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Abstract
The aim of this work was to develop a novel artifact-free eye shield and
evaluate its effect on the dose received by the eye lens and the resulting image
quality in the CT examination of the head. A new material for an eye shield
was synthesised from silicon rubber (SR) and lead (Pb) using a simple method.
The percentage of Pb was varied from 0 to 5% wt. An anthropomorphic head
phantom was scanned with and without the SR-Pb eye shield, and compared
with a tungsten paper (WP) eye shield. The distance from the eye shield and
head was varied from 0 to 5 cm. The dose to the eye lens was measured using
photo-luminescence detectors (PLDs). The presence of artifacts was deter-
mined by measuring CT numbers at different eye lens locations and by sub-
tracting images with and without the eye shield. The dose reduction increases
with increasing Pb content in the SR-Pb eye shield. A 5% wt SR-Pb eye shield
reduced the eye lens dose by up to 50%, whereas the WP eye shield reduced
the dose by up to 86%. The CT numbers in images with the SR-Pb eye shield
in the regions of both eyes and the center of the head phantom is similar to
those without the eye shield, indicating that there is no artifact in the resulting
image. Using the WP eye shield, there is considerable artifact with the CT
number increasing by up to 700% in the regions of both eyes and the center of
the head. It is found that the distance between the SR-Pb eye shield and the
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head does not affect either the dose or the resulting images. A SR-Pb-based
eye shield can be applied in clinical environments and should be placed
directly above the eye surface for dose optimisation.

Keywords: silicone rubber, eye shield, CT scan, artifact free, head CT
examination

(Some figures may appear in colour only in the online journal)

Introduction

The eye lens is highly sensitive to ionizing radiation in the head area [1]. Due to the frequent
use of CT scans in examinations of the head [2], it is important to keep the dose to the eye
lens as low as possible to prevent deterministic effects such as cataracts [3, 4]. The Inter-
national Commission on Radiological Protection (ICRP) reported that the dose threshold to
avoid cataracts is about 500 mGy [5, 6]. The eye lens dose received by patients in a head CT
scan is far lower, at about 50 mGy [7–9]. However efforts to reduce the eye dose to minimise
the risk should be still be practiced [10]. Based on data from the World Health Organization
(WHO) [11], cataracts are one of the biggest causes of visual impairment and blindness in the
world. A dose reduction to the eye lens usually causes a deterioration in image quality [12].
Therefore, dose optimisation is needed for proper diagnosis consistent with radiation
protection.

There are many techniques that can be used to optimise dose to the eye, including gantry
angulation, mis-centering, tube current modulation (TCM), and using eye shields. Many
studies reported that gantry angulation can reduce the eye lens dose by up to 80% [13–15],
but it causes artifacts in the image, especially in the posterior fossa. It cannot be applied to all
diseases in the head area, such as diseases in the sinus area, orbital and mastoid [10, 16].
Another technique used for eye dose reduction is mis-centering [17–20] where the eye lens is
placed above the iso-center, reducing the eye lens dose by up to 30%. However it increases
image noise and can result in truncation of the image. A further technique for eye dose
reduction is the TCM technique [21, 22]. Many studies reported that using this technique
reduced the eye lens dose by up to 50% and no artifact was produced [23, 24]. However not
all CT scan devices have TCM features [6].

Another technique that can be used for eye lens dose reduction is using an eye shield.
Many types of materials have been developed for this purpose. Ngaile et al [25] developed an
eye shield from lead-latex, Huggeth et al [26] and Seoung [27] used barium-latex, and
Liebmann et al [28], Mendes et al [29] and Lai et al [30] used bismuth-latex. All of these
materials significantly reduced the eye lens dose, but the quality of the images deteriorated
because of artifacts that covered the eye lens. Artifacts are mainly due to materials that have a
high atomic number (Z) [31]. To minimise artifacts in the resulting image, Young et al [32],
McCollough et al [33] and Inkoom et al [34] increased the distance between the eye shield
and eye.

Developing a novel eye shield that is able to significantly reduce the eye lens dose and
minimise the appearance of artifacts is very important. Jaya and Sutanto [35] reported that
silicone rubber (SR) of thickness 1 cm could be used as a radiation filter in digital radiography
(DR) and absorbs radiation up to 59.9%, and Mehnati et al [36] reported using 1 mm thick
bismuth-silicon with 10% bismuth during chest CT can reduce the dose to the breast by 12%
and results in lower noise. We hypothesise that the SR and lead (Pb; Z=82) material may be
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an effective eye shield in head CT examinations. SR is a synthetic polymer so that its
elasticity may be maintained even if Pb is added, so that it can have sufficient flexibility to
cover the eye region [37, 38]. We made a SR-Pb eye shield and evaluated the effect of adding
various percentages of Pb, the effect of the distance between the eye shield and the head, and
the image quality of the resulting image.

Materials and methods

Synthesis of the novel eye shield

The synthesis of the eye shield is shown in figure 1. It was constructed from SR-RTV52 and
lead (II) acetate trihydrate (Pb(CH3COO)2–3H2). Synthesis of SR-Pb was started by mixing
the SR with Pb of various percentages (0% wt, 1% wt, 2% wt, 3% wt, 4% wt, and 5% wt).
The mixing process was completed in 30 min. The mixture was then sonicated in an ultra-
sonic bath for 30 min to accelerate homogenisation. After that, it was mixed with a 3.5 ml
Bluesil catalyst to accelerate the drying process for 6 min. After drying, the eye shield was
printed with a dimension of 17×17×0.6 cm3. It can be customised into a specific shape,
such as a pair of glasses.

Dose measurement

Photo-luminescence detectors (PLDs) (type GD-352M, Chiyoda Technol Corporation, Japan)
were used to evaluate the effect of the eye shield to the eye lens dose in a head CT scan. The
PLDs were calibrated by simultaneous irradiation with a 0.6 cc cylindrical ionisation dosi-
meter using x-rays of 120 kVp, at half-value layer 4.8 mm Al from a radiography source. The
air kerma at calibration was 1.81 mGy with an uncertainty of 1.84%. They were then placed
above the surface of the eyes on the head phantom. 3 PLDs were used for the right eye and 3
PLDs were used for the left eye, as shown in figure 2. The doses were then read by the Dose
Ace (type FDG-1000, Chiyoda Technol Corporation, Japan). The PLDs were read before and
after scanning. In addition, the effect of distance between the eye shield and the eye (0 cm,
1 cm, 2 cm, 3 cm, 4 cm and 5 cm) was evaluated. A Toshiba Alexion 4-slice helical CT

Figure 1. Synthesis of the SR-Pb eye shield.
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scanner was used with exposure parameters of: tube voltage of 120 kVp, tube current of
100 mA, time rotation of 0.75 s, field of view (FOV) of 24 cm, and slice thickness of 8 mm.

Image characteristic of the SR-Pb and image quality

To determine the image characteristic of the developed SR-Pb, the radiodensity (Hounsfield
units (HU)) of the eye shield and its homogeneity were measured. Five regions of interest
(ROIs) were constructed in the image of the SR-Pb, as shown in figure 3(a). The five ROIs
were in the form of a circle with a size of 1.3 mm2 or 6 pixels. The size of ROI appeared too
small because it is limited to the thickness of the SR-Pb eye shield, which is only 6 mm. The
distance between adjacent pixels for 240 mm field of view (FOV) was 0.468 mm. To ensure a
homogeneous ROI on the eye shield, the maximum number of pixels that included the
circular ROI, therefore, was limited to only 6 pixels. If the size of the ROI is greater than that

Figure 2. (a) PLDs were placed above the surface of the eye on the head phantom, and
(b) the eye shield was placed above the head phantom. The distance between the eye
shield and the head phantom was varied from 0 cm to 5 cm.

Figure 3. (a) Positions of the ROIs to calculate HU of the SR-Pb eye shield and its
homogeneity. The size of the ROIs was 6 pixels or about 1.3 mm2. (b) Positions of the
ROIs to characterise the amount of artifact by determining HU values in the eye area
and the center of the head. The size of the ROIs was 460 pixels or around 100 mm2.
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size, it is possible that the ROI is no longer homogeneous because it has included pixels in the
edge area of the eye shield. In the ROIs, the mean values of HU and standard deviation of HU
were measured. The measurements were performed for variations of the Pb percentage in the
SR-Pb eye shield. The homogeneity of the SR-Pb was calculated by equation (1).
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The absence of artifact was indicated by no change in HU and its standard deviation with and
without the SR-Pb eye shield. The mean value of HU and its standard deviation in the left eye
area and right eye area were calculated, as shown in figure 3(b). The ROIs in the right eye and
left eye were circular with a size of around 100 mm2 or 460 pixels. If the artifact was large, it
may reach the center of the image. Therefore, the change of HU value in the center of the
image was also observed.

The existence of the artifact can be evaluated more comprehensively by subtracting two
images, one with the SR-Pb eye shield and one without it. The effect of variations in the
percentage of Pb in the eye shield and distance (0–5 cm) between the eye shield and the
patient head were measured.

Results

Characteristic of the SR-Pb eye shield

The SR-Pb eye shield was made with various percentages of Pb from 0 to 5% by weight.
There was a liniar relationship between Pb percentage and HU value in the image, with
R2>0.99, as shown in figure 4. The homogeneity of the eye shield SR-Pb was evaluated by
measuring the HU values at five areas in the eye shield images. The HU values for five areas
with variations of Pb percentage is tabulated in table 1. The homogeneities of HU are more
than 90% for all Pb contents from 0 to 5% by weight.

Figure 4. Graph of the relationship between Pb percentage at the eye shield and HU
value.
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Table 1. The homogeneity of HU values in the SR-Pb eye shield for variations of Pb percentage.

HU value

Pb percentage Left edge Center left Center Center right Right edge Homogeneity (%)

0% wt 309±4.8 296±14.2 294±8.3 297±7.2 310±8.5 94.6
1% wt 373±5.4 381±8.1 367±12.0 377±12.2 399±9.8 91.3
2% wt 526±5.3 518±11.3 509±11.4 514±11.1 532±8.5 95.5
3% wt 640±12.4 650±12.1 652±10.8 644±13.9 659±8.4 97.0
4% wt 780±12.4 774±6.4 760±6.1 774±12.8 794±7.8 95.5
5% wt 897±11.2 927±10.9 909±11.9 895±10.5 929±9.8 96.2
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Comparison of the eye shields

The images of the head phantom in the orbital area with and without the SR-Pb eye shield are
shown in figure 5. The original image without the eye shield is shown in figure 5(a).
Figure 5(b) shows the image of the head phantom with a tungsten paper (WP) eye shield
supplied by Toppan Printing and Kyoto University, and figure 5(c) shows the image of the
head phantom with the SR-Pb 1% wt eye shield. Figure 5 shows many artifacts in the image
of the head phantom with the WP eye shield, but none with the SR-Pb eye shield.

The HU value and its standard deviation in the left eye, right eye and center of head
phantom region are tabulated in table 2. The WP eye shield causes an artifactual increase in
HU value of more than 700% in the eye region, while the SR-Pb eye shield causes no
significant artifact.

SR-Pb eye shield with variation of Pb percentage

The percentage of Pb in the SR-Pb eye shield was varied from 0% to 5% by weight. Surface
doses of eyes with and without the SR-Pb eye shield with various Pb percentages, are shown
in figure 6. The dose to the eye lens without the eye shield is about 63.5±2.1 mGy, and the
doses decrease by 6.1, 31.6, 35.3, 42.5, 43.5 and 50.0% for Pb percentages of 0, 1, 2, 3, 4, and
5% wt, respectively. The doses to the right and left eye are very similar.

Images of the head phantom with the SR-Pb eye shield at various Pb percentages are
shown in figure 7. There are no visible artifacts in the eye region for Pb percentages from

Figure 5. (a) Original image of the head phantom, (b) image of the head phantom using
the WP eye shield, and (c) image of the head phantom using the SR-Pb 1% wt eye
shield.

Table 2. HU value and its standard deviation on the right eye, left eye and center of the
head phantom before the use of the eye shield, use of the WP eye shield and the use of
the SR-Pb 1% wt eye shield.

Left eye Right eye Center of head

Variation Mean HU
SD

of HU Mean HU
SD

of HU Mean HU
SD

of HU

Without eye
shield

139 6.6 140 6.0 122 6.8

WP 1166 258.9 1012 205.1 185 17.1
SR-Pb 1% wt 136 6.7 138 7.4 122 8.2
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0%–5% wt. Subtraction was used to identify any subtle artifacts. The results of subtraction
between the images with and without the SR-Pb eye shield, for various Pb percentages, are
shown in figure 8. These subtraction images show only slight artifacts at the end of the SR-Pb
eye shield, and artifacts outside the head which do not affect the image of the head itself.

The HU values and their standard deviations in the region of both eyes and at the center
of the head are tabulated in table 3. This shows that there is no significant change in the HU

Figure 6. Surface doses of eye with and without the SR-Pb eye shield with various Pb
percentages from 0 to 5% wt. The standard deviations are shown by bars.

Figure 7. Images of head phantom for various Pb percentages with the SR-Pb eye
shield. (a) 0 (b) 1 (c) 2 (d) 3 (e) 4 and (f) 5% wt. The SR-Pb eye shields are on the head.
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values or their standard deviations for variations in Pb percentage from 0 to 5% wt. The
difference in HU values is in the range of image noise.

Variation due to the distance of the SR-Pb eye shield to head phantom

Although the SR-Pb eye shield does not cause significant artifact, the distance between the
SR-Pb eye shield and the head phantom may have an effect. We varied the distance from 0 to
5 cm using a cork placed between the SR-Pb eye shield and head at a Pb percentage of 5% wt.

Figure 8. Result of subtraction images with and without the SR-Pb eye for various Pb
percentages; (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, and (f) 5% wt. The SR-Pb eye shields are on
the head.

Table 3. HU value and standard deviation in the left eye region, right eye region and
center of the head phantom using the SR-Pb eye shield with various Pb percentages
(0 to 5% wt).

Left eye Right eye Center of head

Pb percentage
(% wt) Mean HU

SD
of HU Mean HU

SD
of HU Mean HU

SD
of HU

0 138 9.0 135 6.9 123 7.9
1 136 6.7 138 7.4 122 8.2
2 137 7.4 135 6.8 119 7.0
3 138 7.9 138 6.3 120 6.2
4 139 8.2 134 6.1 122 7.2
5 134 8.0 133 7.1 122 7.5
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The respective doses at the surface of the eyes are shown in figure 9. No significant changes
in eye dose for distance variations from 0 to 5 cm were observed.

Images of the head phantom with a SR-Pb 5% wt eye mask and variable distances are
shown in figure 10. The eye shields do not appear in the images for distance 4 cm and 5 cm,
because they are out of the field of view (FOV). Figure 10 shows no changes of image quality
and no artifacts for the various distances. Subtraction images (figure 11) confirm that there is

Figure 9. Surface doses at the eyes using the SR-Pb 5% wt eye shield for distances
from 0 to 5 cm.

Figure 10. Image of head phantom for various distances for the SR-Pb 5% wt eye
shield; (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, and (f) 5 cm.
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no significant artifact, other than a slight artifact at the end of the eye shield. The HU values
and their standard deviations in the eye regions and the center of the head image are tabulated
in table 4. This shows that there are no significant differences beyond the level of noise due to
distance variations from 0 to 5 cm.

Discussion

As shown in the introduction, many materials have been used as an eye shield such as lead-
latex [25], barium-latex [26, 27] and bismuth-latex [28–30]. Although the eye shields of these

Figure 11. Subtraction images between images with the SR-Pb 5% wt eye shield and
images without it for various distances; (a) 0, (b) 1, (c) 2, (d) 3, (e) 4, and (f) 5 cm.

Table 4.HU value and standard deviation in the left eye region, right eye region and the
center of head phantom for images with the SR-Pb 5% wt eye shield for distances from
0 to 5 cm.

Left eye Right eye Center of head

Distance
(cm) Mean HU

SD
of HU Mean HU

SD
of HU Mean HU

SD
of HU

0 134 8.0 133 7.1 122 7.5
1 135 8.0 133 6.3 122 8.1
2 138 7.4 136 6.6 122 7.1
3 135 7.4 136 6.7 121 7.8
4 136 8.0 137 7.3 122 7.9
5 138 6.3 137 7.4 121 7.7
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materials significantly reduced the dose of eye lens, the resulting images cannot be used to
make a diagnosis because of severe artifacts, due to the construction material, which mostly
has a high atomic number [10, 26–30]. In this study, an alternative material was developed
and tested, in the hope of avoiding artifacts.

We propose a novel eye shield for protecting the eye, while maintaining image quality.
The new eye shield was made from the silicon rubber-lead (SR-Pb) and resembles an eye
sleep mask. It has a very good homogeneity, and its HU values depend linearly on the Pb
percentage (R2 is more than 0.99). The dose reduction also depends on the Pb percentage,
increasing with increasing Pb percentage. For a 5% wt Pb percentage, the eye shield reduced
the eye dose by up to 50%.

Our new eye shield is potentially applicable in the clinical setting because it has no
significant artifact. Any artifact only appears at the edge of the SR-Pb eye shield and it is
outside the image of the patient. The SR-Pb eye shield is very light in weight, so patients will
feel comfortable when using it and it is easy to position. It can reduce patient anxiety about
receiving radiation in their eye which can cause cataracts.

The eye surface is uneven, so the eye shield should have elastic properties to flexibly
cover the eye surface. To achieve this, many studies use latex. However, De Jong et al [39]
reported that latex has a toxic nature and can easily cause infection in the eye. In this study,
we replaced the latex with silicon rubber (SR), which has similar properties to latex but is not
toxic. The elasticity of the 5% wt Pb SR-Pb eye shield can be seen in figure 12. Other
advantages of the SR-Pb eye shield are the availability of SR and Pb is widespread and they

Figure 12. SR-Pb 5% wt eye shield elasticity.
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are easily found in the marketplace. The SR-Pb eye shield is very easily synthesised and the
production price is cheaper than previous eye shield materials such as bismuth-latex.

The use of an eye shield on a CT machine equipped with tube current modulation (TCM)
may lead to an increase in tube current, if the SR-Pb eye shield is located on the head before
the scout scan, resulting in an increased dose in that area. The implementation of the SR-Pb
eye shield in TCM is quite interesting and will be explored in a further study.

The results of the current study revealed that the SR-Pb is very promising for an effective
eye shield in CT head examinations. However, it should be noted that evaluations of this
study have only been carried out on an anthropomorphic phantom. Evaluations need to be
performed on patients before it can be used clinically. To confirm that the eye shield does not
reduce image quality to the point of misinterpretation, evaluations by expert radiologists will
be sought in a forthcoming study.

Conclusions

Eye shields made from the SR-Pb material, with a Pb content up to 5% by weight, have been
successfully synthesised and evaluated. The use of the eye shield reduces the dose to the eye
lens, and the dose reduction increases with the increase of Pb percentage. At a Pb percentage
of 5% wt, the dose decreased by up to 50%. Unlike eye shields that already exists, this new
eye shield does not cause artifacts in the eye so it has the potential to be used in a clinical
environment. It reduces the dose while maintaining image quality. The dose to the eye lens
and image quality did not change significantly for eye-mask distances of 0–5 cm, therefore the
eye shield can be placed directly on the surface of the eyes.
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