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Abstract
Background

Recent innovations are making radiology more advanced for patient
and patient services. Under the immense burden of radiology
practice, Artificial Intelligence (AI) assists in obtaining Computed
Tomography (CT) images with less scan time, proper patient
placement, low radiation dose (RD), and improved image quality (IQ).
Hence, the aim of this study was to evaluate and compare the
positioning accuracy, RD, and IQ of Al-based automatic and manual
positioning techniques for CT kidney ureters and bladder (CT KUB).

Methods

This prospective study included 143 patients in each group who were
referred for computed tomography (CT) KUB examination. Group 1
patients underwent manual positioning (MP), and group 2 patients
underwent Al-based automatic positioning (AP) for CT KUB
examination. The scanning protocol was kept constant for both the
groups. The off-center distance, RD, and quantitative and qualitative
IQ of each group were evaluated and compared.
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Results

The AP group (9.66+6.361 mm) had significantly less patient off-center
distance than the MP group (15.1249.55 mm). There was a significant
reduction in RD in the AP group compared with that in the MP group.
The quantitative image noise (IN) was lower, with a higher signal-to-
noise ratio (SNR) and contrast-to-noise ratio (CNR) in the AP group
than in the MP group (p<0.05). Qualitative IQ parameters such as IN,
sharpness, and overall IQ also showed significant differences (p<
0.05), with higher scores in the AP group than in the MP group.

Conclusions

The Al-based AP showed higher positioning accuracy with less off-
center distance (44%), which resulted in 12% reduction in RD and
improved IQ for CT KUB imaging compared with MP.
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{47/ &9 Amendments from Version 1

In the Result section, the reviewer asked to correct the typographic errors in the unit of off-center distance as millimeter.
The same is corrected in the Result section.

Any further responses from the reviewers can be found at the end of the article

Introduction

Computed Tomography (CT) is a valuable imaging modality for the diagnosis of various pathologies. However, CT scans
use X-rays, which involve exposure to ionizing radiation. Therefore, the radiation exposure in CT must be kept “As Low
as Reasonably Achievable (ALARA)”.'~ In recent years, several dose optimization tools have been introduced, such as
“deep learning image reconstruction (DLIR)”, “iterative reconstruction (IR)”, “automatic tube current modulation
(ATCM),” and “automatic tube voltage selection (ATVS)”.*~” In addition, proper patient positioning is crucial for

obtaining higher image quality with an optimized radiation dose.'"

Radiology medical technologists can utilize laser lights to visually evaluate the patient’s central placement in CT
imaging; however, this approach is user-dependent, and patient miscentering is common and well-documented problem
that can have detrimental consequences.'" If the patient is placed away from the gantry isocenter (i.e., the table is too up or
down), the localizer image will be either enlarged or reduced in width. Furthermore, the use of ATCM along with patient
miscentering could lead to an unacceptable Image quality (IQ) with an increase in the radiation dose (RD).'*~"* For
manual positioning, the interaction between the radiographers and the patient poses a risk of cross-infection in patients
with infectious diseases.'*

Recently, an artificial intelligence (AI)-based positioning camera, which works based on an Al algorithm that uses
intelligence (a body contour detection algorithm) to detect a patient’s body using a three-dimensional (3D) camera.'”
Various companies have introduced Al-based contactless positions for patients. A 3D camera equipped with a visible
light camera, an infrared light source, and a sensor was installed above the patient. It adjusts the height of the table and
maintains the patient within the isocenter of the gantry. It also detects body contours and automatically positions the
patient for CT examination according to the selected protocol.'*~'® Hence, this study aimed to evaluate and compare the
positioning accuracy, 1Q, and RD of Al-based automatic and manual positioning for CT Kidney Ureter and Bladder
(KUB) imaging.

Methods

Study design

This is a prospective study. Ethical approval was obtained from the Institutional ethical committee (IEC 168/2023) of
Kasturba Medical College and Hospital, Manipal, India on 7" June 2023, and then the study was registered on Clinical
Trial Registry- India (CTRI/2023/06/054173) on 20™ June 2023. Written informed consent was obtained from all
participants for publication and participation in the data collection for the study.

Eligibility criteria

The study included a total of 286 patients, with 143 patients in each group referred for CT KUB Imaging for various
clinical indications such as evaluation of renal calculi, flank pain, kidney masses, and traumatic injury to the kidneys.
Patients who were uncooperative and those with CT KUB images with artifacts (movement and metal) were excluded.
Patient age and BMI were noted, and only patients with normal BMI were included. All patients underwent CT using a
Philips Incisive 128 Slice CT Scanner.

Patient positioning

Patients in group 1 Manual positioning (MP group) underwent CT KUB imaging using manual positioning. The patient
was positioned supine on a scan table with the feet first towards the gantry, and the arms were extended and supported
above the head. The table height was adjusted by the gantry-mounted adjustment button such that the horizontal laser
beam coincided with the mid-coronal plane of the patient and to the gantry isocenter by visual inspection. The area
covered the dome of the diaphragm immediately below the symphysis pubis.

Group 2 Automatic Positioning (AP group) patients underwent CT KUB imaging by Al-based automatic patient
positioning, which included an Al-enabled camera mounted on the ceiling above the patient table.
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499.26 mm

275.63 mm

Figure 1. Off-center distance measurement.

An Al-based camera automatically detected the patient’s orientation in the supine position with the feet first into the
gantry. After selecting the CT KUB protocol, the area of interest (from the diaphragm to the symphysis pubis) to be
scanned was automatically detected using an Al —based camera, and the table height was adjusted to the gantry isocenter.

Image acquisition

The image acquisition parameters were kept the same for both groups such as use of ATCM, tube voltage of 120 kVp,
rotation time of 0.75s, pitch 1.0, matrix 512*512, slice thickness and increment 3 mm. The MP group patient images was
reconstructed with IR technique — iDose’- level 4 (Philips Health Care ®™). The AP group patient images were
reconstructed with DLIR technique (Precise Image; Philips Health Care ®™). The axial CT images from both the groups
were reconstructed to extended field of view (FOV) of 500 mm.

Off-center distance measurement

The off-center distance was measured to evaluate the accuracy of patient positioning. To calculate the off-center distance,
an axial slice of the CT KUB image at the level of the fourth lumbar vertebra, with an Field of View (FOV) of 500 mm,
was selected. A straight line was drawn that joins the anterior and posterior margins of the complete FOV, and the
midpoint of this line was determined, which represents the gantry isocenter. Another straight line that joined the anterior
and posterior surfaces of the patient was drawn, and the midpoint of this line was determined to represent the patient’s
center. The distance between the gantry isocenter and the patient’s center was measured using a measuring tool to
evaluate the off-center distance'” (Figure 1). The scan length was noted in both the groups.

Radiation dose measurement

Radiation dose descriptors such as “Volumetric Computed Tomography Dose Index (CTDIv) in mGy,” “Dose Length
Product (DLP) in mGy.cm”, “Size Specific Dose Estimate (SSDE) in mGy” was noted from the CT scanner and the
“effective dose (ED)” was calculated using the following formula: E = DLP X Conversion factor(K) (K= 0.015 mSv/
mGy. cm)."”

Quantitative image quality

Quantitative IQ was assessed by calculating “signal to noise ratio (SNR),” “contrast to noise ratio (CNR)” and “image
noise (IN).” 3 mm slice thickness axial CT KUB images were selected, and six circular regions of interest (ROI)
measuring 4-5 mm? in diameter were drawn in the following regions: upper poles of the kidneys, lower poles,
subcutaneous fat, and psoas muscle (Figure 2A and 2B).

99 ¢
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Figure 2. For quantitative assessment of image quality, A shows ROI were placed in upper (ROI 1) and lower
pole (ROI 2) of right kidney, upper (ROI 3) and lower pole (ROI 4) of left kidney subcutaneous fat (ROI 5).

B shows ROI placed in psoas muscle (ROI 6).

The IN was calculated as the standard deviation (SD) of the ROI, and the attenuation value was the mean value of the ROI.
SNR and CNR were calculated using the following formula™:

CNR

Qualitative analysis

SNR

F1000Research 2024, 13:683 Last updated: 09 JUL 2024

20,

__Attenuation value
~ Image Noise

_ CTKidney attenuation value—CTPsoas muscle attenuation value

Total image noise

Qualitative analysis of IQ was performed by two radiologists with > 10 years of experience in CT KUB reporting who

9 e

were blinded to the patient positioning and image reconstruction technique. They assessed “image noise (IN)”, “image
sharpness (IS)”, “image artifacts (IA)”, and “overall image quality (OIQ)” using a five-point Likert scale, as shown in

s

Figure 3.

Qualitative assessment of Image quality

|

|
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|

Subjective Image noise

Score of 1= Very severe
and unacceptable

Score of 2 = Severe
Score of 3 = Average
Score of 4 = Mild

Score of 5 = Absent

Sharpness

Score of 1= Very severe
loss of edge details
Score of 2 =Severe loss
of edge

Score of 3 = Edge detail
is present

Score of 4 = Good Edge
detail

Score of 5 = Excellent
edge details.

Artifacts

Score of 1= Very severe
and affecting diagnosis

Score of 2 = Severe but not
affecting diagnosis

Score of 3 = Present but
acceptable

Score of 4 = Visible but
mild

Score of 5 = Absent

Over-all Image quality
Score of 1= Unacceptable
Score of 2 = Suboptimal
Score of 3 = Average
Score of 4 = Good

Score of 5 = Excellent

Figure 3. Qualitative analysis of image quality.
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Statistical analysis

Statistical analysis of the data was performed using Jamovi -2.3.28.0 (https://www.jamovi.org/download.html).
An independent t-test was used to compare RD (CTDIvol, DLP, SSDE, and ED), scan length, quantitative IQ
(attenuation, image noise, SNR, and CNR), and off-center distance between the MP and AP positioning groups. The
Chi-square test was used to compare the qualitative analysis of 1Q. Statistical significance was set at p< 0.05. Kappa value
(k-value) was calculated to assess the interobserver agreement of qualitative IQ analysis and the scores as follows: almost
perfect (0.81-0.99)”, “substantial (0.60—0.79)”, “moderate (0.40—0.59)”, “fair (0.21 —0.39), “and “<0.20, none to slight

2 21

agreement”.

Results
The study included 286 patients referred for CT KUB imaging, 143 patients underwent CT KUB imaging using manual
positioning, and the remaining 143 patients underwent automatic positioning. Patient details are summarized in Table 1.

Off-center distance

The mean off-center distance in the MP group and AP group was 15.12 £ 9.55 mm and 9.66 £ 6.361 mm. A statistically
significant difference in the off-center distance (p < 0.05) was noted between the MP and AP group. The AP group
showed 44% less off-center distance compared to the MP group. Scan length also showed a significant difference
(p < 0.05) between the AP (56.0 = 1.75 cm) and MP group (58.2 £ 3.55 cm).

Radiation dose

The mean and standard deviation (SD) of the radiation dose indices for both groups are shown in Table 2. There was a
statistically significant difference in the measured CTDIvol (p < 0.05), DLP (p < 0.05), SSDE (p < 0.05), and effective
dose (p < 0.05) between the MP and AP groups. The Al based AP group showed 8.38%, 12.32%, 10.32%, 12.42%
reductions in CTDIvol, DLP, SSDE, and ED, respectively, compared with MP group.

Quantitative IQ

The mean and SD of the quantitative IQ parameters for both groups are shown in Table 3. Quantitative IQ parameters,
such as attenuation of the right kidney (p = 0.740), left kidney (p = 0.570), psoas muscle (p = 0.157), and subcutaneous fat
(p = 0.053), did not show significant differences between the MP and AP group. However, other parameters such as IN
and SNR of the right kidney, left kidney, psoas muscle, and subcutaneous fat showed statistically significant differences
(p < 0.05), with lower IN and higher SNR in the AP group than in the MP group. The AP group showed 46.42% total IN
reduction compared to MP group Similarly, the CNR of right and left kidney was higher in AP group compared MP group
with significant difference (p < 0.05).

Table 1. Summary of patient details.

Demographic data MP group AP group
Gender, male: female 101:42 93:50

Age, mean (SD) (years) 46 (16.20) 44 (15.61)
Height, mean (SD) (cm) 168.7 (5.14) 170.14 (5.10)
Weight, mean (SD) (kg) 63.64 (5.69) 61.16 (6.09)
BMI, mean (SD) 22.36 (1.82) 21.12(1.87)

MP Manual Positioning, AP Automatic Positioning, SD Standard Deviation, BMI Body Mass Index.

Table 2. Comparison of radiation dose indices between MP group and AP group.

Radiation dose Indices MP group Mean (SD) AP group Mean (SD) p - value
CTDIvol (mGy) 8.207 (0.905) 7.541 (0.943) <0.05
DLP (mGy.cm) 478.783 (67.111) 423.181 (63.529) <0.05
SSDE (mGy) 10.081 (0.635) 9.092 (0.436) <0.05
Effective dose (mSv) 7.182 (1.006) 6.348 (0.953) <0.05

MP manual positioning, AP automatic positioning, CTDIvol volumetric computed tomography dose index, DLP dose length product, SSDE
size-specific dose estimate, SD standard deviation, mGy milli-gray, mGycm milligray centimeter, mSv milli Sievert.
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Table 3. Quantitative IQ analysis between MP and AP group.

Quantitative IQ
Attenuation (HU)
Right Kidney

Left Kidney
Psoas muscle
Subcutaneous fat
Image noise (IN)
Right Kidney

Left Kidney
Psoas muscle
Subcutaneous fat
Total IN

Signal to noise ratio (SNR)

MP group Mean (SD)

29.059 (4.0)
28.75 (3.90)
49.80 (5.33)
110.96 (7.68)

13.35(3.81)
13.13(3.75)
14.71 (3.93)
10.26(3.32)
51.54 (11.02)

Right Kidney 2.33(0.71)
Left Kidney 2.34(0.70)
Psoas muscle 3.61(1.01)
Subcutaneous fat 12.31 (5.51)
Contrast to noise ratio (CNR)

Right Kidney 0.41 (0.14)
Left Kidney 0.42 (0.14)

AP group Mean (SD)

28.83(3.51)
28.48 (3.39)
50.59 (5.37)

112.47 (6.16)

8.03(1.97)
8.11(1.95)
9.41 (2.19)
6.55(2.33)

32.12 (6.44)

3.80(1.03)
3.73(1.05)
5.74(1.81)

19.08 (6.11)

0.70 (08.24)

0.71 (0.25)

MP Manual Positioning, AP Automatic Positioning, SD Standard Deviation, HU Hounsfield Unit.

Qualitative IQ

p-value

0.740
0.570
0.157
0.053

<0.05
<0.05
<0.05
<0.05
<0.05

<0.05
<0.05
<0.05
<0.05

<0.05
<0.05

The qualitative I1Q scores of both readers in the MP and AP groups are shown in Table 4. IN, IS, and OIQ showed a
statistically significant difference (p < 0.05) between the two groups, with higher scores in the AP group than in the MP
group for both readers (Figure 4). There was no significant difference in IA scores (p = 0.652) between the MP and AP
group. However, none of the images were rated as suboptimal or unacceptable (score <4) by the two readers. IN (MP, k=
0.98; AP, k=0.88),IA (MP and AP,k =1), IS (MP,k=0.97; AP, k=0.92), and OIQ (MP, k=0.97; AP, k = 0.94) showed

almost perfect inter-observer agreement between the two readers.

Table 4. Qualitative IQ analysis between Manual and Automatic positioning group.

Qualitative R1
IQ

Scores 1 2
MP group

IN 0 O
IA 0 O
IS 0 O
0I1Q 0 0
AP group

IN 00
IA 0o
IS 0 O
oIQ 0 O

o O o o

0
0
0

0

4 5

128 15
03 140
20 123
132 11

03 140
02 141
04 139
05 138

Mean (SD)

4.10(0.31)
4.98 (0.15)
4.86 (0.34)
4.08 (0.26)

4.98 (0.15)
4.99(0.12)
4.97(0.17)
4.97 (0.19)

R2

o O o o

o O o

o O o o

o O o

o O o o

o O o

127
03
20
131

02
02
01
04

16
140
123
12

141
141
142
139

Mean (SD)

4.11(0.32)
4.98 (0.15)
4.86 (0.35)
4.08 (0.28)

4.99 (0.12)
4.99 (0.12)
4.98 (0.15)
4.97 (0.17)

k-value p-value

0.98
1.00
0.97
0.97

0.88
1.00
0.92
0.94

(MP vs AP)

R1

<0.05
0.652
<0.05
<0.05

R2

<0.05
0.652
<0.05
<0.05

IQ image quality, IN image noise, IAimage artifacts, IS image sharpness, OIQ overall image quality, MP manual positioning, AP automatic

positioning, R1 Reader1, R2 reader 2, SD standard deviation.
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Figure 4. Axial CT KUB image acquired using Al-based automatic positioning technique (A). Axial CT KUB
Image acquired using manual positioning technique (B).

Discussion

In this study, we evaluated the positioning accuracy, 1Q, and RD of artificial intelligence (Al)-based automatic and
manual positioning for CT Kidney Ureter Bladder (KUB) imaging. A closer look at off-center distances showed that the
off-center positions were significantly lower in the Al-based AP group than in the MP group. The mean off-center
distances for the AP and MP groups were 9.6624-6.36 mm. and 15.117£9.55 mm. Similar findings were observed in a
study by Yadong et al., in which the off-center distance was significantly higher in the MP group (4.05 £ 2.40 cm) than in
the AP group (1.56 = 0.83 cm) for CT thorax imaging.'* The study was performed by Ronald et al. on pediatric patients
with and without immobilization devices. They found that utilizing the 3D camera for positioning pediatric patients,
without an additional immobilization device, resulted in more precise positioning compared to manual methods
employed by radiographers, which is similar to the findings of adults. Notably, there was no difference in the positioning
accuracy between the 3D camera and radiographers for patients placed with an immobilization device.'” Saltybaeva et al.
evaluated the accuracy of the 3D camera algorithm for AP and compared the results with those of MP for both chest and
abdominal CT. For chest CT, the average difference in off-center was 7 &= 4 mm when using AP and 19 &= 9 mm when the
table height was selected manually by technologists. For the abdomen, the average vertical off-centering was 4 + 2 mm
and 18 + 11 mm for the automatic and MP respectively.'®

AEC techniques are perhaps the most important innovations in terms of dose reduction. When using an AEC, the tube
current is adjusted automatically based on the size and attenuation of the anatomy.”*~>* Off-center anatomy can result in
suboptimal exposure settings, which affect IQ and increase RD.*"° In our study, there were notable reductions in
radiation dose metrics such as CTDIv (8.38%), DLP (12.32%), ED (12.42%), and SSDE (10.32%) in Al-based AP group
compared to MP group. Yadong et al. observed 16% dose reduction for AP in CT thorax examinations compared to MP.'*
Dane et al. showed 23.8%, 22.8%, 17.2 %, and 20.5 % reductions in radiation dose for CT chest without contrast,
abdominal pelvis enterography, chest with contrast, and abdomen pelvis contrast studies, respectively, for 3D camera-
based positioning.'? Similar findings were noted in a study by Aly et al., who showed a higher off-center distance in the
MP group than in the AP group. Due to the higher off-center distance, the radiation dose parameters such as CTDIv
(abdomen: 10.244.3, 9.8 £5.5 mGy; thorax: 8.61+4.3, 8.5 £3.9 mGy), DLP (abdomen: 485.8+£221.9, 492.2 + 293.6
mGy.cm; thorax: 310.80+221.5, 319.0 £ 188.9 mGy.cm) and SSDE (abdomen: 13.1 £ 4.1, 12.9 4+ 4.3 mGy; thorax:
10.5 4+ 4.1, 10.7 & 3.7 mGy) was higher in MP group compared to AP group.'?

The Al-based AP group CT images showed lower IN quantitatively and qualitatively than the MP group because of the
higher positioning accuracy with less off-center distance in the AP group, and the images were reconstructed using the
DLIR algorithm. SNR and CNR were also higher in the AP group than in the MP group. The qualitative IQ parameters,
such as IS (MP: 4.86 £ 0.34; AP: 4.97 £ 0.17) and OIQ (MP: 4.08 = 0.26, AP: 4.97 4 0.19), showed higher mean scores
in the AP group than in the MP group. Similar findings were reported by Yadong et al., in which the IN was lower in the
AP group than in the MP group.'**’

Our study had some limitations. First, we did not measure and compare patients positioning time in automatic and manual
positions. Second, we could not assess whether the off-center distance observed in the study during manual patient
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positioning was below or above the gantry isocenter. Third, we enrolled patients with a normal BMI in this study.
However, we did not specifically address how variations in patient weight may affect the accuracy of patient positioning.

Conclusion

Al-based patient positioning is a touchless system that is operated by a single switch. The Al-based automatic positioning
technique aligns the patient to the isocenter of the gantry with less off-center alignment and increases positioning
accuracy. Hence, the study concludes that Al-based automatic positioning improves the overall image quality with noise
reduction and reduced RD in patients undergoing CT KUB imaging. Further research in this area will improve the role of
Al in healthcare optimization and patient care.

Ethics and consent

Ethical approval was obtained from the Institutional ethical committee (IEC 168/2023) of Kasturba Medical College
and Hospital, Manipal, India on 7" June 2023, and then the study was registered on Clinical Trial Registry- India
(CTRI/2023/06/054173) on 20™ June 2023. Written Informed consent was obtained from all participants for publication
and participation in the data collection for the study.

Data availability
Underlying data
Figshare: Al based AP and MP CT KUB, https://doi.org/10.6084/m9.figshare.25641063.v3.%®

This project contains the following underlying data:

* Data_AP_MP (demographic details of patients, Qualitative and Quantitative analysis, radiation dose metrics,
and off-center distance — Excel sheet)

* AP KUB Images, MP KUB Images

Data are available under the terms of the Creative Commons Attribution 4.0 International license (CC-BY 4.0).

References
1. Power SP, Moloney F, Twomey M, et al.: Computed tomography 845-852.
and patient risk: Facts, perceptions and uncertainties. World PubMed Abstract | Publisher Full Text
J- Radiol. 2016 28; 8(12): 902-915. 10.  Al-Hayek Y, Zheng X, Hayre C, et al.: The influence of patient
PubMed Abstract | Publisher Full Text | Free Full Text positioning on radiation dose in CT imaging: A narrative review.
2. Schmidt CW: CT scans: balancing health risks and medical J. Med. Imaging Radiat. Sci. 2022; 53(4): 737-747.
benefits. Environ. Health Perspect. 2012; 120(3): A118-A121. PubMed Abstract | Publisher Full Text
PubMed Abstract | Publisher Full Text 11.  Booij R, Budde RPJ, Dijkshoorn ML, et al.: Accuracy of automated
3. Cao CF, Ma KL, Shan H, et al.: CT scans and Cancer Risks: patient positioning in CT using a 3D camera for body contour
A Systematic Review and Dose-response Meta-analysis. detection. Eur. Radiol. 2019; 29(4): 2079-2088.
BMC Cancer. 2022 30; 22(1): 1238. PubMed Abstract | Publisher Full Text | Free Full Text
PubMed Abstract | Publisher Full Text | Free Full Text 12.  Aly A, Ebrahimian S, Kharita MH, et al.: Effect of technologist and
4. Tsapaki V: Radiation dose optimization in diagnostic and patient attributes on centering for body CT examinations:
interventional radiology: Current issues and future Influence of cultural and ethnic factors. PLoS One. 2022; 17(8):
perspectives. Phys. Med. 2020; 79: 16-21. e0273227.
PubMed Abstract | Publisher Full Text PubMed Abstract | Publisher Full Text | Free Full Text
5. Priyanka KR, Sukumar S: Low Dose Pediatric CT Head Protocol 13. Dane B, O'Donnell T, Liu S, et al.: Radiation dose reduction,
using Iterative Reconstruction Techniques: A Comparison with improved isocenter accuracy and CT scan time savings with
Standard Dose Protocol. Clin. Neuroradiol. 2024; 34(1): 229-239. automatic patient positioning by a 3D camera. Eur. J. Radiol. 2021;
PubMed Abstract | Publisher Full Text 136: 109537.
6.  Joyce S, O'Connor OJ, Maher MM, et al.: Strategies for dose PubMed Abstract | Publisher Full Text
reduction with specific clinical indications during computed 14.  GangY, Chen X, Li H, et al.: A comparison between manual and
tomography. Radiography. 2020; 26: S62-568. artificial intelligence-based automatic positioning in CT
PubMed Abstract | Publisher Full Text imaging for COVID-19 patients. Eur. Radiol. 2021; 31(8):

6049-6058.

7. Summerlin D, Willis J, Boggs R, et al.: Radiation Dose Reduction i
PubMed Abstract | Publisher Full Text | Free Full Text

Opportunities in Vascular Imaging. Tomography. 2022; 8(5):

2618-2638. 15.  Booij R, van Straten M, Wimmer A, et al.: Automated patient
PubMed Abstract | Publisher Full Text | Free Full Text positioning in CT using a 3D camera for body contour detection:
8. Chhetris, Saikiran Pendem JL, Priyanka B: Low kilovoltage and low ?;ﬁu:ggy in pediatric patients. £ur. Radiol. 2021; 31(1):

contrast volume neck CT protocol using iterative i
reconstruction techniques: A comparison with standard dose PubMed Abstract | Publisher Full Text | Free Full Text

protocol. Radiat. Phys. Chem. 2022; 193: 109935. 16.  Greffier J, Frandon J, de Forges H, et al.: Impact of additional
Publisher Full Text mattresses in emergency CT on the automated patient
centering proposed by a 3D camera: a phantom study. Sci. Rep.
2021; 11(1): 13191.

PubMed Abstract | Publisher Full Text | Free Full Text

9. Priyanka KR, Sukumar S, Pendem S: Diagnostic reference levels
for computed tomography examinations in pediatric
population - A systematic review. J. Cancer Res. Ther. 2021; 17(4):

Page 9 of 17


https://doi.org/10.6084/m9.figshare.25641063.v3
https://creativecommons.org/licenses/by/4.0/legalcode
http://www.ncbi.nlm.nih.gov/pubmed/28070242
https://doi.org/10.4329/wjr.v8.i12.902
https://doi.org/10.4329/wjr.v8.i12.902
https://doi.org/10.4329/wjr.v8.i12.902
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5183924
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5183924
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC5183924
http://www.ncbi.nlm.nih.gov/pubmed/22382352
https://doi.org/10.1289/ehp.120-a118
https://doi.org/10.1289/ehp.120-a118
https://doi.org/10.1289/ehp.120-a118
http://www.ncbi.nlm.nih.gov/pubmed/36451138
https://doi.org/10.1186/s12885-022-10310-2
https://doi.org/10.1186/s12885-022-10310-2
https://doi.org/10.1186/s12885-022-10310-2
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9710150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9710150
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9710150
http://www.ncbi.nlm.nih.gov/pubmed/33035737
https://doi.org/10.1016/j.ejmp.2020.09.015
https://doi.org/10.1016/j.ejmp.2020.09.015
https://doi.org/10.1016/j.ejmp.2020.09.015
http://www.ncbi.nlm.nih.gov/pubmed/38015280
https://doi.org/10.1007/s00062-023-01361-4
https://doi.org/10.1007/s00062-023-01361-4
https://doi.org/10.1007/s00062-023-01361-4
http://www.ncbi.nlm.nih.gov/pubmed/32682731
https://doi.org/10.1016/j.radi.2020.06.012
https://doi.org/10.1016/j.radi.2020.06.012
https://doi.org/10.1016/j.radi.2020.06.012
http://www.ncbi.nlm.nih.gov/pubmed/36287818
https://doi.org/10.3390/tomography8050219
https://doi.org/10.3390/tomography8050219
https://doi.org/10.3390/tomography8050219
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9607049
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9607049
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9607049
https://doi.org/10.1016/j.radphyschem.2021.109935
http://www.ncbi.nlm.nih.gov/pubmed/34528530
https://doi.org/10.4103/jcrt.JCRT_945_20
https://doi.org/10.4103/jcrt.JCRT_945_20
https://doi.org/10.4103/jcrt.JCRT_945_20
http://www.ncbi.nlm.nih.gov/pubmed/36280573
https://doi.org/10.1016/j.jmir.2022.09.027
https://doi.org/10.1016/j.jmir.2022.09.027
https://doi.org/10.1016/j.jmir.2022.09.027
http://www.ncbi.nlm.nih.gov/pubmed/30306328
https://doi.org/10.1007/s00330-018-5745-z
https://doi.org/10.1007/s00330-018-5745-z
https://doi.org/10.1007/s00330-018-5745-z
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6420476
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6420476
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC6420476
http://www.ncbi.nlm.nih.gov/pubmed/35984837
https://doi.org/10.1371/journal.pone.0273227
https://doi.org/10.1371/journal.pone.0273227
https://doi.org/10.1371/journal.pone.0273227
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9390905
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9390905
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9390905
http://www.ncbi.nlm.nih.gov/pubmed/33454459
https://doi.org/10.1016/j.ejrad.2021.109537
https://doi.org/10.1016/j.ejrad.2021.109537
https://doi.org/10.1016/j.ejrad.2021.109537
http://www.ncbi.nlm.nih.gov/pubmed/33740092
https://doi.org/10.1007/s00330-020-07629-4
https://doi.org/10.1007/s00330-020-07629-4
https://doi.org/10.1007/s00330-020-07629-4
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7975236
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7975236
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7975236
http://www.ncbi.nlm.nih.gov/pubmed/32749591
https://doi.org/10.1007/s00330-020-07097-w
https://doi.org/10.1007/s00330-020-07097-w
https://doi.org/10.1007/s00330-020-07097-w
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7755627
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7755627
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC7755627
http://www.ncbi.nlm.nih.gov/pubmed/34162954
https://doi.org/10.1038/s41598-021-92637-7
https://doi.org/10.1038/s41598-021-92637-7
https://doi.org/10.1038/s41598-021-92637-7
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8222344
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8222344
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8222344

17.

18.

19.

20.

21.

22.

23.

Al to save time and improve precision in CT patient positioning.
2021.
Reference Source

Saltybaeva N, Schmidt B, Wimmer A, et al.: Precise and Automatic
Patient Positioning in Computed Tomography: Avatar Modeling
of the Patient Surface Using a 3-Dimensional Camera. Investig.
Radiol. 2018; 53(11): 641-646.

PubMed Abstract | Publisher Full Text

Tamm EP, Rong XJ, Cody DD, et a/.: Quality Initiatives: CT Radiation
Dose Reduction: How to Implement Change without Sacrificing
Diagnostic Quality. RadioGraphics. 2011; 31(7): 1823-1832.
PubMed Abstract | Publisher Full Text

Zhang X, Zhang G, Xu L, et al.: Application of deep learning
reconstruction of ultra-low-dose abdominal CT in the diagnosis
of renal calculi. Insights Imaging. 2022; 13(1): 163.

PubMed Abstract | Publisher Full Text | Free Full Text

McHugh ML: Interrater reliability: the kappa statistics. Biochem.
Med. 2012; 22(3): 276-282.

Favazza CP, Yu L, Leng S, et al.: Automatic exposure control
systems designed to maintain constant image noise: effects on
computed tomography dose and noise relative to clinically
accepted technique charts. /. Comput. Assist. Tomogr. 2015; 39(3):
437-442.

PubMed Abstract | Publisher Full Text

Inoue Y, Nagahara K, Kudo H, et al.: CT dose modulation using
automatic exposure control in whole-body PET/CT: effects of

24,

25.

26.

27.

28.

F1000Research 2024, 13:683 Last updated: 09 JUL 2024

scout imaging direction and arm positioning. Am. J. Nucl. Med.
Mol. Imaging. 2018; 8(2): 143-152.
PubMed Abstract

Effectiveness of Low Dose Over Standard dose CT for Detection
of Urolithiasis: A Systematic Review. Indian J. Forensic Med. Toxicol.
2020; 14(4): 4447-4451.

Publisher Full Text

Zheng X, Gutsche L, Al-Hayek Y, et al.: Impacts of Phantom Off-
Center Positioning on CT Numbers and Dose Index CTDIv: An
Evaluation of Two CT Scanners from GE. J. Imaging. 2021; 7(11):
235,

PubMed Abstract | Publisher Full Text | Free Full Text

Akin-Akintayo OO, Alexander LF, Neill R, et al.: Prevalence and
Severity of Off-Centering During Diagnostic CT: Observations
From 57,621 CT scans of the Chest, Abdomen, and/or Pelvis. Curr.
Probl. Diagn. Radiol. 2019; 48(3): 229-234.

Publisher Full Text

Gang Y, Chen X, Wang H, et al.: Accurate and efficient pulmonary
CT imaging workflow for COVID-19 patients by the combination
of intelligent guided robot and automatic positioning
technology. Intell. Med. 2021; 1: 3-9.

PubMed Abstract | Publisher Full Text | Free Full Text

Priyanka: F1000 Data Al based AP and MP for CT KUB. [Dataset].
figshare. 2024.
Publisher Full Text

Page 10 of 17


https://www.philips.com/c-dam/b2bhc/master/resource-catalog/landing/precise-suite/incisive_precise_position.pdf
http://www.ncbi.nlm.nih.gov/pubmed/29762259
https://doi.org/10.1097/RLI.0000000000000482
https://doi.org/10.1097/RLI.0000000000000482
https://doi.org/10.1097/RLI.0000000000000482
http://www.ncbi.nlm.nih.gov/pubmed/21969662
https://doi.org/10.1148/rg.317115027
https://doi.org/10.1148/rg.317115027
https://doi.org/10.1148/rg.317115027
http://www.ncbi.nlm.nih.gov/pubmed/36209195
https://doi.org/10.1186/s13244-022-01300-w
https://doi.org/10.1186/s13244-022-01300-w
https://doi.org/10.1186/s13244-022-01300-w
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547757
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547757
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC9547757
http://www.ncbi.nlm.nih.gov/pubmed/25938214
https://doi.org/10.1097/RCT.0000000000000221
https://doi.org/10.1097/RCT.0000000000000221
https://doi.org/10.1097/RCT.0000000000000221
http://www.ncbi.nlm.nih.gov/pubmed/29755848
https://doi.org/10.37506/ijfmt.v14i4.12341
http://www.ncbi.nlm.nih.gov/pubmed/34821866
https://doi.org/10.3390/jimaging7110235
https://doi.org/10.3390/jimaging7110235
https://doi.org/10.3390/jimaging7110235
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8625132
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8625132
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8625132
https://doi.org/10.1067/j.cpradiol.2018.02.007
http://www.ncbi.nlm.nih.gov/pubmed/34447599
https://doi.org/10.1016/j.imed.2021.04.005
https://doi.org/10.1016/j.imed.2021.04.005
https://doi.org/10.1016/j.imed.2021.04.005
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8156837
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8156837
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC8156837
https://doi.org/10.6084/m9.figshare.25641063.v3

F1000Research 2024, 13:683 Last updated: 09 JUL 2024

Open Peer Review

Current Peer Review Status: ¢ ¢

Reviewer Report 09 July 2024

https://doi.org/10.5256/f1000research.168776.r296054

© 2024 Barde M. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Mustapha Barde
Bayero University, Kano, Kano, Nigeria

The article presented a well sound approach in evaluating artificial intelligence (AI)-based method
in comparison with manual patient positioning for CT KUB to ascertain the accuracy, radiation
dose and image quality of the said methods. it was established that the Al based (automated
position) is more robust Than the manual positioning, and it is recommended to be employed in
clinical practice to optimize dose.
The below minor corrections will be vital please.
Minor correction

1. The study duration (period within which it was conducted should be stated

2. It will be good to state that, manual approach was employed in off center distance
measurement. Also, the lines indicating the off-center distance measurement (figure 1)
should be labelled eg ( p,q, r...etc) to aid comprehension

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?

Page 11 of 17


https://doi.org/10.5256/f1000research.168776.r296054
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
http://orcid.org/0000-0003-0412-9293

F1000Research 2024, 13:683 Last updated: 09 JUL 2024

Yes
Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Image analysis and processing, CT dosimetry

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 09 July 2024

https://doi.org/10.5256/f1000research.168776.r299452

© 2024 Shaikh T. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Tasleem Shaikh
Urgent Care, MedStar Health, Alexandria, Virginia, USA

The revised version is approved.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Medical Imaging Technology.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Page 12 of 17


https://doi.org/10.5256/f1000research.168776.r299452
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

E1O0O0OResearch F1000Research 2024, 13:683 Last updated: 09 JUL 2024

Reviewer Report 05 July 2024

https://doi.org/10.5256/f1000research.168776.r299451

© 2024 Priyanka C. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

v

Chandrasekhar Priyanka
Apollo University, Chittoor, Andhra Pradesh, India

I approve this revised version.

Is the work clearly and accurately presented and does it cite the current literature?
Yes

Is the study design appropriate and is the work technically sound?
Yes

Are sufficient details of methods and analysis provided to allow replication by others?
Yes

If applicable, is the statistical analysis and its interpretation appropriate?
Yes

Are all the source data underlying the results available to ensure full reproducibility?
Yes

Are the conclusions drawn adequately supported by the results?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: Computed Tomography,Magnetic Resonance Imaging, Radiation dose,
Mammography and Fetal MRI

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 01 July 2024

https://doi.org/10.5256/f1000research.165377.r296053

Page 13 of 17


https://doi.org/10.5256/f1000research.168776.r299451
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.5256/f1000research.165377.r296053

F1000Research 2024, 13:683 Last updated: 09 JUL 2024

© 2024 Shaikh T. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
original work is properly cited.

v

Tasleem Shaikh
Urgent Care, MedStar Health, Alexandria, Virginia, USA

Major comments:

The article highlights the advantages of Al-based automatic positioning using precise images in
terms of positioning accuracy, radiation dose, and image quality compared to manual positioning
for CT KUB examination.

The introduction highlights the importance of reducing radiation dose in CT examinations using
Al-based automatic positioning, which improves positioning accuracy and image quality with
adherence to the ALARA principle.

The methodology is well explained. Inclusion criteria for patient selection, measurement of
radiation dose parameters, image quality (quantitative and qualitative) parameters, off-center
distance, and standardized protocols for both Al-based and manual positioning enhance the
study's reproducibility. Appropriate statistical methods were used to analyze the data.

The results section presents the findings clearly and organized, using appropriate tables and
figures to illustrate the data. The significant improvements in positioning accuracy and reduction
in radiation dose with Al-based positioning are well-documented. The 44% reduction in off-center
distance suggests a substantial improvement in patient positioning accuracy, which is essential for
optimal imaging. The statistically significant reductions in CTDIvol (8.38%), DLP (12.32%), SSDE
(10.32%), and ED (12.42%) for the AP group compared to the MP group are noted. Higher
qualitative IQ scores support the benefits of Al-based positioning in producing better diagnostic
image quality. The almost perfect interobserver agreement suggests that these results are reliable
and reproducible.

The discussion effectively summarizes the results and implications of improved positioning
accuracy and reduced radiation dose for clinical practice. Al's potential to enhance consistency
and efficiency in CT KUB scans is well-articulated, and the limitations of the study are well-
addressed.

The conclusion highlights the potential of Al-based automatic positioning to improve clinical
outcomes and reduce radiation exposure for CT KUB examinations.

Minor comments:

Ensure all the abbreviations are clearly defined when first used in the manuscript.

Include a section on future research directions of the study. Suggest how the findings of this study
could be applied or expanded in future research.

Check for typographic errors in the units.

The study is well structured, with clear comparisons and statistically significant results that
highlight the potential of Al in CT imaging procedures, leading to better patient outcomes and
improved workflow in radiology.
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The article is interesting and innovative in exploring the advantages of Al-based positioning
camera which detects the patients contour and allows for automatic positioning in CT KUB
examination.

Major comments

The article highlights the Al-based positioning ability of accurately positioning the patient with
respect to the isocenter of gantry. It explains the benefits of reduced radiation dose by positioning
the patient to isocenter in CT.

The improvement in image quality with Al-based deep learning reconstruction algorithm (DLR)
with automatic positioning such as precise image compared to iterative reconstruction (iDose?)
with manual positioning for CT KUB examinations was presented well in the article using
qualitative and quantitative image quality analysis.

Radiation is an important concern while performing CT scans. The present study also highlights
the 12% reduction in radiation dose which is a substantial improvement, contributing to safer
imaging practices.
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A small typographic error was noted in the units of off-center distance between abstract (mm) and
results section (cm) which can be corrected.

The study focused on CT KUB, requires exploration in other body parts for comprehensive
understanding and realizing the full potential of Al-based positioning techniques in CT.

Overall, I feel the article is excellent in the current era of utilizing the advantages of artificial

intelligence-based technologies for optimizing the workflow, improving the patient care and
comfort in CT.
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