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Abstract 
The purpose of this study was to develop an automatic method for validating the computed tomography gantry tilt. A 
head polymethyl methacrylate phantom with a diameter of 16 cm was used. Gantry tilt angles were measured both 
manually and automatically. Manual measurements were performed by measuring the length of the anteroposterior and 
lateral diameters from acquired images using electronic calipers. Automatic measurements consisted of a number of 
steps: phantom segmentation, determination of the center of the phantom, measurement of the anteroposterior and 
lateral diameters, and computation of the gantry tilt angle. The method was implemented on the gantry angles from 0° 
to 15°. The proposed method of measuring gantry angles produced accurate gantry tilt angles. The differences with the 
angles displayed on the gantry were less than 1°. The results of the automatic method were the same as those of the 
manual method (R2 > 0.98). 
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Introduction 

The computed tomography (CT) scanner is used primarily for 
medical purposes.1 It delivers more diagnostic information 
compared to conventional X-ray techniques.2 The speed of 
acquisition of CT scanners is an advantage that makes it so 
widely used in clinical examinations. The first CT scanner took 
approximately 300 s to acquire an image of a single slice,3 but 
now hundreds of slices can be obtained just in one rotation of 
the X-ray tube in less than a second. 
 The CT scanner employs a relatively high dose of ionizing 
radiation so that the risk to the patient can be considerable. 
Dosimetry in CT scanners has specific methods and criteria 
because of the specificity of the CT scanner modality.4 A 
diagnostic image quality is crucial in establishing the 
diagnosis, and it must be obtained with the lowest possible 
dose. This requires dose optimization.5  
 A CT procedure that is often performed is head examination. 
Head CT examinations in clinical practices often lead to the 
eye lens being exposed to the primary radiation.3,6 The dose 
threshold determined by the International Commission on 
Radiological Protection (ICRP) for the eye lens is 500 mGy, 
and eye dose limit for cataract formation is 2000 mGy.6,7 
Generally, the dose for head CT examination is approximately 
50 mGy.5-11  

For head CT examinations where the organ of interest is 
located behind the eye lens, the CT gantry is often tilted so that 
primary radiation does not directly impinge the eye lens.10 
Figure 1 shows that the eye lens is exposed to primary 
radiation when the orbitomeatal line is used as the baseline. 
However, when the radiation is parallel to the supra-
orbitomeatal line, the eye lens is only exposed to the scattered 
radiation.7  

 
Figure 1. Supra-orbitomeatal (SOM) and orbitomeatal (OM) 
baselines in head computed tomography examination. 
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The amount of scattered radiation impinging the eye lens 
depends on the distance between the primary radiation and the 
eye lens.10 A previous study reported that gantry tilting with the 
eye lens outside the primary radiation could reduce radiation 
exposure to the eye lens by up to 75%.11 
 The gantry tilt is the angle between the vertical plane to the 
isocenter and the CT gantry.12,13 It is often performed for 
clinical purposes and is set manually by the operator. It can be 
performed from angles of -30° to +30° in 0.5° increments 
according to the specifications of the CT scanner and specific 
examination.14  
 The gantry tilt angle accuracy should be periodically 
evaluated15 so that the magnitude of the gantry tilt degree 
indicated on the gantry display matches the actual gantry tilt 
degree.5,8 The method for validating the gantry tilt is generally 
with the use of an imaging plate in computed radiography (CR) 
or a protractor (film radiography), which is placed 
perpendicular to the table in the sagittal plane.16 The plate or 
film is scanned in the axial mode throughout the angles of the 
gantry tilt range. The angle is measured from the image 
acquired by CR or film.17 Three axial exposures are generally 
made with the same plate or film, at angles ϴ-, angle ϴ+, and 
0°. Three scanning tracks will be seen in the plate or film. The 
angles of ϴ- and ϴ+ at gantry tilt relative to the tilt at 0° must 
be the same as the tilt angle displayed on the gantry.18 The 
acceptable limit of the difference of gantry tilt is within 3°.18 
 An alternative measurement of gantry tilt accuracy can be 
performed using a cylindrical water phantom or the polymethyl 
methacrylate (PMMA) phantom generally used for dosimetry. 
Two scans of the phantom are performed. The first scan is 
carried out with a gantry angle of 0°, and the second scan is 
carried out at a certain angle to be evaluated. The accuracy of 
the gantry tilt is ascertained by comparing the length of the 
diameters in the anteroposterior (AP) direction for the two 
scans.16 Evaluation with double scanning is undoubtedly less 
efficient and subjective when evaluated manually. 
 The current study was aimed at proposing a method to 
validate the accuracy of the gantry tilt with only one scan using 
a readily available phantom. In addition, we aimed to develop 
an automated system for calculating the gantry tilt using the 
software so that measurements are faster and more efficient. 
 

Methods  

CT scanner and phantom  
We used a head PMMA phantom with a diameter of 16 cm and 
length of 15 cm, as commonly used to measure the output dose 
of CT in terms of CTDIvol. Gantry tilts varied at angles of 0°, 
5°, 10°, and 15°. Measurements were carried out at two slice 
thicknesses, i.e. 1.5 and 5 mm. The phantom was scanned by 
the Siemens Somatom 16 CT scanner in the axial mode with 
parameters of 130 kVp and 240 mA. The image was 
reconstructed by filtered back-projection with Syngo CT2009E 

(Siemens) with the H31s convolution kernel. Figure 2 shows 
the head PMMA phantom in the CT scanner table. 
 

Calculation of gantry angle 
In this study, gantry tilt angles were measured both manually 
and automatically. Manual gantry tilt angle measurements were 
performed by measuring the length of the AP and lateral (LAT) 
diameters from the acquired images using the electronic 
calipers available in the CT computer console (Figure 3). The 
gantry angles were computed using Equation 1. 

� = ����� �	
�
� 
 Eq. 1 

 

Figure 2. Photograph of a polymethyl methacrylate phantom in 
the computed tomography scanner. 

 

Figure 3. Manual AP and LAT diameter for measuring gantry tilt 
angle using an electronic caliper. 
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The automatic gantry tilt angle calculation consisted of several 
steps (Figure 4). The first was to automatically segment 
phantom images (Figure 4(a)) using an algorithm introduced 
previously by Anam et al.19. This segmentation was proven to 
be accurate with an error of less than 0.5%.20,21 The second was 
to automatically determine the center of the phantom image 
using the centroid equation. Next, the lengths of the LAT and 
AP diameters were automatically determined, and gantry angle 
was calculated based on a comparison of LAT and AP 
diameters. 
 The automatic image segmentation was a multi-step process. 
We converted the image from grayscale to binary image using 
an image threshold of -200 HU and determined the edges of all 
objects within the image. After labelling the objects, we 
calculated their areas. The widest object was considered the 
border of the phantom. Finally, we filled the phantom within its 
boundary with a value of 1. An example of the segmentation 
result is shown in Figure 4(b). 
 The center of the phantom was determined by the centroid 
Equation 2. 

��� , ��� = �
�∑ ��� , ����

���  Eq. 2 

where xi and yi are the positions of the pixels in the segmented 
phantom image. An example of the phantom center result is 
shown in Figure 4(c). The center of the phantom is indicated 
by a red dot. 
 Subsequently, diameters of AP and LAT were automatically 
determined. The AP diameter was defined as the sum of all 
pixels (f) from j = 1 to n in the xc position, and the LAT 
diameter was determined as the sum of all the pixels from i = 1 
to n in the yc position. Each f was multiplied by d, which is the 
distance between pixels in the image taken from the DICOM 
header. 

�� = � × ∑ ���,��
���  Eq. 3 

 �! = � × ∑ ��,"��
���  Eq. 4 

An example of an image with lines indicating the AP and LAT 
diameters is shown in Figure 4(d). Vertical lines indicate the 
AP diameter, and horizontal lines indicate the LAT diameter. 
 The gantry angle was automatically calculated using 
Equation 1.16 However, for a gantry angle of 0°, the AP 
diameter might be shorter than the LAT diameter. In this case, 
the gantry angle was calculated using Equation 5. 

� = −����� � 
�
	
�
 Eq. 5 

 The results must have errors within 3° from the set gantry tilt 
or displayed value in the gantry.19 The graphical user interface 
of the gantry tilt calculation is shown in Figure 5. The AP and 
LAT diameters and the gantry tilt were measured 20 slices of 
every gantry angle, and mean and standard deviations were 
computed. 

 
Figure 4. Steps of the segmentation process, (a) phantom image, 
(b) phantom binary image resulting from auto-segmentation, (c) 
image with a center phantom (as indicated by a red dot), and (d) 
phantom image with lines indicating diameters in lateral and 
anteroposterior directions to measure the gantry tilt. 

 
Figure 5. Screenshot of graphical user interface (GUI) for automatic gantry tilt calculation. An example of an original phantom image (left) 
and segmented phantom image with lines indicating the anteroposterior and lateral diameters. The anteroposterior and lateral diameters 
and gantry tilt were automatically measured by clicking the button “Calculate”. 
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Results 

The resulting images depicting the diameters of AP and LAT 
for various gantry angles (from 0° to 15°) are shown in Figure 
6. At an angle of 0°, the AP and LAT diameters had the same 
length. The results of AP and LAT diameters and gantry angles 
from both manual and automatic measurements for various 
gantry angles and for two slice thicknesses (1.5 and 5 mm) are 

shown in Table 1. Manual and automatic gantry angle 
calculations yielded the same results, and differences from the 
set angles for automatic calculation were less than 1°. The 
relationships between the results of automatic and manual 
gantry tilt calculations for slice thicknesses of 1.5 and 5 mm 
are shown in Figure 7. This shows linear relationships between 
them both with R2 > 0.99. 

 
Figure 6. Images showing anteroposterior and lateral diameters from various gantry angles. (a) 0°, (b) 5°, (c) 10°, and (d) 15°. 

 

Table 1. Results of anteroposterior and lateral diameters and gantry angles from both manual and automatic measurements for various 
gantry angles and two slice thicknesses. 

Set gantry angle 
(degree) 

Measured parameters 
Automatic  Manual 

Slice thickness of 1.5 mm Slice thickness of 5 mm  Slice thickness of 1.5 mm Slice thickness of 5 mm 

0 

AP (mm) 159.8 ± 0.1 159.8 ± 0.1  158.1 ± 0.4 158.4 ± 0.2 

LAT (mm) 159.8 ± 0.1 159.8 ± 0.2  158.1 ± 0.4 158.4 ± 0.2 

Measured angle (degree) 0.0 ± 2.5  0.0 ± 1.8  0.0 ± 1.0 0.0 ± 1.1 

5 

AP (mm) 160.5 ± 0.1 160.4 ± 0.2  159.2 ± 0.2 158.9 ± 0.3 

LAT (mm) 159.7 ± 0.1 159.6 ± 1.0  158.4 ± 0.2 158.1 ± 0.2 

Measured angle (degree) 5.7 ± 0.7 5.6 ± 1.0  5.7 ± 0.8 5.5 ± 0.3  

10 

AP (mm) 162.4 ± 0.6 162.3 ± 0.3  160.6 ± 0.4 160.5 ± 0.3 

LAT (mm) 159.6 ± 0.2 159.6 ± 0.2  158.0 ± 0.3 157.9 ± 0.2 

Measured angle (degree) 10.6 ± 0.6 10.5 ± 0.7  10.2 ± 0.5 10.2 ± 0.5 

15 

AP (mm) 163.3 ± 0.3 162.3 ± 0.4  163.7 ± 0.5 163.1± 0.4 

LAT (mm) 159.9 ± 0.2 159.9 ± 0.2  158.4 ± 0.4 157.9 ± 0.3 

Measured angle (degree) 14.6 ± 0.5 14.6 ± 0.6  15.5 ± 0.7 14.4 ± 0.6 

 

 
Figure 7. Relationships between the results of manual gantry tilt angle calculation and automatic gantry tilt angle calculation (degree) at 
slice thicknesses of 1.5mm (a) and 5 mm (b). 
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Discussion  

This study was aimed at implementing an effective method to 
automatically evaluate the accuracy of the CT gantry tilt 
calculation. The CT gantry tilt is generally performed, for 
example, in clinical head procedures to protect the eye lens 
from primary radiation if it is not the organ of interest.22 The 
gantry tilt is evaluated to ensure that the displayed angle in the 
gantry or console accurately indicates the true gantry tilt within 
a standard level legislated by the IAEA.23  
 The previous methods for evaluating the CT gantry tilt used 
a CR plate or film and required two scans of a cylindrical water 
phantom.16 The current method of evaluating the accuracy of 
the gantry tilt is more straightforward because it only uses one 
scan using a readily available phantom, i.e. head PMMA 
phantom. The evaluation of the CT gantry tilt is easy, fast, and 
convenient. 
 We only used angles between 0° and 15°, corresponding to 
the maximum angle used in clinical settings at our hospital. A 
further study should be performed to investigate the accuracy 
of the proposed method with angles of up to 30° or the 
maximum tilt angle of the CT. 
 Slice thicknesses (1.5 and 5 mm) were also limited. 
However, these limited thicknesses are sufficient as proof of 
concept. Theoretically, the proposed method is influenced by 
slice thickness. At the same gantry angle, a wider slice 
thickness gives a larger gantry tilt measurement. In clinical 

practice, the narrowest slice thickness should be chosen for a 
more accurate result. 
 In this study, the phantom used was a head PMMA phantom 
with a diameter of 16 cm. However, other phantoms, for 
example, a body PMMA phantom with a diameter of 32 cm, or 
any cylindrical phantom, such as cylindrical water or Catphan 
or ACR phantom, can be used for automatic CT gantry 
evaluation. The important thing is that in the proposed method, 
the phantom must be correctly positioned in the horizontal axis. 
If the phantom is slightly tilted horizontally, it will reduce the 
accuracy of the gantry tilt calculation because of changes in the 
LAT diameter. 
 The gantry tilt is used for not only head CT examinations but 
also other examinations, such as guiding examination 
procedures as a needle pointing device for tissue removal.22 
 

Conclusion  

An effective method for the CT gantry tilt evaluation using a 
single scan of an easily available cylindrical phantom has been 
proposed. Software has been developed to determine it 
automatically. The method is accurate and precise with an error 
within 1°. The automatic method yields the same results as the 
manual method. This approach offers a convenient method for 
CT gantry tilt evaluation, which could be used for regular 
quality control. 
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