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ABSTRACT

This study identifies the optimal tube voltages depending on the changes in the patient’s body type for limb
tests using a digital radiography (DR) system. For the upper-limp test, the dose area product (DAP) was fixed at
5.06 dGy*cm?, and for the lower-limb test, the DAP was fixed at 5.04 dGy*cm?. Afterwards, the tube voltage
was changed to four different stages and the images were taken three times at each stage. The thickness of the
limbs was increased by 10 mm to 30 mm to change in the patient’s body type. For a quantitative evaluation,
Image J was used to calculate the contrast to noise ratio (CNR) and signal to noise ratio (SNR) among the four
groups, according to the tube voltage. For statistical testing, the statistically significant differences were analyzed
through the Kruskal-Wallis test at a 95% confidence level. For the qualitative analysis of the images, the
pre-determined items were evaluated based on a 5-point Likert scale. In both upper-limb and lower-limb tests, the
more the tube voltage increased, the more the CNR and SNR of the images decreased. The test on the changes
depending on the patient’s body shape showed that the more the thickness increased, the more the CNR and SNR
decreased. In the qualitative evaluation on the upper limbs, the more the tube voltage increased, the more score
increased to 4.6 at the maximum of 55kV and 3.6 at 40kV, respectively. The mean score for the lower limbs was
4.4, regardless of the tube voltage. The more either the upper or lower limbs got thicker, the more the score
generally decreased. The score of the upper limps sharply dropped at 40kV, whereas that of the lower limps
sharply dropped at 50kV. For patients with a standard thickness, the optimized images can be obtained when
taken at 45kV for the upper limbs, and at 50kV for the lower limbs. However, when the thickness of the
patient’s limbs increases, it is best to set the tube voltage at 50 kV for the upper limbs and at 55 kV for the
lower limbs.
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I. MATERIAL AND METHODS
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Table 1. Exposure Index

SID Collimat . . DAP
Part (cm) ° (Clg? or Grid Filter (dGy*em?)
Wrist 110 25%30 Non No 5.06
Ankle 110 25%30 Non No 5.04
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SI ROI7] = Mean Value of ROI] (Bone)

SI ROI2 = Mean Value of ROI2 (soft tissue)

SD Rol] = Standard deviation of ROI] (Bone)

SD Rol2 = Standard deviation of ROI2 (soft tissue)

(a) \;rist

(b) Ankle

Fig. 1. Method used to calculate the contrast to noise
ratio.
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m. RESULT

Wrist®} Ankle A3 ESFo| A #Hdo] 7tk
= 94 CNR¥} SNRo| #4313t

Wrist A& 7F4 7]2 Phantom A3 o] CNR
3} SNRo| 7Hd =kom ghate] Ao wE Aol
£ 1Y) 9% AgelA = Phantomo] 779 A5
CNR# SNReo] #4317 7F4 5742 Phantom
+30 mm oA FAge] AF Frigith 7|7
Phantom A& A i #HZSH 55 kvellAl CNRO|
9.03, A THS} 40 kvolA CNR®] 11.030.% t}
& A A3l s 7 & 1.2290(p=0.000) =}
o] 7} Wt

Table 2. Results of CNR and SNR on Wrist phantom

Phantom+
30 mm

Phantom
+20 mm

Phantom

Phantom 110 mm

kv [ CNR SNR CNR SNR CNR SNR CNR SNR

40 [ 11.03 889 896 9.09 719 744 802 771

45 [ 10.06 8.09 847 823 670 696 7.54 7.27

50 | 945 752 811 755 644 643 726 6.86

551903 719 781 715 615 596 693 6.29

p-value| 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Ankle 2 &9 F$- 7} 7] Phantom A3 o]
Al CNR#} SNRo| 71 #kom xto] A gef w
ztol & H7| 9]¢k A A= Phantom©]| 7]
% CNR¥} SNRo| #A38}it). 7] Phantom
Fol A Ha BASt 65 kvell Al CNRo|] 7.42,
FAQ}F 40 kVol Al CNRO| 8.44% Tt} F79]
ol va) 7Hg 2 1.139)(p=0.03)2] z}o]7} Wt}

(o T o DM

Table 3. Results of CNR and SNR on Ankle
phantom

Phantom Phantom Phantom+
+10 mm +20 mm 30 mm

kv |CNR SNR CNR SNR CNR SNR CNR SNR
50 | 844 743 729 678 6.87 725 577 6187

551783 689 693 641 644 659 546 6.21
60 | 760 6.82 681 638 629 654 519 585
65 | 742 678 6.70 621 6.12 633 5.00 570

Phantom

p-value] 0.03 0.05 0.04 0.05 0.000 0.000 0.000 0.000
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Table 4. Wrist, Mean quality ratings for all 5
observers

Phantom Item 40 45 50 55(kV)
Compact 3.6 4.4 4.2 4.6
P Spongy 3.6 44 44 4.6
Soft tissue 3.7 4.4 44 4.6
Compact 33 4.0 3.8 4.2
+10pmm Spongy 3.5 4.1 4.0 4.2
Soft tissue 3.6 4.0 4.2 4.2
Compact 2.8 3.6 3.8 3.8
+20pmm Spongy 29 3.4 3.7 3.8
Soft tissue 3.4 39 42 4.0
Compact 2.2 32 34 32
+3(§’mm Spongy 22 3.1 3.2 32
Soft tissue 2.6 3.6 3.6 34

Table 5. Ankle, Mean quality ratings for all 5
observers

Phantom Item 50 55 60 65(kV)
Compact 4.4 4.4 4.1 4.4
Spongy 4.4 4.4 4.1 4.4
P Joint 4.6 4.6 42 44
Soft tissue 43 44 43 4.6
Compact 29 3.7 3.8 3.8
P Spongy 3.1 4.0 4.0 4.0
HOmm i 4.6 4.6 42 44
Soft tissue 44 4.4 43 4.6
Compact 2.8 32 3.6 3.5
p Spongy 2.8 3.2 39 3.7
F20mm | i 2.6 28 3.6 34
Soft tissue 3.8 4.1 3.9 3.4
Compact 22 3.0 32 3.5
p Spongy 2.4 32 3.0 3.5
F30mm | i 2.1 28 28 3.0
Soft tissue 2.9 3.7 3.7 4.0
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