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Purpose To assess the reliability and accuracy of an automated Cobb angle measure-
ment (ACAM) using a convolutional neural network (CNN) for scoliosis evaluation and to 
compare measurement times.
Materials and Methods ACAM was applied to spine radiographs in 411 patients suspected 
of scoliosis. Observer 1 (consensus of two musculoskeletal radiologists) and observer 2 (a 
radiology resident) measured Cobb angle (CA). CA measurements were categorized using 
observer 1’s measurements as the reference standard. Inter-observer reliability and correla-
tion were assessed using intraclass correlation coefficient (ICC) and Spearman’s rank corre-
lation coefficient, respectively. Accuracy and measurement time of ACAM and observers 
were evaluated.
Results ACAM demonstrated excellent reliability and very high correlation with observer 1 
(ICC = 0.976, Spearman’s rank correlation = 0.948), with a mean CA difference of 1.1. Overall 
accuracy was high (88.2%), particularly in mild (92.2%) and moderate (96%) scoliosis. Accu-
racy was lower in spinal asymmetry (77.1%) and higher in severe scoliosis (95%), although 
the CA was lower compared to the observers. ACAM significantly reduced measurement 
time by nearly half compared to the observers (p < 0.001).
Conclusion ACAM using CNN enhances CA measurement for assessing mild or moderate 
scoliosis, despite limitations in spinal asymmetry or severe scoliosis. Nonetheless, it sub-
stantially decreases measurement time.

Index terms ‌�Scoliosis; Cobb Angle; Convolutional Neural Network; Radiography

Received  September 4, 2023
Revised  November 9, 2023
Accepted  January 25, 2024
Published Online  April 29, 2024

*Corresponding author 
Yun Sun Choi, MD
Department of Radiology, 
Nowon Eulji Medical Center, 
Eulji University, 
68 Hangeulbiseok-ro, Nowon-gu, 
Seoul 01830, Korea.

Tel  82-2-970-8290
Fax  82-2-970-8346
E-mail  cys0128@eulji.ac.kr

This is an Open Access article 
distributed under the terms of the 
Creative Commons Attribution 
Non-Commercial License 
(https://creativecommons.org/ 
licenses/by-nc/4.0) which permits 
unrestricted non-commercial use, 
distribution, and reproduction in 
any medium, provided the original 
work is properly cited.

http://crossmark.crossref.org/dialog/?doi=10.3348/jksr.2023.0111&domain=pdf&date_stamp=2024-09-30


https://doi.org/10.3348/jksr.2023.0111 927

J Korean Soc Radiol 2024;85(5):926-936

INTRODUCTION

Scoliosis is defined as a lateral spinal curvature with a Cobb angle (CA) ≥ 10° (1). CA is an 
objective measurement used to determine the severity of scoliosis. It is the angle formed by 
the intersection of two lines, one parallel to the endplate of the most tilted superior end ver-
tebra and the other parallel to the endplate of the most tilted inferior end vertebra (Fig. 1) (1). 
Furthermore, it is the main standard for the diagnosis, monitoring, therapeutic planning, 
and epidemiologic analysis of scoliosis (1). Therefore, CA measurement should be precise 
and reproducible (2). 

However, manual measurement of CA is time-consuming and unreliable, with high inter- 
and intra-observer variability, and different selections of end vertebrae are a major source of 
errors (3-5). Therefore, it is difficult for inexperienced observers to accurately measure CA. In 
previous studies, the variability of CA measurements was reported to range from 3° to 10° (6, 
7). With the development of computer technology, the use of artificial intelligence (AI) in mea-
suring CA has gained popularity in clinical practice, and it has shown improved measurement 
precision and good correlation with manual measurements (8-12). The use of AI-based diag-
nostic supporting software is expected to improve the reduction of CA measurement time and 
enhance reproducibility in scoliosis evaluation (3, 6, 10, 11, 13-16). However, to our knowledge, 
there has been no research conducted utilizing this kind of software in Korea. In the present 
study, we developed a convolutional neural network (CNN), compared the reliability and ac-
curacy of an automated CA measurement (ACAM) with the CA measurement performed by 
radiologists for scoliosis assessment, and investigated the usefulness of a CNN in clinical 
practice. 

Fig. 1. Diagram of CA measurement.
CA is determined by the intersection 
of the two lines. One line is parallel to 
the superior endplate of the most tilt-
ed superior end vertebra and the oth-
er line is parallel to the inferior end-
plate of the most tilted inferior end 
vertebra. CA is defined as the angle be-
tween the tangential lines or between 
two lines drawn perpendicular to the 
tangents.
CA = Cobb angle
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MATERIALS AND METHODS

This retrospective study was approved by our Institutional Review Board, and the require-
ment for consent was waived owing to its retrospective design (IRB No. 2022-10-019).

STUDY POPULATION 
Patients with suspected scoliosis who underwent spine radiographs at our hospital between 

January 1, 2016, and June 30, 2022, were included in the present study. A total of 493 patients 
were included during this period. Patients with a CA indicating cervical spine (n = 35), severe 
kyphosis (n = 4), or severe degenerative spondylosis (n = 35) and those who underwent spinal 
surgery or cement augmentation (n = 4), compression fracture (n = 3), or bony anomaly (n = 1) 
were excluded. During the study period, there were no spine radiographs found of a patient 
with hemivertebra. Finally, 411 patients were included in the study.

IMAGING MODALITIES 
All spine radiographs included whole-spine (C-T-L-S spine) images taken either in an ante-

rior–posterior or posterior–anterior view of the coronal plane. Spine radiographs were ob-
tained using Discovery XR656G2 (GE Healthcare, Milwaukee, WI, USA) and Ysio (Siemens 
Healthcare, Erlangen, Germany) digital radiography. Each radiograph was taken under the 
following conditions: 60–70 KVP, 20–35 mAs for the Discovery XR656G2, and 80–99 KVP, 21–30 
mAs for the Ysio. The stored Digital Imaging and Communications in Medicine (DICOM) im-
ages comply with the DICOM 3.0 standard, with resolutions of 2022 × 2022 pixels and 2860 × 
2874 pixels, respectively.

IMAGING ANALYSIS
Three radiologists (radiologist 1, with 20 years of musculoskeletal radiology experience; ra-

diologist 2, with 7 years of experience [1 year of musculoskeletal radiology]; and radiologist 3, 
a trained radiology resident with 3 years of experience) retrospectively reviewed the spine ra-
diographs. We measured CA using the picture archiving and communication system tool in 
the thoracic, lumbar, and thoracolumbar vertebrae. In cases of double thoracolumbar scolio-
sis, the larger of the two measured values was utilized for analysis. The measured CAs were di-
vided into four groups based on the measurements taken by observer 1 (consensus of radiolo-
gist 1 and 2) as a reference standard: spinal asymmetry (CA < 10°), mild scoliosis (CA 10–25°), 
moderate scoliosis (CA 25–40°), and severe scoliosis (CA > 40°) (7, 17). All measurements were re-
peated once by observers 1 and 2 at least one month after the initial measurements were taken.

To measure the CA using a CNN, each spine radiograph was extracted after DICOM images 
were sent and measured using the DeepSPINE-SC-01 software program (version 1.3.6, DEEP-
NOID, Seoul, Korea). This software performed preprocessing by utilizing the original DICOM 
images to execute normalization, contrast enhancement, and resizing. Radiographs under-
went a normalization process to ensure consistent intensity levels across all images. The 
Contrast Limited Adaptive Histogram Equalization (CLAHE) algorithm was applied to en-
hance image quality and to improve the visibility of important features. Additionally, images 
were resized to a standardized dimension of 512 × 512 pixels, while maintaining the original 
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image’s aspect ratio through zero-padding., An i5-13600 (14 Core, 2.7 GHz) CPU, GTX1060 
GPU for computing, 32 GB RAM, and Ubuntu 20.04 operating system were utilized for pro-
cessing. This model analyzed the most tilted superior and inferior end vertebrae, and it mea-
sured the CA (Fig. 2). We also evaluated the respective measurement times of ACAM, observ-
er 1, and observer 2 in measuring CA. 

STATISTICAL ANALYSIS
SPSS (version 21.0; IBM Corp., Armonk, NY, USA) was used for the statistical analyses. The 

intraclass correlation coefficient (ICC) was used to evaluate the inter- and intra-observer reli-
abilities of CA measurements. ICC was classified into the following categories: poor (< 0.5), 
fair (0.5–0.75), good (> 0.75–0.9), and excellent (> 0.9). The Spearman’s rank correlation coeffi-
cient was used to evaluate correlation and it was categorized as follows: little, if any relation-
ship (± < 0.3), low (± 0.3–< 0.5), moderate (± 0.5–< 0.7), high (± 0.7–< 0.9), or very high (> ± 
0.9). The Bland–Altman analysis was employed to illustrate the variability of the measure-
ments and the difference in CA measurements between ACAM and observer 1, as well as be-
tween observer 2 and observer 1. Using the CA measured by observer 1 as the reference stan-
dard, the Wilcoxon signed-rank test was used to evaluate the differences between the ACAM 
and observer 1 measurements, and measurements of observers 2 and 1. Additionally, the 
median percentage accuracy (interquartile range [IQR]), median CA measurement differenc-
es (IQR), and proportion of CA measurements within ± 5° were calculated. The accuracy was 
calculated using the following formula:

Accuracy (%) = 100 – 100 ( 
(C – C’)

C
 )

where C was the CA measurement taken by observer 1 and C’ was the CA measurement by 

Fig. 2. Automated CA measurement using a CNN.
To measure CA, spine radiographs are sent to a software server. After processing the images, a CNN is used to detect the entire spine area 
and to segment each spine. The CNN extracts a corner point and calculates the angle of each spine. Finally, the CNN selects the slope 
showing the maximum difference, and the final CA is thus determined.
CA = Cobb angle, CNN = convolutional neural network
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ACAM or observer 2. Statistical significance was set at p < 0.05. Furthermore, the Wilcoxon 
signed-rank test was employed to evaluate the differences in CA measurement time between 
ACAM, observer 1, and observer 2.

RESULTS

PATIENT CHARACTERISTICS AND CLASSIFICATION OF CA MEASUREMENTS 
Out of a total of 411 patients, the most common group had spinal asymmetry (CA < 10°), 

while the second group had mild scoliosis (CA between 10° and 25°). Table 1 summarizes the 
demographic data of the patients and the classification of CA measurements.

INTER- AND INTRA-OBSERVER RELIABILITY OF THE CA MEASUREMENT
The inter-observer reliabilities of the ACAM, observer 1 (reference), and observer 2 are 

shown in Table 2. The inter-observer reliability was excellent between ACAM and observer 1 
(ICC = 0.976; 95% confidence interval [CI], 0.971–0.980), and the ACAM and observer 2 (ICC = 
0.976; 95% CI, 0.971–0.980). Spearman’s rank correlation showed a very high correlation be-
tween ACAM and observer 1 (0.948, p < 0.001) and observer 2 (0.951, p < 0.001). The inter-ob-
server reliability between the two observers was excellent (ICC = 0.999; 95% CI, 0.999–0.999), 
and Spearman’s rank correlation showed a very high correlation (0.997, p < 0.001). The intra-
observer reliability was excellent for observer 1 (ICC = 1.000; 95% CI = 1.000–1.000) and ob-
server 2 (ICC = 0.999; 95% CI, 0.999–0.999). 

Bland–Altman analysis revealed a mean difference in CA measurement between ACAM 
and observer 1 of 1.1, and the mean difference in CA measurement between observer 1 and 
observer 2 was 0.05 (Fig. 3).

Table 1. Demographic Data of the Patients

Total (n = 411) Male (n = 150) Female (n = 261)
Age (yrs) 33.6 ± 21.9 35.5 ± 22.9 32.5 ± 21.1
Cobb angle (°)

< 10 208 (50.6) 76 (50.7) 132 (50.6)
≥ 10 and ≤ 25 148 (36.0) 60 (40.0)   88 (33.7)
> 25 and ≤ 40 35 (8.5) 7 (4.6)   28 (10.7)
> 40 20 (4.9) 7 (4.6) 13 (5.0)

Data are reported as mean ± standard deviation or numbers (%). Cobb angle measurements were classi-
fied using observer 1 measurement as a reference standard.

Table 2. The Reliability of the Proposed ACAM

ICC (95% CI) Spearman’s Correlation
Observer 1 vs. ACAM 0.976 (0.971, 0.980) 0.948 (p < 0.001)
Observer 2 vs. ACAM 0.976 (0.971, 0.980) 0.951 (p < 0.001)
Observer 1 vs. Observer 2 0.999 (0.999, 0.999) 0.997 (p < 0.001)
Observer 1 measurement was used as a reference standard.
ACAM = automated Cobb angle measurement, CI = confidence interval, ICC = intraclass correlation coeffi-
cient
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ACCURACY OF THE ACAM AND OBSERVER 2
Using the CA measurement of observer 1 as a reference standard, Table 3 shows a compar-

ison of the differences between the ACAM and observer 1 measurements and between the 
measurements of observers 2 and 1. The overall accuracy of ACAM was high (88.2%), partic-
ularly in the mild and moderate scoliosis groups (92.2% and 96%, respectively) (Fig. 4). The 
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Fig. 3. Bland–Altman plots of ACAM, observer 1, and observer 2.
The mean difference in CA measurement between ACAM and observer 1 is 1.1, while the mean difference in CA measurement between 
observer 1 and observer 2 is 0.05.
ACAM = automated Cobb angle measurement, CA = Cobb angle, SD = standard deviation

Table 3. The Accuracy of the ACAM and Observer 2 Measurement

ACAM vs. Observer 1 Observer 2 vs. Observer 1 p-Value
Overall

Median accuracy (%) 88.2 (69.4–96.3) 97.7 (94.1–99.0) < 0.001
Median CA difference (°) 0.9 (0–2.4) 0.1 (-0.2–0.3) < 0.001
CA difference within ± 5° 384/411 (93.4) 411/411 (100)

CA < 10° (spinal asymmetry)
Median accuracy (%) 77.1 (47.5–91.9) 95.6 (91.5–97.8) < 0.001
Median CA difference (°) 1.3 (0.3–2.7) 0.1 (-0.2–0.3) < 0.001
CA difference within ± 5° 198/208 (95.2) 208/208 (100)

CA 10° to 25° (mild scoliosis)
Median accuracy (%) 92.2 (84.1–97.1) 98.1 (96.6–99.2) < 0.001
Median CA difference (°) 0.7 (0–2.1) 0.1 (-0.2–0.3) < 0.001
CA difference within ± 5° 139/148 (93.9) 148/148 (100)

CA > 25° to 40° (moderate scoliosis)
Median accuracy (%) 96.0 (87.6–98.6) 99.2 (98.5–99.6) < 0.001
Median CA difference (°) 0.5 (-0.5–2.7) -0.1 (-0.3–0.3) 0.031
CA difference within ± 5° 31/35 (88.6) 35/35 (100)

CA > 40° (severe scoliosis)
Median accuracy (%) 95 (90.0–98.2) 99.3 (98.9–99.8) < 0.001
Median CA difference (°) -1.5 (-4.4–-0.1) 0.2 (-0.2–0.7)    0.008
CA difference within ± 5° 16/20 (80) 20/20 (100)

Data are reported as number (%) or median (interquartile range). The p-value was obtained using the Wil-
coxon signed-rank test.
ACAM = automated Cobb angle measurement, CA = Cobb angle
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ACAM showed the lowest median accuracy (77.1%) in the spinal asymmetry group (CA < 10°). 
For the severe scoliosis group (CA > 40°), the ACAM showed higher accuracy (95%), but a low-
er CA than the observers and it showed the lowest percentage (80%) of CA differences within 
± 5°. The Wilcoxon signed-rank test showed significant differences in median accuracy and 
CA between ACAM and observer 2 (all p < 0.05). The ACAM showed lower median accuracy 
(88.2% vs. 97.7%, p < 0.001), larger median CA differences (0.9° vs. 0.1°, p < 0.001), and a lower 
percentage of CA measurements within ± 5° (93.4% vs. 100%) than observer 2 (Fig. 5). 

Regarding CA measurement time, it took approximately 18 seconds (standard deviation 
[SD] = 1.7) for the ACAM to measure the CA (excluding DICOM transfer), whereas it took an 
average of 30 seconds (SD = 7.8) for observer 1 and 35 seconds (SD = 7.6) for observer 2. The 
ACAM showed a significant difference in measurement time compared to observer 1 (p < 
0.001) and observer 2 (p < 0.001), respectively.

DISCUSSION

Many studies have developed deep or machine learning models for ACAM that are gaining in-
creasing popularity in clinical practice and showing improved measurement precision and good 
correlation with manual measurements (3, 7, 9-12). The use of AI-based diagnostic supporting 
software is expected to improve measurement time and reproducibility (3, 6, 10, 11, 14, 15). 

Fig. 4. Agreement between the ACAM and observers’ CA measurements.
A. The ACAM using a convolutional neural network yields 15.4°. The most tilted superior end vertebra is T10, and the most tilted inferior 
end vertebra is L2. 
B. The CA measured by observer 1 is 15.2°. The most tilted superior or inferior end vertebrae are the same as those for the ACAM. 
C. The CA measured by observer 2 is 15.3°. Thus, the ACAM is almost identical to measurements by the observers. 
ACAM = automated Cobb angle measurement, CA = Cobb angle

A B C
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In our study, both observers demonstrated excellent intra-observer reliability in the mea-
surement of CA. The consistency of observer 1’s measurements served as a crucial standard 
for CA measurement. In terms of inter-observer reliability, the ACAM showed excellent reli-
ability (ICC = 0.976) and a very high correlation (Spearman’s correlation = 0.948) with the 
measurements taken by observer 1. When using observer 1 as the reference standard, ACAM 
also displayed excellent accuracy (88.2%). However, observer 2 (97.7%) outperformed ACAM 
in CA measurement. We hypothesized that observer 2, who had undergone 3 years of train-
ing in CA measurement, demonstrated higher performance compared to ACAM. In a previ-
ous study that used an expert neurosurgeon specializing in scoliosis as the reference, ACAM 
showed higher accuracy (93.6%) compared to a non-specialized neurosurgeon (85.9%) (7).

In our study, when it came to severe scoliosis cases (CA > 40°), the ACAM showed a negative 
median difference in CA measurement compared to observer 1. The current model tended 
to measure a lower CA than both observers. This discrepancy can be attributed to the severe 
tilting and rotation of the vertebrae in severe scoliosis, along with the overlapping of ribs 
with the vertebrae, which poses challenges in accurately measuring the CA. The ACAM was 
unable to measure CA parallel to the vertebral bodies in such cases, resulting in lower CA 
measurements than those of the observers. However, our study had the smallest sample size 
for severe scoliosis cases (n = 20).

In the spinal asymmetry group (CA < 10°), the ACAM exhibited the lowest median accuracy 
(77.1%) and the highest CA difference within 5° (95.2%). This suggests that subtle differences 
in labeling the end vertebrae may decrease the accuracy of the ACAM in CA measurements. 

Fig. 5. Discrepancy between the ACAM and CA measurements by observers. 
A. The ACAM using a convolutional neural network yields 77.5° for the major curve. The most tilted superior end vertebra is T11, and the 
most tilted inferior end vertebra is L4. 
B. The major CA measured by observer 1 is 86°. The most tilted superior or inferior end vertebrae are the same as those for the ACAM. 
C. The major CA measured by observer 2 is 86.7°. The ACAM is unable to draw a line parallel to the inferior endplate of the most tilted infe-
rior vertebra.
ACAM = automated Cobb angle measurement, CA = Cobb angle

A B C
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We speculate that severe scoliosis or spinal asymmetry may decrease the performance of the 
AI model in CA measurement. Therefore, we suggest that the application of the model may 
be more suitable for mild or moderate scoliosis groups.

In this study, patients with severe kyphosis or degenerative spondylosis were excluded. In 
such cases, the ACAM was unable to draw a line parallel to the most tilted endplate due to 
overlap with adjacent vertebrae in the anterior-posterior view or the presence of bony spurs 
(7, 10). Consequently, the ACAM used in this study might have limited utility for severe kypho-
sis or degenerative spondylosis, since it demonstrated variations in the selection of end verte-
brae or the identification of the cervical spine as the end vertebra. Moreover, ACAM might 
produce inaccurate results when there are more than three spinal curves. When implement-
ing ACAM in clinical practice, it is crucial to ensure the proper selection of end vertebrae. 
Therefore, the use of ACAM in actual clinical practice should be supervised by a radiologist. 
To the best of our knowledge, this is the first study to compare ACAM with CA measurement 
performed by a trained radiology resident.

The use of ACAM is expected to reduce measurement time. Previous studies reported that 
an automated method took an average 4.45 to 180 seconds to measure CA on each radiograph 
but it still necessitated manual selection and labeling of the end vertebrae (6, 9, 10, 13, 18). In 
our study, ACAM significantly reduced measurement time by nearly half. These results sug-
gest that ACAM holds promise for practical use in clinical settings, effectively reducing the 
time required for angle measurements.

This study had several limitations. Firstly, it was performed retrospectively and had a rela-
tively small sample size since it was a single-center study. Therefore, further prospective trials 
with larger populations should be conducted to validate the role and performance of ACAM. 
Secondly, a significant proportion of the patients (208 out of 411, 50.6%) exhibited spinal 
asymmetry (CA < 10°), which might have impacted the overall reliability and correlation of the 
CA measurements. To enhance the efficiency and accuracy of ACAM in diagnosing and treat-
ing scoliosis, an upgraded model utilizing CNN will be necessary in the future.

In conclusion, the use of ACAM with CNN can enhance CA measurement on spine radio-
graphs, proving to be effective in assessing mild or moderate scoliosis, although it may have 
limitations in cases of spinal asymmetry or severe scoliosis. Nonetheless, its notable advan-
tage lies in significantly reducing angle measurement time, making it a valuable tool for effi-
cient use in clinical practice.
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컨볼루션 신경망을 이용한 척추측만증의 방사선학적 분석의 
임상 적용

오하윤1 · 김태건1,2 · 최윤선1* · 박미라3 · 윤라경1 · 안진경1

목적 척추측만증 평가 시 컨볼루션 신경망(convolutional neural network; 이하 CNN)을 이

용한 자동콥각도 측정(automated Cobb angle measurement; 이하 ACAM)의 신뢰성과 정

확성을 평가하고 측정시간을 비교하였다.

대상과 방법 척추측만증이 의심되는 환자 411명을 대상으로 하였으며, 척추 방사선사진에 대

해 ACAM을 수행하였다. 관찰자 1 (두 명의 근골격 영상의학과 의사의 합의)과 관찰자 2 (영

상의학과 전공의)가 콥각도를 독립적으로 측정하였다. 콥각도 측정치는 관찰자 1의 측정치

를 기준치로 사용하여 분류하였다. 관찰자 간 신뢰성과 상관관계를 급내상관계수(intraclass 

correlation coefficient; 이하 ICC)와 스피어만 순위 상관계수를 이용하여 평가하였고 

ACAM과 관찰자의 정확도와 측정시간을 평가하였다.

결과 ACAM은 관찰자 1과 높은 신뢰성을 보이며 매우 높은 상관관계를 나타냈고(ICC = 

0.976, 스피어만의 순위 상관계수 = 0.948) 평균 콥각도 차이는 1.1이었다. 전체적인 정확도는 

높았으며(88.2%), 특히 경도(92.2%) 및 중등도(96%) 척추측만증 그룹에서 높았다. 반면 척

추 비대칭 그룹에서는 정확도가 낮았고(77.1%) 심한 척추측만증 그룹에서는 높았으며(95%) 

관찰자보다 콥각도를 작게 측정하는 경향을 보였다. ACAM은 관찰자에 비해 측정시간이 절

반 정도 짧았다(p < 0.001). 

결론 CNN을 이용한 ACAM은 경도나 중등도 척추측만증의 콥각도 측정을 향상시키나, 척추 

비대칭이나 심한 척추측만증에 사용하는 데는 제한 점이 있었다. 하지만 측정시간을 현저히 

감소시켰다.

1을지대학교 노원을지대학교병원 영상의학과, 
2서울지구병원 영상의학과, 
3을지대학교 의과대학 예방의학교실


