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Abstract 
We measured the intervertebral disc space (IDS) on the standing lumbar lateral image by manual and automatic 
measurements to predict the tangential incident X-ray angle for more efficient visualization of widening of the IDS in the 
standing lumbar anteroposterior image. In the manual measurement, subjects were general radiography images of the lumbar 
spine of 40 patients. Manual measurement consisted of measuring the IDS bisector angle tangential incident x-ray angle and 
radially incident x-ray beam, and measuring the deviation of the angle between the two. As a result, 95.9％ of images were 
evaluated as five classes by visual assessment. In the automatic measurement by deep learning, we utilized a deep 
convolutional neural network to automatically categorize the deflection angle in the standing lumbar frontal image from the 
standing lumbar lateral image into five classes. As a result, the accuracy, precision and recall were 83.0 %, 84.1% and 83%, 
respectively.  
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1. Introduction 

Radiography imaging from both the frontal and lateral angles is common for general radiography tests. The frontal view 
image is first taken, followed by the lateral view. For example, in a patient with scoliosis, the direction of the scoliosis is 
grasped by the frontal view image. For taking the frontal view image, x-rays are irradiated from the side on which the 
extensions of the superior and inferior borders of the vertebrae converge. Another purpose of dual-plane imaging is that it 
allows visualizing fractures and dislocations that may be unnoticeable in a single-plane radiograph, allowing obtainment of 
accurate anatomical knowledge based on the two images. 

Lumbar imaging is performed much the same way, where a lateral image is taken after a frontal one. The frontal view 
radiograph of the lumbar spine allows observation of the intervertebral disc space (IDS), the pedicle of vertebral arch, 
transverse process, iliopsoas muscle, and alignment of the sacroiliac joint and vertebral bodies. 

Widening or narrowing of the IDS is associated with nonspecific lumbar pain, according to Maurits et al. [1]. The shadow 
of the pedicle of vertebral arch disappears when osteolysis progresses. This phenomenon is known as the pedicle sign, and 
is one of the first signs of suspected metastatic bone tumors. Fracture of the transverse process, which happens frequently in 
the lumbar spine, and iliopsoas muscle tumors also need to be examined. An iliopsoas muscle tumor in tuberculous 
spondylitis appears as an enlargement of the iliopsoas muscle, and bone erosion, sclerosis and ankylosis are observed in the 
sacroiliac joint as signs of sacroiliitis. Alignment of the vertebral bodies can help evaluate the severity of scoliosis by 
measuring its indicator, the Cobb angle. As these examples show, lumbar imaging in the frontal view are essential for 
evaluating many diseases. 
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On the other hand, lateral radiographic image of the lumbar spine can be used as an indicator of various other diseases by 
taking radiographic measurements to evaluate the severity of the diseases. For example, Brandner evaluated narrowing of 
the intervertebral space with a new index, the Disc Height index [2]. Glavas et al. reported that inter- and intra-observer 
correlations between the degree of spondylolisthesis in vertebral sclerosis was strongly correlated with the Dubousset’s 
lumbosacral angle [3], and Timon et al. reported strong inter-observer correlations between slip percent, the Meyerding 
class, and iliac inclination in vertebral sclerosis [4]. Dubousset used his original Dubousset’s lumbosacral angle on vertebral 
sclerosis patients to determine the necessity of surgical treatment [5]. Sansur et al. divided 10,424 patients into Meyerding 
class I and II versus III – V, and found significantly higher rates of complications in the latter group [6]. Raphael et al. 
defined the normal standing lumbar lordotic angle of 300 healthy individuals (angle formed by the superior border of the L1 
and inferior border of the L5 lumbar vertebrae as 43±11.2° [7]. Endo et al. compared the angles formed by the superior 
border of the L1 and superior border of the S1 vertebrae in lumbar hernia patients and health individuals and found that 
while it measured 49±10° in healthy individuals, the same angle was smaller in lumbar hernia patients [8]. As these 
examples show, lateral view radiographs of the lumbar region is also of great importance. 

Regardless of gender, many Japanese suffer from lower back pain. According to four Comprehensive Survey of Living 
Conditions published by the Ministry of Health, Labour and Welfare between 2010 to 2020, it ranked the first and second 
most common health-related complaints for men and women, respectively, and has held an established position [9] to [12]. 
In other words, lower back x-rays for evaluating lumber pain should be aimed at visualizing the intervertebral disc space 
(IDS) as widely as possible. In particular, the part of the lower back called the apex of the lumbar lordosis supports the most 
body weight, and corresponds to the L3 and L4. Thus, radiographs of the region from L3 – L5, also known as the lower 
lumbar spine, were taken． 

To visualize widening of the IDS, x-rays are irradiated tangentially on the articular surface. By visually assessing 
intervertebral discs on the frontal image and comparing it by the deviation of the tangential incident X-ray angle, we 
investigated for an effective tangential incident X-ray angle for better visualization accuracy. In this study, we attempted to 
predict the effective X-ray tangential angle for visualizing widening of the IDS in the frontal lumbar image by measuring the 
IDS in the lateral image of the lumbar spine.  

However, manual measurements would require measuring the incident x-ray angle at which IDS is most widened based on 
the lateral lumbar image, followed by adjustment of the x-ray tube before taking the frontal lumbar image. The procedure of 
manual measurement extends the imaging time, which would increase the amount of time spent per patient. Moreover, a 
higher number of patients undergo general radiography compared to other tests, requiring that the imaging procedures be 
executed in a quick but accurate manner, further complicating the manual measurement procedure from being carried out 
with accuracy and reproducibility． 

This study thus attempted to develop a method of using Deep learning (DL), a type of artificial intelligence (AI), to 
automate classification of the incident x-ray angle to the intervertebral space. This study was retrospective study conducted 
after obtaining approval of the ethical review committee of Matsunami General Hospital (Matsu Med. Ethics. No. 452). 

2. Subjects and Methods 

2.1 Images  

The Flat Panel detector (FPD; Canon) with total 2,800×3,408 pixels (approximately 9.5 million pixels), pixel size 125µｍ,  
12bit (4096 gray scale) was used. 500 lumbar lateral images of 50 men and 50 women from each of the following age 
categories, the 20s, 30s, 40s, 50s and 60s, were analyzed. 
 
2.2 Manual measurement (Geometric measurement method of the tangential x-ray incident angle deviation) 

The tangential x-ray incident angle was measured manually and retrospectively on the IDS on the lateral x-ray images  taken 
for clinical purposes. We used the method of geometrically measuring the tangential x-ray incident angle (α ), i.e., the angle 
formed by the horizontal line and the central line dividing the IDS angle into two isometric angles (hereinafter, the IDS 
bisector) on the lateral lumbar x-ray image taken in standing position (hereinafter, lateral image) (Fig. 1)． 
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Figure 1 Measurement of the tangential incident x-ray angle to the IDS 

a: Inferoposterior border of the upper vertebral body  b: Inferoanterior border of the upper vertebral body  

 c: Superoposterior border of the lower vertebral body  d: Superoanterior border of the lower vertebral body 

 
Before analysis of the clinical images, a phantom of the human body for x-ray imaging was used to measure the tangential 

x-ray incident angle α°from the bisector, and the angle was used to take the frontal image to investigate the ability of 
depicting the IDS. The deviation of the angle (Δ) between the bisector and the radially incident x-ray beam of the IDS was 
measured to visually assess the IDS depictability from the frontal image, and the allowable deviation of the angle Δ was 
classified into 5 classes (Table 1). 

The allowable range of angle deviation was measured on the lateral clinical images (X-ray point of incidence at the center 
of the 4th lumbar vertebral body) by a manual geometric method evaluating the deviation of the angle between the incident 
X-ray and bisector Δ at the T12-L1, L1-L2, L2-L3, L3-L4, L4-L5, and L5-S1 levels (Fig. 2). 

In our previous study, we reported that the depiction ability of the IDS differs according to the x-ray tube deflection angle, 
thus proposed the visual assessment table (Table 1) by dividing the relationship between the two into 5 classes [13]. 

Images with ≤ 4° incident angle deviation were extracted among 240 total IDS from the standing lateral lumbar images of 
40 patients with lower back pain. We can expect that the depictability of the IDS in the standing lateral lumbar images of the 
same patients from which the images were taken would be extremely clear (excellent) or clear (superior). Therefore, we 
made visual evaluations of the IDS in the standing frontal lumbar images, and tested whether they matched the manually 
measured assessment (excellent or superior) predicted in advance by manually measuring the standing lateral lumbar 
images. 

In our previous study [13], we also found that the measurement accuracy of the lower lumbar spine was high, whereas the 
measurements tended to diverge from the predicted values of the upper lumber spine. 

Thus, we determined that manual measurements allow depiction of the IDS, the goal, and used this as the gold standard of 
DL. 

 
Table 1 Visual and image assessment of the incident x-ray angle deviation range 

Imaging assessment Incident angle deviation range Depictability Visual assessment 
5.(Excellent) ±2.0°≦ Extremely clear Precise (accurate) angle range 
4.(Superior) ±3.0° to 4.0 Clear Allowable (deviation) angle range 
3.(Good) ±5.0° to 6.0° Somewhat clear Observable angle range 
2.(Allowable) ±7.0° to 8.0° Unclear  Difficult but observable angle range 
1.(Unallowable) ±9.0°≧ Undepictable Unobservable angle deviation range 
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Figure 2 Method of measuring the allowable angle deviation range on the lateral image 

Δ: Incident x-ray angle deviation (Angle between the dotted and solid lines) Solid line: IDS bisector 

Dotted line: Incident x-ray beam to IDS 
Broken line: Central incident x-ray beam from x-ray tube 

-Parallel to horizontal line 
-Parallel to center of L4 

 

2.3 Region of interest of the analyzed images 

A 256 x 256 matrix was cut out centering on the individual IDS in the lumbar images from the T12 to S1. The cut out 
images were not rotated so as not to change the angle of the image, and the region of interest (ROI) was cut so that the 
vertical direction was perpendicular to the lateral direction was horizontal. This study analyzed 1723 ROI, excluding the 
images in which the IDS was not visible. The ROI were cut out using a graphics software, Paint 3D (Microsoft). 
 
2.4 Devices used for deep learning 

Graphics Processing Unit (GPU) on a DELL G5 5500 laptop with RTX 2060 graphics card was used as the learning 
hardware. This study used the Neural Network Console (NNC) 1.4 as the deep learning creation tool. NNC is an integrative 
neural network development software released by SONY in August 2007 which allows visual and easy construction of DP 
by connecting a rich variety of layers by GUI operations [14]. NNC also search automatically for structures and is equipped 
by image augmentation. The automatic structure search function allows automatically searching for high-performance, light-
weight neural networks. Furthermore, Image Augmentation adds random changes such as angle and brightness to the 
inputted image to augment imaging data. 
 
2.5 Learning condition 

In recent years, numerous systems using deep learning have been developed in the field of imaging, and these are also used 
for medical images. Deep Learning is a method of machine learning in which a computer automatically learns tasks that 
humans perform naturally based on a large amounts of data [15]. Deep Learning uses neural networks devised based on the 
structures of neural networks of the brain of organisms, consisting of the input layer, intermediate layers, and output layer. 
Deep Convolutional Neural Network (DCNN) with multiple intermediate layers can perform more complex processing, and 
DCNN is considered to surpass human cognitive ability in classifying general images [16]. Since DCNN allows automatic 
optimization of feature extraction to integration by learning, highly accurate class categorization of medical images can also 
be expected. In this study, DCNN was used to categorize the incident x-ray angles on the lateral lumbar images into 5 
classes. AlexNet was used as the network structure as it showed high performance in ImageNet in high class prediction 
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accuracy [16]. The structure of the network is presented in Fig. 3. It consists of 5 convolution layers, 3 max pooling layers, 
and 3 full bond layers. Rectified Linear unit (ReLU) was used for the activation function. Krizhevesky et al. used local 
response normalization (LRN) in the normalization layer; however, here, Batch Normalization (BN) will be used. Batch 
Normalization was a method proposed by Ioffe et al. [17] that improves speed of convergence in learning and has 
normalization effect, and is used to prevent over-training. Here, the Softmax function and Adam were similarly used. 

At was performed for 200 iterations, and the mini-batch size was 10. In order to determine the appropriate parameters of 
the network, 100 patterns were tested using the structure optimization function of NNC, and the pattern with the highest 
accuracy and the best learning curve was selected. 

 

 

Figure 3 AlexNet structure 

 
2.6 Deep learning data 

The classes were defined such that the case numbers for the ROI falling under each class was almost equal: i.e., ≥5°，5°to -
5°, -5°to -15°, -15° to -25°, and under -25°. The training data was collected from 211, 288, 252, 191, and 206 regions, 
respectively, for the classes above. These were 275 regions of validation data (55 regions per class) and 300 regions of test 
data (60 regions per class). 

Over-training can occur in classes with fewer data. Thus, data augmentation is performed for all classes using NNC 
Image Augmentation. Data for each class was augmented by modifying the image brightness and contrast without altering 
the image quality of the inputted data dramatically from normal clinical imaging data. The number of images before and 
after data augmentation are shown in Table 2. 
Training data consisted of 706 regions over 5°, 929 regions from 5° to -5°, 836 regions from -5° to -15°, 646 regions from -
15°to -25°, and 678 regions of angles under -25. 
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Table 2 Number of images before and after image augmentation 

Angle Before Image Augmentation After Image Augmentation 

Over 5 211 706 

From 5°to -5° 288 929 

From -5°to -15° 252 836 

From -15°to -25° 191 646 

Under -25° 206 678 

 
 
3. Results 

3.1 Visual assessment of the intervertebral disc space predictable from measured values 
 
The IDS in the standing lumbar posteroanterior image was evaluated visually to test whether they matched the imaging 
assessment (excellent or superior) predicted by the manual measurements of the standing lumbar lateral image taken in 
advance. 95.9％ (71/74) matched the predictions. In other words, a high percentage of the imaging assessment of the IDS 
predicted based on the measurements of the standing lumbar lateral image was obtained from the standing lumbar 
posteroanterior image. 
 
3.2 Class accuracy 

Table 3 shows the confusion matrix of the results of class accuracy by changing the deflection angle of the x-ray tube to the 
standing lumbar lateral image. 
 

Table 3. Confusion matrix 

 Over 5 From 5° 
to -5° 

From -5° 
to -15° 

From -15° 
to -25 Under -25° 

Over 5 51 9 0 0 0 

From 5°to -5° 0 50 10 0 0 

From -5°to -15° 0 3 50 7 0 

From -15°to -25 0 0 12 44 4 

Under -25° 0 0 0 6 54 
 

 
The accuracy was 100% for the over 5° class, 80.6% for the -5° to 5° class, 69.4% for the -15° to -5° class, 77.2% for the -

15° to -25° class, and 93.1% for the under -25° class. Overall, accuracy, precision and recall were 83.0 %, 84.1% and 83%, 
respectively, and the f-value was 83.3%, resulting in a relatively high classification accuracy. 

In the learning curve shown in Fig. 4, COST, TRAINING error, and VALIDATION error are converged, suggesting that 
correct optimization was achieved.  
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Figure 4 Learning curve 

 
4. Discussion 

This study attempted to classify tangentially incident x-rays to the IDS using DL. Fig. 5 showed data that was accurately 
classified. They corresponded to the results of manual measurement, suggesting that classification using DL is possible. 
 

     
Figure 5 two examples images of accurate classification 

 
Fig. 6, in contrast, shows the erroneous classifications. Seven standing lumbar lateral image which should have been 

classified as -15° to -5° were classified as -15° to -25° (Fig. 6-1). In 6 out of the 7 standing lumbar lateral images, the x-ray 
tube deflection angle was only slightly higher than -15°, and was similar to -15°, resulting in the erroneous classification; 
yet, showing that the imaging was correct even though the incident x-ray angle was classified incorrectly. The remaining 
lumber lateral image could have easily been judged by a radiological technologist as vertebral body endplate overlay, and be 
manually measured. It is possible that the IDS could not be recognized as a translucency by DL, which made the 
classification difficult (Fig. 6-2). 
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Figure 6-1 Image that should have been classified as -15° to -5° 

 
Figure 6-2 Image that could not be recognized image that should have been classified 

 
Figure 6-3 Image that should have been classified as under -25° 
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Six lateral lumbar images that should have been classified as under -25° were classified in -15° to -25° (Fig. 5-3). In all 6 
lumbar lateral images, the x-ray tube deflection angle was at a lower angle than -25°, showing that the image was taken 
correctly even though the incident x-ray angle was classified incorrectly. 

 

 

(

                        (a)                                (b)                                 (c)                               (d)                                  (e) 

Figure 7 Results of explainable AI 

The results of Explainable AI which is drawing attention recently are shown in Fig. 7. Explainable AI seeks to explain the 
decision-making processes in AI, which have traditionally been referred to as a black box and have been perceived as a 
problem. The part depicted as the lumbar spine is the part that DL focused on in classifying, whereas the gray parts are all 
other regions. In (a), (b) and (c), DL focused on the intervertebral spaces for classification, and verified that the values were 
similar to the above. However, in (d) and (e), regions other than the intervertebral areas are used for classification. This is 
easy for human vision, but pattern recognition can be difficult depending on individual differences and positioning, which is 
the likely explanation for the erroneous judgments made by DL.  

There are several limitations to this study. First, manual measurements were taken by one researcher, and this method was 
defined as the gold standard. However, accuracy may have been lowered in manual measurement due to the issue of 
reproducibility; thus, taking the measurements by multiple persons and analyzing the mean of their measurement results may 
further increase the precision of DL. Second, we analyzed the data of patients of a wide range of ages and of both sexes; 
however, the data was limited to that obtained by one device model, and use of the DL network could also be further 
elaborated, thus limiting the generalizability of this study. In order to obtain more generalizable data, it would be necessary 
to analyze a larger sample obtained from multiple device models. 

With the awareness that patients tend to lean on the x-ray machine stand for the frontal image in a position leaning more 
forward than their position for taking the lateral image, the radiological technologist who took the images believes that 
accurate positioning would improve the efficacy of this system in clinical use. 

5. Conclusions 

It would be more prudent to take an accurate measurement of the tangential incident X-ray angle to the IDS manually and to 
use it on the frontal image; however, many patients are already having lower back pain, which makes standing 
uncomfortable. In such condition, shifting from the lateral to frontal body positions would also require leaning on the x-ray 
machine stand to rest so that the body should be shifted from the lateral to frontal position swiftly. For this reason, using DL 
to substitute for manual measurements would make it possible to take the IDS measurement in a short time at the same time 
as taking the lateral image, thereby reducing burden on the patient and improving the imaging flow. 

In this study, DL was performed on a limited number of clinical images as an initial study. Deep learning should be 
performed on a higher number of images in a future study to further investigate the efficacy of this system. 
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