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Purpose: With the aging of the population, the attack rate of osteoporotic vertebral compression fracture is in the
increasing trend, and percutaneous vertebroplasty (PVP) is the most commonly performed standardized
treatment. Although there is a research report of the excellence of usefulness of the SPECT/CT examination in
terns of the exact diagnosis before and after the procedure, the bone cement material used in the procedure
influences the image quality by forming an artifact in the CT image. Therefore, the objective of the research lies
on evaluating the effect the bone cement gives to a SPECT/CT image. Materials and Methods: The images were
acquired by inserting a model cement to each cylinder, after setting the background (3.6 kBgq/mL), hot cylinder
(29.6 kBg/mL) and cold cylinder (water) to the NEMA-1994 phantom. It was reconstructed with Astonish
(Iterative: 4 Subset: 16), and non attenuation correction (NAC), attenuation correction (AC+SC-) and attenuation
and scatter correction (AC+SC+) were used for the CT correction method. The mean count by each correction
method and the count change ratio by the existence of the cement material were compared and the contrast
recovery coefficient (CRC) was obtained. Additionally, the bone/soft tissue ratio (B/S ratio) was obtained after
measuring the mean count of the 4 places including the soft tissue(spine erector muscle) after dividing the
vertebral body into fracture region, normal region and cement by selecting the 20 patients those have performed
PVP from the 107 patients diagnosed of compression fracture. Results: The mean count by the existence of a
cement material showed the rate of increase of 12.4%, 6.5%, 1.5% at the hot cylinder of the phantom by NAC,
ACHSC- and AC+SC+ when cement existed, 75.2%, 85.4%, 102.9% at the cold cylinder, 13.6%, 18.2%, 9.1%
at the background, 33.1%, 41.4%, 63.5% at the fracture region of the clinical image, 53.1%, 61.6%, 67.7% at the
normal region and 10.0%, 4.7%, 3.6% at the soft tissue. Meanwhile, a relative count reduction could be verified
at the cement adjacent part at the inside of the cylinder, and the phantom image on the lesion and the count
increase ratio of the clinical image showed a contrary phase. CRC implying the contrast ratio and B/S ratio was
improved in the order of NAC, AC+SC-, AC+SC+, and was constant without a big change in the cold cylinder
of the phantom. AC+SC- for the quantitative count, and AC+SC+ for the contrast ratio was analyzed to be the
highest. Conclusion: It is considered to be useful in a clinical diagnosis if the application of AC+SC+ that
improves the contrast ratio is combined, as it increases the noise count of the soft tissue and the scatter region as
well along with the effect of the bone cement in contrast to the fact that the use of AC+SC- in the spine
SPECT/CT examination of a PVP performed patient drastically increases the image count and enables a high
density of image of the lesion(fracture). (Korean J Nucl Med Technol 2014;18(1):49-61)
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Fig. 1. NEMA-1994 Phantom was used to evaluate the mean
count of SPECT/CT study.
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Fig. 3. BrightView XCT (SPECT/CT with flat-panel detector) was
used for experiments of bone cement.
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Fig. 4. Model of bone cement was inserted in hot and cold cylin-
der of NEMA-1994 phantom.
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Fig. 5. ROl was set at 5 places when cement existed (PVP+) at
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Fig. 7. Artifact of the CT image generated by the bone cement ‘ A

(left). ROI of the patient image was set by dividing the vertebral Fig. 8. The analysis on the soft tissue was set with the spine
body into the fracture region, the normal region and the cement, erector muscle (arrows) distributed on the overall spine bone
and the soft tissue was set on the spine erector muscle (right). (left).

Table 1. Analysis of ROIs (NEMA-1994 phantom)

NAC AC+SC- AC+SC+ CT HU
ROIs Cement
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
+ 1806.8 82.2 8067.2 296.8 6688.0 288.4 -97.8 38.2
Hot_center
- 1607.2 58.2 7572.8 198.2 6591.2 59.0 -65.0 40.1
+ 1168.8 0.0 6486.4 2.2 5059.8 0.6 -45.2 84.8
Hot_near_cement
Hot
+ 623.8 0.0 3897.0 0.0 2732.4 0.0 3000.0 0.0
Hot_cement
+ 352.0 6.2 2109.2 23.0 1332.0 25.4 -128.8 51.2
BKG_near_cement
+ 354 5.2 208.0 21.8 99.0 15.2 -30.2 32.2
Cold_center
- 20.2 0.8 112.2 3.6 48.8 3.0 -32.3 33.7
+ 16.6 0.6 136.0 6.4 47.4 1.2 -13.6 53.0
Cold_near_cement
Cold
+ 33.4 4.6 251.6 72.0 122.2 17.0 2788.8 212.0
Cold_cement
+ 144.8 2.0 662.0 9.4 451.6 5.4 -23.6 40.4
BKG_near_cement
N + 284.3 7.6 1193.2 44.7 833.0 35.3 -97.0 37.2
Both BKG
- 250.2 7.0 1009.4 33.5 763.3 27.5 -68.1 38.1

"BKG, background activity.
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AT Fig. 7). oldf A221Z QA W AA| A5 & ST 2 34 o] g3tk A F4-2 SPSS ver.18%
EZsty 78S A Bsh= 237 (spine erector muscle) o]-&-314tt
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B/S ratio for each vertebral body with and without bone

cement
B/S ratio= Bone
Soft tissue
C: mean count
- 1}

1 WIS 24 H CRC
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Atk WAYES Aoz 2A PylA4l T AWE
7F A& o] YASAdHE NAC: 354452, AC+SC-: 208.0+
21.8, AC+SC+: 99.0+15.2, AJHIER1Z WA 16.6+0.6, 136.0+
6.4, 47.4x1.2, A|HIE 33.4+4.6, 251.6+72.0, 122.2+17.0, A4l
EolY] WjEHALs 144.842.0, 662.0£9.4, 451.6+5.40]%1a1
= AHIEZ} ¢l wf] QYA 20.240.8, 122.2+3.6, 48.8+3.0
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Waeo] TR glo] A WFHARs BRoR L, F Al

7} 92 | 284.3+7.6, 1193.2+44.7, 35.3+27.5, = A|HEV}
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Figs. 9-10).
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Fig. 10. As the graph showing the change of the mean count on the 5 types of detail regions centering the cylinder when the bone cement
exists, the mean count of AC+SC- is the highest.
Table 2. Evaluation percentage increase of mean count and CT HU value caused by bone cement
Percentage increase of mean count (%)
(cement+) to (cement-) CT' HU
(cement+) - (cement-)
NAC AC+SC- AC+SC+
Hot cylinder +12.4 +6.5 +1.5 -32.8
Cold cylinder +75.2 +85.4 +102.9 +2.1
Background +13.6 +18.2 +9.1 -28.9
Table 3. Evaluating percentage increase of mean count caused by CT correction method(AC+SC- or AC+SC+ to NAC)
Percentage increase of mean count (%)
Cement+ Cement-
NAC AC+SC- AC+SC+ NAC AC+SC- AC+SC+
Hot cylinder - + 350 + 270 - + 370 + 310
Cold cylinder - + 490 + 180 - + 460 + 140
Background - + 320 + 190 - + 300 + 210
55




Table 4. CRC' ratio according to exist of bone cement between each cylinder and background

Bone cement +

Bone cement -

NAC AC+SC- AC+SC+ NAC AC+SC- AC+SC+
Hot cylinder 6.4 6.8 8.0 6.4 7.5 8.6
Cold cylinder 0.9 0.8 0.9 0.9 0.9 0.9
"CRC, contrast recovery coefficient.
Table 5. Analysis of ROIs (patient data)
NAC AC+SC- AC+SC+ CT HU
ROIs Cement
Mean S.D. Mean S.D. Mean S.D. Mean S.D.
. + 852.1 224 7288.1 82.0 6532.7 77.0 198.0 214.0
Fracture bone (hot lesion)
- 640.4 24.5 5155.6 149.7 3995.3 154.5 83.5 189.0
. + 220.0 11.7 2315.0 131.3 1762.9 112.6 2320.6 434.4
Cement (cold region)
. 272.2 18.4 2553.3 174.0 1976.9 152.6 184.9 191.9
Normal bone (osteoporotic bone)
- 177.8 10.8 1580.3 88.2 1178.5 77.6 54.9 132.0
. . + 41.5 39 191.6 17.3 933 10.9 13.4 83.1
Soft tissue (spine erector muscle)
- 37.8 2.1 182.9 8.1 90.1 5.4 -7.0 82.9

CRC of mean count

10.0
86
2 75
60 6.4
40
20
0.9 0.9 0.9
0.8
0.0
NAC AC+5C- AC+5C+

a==Cement+ Hot ——Cement+ Cold

Cement- Hot Cement- Cold

Fig. 11. Although the CRC change by the CT correction methods
increase at the hot cylinder, there is no specific change at the
cold cylinder.
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Fig. 12. AC+SC- is the highest at the mean count by the 3 types of the CT correction methods after dividing into the vertebral body of ce-
ment fed by implementing PVP (left) and not feeding the cement (right).
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Fig. 13. As the graph showing the change of the mean count on the 4 types of detail regions centering the vertebral body when the bone
cement exist, the mean count of AC+SC- is the highest.

Table 6. Evaluating percentage increase of mean count and CT HU value caused by bone cement

Percentage increase of mean count (%) CT HU

(cement+) to (cement-)

(cement+) - (cement-)

NAC ACH+SC- AC+SC+
Fracture bone +33.1 +41.4 +63.5 +114.5
Normal bone +53.1 +61.6 +67.7 +130.0
Background +10.0 +4.7 +3.6 +20.4
7Kg Aato A F AHEZ} 1w ZEE NAC: 852.1+ FAZT} 33.1%, 41.4%, 63.5% 271519, AAR = 53.1%,

22.4, AC+SC-: 7288.1+82.0, AC+SC+: 6532.7+77.0, A|HE 61.6%, 67.7% Z7}3}ch WEAS-S on|dl=s A%Z
220.0+11.7, 2315.0131.3, 1762.9+112.6, A5 272.2+18.4, o] BFAGE 2 AHES] JEFS vk uf] 10.0%, 4.7%,
2553.3+174.0, 1976.9+152.6, A2 41.5+3.9, 191.6+17.3, 93.3+ 3.6% Z718F9cE AR, AARE, o2z mE I AWET}L
109019131 = AHETL §iS f 285 NAC: 640.4+24.5, S o FtASTE VAL & AHES] {5 e
ACHSC-: 5155.6+149.7, AC+SC+: 3995.3+154.5, A 177.8+ -g T HU Zro] #H3l= ZdRo A 11
10.8, 1580.3+88.2, 1178.5+77.6, A% 2] 37.8+2.1, 182.9+8.1, 0.0, A== o)A 204 Z7}3t}t. NACY] =
90.1+5.40] Yl th(Table 5, Figs. 12, 13). & AJHIES] {59 —i‘—ii ACHSC-9] AL & AHEY} 18
02 ZAH, AR, A9 FotAls Hike & AME 760%, /35 840%, AxZ] 360%, = AIHEZ} ¢l i

o

=
7F e AR 3 AMES] g W 2d5FY ¥ ST 710%, AT 790%, Ax2] 380% ST
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Table 7. Evaluating percentage increase of mean count caused by CT correction method (AC+SC- or AC+SC+ to NAC)

Percentage increase of mean count (%)

Cement+ Cement-
NAC ACH+SC- AC+SC+ NAC ACH+SC- AC+SC+
Fracture bone - + 760 + 670 - + 710 + 520
Normal bone - + 840 + 630 - + 790 + 560
Background - + 360 + 120 - + 380 + 140
Table 8. B/S ratio* according to exist of bone cement between bone and soft tissue
Bone cement + Bone cement -
NAC ACH+SC- AC+SC+ NAC ACH+SC- AC+SC+
Fracture bone 20.5 38.0 70.0 17.0 28.2 44.3
Normal bone 6.6 13.3 21.2 4.7 8.6 13.1
"B/S ratio, bone/soft tissue ratio.
= mean count
B/S ratio
20,0 percentage increase(%)
20.0
70.0
/ 63.5
60.0
60.0 /
44.3
40.0 38 g
40.0
33.1/
28.2
21.2
20.0 20.5
17.0 200
13. 13.1 12.4
6.6 56 6.5
47 15
0.0 0.0
NAC AC+SC- AC+SC+ NAC AC+SC- AC+SC
ammP\/P+ Fx bone PVP+ normal PVP- Fxbone PVP- normal Phantom_hot esssPt Fx bone

Fig. 14. AC+SC+ was the highest for the B/S ratio by the CT cor-
rection methods. the B/S ratio of the fracture region of the PVP
implementing patients was the highest in the ROl comparison.

AC+SC+9] Alg= = AHET Q& of Z4H 670%, 4
AFEL 630%, AZZ120%, Z AJHEZ}
AAFE 560%, %7 140% 27} 2711k,
T2 Adtglo] CT 2A4E& AREalelE o 3
7k3at, ACHSC-9] F+tAle7E 7H =3
S7FE0] AL AC+SC+9] A= NACHT= AT
ACHSC-Hrt} HZtt(Tables 6, 7). B/S ratioS ©]-&3F t=
L H|9] ¥igle & AUEZL 9IS wf 245 205, 38.0, 70.0,
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Fig. 15. The phantom image (decrease) and the clinical image
(increase) showed a contrary phase in the percentage increase
(%) of the mean count in the CT correction method.

AR 6.6, 13.3, 21.20]%031, & A|WET}
17.0, 28.2, 44.3, AAFE 4.7, 8.6, 13.10]|3lt). =4
H 2% B/S ratio= NAC, AC+SC-, AC+SC+ £=2
AL, ACHSC+ol djzfe BI7} 7P wol
(Table 8, Fig. 14).
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