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ABSTRACT

Introduction: Computed tomography (CT) has been widely used for postoperative spine assessment. However, the 
effectiveness of CT is limited by the presence of multiple artefacts surrounding metal implants. An artefact causes 
degradation of image quality and obscures the interpretation of spine CT images by a radiologist. The purpose of 
this study was to evaluate the optimum angle of gantry tilt and metal rod placement which produced the least metal 
artefact on CT images. Methods: A customised phantom was developed with different transverse angles of metal 
placement. The transverse angles of metal placement inside the phantom varied at 20°, 30°, 40° and 45°. The phan-
tom was scanned with CT scanner at 0° axial scan angle. It was followed by acquisitions at different gantry tilt angles 
ranging from −12° to 20°. Quantitative and qualitative assessment by determining the signal-to-noise ratios (SNRs) 
of the CT images was performed. Results: The severity of the metal streak artefact increased as the metal insertion 
angles became wider up to 45° due to the widespread of streaking area. The severity of artefacts was reduced with 
the increment of the gantry tilt angle, which was observed in images acquired at 20°. Conclusion: For the gantry tilt 
angulation technique, the optimum gantry angle for metal artefact reduction is at the widest angle, which is +20° 
angulation. Although the gantry tilt technique did not eliminate the metal artefacts, it enabled a significant reduction 
of metal artefacts and improved image quality. 
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INTRODUCTION

Pedicle screws are widely used for spinal fixation because 
they have been proven effective in stabilising spinal 
columns (1). An accurate postoperative evaluation by a 
radiologist is important to assess the positioning of spinal 
instrumentation and identify potential postoperative 
complications (2-4). Decisions on the choice of imaging 
technique for postoperative assessment depends on the 
type of spinal surgery, indications and materials used for 
the orthopaedic hardware (5-7). Each imaging modality 
has advantages and limitations for postoperative spine 
assessment. For example, radiography is the easiest 
and most inexpensive imaging technique. However, it 
is limited by overlaid structures in the two-dimensional 
image and does not portray the soft tissue details (8). 
Magnetic resonance imaging (MRI) is superior for 

diagnosing recurrent symptoms such as infection 
and lesion in soft tissues, but it is limited by magnetic 
susceptibility artefacts (9-11). 

Among all modalities, computed tomography (CT) is 
the most reliable imaging technique and is currently the 
method of choice for postoperative spine evaluation. 
However, metallic spinal implants generate substantial 
artefacts on the CT images because of beam hardening, 
scatter effects and photon starvation (12-13). The metal 
artefact appears as dark and bright streaks protruding 
from the metal implants. The dark streak appearance is 
due to a beam-hardening effect and photon starvation 
that produce a dark signal when no photon is detected, 
and bright streaking is caused by the scattered photons 
as a low-frequency signal. The presence of multiple 
artefacts surrounding the metal implants causes 
degradation of image quality and may complicate 
the interpretation of spine imaging, thus affecting the 
diagnostic accuracy of soft tissue and bone pathology 
in patients. The severity of the metal artefacts increases 
with the atomic numbers (Z) of the implant material. 
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The artefacts are more pronounced with high Z metals 
such as iron or platinum and less pronounced with low 
Z metals such as titanium.

An important role of postoperative spine CT imaging 
is to identify mispositioning of pedicle screws. The 
accuracy of spinal screw placement into the pedicle is 
determined by a specific anatomy of the patient. One 
important anatomical parameter is the pedicle angle, 
which covers the angulation of the pedicle in both the 
sagittal (sagittal or cranial-caudal angle) and transverse 
(transverse or medio-lateral angle) planes. Fig. 1 shows 
the measurement of both pedicle angles, which is 
important for a safe pedicle screw placement procedure. 

knee prostheses and intracranial aneurysm clips (21-24). 

MATERIALS AND METHODS

In this study, a customised water-bath phantom was 
used, similar to our previous works (25-26). The 
design of the phantom simulated the metal-induced 
artefacts due to pedicle screw fixation in postoperative 
assessment. The phantom was developed with materials 
having comparable attenuation properties to simulate 
human tissues. The phantom consisted of a Teflon rod 
with several holes for insertion of a metal rod to mimic 
the spine structure, as shown in Fig. 2(A). The phantom 
also included an acrylic rod that was placed opposite 
to the Teflon rod in the phantom to mimic soft tissue 
adjacent to the metal rod.

Figure 1: Two important angulations for pedicle screw place-
ment: (A) the sagittal angle and (B) the transverse angle 
(adapted from [14]).

In this study, the degree of metal artefact was compared 
with different transverse angles of metal implant 
placement in the pedicle using a phantom study. The 
transverse angle was determined based on the pedicle’s 
angle and the midline (medio-lateral angle). This 
medio-lateral inclination depended on the rotation of 
the vertebrae. For this study, the determination of the 
transverse angle for metal placement inside the phantom 
was performed through a retrospective survey of clinical 
images and a literature review. Previous literatures stated 
that the transverse pedicle angle of the vertebrae ranged 
from ±1.5° to 45° (1, 15-19). 

This study also aimed to evaluate the reduction of 
metal artefacts using different gantry tilt angulations to 
determine the optimum tilting angle that would generate 
the least metal artefacts. Theoretically, a metal artefact 
was most apparent in the axial scanning plane. Gantry tilt 
angulation was one of the recommended techniques for 
the reduction of metal artefacts in CT imaging (12, 20). 
By tilting the gantry at a certain angle, the X-ray beam 
will transverse the metal at its smallest cross-sectional 
area, decreasing the beam attenuation and reducing 
the effect of the metal artefact in the CT image (8, 12). 
The tilted gantry technique changed the axial plane of 
the metal artefact outside of the axial slices of interest, 
and this allowed evaluation of structures adjacent to the 
metal object. Few studies have proven the effectiveness 
of gantry tilt angulation for the reduction of the artefact 
due to various metal implants such as dental fillings, 

Figure 2: (A) The customised phantom used in phantom study 
and (B) The experimental setup for the phantom study with a 
customised water phantom with a stainless steel rod  

The metal rod used in this study was made of stainless 
steel, which was the most commonly used material 
for spinal implants (Orthomedic Innovations Sdn 
Bhd, Penang, Malaysia). Modifications were made on 
the phantom at the Engineering Campus, Universiti 
Sains Malaysia (USM), Nibong Tebal, Malaysia. Two 
holes were drilled, and valves were implanted on 
the phantom lid to eliminate excessive water and air 
bubbles inside the phantom. The phantom study was 
performed with Siemens SOMATOM Definition AS+ CT 
Scanner (Siemens Healthcare, Germany) at the Imaging 
Unit, Advanced Medical and Dental Institute (AMDI), 
USM, Penang, Malaysia. The experimental setup is 
shown in Fig. 2(B). Phantom scanning was performed 
using the standard abdomen CT protocol with exposure 
settings of 120 kVp, 200 mAs and thin-slice thickness 
of 0.6 mm. Different acquisition kernels were used, 
including smooth (B30f) and sharp (B70f) kernels. The 
phantom was scanned using both helical and sequence 
acquisition modes. For the helical scanning mode, 
the lowest pitch value of 0.35 was used to obtain the 
overlapped scanning regions and to avoid missing data 
between the scanned areas. For the sequential mode, 
the number of scans was set at one and table feed was 
at 0 mm.

Transverse angle of metal insertion 
The Teflon rods inside the customised phantom were 
drilled at different transverse angles for metal rod 
insertion. The size of the drilled hole for the insertion 



3Mal J Med Health Sci 15(SUPP9): 1-6, Dec 2019

of the metal rod was 6 mm. The Teflon rod held a 
pair of stainless-steel rods with the actual length of a 
pedicle screw (6 cm). The transverse angles used in 
this study were based on the range of the transverse or 
medio-lateral angulation of normal human vertebrae. 
The determination of the transverse angles for metal 
placement inside the phantom was performed through 
retrospective review of images that was used to measure 
the range of transverse angles on clinical images and 
through literature review. Institutional committee 
review for the ethical approval of the clinical study was 
obtained (USM/JEPeM/16040156). Fig. 3 shows the 
range of transverse angles measured retrospectively on 
several selected clinical images.

The variations of the transverse angle for metal insertion 
studied were 20°, 30°, 40° and 45° from the midline of 
the Teflon rod, referring to the clinical images in Fig. 
3. The Teflon rod was drilled with two holes for each 
transverse angle for insertion of a pair of stainless-steel 
metal rods. For each transverse angle, the placement of 
both metal rods was at the same transverse angulation 
and plane. The phantom was then filled with water to 
obtain a homogenous environment within the phantom 
background. The phantom was first scanned at 0° gantry 
angulation, followed by different gantry tilt angles 
(similar to previous studies), while maintaining the same 
acquisition parameters at the standard abdomen CT 
protocol. 

Gantry tilting angulation 
A tilted axial gantry technique was used by changing 
the angle of the scanning plane during data acquisition. 
Different gantry tilt angles (θ) were used: +20°, +16°, 
+12°, +8°, +4°, 0°, -4°, -8° and -12°. Zero degree of the 
scanning gantry meant that the gantry was not tilted. The 
positive values of the tilted angle referred to the gantry 
position that moved towards the patient table (antero-
superior to postero-inferior), as shown in Fig. 2(B). 

The negative values of the tilted angle referred to the 
gantry position that moved away from the patient table 
(postero-superior to antero-inferior). The maximum 
angles of gantry tilting for this CT scanner were +20° 
and -12°.

Image quality analysis 
Qualitative analysis was performed by visually 
comparing the degree of streaking on the reconstructed 
CT images by the radiologist and medical physicist. 
For quantitative evaluation, the mean CT number in 
Hounsfield unit (HU) and standard deviation (SD) were 
measured using regions-of-interest (ROIs) statistical 
analysis. Twelve ROIs were defined within the bright 
and dark streak regions (background with artefacts) 
adjacent to the metal rod on each CT image. The signal-
to-noise ratio (SNR) was defined as in Equation 1: 
SNR=  Mean Signal                                (Equation 1)
    Mean Noise (SD)

Mean signal is the attenuation data which was expressed 
as the mean HU and noise was expressed as the standard 
deviation (SD) within the ROIs (27). The statistical 
analysis were performed on the SNR data using SPSS 
2.0 software (IBM Corp, Armonk, New York, USA). 
T-test statistical analysis was performed to indicate the 
significant difference between mean SNR of tilted angles 
with non-tilted gantry. 

RESULTS

Metal artefact reduction at different transverse angles 
of metal insertion 
From the comparative study, the phantom images 
were better visualised with sharp kernels compared to 
smooth kernels. From the qualitative evaluation, sharp 
kernel images had a better spatial resolution and a 
better definition of a bony edge compared to smooth 
kernel images. Fig. 4 shows the appearance of metal 

Figure 3: The transverse or medio-lat-
eral angulation of pedicle screw place-
ment measured on selected clinical 
images.

Figure 4: Severity of metal-induced ar-
tefacts with different transverse angles 
of metal placement in the range of 20° 
to 45°. 
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artefacts in CT images reconstructed with a sharp kernel 
(B70f) at different transverse angles of metal placement. 
However, sharp kernel images had higher noise, and 
thus produced lower SNR values compared to smooth 
kernels (B30f), as shown in Fig. 5. From Fig.5, it can be 
observed that, as the transverse angle of metal insertion 
increased, the severity of the streaking artefact for both 
bright and dark streaks also increased because of a 
wider area of metal-induced artefacts. The bright streak 
region became more significant with a wider insertion 
angle. However, the appearance of the acrylic rod 
that represented the soft tissue adjacent to the metal 
rods was better visualised in the phantom image with 
a wider transverse angle, at 45°, as shown by the red 
arrows in Fig. 4. Quantitative analysis was plotted as 
an SNR graph of the background region (with artefacts) 
adjacent to metal rods of different transverse angles at 0° 
of gantry angle. As can be observed from Fig. 5, the SNR 
showed a weak correlation with the transverse angle of 
metal placement for smooth kernel (r = -0.43) and strong 
correlation for sharp kernel (r = 0.91). The highest SNR 
was noted at a transverse angle of 40° for both smooth 
and sharp kernels. 

Metal artefact reduction at different gantry tilt angulations

Qualitative analysis was performed by comparing the 
most significant streaking image acquired at different 
gantry tilt angles for different metal insertion angles. 
Fig. 6 shows the streaking images for a metal insertion 
angle of 20°, acquired at different gantry tilt angles. 
The most severe streaking artefact was observed on 
the image acquired at 0° angle (no gantry tilt), and the 
image acquired at a gantry tilt angle of 20° showed the 
least artefacts. The appearance of the acrylic rod that 
represented the soft tissue adjacent to the metal rods 
was better visualised in a phantom image acquired with 
wider gantry tilt angles such as 20° and 16° (as marked 
by the red arrows in Fig. 6).

Quantitative analysis performed through ROIs statistical 
analysis of the background attenuation adjacent to a 
metal rod and the mean SNR value of the background 
were calculated in each image acquired at different 
gantry tilt angles. Fig. 7 shows a plotted graph of SNR 
values of the background region adjacent to metal rods 
in images acquired with different gantry tilt angles. 
From the comparative study of the SNR values between 
images acquired with smooth kernel (B20f) and sharp 
kernel (B70f), the results show that images of sharp 
kernel produce lower SNR values compared to those 
of smooth kernel, and the difference is statistically 
significant (p-value < 0.01). 

There was no significant trend of SNR (p-value = 0.08) 
for sharp kernel, but it showed a significant difference 
(p-value = 0.04) of SNR for smooth kernel. For smooth 
kernel images, the highest SNR values were observed 
at a gantry tilt angle of 0° and the lowest SNR was at 
a gantry tilt angle of 20° (antero-superior to postero-
inferior). Fig. 7 shows the SNR values plotted for each 
different transverse angle of metal rod placement and 
acquired at different gantry tilt angles. The highest SNR 
values were also observed at a gantry tilt angle of 0° and 
the lowest SNR was at a gantry tilt angle of 20° (antero-
superior to postero-inferior) for all metal insertion angles.

Figure 5: Graph showing the signal-to-noise ratio (SNR) in the 
background adjacent to metal rods at different transverse an-
gles for both smooth and sharp kernel reconstructed images

Figure 6: The figure il-
lustrates the severity 
of the metal-induced 
artefacts in phantom 
images acquired with 
different gantry tilt an-
gles (range of +20° to 
-12°) at metal insertion 
of 20°.
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redistributed the metal artefacts to other locations 
outside of the slices where the tumour was located 
(21). Lewis et al., (2010) studied artefact reduction at 
6 different tilt angles (±5°, 10°, and 15°) and reported 
that tilt angle of 5° to 10° was the optimal gantry angle 
to reduce the artefact in the adjacent tissues and angle 
of 15° for tibial component. Study done by Kim et 
al., (2018) also reported that additional tilted CT scan 
acquired at 15° suppressed the metal artefacts with their 
proposed MAR method. Both studies demonstrated that 
the artefact in the areas of interest was spread farther than 
the reconstructed slice acquired with direct axial at 0°, 
thus reducing the amount of artefact (23, 28). However, 
in our study, nine different angles were studied with the 
widest tilt angle of +20° and it resulted in optimal metal 
artefact reduction due to artefact displacement in axial 
slice. The wider the tilt angle will reduce the amount of 
artefact because the beam crosses the least amount of 
metal rod. 

The highest value of mean SNR was observed at 0° tilt 
angle. As the gantry tilt angle increased in both directions, 
the value of mean SNR decreased. The lowest SNR was 
observed at a gantry tilt angle of 20° (antero-superior to 
postero-inferior). In this study, the high mean SNR value 
did not represent improvement in image quality because 
the SNR was calculated in the streaking ROIs. The high 
SNR in the streaking regions means a high degree of 
artefacts because of the high mean HU (signal) of the 
artefacts, which was observed at 0° tilt angle. The results 
also show that the SNR value in sharp kernel images is 
lower compared to smooth kernel. Sharp kernel allows 
a high-frequency signal and produces better edge 
definition, but the drawback of sharper kernel is that it 
causes high noise in CT images. The images will have 
a low mean value of SNR in return for a sharp detail of 
the image, but a smoother kernel generates images with 
lower noise but with poorer spatial resolution.

CONCLUSION

On the basis of the qualitative and quantitative analyses 
performed on the CT images, we can conclude that, as 
the transverse angle of metal insertion increases, the 
severity of the streaking artefact for both bright and 
dark streaks will also increase because of a wider area 
of metal artefact spread. For the gantry tilt angulation 
technique, we can conclude that the optimum gantry 
angle for metal artefact reduction is at the widest angle, 
which is +20° angulation. The tilted gantry approach 
may offer a solution of  metal artefact problem in the 
evaluation of postoperative spine instrumentation with 
CT imaging. 
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DISCUSSION

The transverse angles for metal placement in the spine 
are varied and specific to the anatomical structures of 
each individual. From the observation, it can be seen 
that the severity of both bright and dark streaking 
artefacts increases with a wider metal insertion angle 
(45°). The bright streak region became more significant 
with a wider insertion angle because of the widespread 
streaking area. However, the structure mimicking 
the soft tissue adjacent to the metal insert was clearly 
visualised at wider metal insertion angles. This is 
because, at a narrow metal insertion angle of 20°, 
visualisation of the soft tissue structure was impaired and 
overshadowed by bright streak artefacts that protrude 
from the neighbouring metal rod. As the angle became 
narrower, the concentration of artefacts was more at 
the centre of both metal rods. Moreover, the soft tissue 
structure also has a CT number like the bright streak 
background region. In real clinical evaluation, this can 
affect the diagnosis provided by a radiologist and lead 
to misdiagnosis.

Although the gantry tilt technique did not eliminate 
the metal artefacts, it enabled a significant reduction of 
metal artefacts and improved image quality. The severity 
of artefacts was reduced with the increment of the gantry 
tilt angle, which can be observed in the image acquired 
at 20°. Moreover, depiction of soft tissue-mimicking 
structures adjacent to the metal rods is also possible 
because of lesser streaking effects because of beam 
hardening and scatter. As mentioned earlier, by tilting 
the CT scanner gantry, the X-ray photon beam transverse 
the metal at its smallest cross-sectional area. Thus, the 
effects of the metal-induced artefact are reduced because 
of less interaction between the X-ray photons and the 
metal rods. The photoelectric absorption and scattered 
interaction were reduced as the area for interaction 
became smaller.

Bannas et al., (2012) showed that gantry tilt could 
reduce the metal artefact region, therefore improving 
the sensitivity of detecting oral tumours as tilted slices 

Figure 7: SNR values of the background region adjacent to 
metal rods in images acquired with different gantry tilt angu-
lations and metal insertion angles
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