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Exploration on the impact of the number of readout points on image quality in zeroecho
time imaging of the lumbar spine
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[Abstract] Objective: To investigate the impact of different numbers of readout points (N,...) on image quality in zero echo time
(ZTE) imaging of the lumbar spine, and to determine the optimal N... Methods: Sixteen healthy volunteers were recruited and
underwent coronal ZTE scans of the lumbar spine with three different N.... 128, 144, and 160), to obtain three sets of images (N,...-128,
Niwua- 144, and N...a-160). The signal intensity of the cortical bone, muscle, and cancellous bone was measured in each set, and the
standard deviation of subcutaneous fat was defined as noise to calculate the signal-to-noise ratio (SNR) and contrast -to-noise ratio
(CNR). Two observers subjectively evaluated the three sets of images using a 4-point scale across four aspects: cortical bone depiction,
anatomical structure clarity, perceived image noise, and overall image quality. Inter-observer agreement was assessed using weighted
Kappa statistics. Repeated - measures ANOVA was used to compare SNR and CNR, and the Friedman test was used to compare
subjective image quality scores, with Bonferroni correction applied for post-hoc analyses. Results: For the SNR in all measured regions
(cortical bone, muscle, and cancellous bone)and the CNR between tissues (cortical bone-muscle, cortical-cancellous bone) , the results
consistently showed N~ 160>N,..i- 144>N....- 128 (P < 0.001). In terms of subjective evaluation, the scores for the N...-160 set were
significantly higher than those for the N....-128 set (P < 0.001), while the difference between the N...-160 set and the N...-144 set was
not statistically significant (P > 0.05). Conclusion: In ZTE scanning of the lumbar spine, increasing N....helps improve image quality.
N...i- 144 provides high SNR and CNR, and its subjective image quality scores are comparable to those of N...-160. Considering both
scanning time and image quality, 144 is recommended as the optimal N,...for ZTE imaging of the lumbar spine.
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Numbers 1 to 4 indicate the location and extent of the regions of in-
terest (ROTD) delineated for cortical bone, cancellous bone, muscle, and
subcutaneous fat, respectively.

1 ROIGERE
Figure 1 Diagram of the ROI delineation
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Table 1 Comparison of SNR and CNR among the three sets of images

Objective evaluation New(x £ 5)

indicator Nor128 N, 144 N,.160 F P P P P
SNR oricat bone 29.28 +4.57 37.54 £ 6.12 47.56 +7.61 78.54 <0.001 <0.001 <0.001 <0.001
SNR e 53.95 £5.98 68.61 = 8.41 85.68 + 10.14 100.74 <0.001 <0.001 <0.001 <0.001
SNR caeetions hone 60.45+£8.69 7923 +11.46  98.14 + 15.52 81.09  <0.001 <0.001 <0.001 <0.001
CNR conical bone-muscte 24.67 £ 2.67 31.07 £4.15 38.12 +5.12 68.54 <0.001 <0.001 <0.001 <0.001
CNR o hone-cancelious bone 31.17+£5.21 41.69 +5.89 50.58 = 8.51 63.54  <0.001 <0.001 <0.001 <0.001

P.: Niwi=128 v5. Nyeaa=1445 Pyt Niwat=128 5. Nowwt=160; Pz Noeui-144 vs. N,a-160.
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Table 2 Subjective scoring results of the three sets of images

Subjective evaluation Neea LM (Pas, Pr5) ]
indicator Observer 77N 128 N...-144 N....-160 Foor ke ke k

Cortical bone depiction Observerl 3(2,3) 3(3,4) 4(3,4) 25.06 <0.001 0.008 <0.001 0.752
Observer2 2(2,3) 3(3,3) 3(3,4) 24.13 <0.001 0.011 <0.001 0.867

Kappa  0.60(0.29,0.92) 0.79(0.52,1.00) 0.72€0.45,1.00)
Anatomical structure sclarity Observerl 3(2,3) 3(3,4) 4(3,4) 25.09 <0.001 0.006 <0.001 0.993
Observer2 3(2,3) 3(3,4) 4(3,4) 19.85 <0.001 0.102 0.002 0.555

Kappa 0.62(0.32,0.93) 0.65(0.36,0.94) 0.76(0.49,1.00)
Perceived image noise Observerl 2(2,3) 33,4 4(3,4) 29.71 <0.001 0.001 <0.001 0.648
Observer2 2(2,3) 3(3,3) 4(3,4) 27.44 <0.001 0.011 <0.001 0.190

Kappa 0.72(0.41,1.00) 0.79(0.52,1.00) 0.77(0.45,1.00)
Overall image quality Observerl 3(2,3) 3(3,4) 4(3,4) 26.94 <0.001 0.004 <0.001 0.555
Observer2 3(2,3) 3(3,4) 4(3,4) 22.37 <0.001 0.031 <0.001 0.648

Kappa  0.85(0.67,1.00) 0.64(0.29,0.99) 0.69(0.37,1.00)

P.: Nieaw-128 0. Nicur-144. Py Niear- 128 05, Noaa-160. Pz Noewr-144 vs. N~ 160.

/ / /

A B C

Images from the same volunteer obtained with N.... values of 128(A), 144(B), and 160(C), respectively. Compared with A, images B and C exhibit
reduced image noise, resulting in clearer visualization of the lateral recess (upper arrows). The cortical bone of the pedicles and laminae also appears
more distinct and sharper(lower arrows). Overall image quality scores from two observers are 2,3, 3 and 2, 3,4 for A, B, and C, respectively.

B2 AEN.EESNREE—FEEERETIFERLR
Figure 2 Comparison of the visualization of bony structures at the identical level of the lateral recess among images with

different N, .4

A B C

Images from the same volunteer obtained with N...; values of 128 (A), 144(B), and 160(C) , respectively. Image A exhibits noticeable noise with

blurred depictionof joint spaces and intervertebral foramina. In contrast, images B and C demonstrate reduced noise and clearer delineation of these

structures (arrows ). Overall image quality scores from two observers are 2,3, 4 and 2,4, 4 for A, B, and C, respectively.
3 AEN.BETNETHE—EZASEIRERLE

Figure 3 Comparison of the visualization of bony structures at the same facet joint level on images with different N....
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(A), 144(B), and 160(C), respectively, with insets (blue boxes)showing
magnified views of the L3 vertebral region Coutlined in red). Image A
exhibits more pronounced noise and consequently a blurred depiction of
the vertebral cortex compared to B and C, which show reduced noise and
superior cortical definition. Overall image quality scores from two
observers are 2,3,4 and 2,3, 3 for A, B, and C, respectively.
El4 FREN..EEERRESEERERA LR
Figure 4 Comparison of the visualization of bony struc -
tures at the mid - sagittal plane on images with

different N,...
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