound (QUS) ‡ªìπ‡§√◊ËÕßµ√«®
«—¥§à“¡«≈°√–¥Ÿ°¥â«¬§≈◊Ëπ‡ ’¬ß§«“¡∂’Ë Ÿß ¡’√“§“∂Ÿ°·≈–
¡’¢π“¥‡≈Á°  “¡“√∂‡§≈◊ËÕπ¬â“¬‰¥â‚¥¬ –¥«°·≈– “¡“√∂
π”¡“„™â‰¥âµ“¡‚√ßæ¬“∫“≈∑—Ë«‰ª πÕ°®“°π’È¬—ß‰¡à·æ√à√—ß ’
„Àâ‡ªìπÕ—πµ√“¬µàÕ∑—ÈßºŸâµ√«®·≈–ºŸâ∂Ÿ°µ√«®®–‡ªìπÕ’°∑“ß
‡≈◊Õ°Àπ÷Ëß¢Õß°“√«‘π‘®©—¬‚√§°√–¥Ÿ°æ√ÿπ„πÕπ“§µ

®“°°“√»÷°…“¢Õß »ÿ¿»‘≈ªá   ÿπ∑√“¿“ ·≈–§≥–8  ‚¥¬
„™â§à“¥√√™π’ OSTA9 √à«¡°—∫ QUS ·∫∫ sequential method
‡æ◊ËÕ‡ªìπ‡§√◊ËÕß¡◊Õ«‘π‘®©—¬‚√§°√–¥Ÿ°æ√ÿπ æ∫«à“À“°„™â§à“
OSTA index -1 ́ ÷Ëß¡’§à“§«“¡‰« Ÿß∂÷ß√âÕ¬≈– 91‡ªìπµ—«§—¥°√Õß
‡∫◊ÈÕßµâπ ·≈–„™â§à“ SI ‚¥¬ QUS ∑’Ë¡’§«“¡®”‡æ“– Ÿß æ∫«à“

∑’Ë§à“ T-score = -4.5 ‡ªìπ§à“∑’Ë‡À¡“– ¡∑’Ë ÿ¥‡æ◊ËÕ„™â«‘π‘®©—¬
‚√§°√–¥Ÿ°æ√ÿπ ‚¥¬‡©æ“–∑’Ëµ”·Àπàß femoral neck ·≈– total
femur ‚¥¬‡∑’¬∫°—∫°“√µ√«®«—¥¥â«¬‡§√◊ËÕß DXA ∑’Ë‡ªìπ gold
standard æ∫«à“¡’§«“¡·¡àπ¬” (accuracy)  Ÿß∂÷ß√âÕ¬≈– 80
 ”À√—∫ femoral neck ·≈–√âÕ¬≈– 89  ”À√—∫ total femur7,8

·µà¬—ß¡’¢âÕ°—ß«≈„π§«“¡πà“‡™◊ËÕ∂◊Õ¢Õß QUS ¡’°“√»÷°…“°àÕπ
Àπâ“π’È„πµà“ßª√–‡∑»‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫ calcaneal quantitative
ultrasound ·µà≈–™π‘¥ æ∫«à“ “¡“√∂µ√«®·¬°·¬–ºŸâ ŸßÕ“¬ÿ
∑’Ë¡’§«“¡‡ ’Ë¬ß Ÿß∑’Ë®–‡°‘¥°√–¥Ÿ°¢âÕ –‚æ°À—°®“°ºŸâ ŸßÕ“¬ÿ
ª√°µ‘‚¥¬¡’§«“¡·¡àπ¬”„π°“√«—¥ (precision) (CV%) ‰¥â
„°≈â‡§’¬ß°—π ‚¥¬§à“ standardized coefficient variation (sCV%)
 ”À√—∫ SOS ¡’§à“√–À«à“ß 3.14%-5.5%,  ”À√—∫ BUA ¡’§à“
√–À«à“ß 2.45%-6.01%    à«π precision ¢Õß ‡§√◊ËÕß Achilles
Express‡∑à“°—∫ 1.8%, 0.3%,1.9%  ”À√—∫ BUA, SOS, SI
µ“¡≈”¥—∫

®“°°“√»÷°…“„πª√–‡∑»‰∑¬¢Õß »ÿ¿»‘≈ªá   ÿπ∑√“¿“
·≈–§≥– ‡√◊ËÕß §«“¡πà“‡™◊ËÕ∂◊Õ¢Õß°“√«—¥§à“§«“¡Àπ“·πàπ
¢Õß°√–¥Ÿ°¥â«¬‡§√◊ËÕß calcaneal quantitative ultrasound10  ‚¥¬
¡’ºŸâ‡¢â“√à«¡°“√»÷°…“∑—Èß ‘Èπ®”π«π 100 §π ¡’Õ“¬ÿ 60-89 ªï
(¡’Õ“¬ÿ‡©≈’Ë¬ 69.97 ªï) ∑’ËÕ“»—¬Õ¬Ÿà„πÕ”‡¿Õ‡¡◊Õß®—ßÀ«—¥¢Õπ·°àπ
ª√–‡∑»‰∑¬ ∑”°“√µ√«®«—¥§à“§«“¡Àπ“·πàπ¢Õß°√–¥Ÿ°
 âπ‡∑â“¥â«¬‡§√◊ËÕß QUS ‚¥¬«—¥§à“ stiffness index (SI) ¥â«¬
§π«—¥®”π«π 2 §π §π≈– 2 §√—Èß √«¡®”π«π∑—Èß ‘Èπ 4 §√—ÈßµàÕ
ºŸâ ŸßÕ“¬ÿ 1 §π ∑’Ë‚√ßæ¬“∫“≈»√’π§√‘π∑√å æ∫«à“§à“ —¡ª√– ‘∑∏‘Ï
·Ààß§«“¡ —¡æ—π∏å¢Õß§à“ SI √–À«à“ß°“√µ√«®§√—Èß∑’ËÀπ÷Ëß
·≈–§√—Èß∑’Ë Õß¢ÕßºŸâµ√«®§π·√°·≈–§π∑’Ë Õß Õ¬Ÿà∑’Ë 0.973,
0.976 ·≈– 0.925 µ“¡≈”¥—∫ (p<0.001) §à“‡©≈’Ë¬·≈–
§à“‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß§«“¡·µ°µà“ß√–À«à“ß°“√«—¥§√—Èß∑’Ë  1
·≈– 2 ¢ÕßºŸâµ√«®§π·√°  ¢Õß§π∑’Ë Õß ·≈–°“√«—¥¢Õß
 Õß§π‡∑’¬∫°—π‡∑à“°—∫ 0.12 (SD = 4), 0.00 (SD =3.79)
·≈– -0.08 (SD = 6.63)  µ“¡≈”¥—∫ ‚¥¬¡’§à“ p-value ¢Õß one
sample t-test ‡∑’¬∫°—∫§à“»Ÿπ¬å‡∑à“°—∫ 0.765, 1 ·≈– 0.904
µ“¡≈”¥—∫ æ‘ Ÿ®πå„Àâ‡ÀÁπ«à“‡§√◊ËÕß QUS ¡’§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß
‡™àπ°—π ‰¡à«à“®–‡ªìπ°“√«—¥‚¥¬∫ÿ§§≈‡¥’¬«°—πÀ√◊Õµà“ß∫ÿ§§≈
°—π ≈â«π·µà¡’§à“„°≈â‡§’¬ß°—πÕ¬à“ß¡“° §«“¡º—π·ª√¢Õß
º≈πâÕ¬¡“° ·µà°“√»÷°…“π’È‡ªìπ‡æ’¬ß°“√‡ª√’¬∫‡∑’¬∫°“√«—¥

µ“√“ß∑’Ë 4  §à“ —¡ª√– ‘∑∏‘Ï·Ààß§«“¡ —¡æ—π∏å (r) ‡¡◊ËÕ∑”°“√«—¥‡∑’¬∫√–À«à“ßºŸâ«—¥§π∑’Ë 1 ·≈– 2

 —¡ª√– ‘∑∏‘Ï·Ààß§«“¡ —¡æ—π∏å√–À«à“ß§π«—¥§π·√°·≈–§π∑’Ë Õß p-value
SOS 0.821 <0.001
BUA 0.755 <0.001
SI 0.861 <0.001
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• ‘∑∏‘™—¬ ∏—≠Õ”‰æ ·≈–§≥– Sittichai Thanumpai, et al.

 Õß§√—Èß„πºŸâµ√«®§π‡¥’¬«°—π (intraobserver) À√◊ÕºŸâµ√«®
 Õß§π (interobserver) ·µà¬—ß‰¡à‡§¬¡’°“√»÷°…“§«“¡πà“‡™◊ËÕ
∂◊Õ¢Õß‡§√◊ËÕß QUS ®“°°“√µ√«®«—¥ È́”À≈“¬Ê §√—Èß„π§π‰∑¬

°“√»÷°…“„π§√—Èßπ’Èæ∫«à“ Achilles Express ¡’§«“¡
πà“‡™◊ËÕ∂◊Õ ŸßÕ¬à“ß¡’π—¬ ”§—≠   ‰¡à«à“®–‡ªìπ°“√«—¥‚¥¬∫ÿ§§≈
‡¥’¬«°—πÀ√◊Õµà“ß∫ÿ§§≈°—π ≈â«π·µà¡’§à“„°≈â‡§’¬ß°—πÕ¬à“ß¡“°
·≈–§à“ CV% ®“°°“√«—¥´È”À≈“¬Ê §√—Èß„°≈â‡§’¬ß°—∫°“√»÷°…“
¢Õßµà“ßª√–‡∑» ¥—ßπ—Èπ ‡§√◊ËÕß QUS ®÷ß¡’§«“¡·¡àπ¬”„π
°“√«—¥ Ÿß·¡â®–«—¥‚¥¬ºŸâ«—¥µà“ß∫ÿ§§≈°—πÕ—π· ¥ß∂÷ß§«“¡
 –¥«°‡À¡“– ¡„π°“√π”¡“„™âµ√«®‚√§°√–¥Ÿ°æ√ÿπ„π™ÿ¡™π

 √ÿª

Quantitative calcaneal ultrasound (Achilles Express)
‡ªìπ‡§√◊ËÕß¡◊ÕÀπ÷Ëß ∑’ËÕ“®®–„™âµ√«®«‘π‘®©—¬‚√§°√–¥Ÿ°æ√ÿπ
‚¥¬‡§√◊ËÕß¡◊Õπ’È¡’§«“¡·¡àπ¬”√–¬– —Èπ·≈–§«“¡πà“‡™◊ËÕ∂◊Õ Ÿß
¡’§«“¡ –¥«°„π°“√„™â‰¡àµâÕßÕ“»—¬ºŸâ‡™’Ë¬«™“≠„π°“√«—¥
®÷ß‡ªìπ‡§√◊ËÕß¡◊Õ∑’ËÕ“®‡ªìπ∑“ß‡≈◊Õ°π”¡“„™â·∑π‡§√◊ËÕß DEXA
‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π‡¢µ™π∫∑À√◊Õ‚√ßæ¬“∫“≈∑’Ë‰¡à¡’‡§√◊ËÕß
DEXA

°‘µµ‘°√√¡ª√–°“»

°“√»÷°…“§√—Èßπ’È‰¥â√—∫∑ÿπ π—∫ πÿπ®“°‡ß‘π∑ÿπ«‘®—¬¢Õß
§≥–·æ∑¬»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
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