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Abstract Bedside chest radiography is a frequent X-ray

examination when patients are physically incapacitated. An

X-ray cassette with an imaging plate is inserted below the

patient’s body, and the image orientation of the radiograph

is determined by the direction of insertion. Therefore, an

incorrect direction of insertion would yield an incorrect

image orientation for diagnosis, if no correction was per-

formed on the resulting image data. We aimed to develop a

computerized method that identifies the image orientation

of chest radiographs by using the center of gravity (COG)

of the images in terms of pixel values. To develop the

computerized method, we used 247 chest images contained

in the Japanese Society of Radiological Technology data-

base as training cases, and 1833 bedside chest radiographs

obtained in our institution for validation testing. As a result

for the 247 training images, the angles which were

obtained from directions between the COG of pixel values

and the center of the image were distributed between

162.7� and 224.4� in a clockwise direction. We used the

angle of the COG to identify the correct view orientation.

The range of angles (139.1�–229.0�) for the COG in the

chest image with correct image orientation was determined

with a 99 % confidence interval for the angles of the COGs

obtained from the training images. As a result of the val-

idation test based on the range of angles determined,

99.7 % of the 1833 test images were identified correctly.

Keywords Center of gravity � Chest radiograph �
View orientation � Picture archiving and communication

systems (PACS)

1 Introduction

Recent developments in X-ray technology have greatly

increased the number of examinations performed. Many

X-ray images are now managed in picture archiving and

communication systems (PACS). Images in the PACS can

be readily modified for radiologists and manipulated with

various image-processing procedures for computer-aided

diagnosis (CAD) [1–4]. When such applications are used, it

is important to assume that the orientations of the images

are correct.

Bedside chest radiography is a frequent X-ray exami-

nation when patients are physically incapacitated. For

bedside chest radiography, an X-ray cassette with an

imaging plate is inserted below the patient’s body, and the

image orientation of the radiograph is determined by the

direction of insertion. Therefore, incorrect direction of

insertion would result in an incorrect image orientation for

diagnosis, if no correction was performed on the image

data. If the system could identify such images and give a

warning, the incorrect orientation could be modified before

transfer to the PACS, and intervention to modify the

direction of the X-ray cassette might not be required.

Several systems for checking the image orientation of

chest radiographs have been developed [5–9]. Pietka and

Huang [5] presented an automatic procedure based on

horizontal and vertical profiles. In their analysis, they used

the direction of the spine for locating the sub-diaphragm or

upper extremities in order to identify the lung fields. Boone

et al. [6] employed a neural network for correcting
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orientation. Their method used horizontal and vertical

profiles of the images and pixel values within a region of

interest (ROI). The accuracy reported was 99.4 % for 1000

test images in their experiment, whereas their method

required a large number of training images before imple-

mentation in clinical practice. Arimura et al. [7] proposed a

template matching technique. According to their results, an

extremely high accuracy of 99.99 % was achieved. If there

were an appropriate method for the generation of the

template images, which is usually time- and labor-inten-

sive, their method could be one of the best for this purpose.

Thomas et al. [8] improved upon Arimura’s method by

measuring several distances for K-nearest-neighbor clas-

sification. However, calculating these distance measures

was also time-consuming. Luo et al. [9] attempted to

identify orientation correctly by use of the extracted spine

midline, locating the positions of the neck, heart, and

abdomen. Their method required the identification of var-

ious anatomical positions, and thus errors might have been

introduced for images with abnormal shadows.

Our purpose in this study was to develop a computerized

method for identifying the image orientations (upright,

upside down, right rotated, and left rotated) of bedside

chest radiographs correctly and automatically by use of a

simple algorithm that detects the center of gravity (COG),

calculated based on pixel values in the image. In general,

regions with high pixel values, which correspond to the

brightest signals displayed in digital chest radiographs,

represent the heart, liver, shoulder, spine, ribs, and medi-

astinum. The highest pixel value area is the region of the

liver and the mediastinum combined with the spine. These

regions are usually located below the center of a chest

image. In the proposed method, therefore, we assumed that

the COG of a chest image with correct orientation can be

used for distinguishing an image with incorrect orientation.

In bedside chest radiographs, there are three incorrect

view orientations: upside-down image, right-rotated image,

and left-rotated image. For a correct upright view orienta-

tion, it can be assumed that the COG (rc) in the chest image

is located within a range of angles between 135� and 225� as

Fig. 1 Relationship between

the location of the center of

gravity rc and the angle h in four

directions of images; a the

original image in the upright

view position, b the left-rotated

image, c the upside-down-

rotated image, and d the right-

rotated image
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shown in Fig. 1a. In the same way, a range of the angle for

the COG of the images with incorrect view orientations will

be rotated with an angle of 90� (Fig. 1b, c, d). Therefore, we

attempted to detect false images and identify the view ori-

entation of an unknown chest image by analyzing the angle

between the COG and the center of the image, which might

range from 0� to 359� in the clockwise direction.

2 Materials and methods

2.1 Image database

For the development of this proposed method, the 247

chest posteroanterior images in the Japanese Standard

Digital Image Database developed by the Japanese Society

of Radiological Technology [10] were used as training

cases. The images were digitized with a 0.175-mm pixel

size (a matrix size of 2048 9 2048, and 12-bit gray scale).

The matrix size of the images was reduced to 1760 9 1760

by linear interpolation, and the gray scale was decreased to

10 bits. An additional 1833 chest anteroposterior com-

puted-radiography (CR) images acquired in our hospital

were used for testing of this method.

The CR system we used was an FCR 5000 (Fujifilm

Medical, Tokyo, Japan), and the images were acquired by

use of a bedside X-ray system (AMX-4; General Electric,

Fairfield, CT). The X-ray tube voltages, current, and expo-

sure time were 76–85 kvp, 100 mA, and 0.06–0.2 s,

respectively. The matrix size of the image was 1760 9 1760

pixels, and the gray scale was 10 bits, in which a zero pixel

value corresponded to highly exposed regions such as the

outside of the body exposed directly to X-rays.

Approval for the use of clinical cases in this study was

obtained from our institutional review board. All training

and testing images were projected correctly in an upright

view position, in which the head was always at the top of

the display.

2.2 Image analysis

We used a personal computer (CPU, Pentium (R) Dual-

Core, 2.5 GHz; Memory, 2.0 GB; OS Windows 7; Micro-

soft) to develop the computerized scheme (Development

environment, C ?? Builder; Borland, Scotts Valley, CA).

An overview of the computerized scheme for the identifi-

cation of image orientation is shown in Fig. 2. In our

computerized scheme, peripheral regions (2 %) of the

whole chest image, which often included unexposed areas,

were eliminated first. Second, the image that remained was

binarized based on a threshold pixel value, which was

determined from the 20 % area under the histogram of

higher pixel values in the whole image. The 20 % parameter

was determined empirically by changes of threshold values

from 10 to 50 % in 10 % intervals to locate COGs ade-

quately for the 247 training images. Finally, the location of

the COG, rc (xc, yc), was calculated on the binary image. An

angle, h, between the location of the COG and the center of

the image was calculated as a parameter for identification of

the image orientations shown in Fig. 3. In this study, the

angle h was calculated as follows:

Fig. 2 Overall computerized scheme for the identification of image

orientation

Fig. 3 Illustration of relationship between the center of gravity, rc

(xc, yc), and the chest image, O(X/2, Y/2), where X and Y are the

matrix size of 1760 and 1760 pixels, respectively
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where Dx and Dy were defined as

Dx ¼ xc � X=2; ð2Þ
Dy ¼ Y=2� yc ð3Þ

By taking into account the distribution of angles between

the COG and the center of images, we determined a simple

rule for identifying the image orientation.

2.3 Evaluation of the method

A validation test was performed with another database that

was independent from the training images, to evaluate our

method in which the classification rule was determined

based on the results obtained from the training images.

The database for the validation test consisted of 1833

bedside chest radiographs (patient ages 20–97 years, mean,

65 years; M:F = 7:3) selected randomly from the PACS in

our hospital and were collected between January 2009 and

May 2010. In all test images of this database, the patients

underwent a bedside X-ray examination in the sitting or

supine position for evaluation of pulmonary disease. They

were physically incapacitated due to postoperative care or

mechanical ventilation to assist spontaneous breathing. In

the validation test, the location of the COG and the angle h
for each of the 1833 images were calculated, and the image

orientation was identified by use of the rules determined

based on the results obtained from the training images.

Our purpose in this study was to correctly identify the

image orientation of chest radiographs and to detect images

with an incorrect image orientation. However, all of the

images prepared for the validation test were in the correct,

upright view orientation. Each of the 1833 test images was

also rotated to all of the other (incorrect) orientations (right

rotated, upside-down rotated, and left rotated) so that we

could evaluate the ability of the system to detect images

with incorrect view orientation. For the total of 7332

(1833 9 4) images, we calculated the location of the COG

and the angle h to identify the orientation of images by use

of the rules determined from the training images.

3 Results

The total computing time for the 247 training images was

3.01 min on a Pentium (R) Dual-Core PC with a 2.5-GHz

processor. One image was calculated in 0.73 s. Figure 4

shows the distribution of the COG values obtained from the

247 training images. The coordinates X and Y in the dis-

tribution corresponded to the coordinates in the chest

radiograph. For the 247 training images, the angles h of the

COG were distributed from 162.7� to 224.4� (mean 184.0�;

SD 9.59) as clockwise angles (from 0� to 359�). A 99 %

confidence interval for the population distribution of the

angles obtained from the training images was computed

according to the Chi-square distribution. The 99 % confi-

dence intervals of the angles h were 139.1 and 229.0�.

0

440

880

1320

1760

0 440 880 1320 1760

Y
-c

oo
rd

in
at

e

X-coordinate

Fig. 4 Distribution of the center of gravity for the 247 training

images
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Fig. 5 Distribution of the center of gravity for the 1833 test images
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Thus, a rule for identifying the correct image orientation of

a chest image was determined as the range of angles

between 139.1� and 229.0�. If an angle for the COG was

out of the range determined, the chest image was consid-

ered to have an incorrect orientation.

For the 1833 test images, a validation test was per-

formed with the use of the rules determined. Figure 5

shows the distributions of COG values obtained from the

validation test. In this result, the means of coordinates

X and Y for the 1833 test images were 847.7 and 1346.2,

respectively. Five of the 1833 images were identified

incorrectly because they had angles outside the range from

139.1� to 229.0�. By this method, the precision of detecting

the correct image orientation for the 1833 bedside chest

radiographs was 99.7 %. In terms of difference between

females and males, 4 of 5 cases identified incorrectly were

images obtained from male patients. The original chest

radiographs and their binary images for the five incorrectly

identified cases are shown in Fig. 6.

Figure 7 shows the distributions of COG values for left-

rotated, upside-down, and right-rotated 1833 images. As

shown in the result for classifying the 5499 (1833 9 3) images

with incorrect image orientations, 99.7 % of the 5499 images

were identified correctly as having incorrect orientations.

4 Discussion

The COG of chest radiographs tends to be located on the

lower left side (around the liver region) according to the

results of the means of coordinates X and Y in the 247

training and 1833 test images. This is because the liver and

mediastinum regions have high pixel values, usually higher

than those in the shoulder and clavicle regions. In addition,

the air in the stomach region could move the distribution of

the COG to the left side of the image.

Five of the 1833 validation test images (0.3 %) were

identified incorrectly because the COGs of these images were

located close to the center of the image and thus the angles for

COGs were outside the range indicated in the rules. On three

of the five images (Fig. 6a, c, d), the lung regions were

unusually dense, and the liver regions were not displayed or

barely displayed on the image, whereas the other two images

(Fig. 6b, e) had the liver region fully displayed. Because we

used a range of angles to identify incorrect view orientations,

the range of X coordinates for the COG should become

smaller when the Y coordinate of the COG is close to the

center of the image. Therefore, appropriate pre-processing to

normalize patient height on the images would be a useful

improvement for the proposed method.

We aimed to use the simplest possible algorithm in

developing this method for identifying the images with

incorrect orientation for chest radiographs because we

believe that the method should be most robust when the

simplest appropriate algorithm is used. Thus, the method did

not use any image filters for detecting edges and extracting

image features, which are common techniques in CAD.

Fig. 6 Examples of incorrectly identified images: the chest radio-

graph (left) and the binary image (right)
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The performance of our computerized scheme for the

identification of incorrect orientation is superior or com-

parable to those reported in previous research [5–9].

However, this method cannot be applied for distinguishing

between PA and AP views because the locations of COGs

for of the 247 training images were widely distributed

below the center of the image. Although the present study

applied the method only to images from 14 9 14-in. cas-

settes, we believe that this method can also be used with

14 9 17-in. cassettes because the COG is likely to be

located below the center of the image when the abdominal

area is included in the chest radiograph.

For the difference between males and females, the

accuracy of our method in identification of incorrect ori-

entation was somewhat superior for females. This is

probably due to the average size of the lungs, which is

usually larger in males, and thus the COG is likely to be

located closer to the center of an image.

5 Conclusion

We developed a computerized method to detect incorrect

image orientations. This method calculates the location of

the COG by use of pixel values in chest radiographs. In this

simple method, a chest image was considered to be in an

incorrect orientation if the angle of the COG to the center

of the image was outside the range between 139.1� and

229.0�. From the results of the validation test, 99.7 % of

the 1833 test images were identified correctly by use of this

proposed method.
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