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Previous reports suggest that a headrest significantly influences
anterior and posterior cerebral blood flow. The present study
aimed to clarify the influence of a headrest on reconstruction and
attenuation correction (AC) of brain SPECT images. Methods:
We evaluated the influence on cerebral blood flow in the anterior
region (brain segments A 1 B), middle region (segments D 1 F),
and posterior region (segment G) of the brain using filtered back-
projection–AC based on the method of Chang (FBP-ChangAC),
ordered-subset expectation maximization–ChangAC (OSEM-
ChangAC), OSEM CT-based AC (OSEM-CTAC), and OSEM with
no attenuation correction (OSEM-NoAC) with and without a
headrest. The subjects were 17 healthy volunteers who under-
went 99mTc-ECD SPECT. We compared the A 1 B/G and the D
1 F/G ratios of 99mTc-ECD SPECT images in each group. Re-
sults: For FBP-ChangAC, OSEM-ChangAC, and OSEM-NoAC,
there were significant differences in A 1 B/G ratio between im-
ages obtained with a headrest and those obtained without. On
the other hand, for OSEM-CTAC, there were no significant differ-
ences in A 1 B/G ratio regardless of whether a headrest was
used. For FBP-ChangAC and OSEM-NoAC, there were signifi-
cant differences in D1 F/G ratio between images with a headrest
and those without. For OSEM-CTAC and OSEM-ChangAC, there
were no significant differences in D 1 F/G ratio regardless of
whether a headrest was used. Conclusion: The influence of a
headrest on image reconstruction and AC should be considered
if FBP-ChangAC, OSEM-ChangAC, or OSEM-NoAC is used but
not if OSEM-CTAC is used.
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Imaging of cerebral blood flow through SPECT plays an
important role in the diagnosis of not only ischemic cerebro-
vascular disease but also dementia, other degenerative diseases,
and psychiatric disorders. A statistical imaging analysis using

an easy z-score imaging system (e-ZIS) (1,2) has become
established as a useful tool for the differential diagnosis of
conditions such as Alzheimer disease (3,4) and Lewy body
dementia (5,6).

The possibility of interactions among various image recon-
struction parameters should be considered, as such interactions
may result in decreased image contrast and errors requiring
compensation by attenuation correction (AC) and scatter cor-
rection. At present, there are 2 AC methods for SPECT images:
AC based on the method of Chang (ChangAC) (7) and AC
based on CT (CTAC) (8,9). ChangAC is based on the assump-
tion of uniform attenuation of g-rays by intracranial tissues.
However, because of the presence of complex structures, such
as air, soft tissues, the paranasal sinus, and various levels of
skull thickness, accurate attenuation correction is difficult to
achieve (10).

The recent growth of SPECT/CT has led to the application
of CTAC, which is expected to be more accurate than
ChangAC. Even for intracranial tissue that is not uniform with
the CT-derived attenuation coefficient distribution, attenuation
can be corrected by CTAC. Ishii et al. reported that frontal
dominant hyperperfusion and parieto-occipital and cerebellar
hypo-perfusion in brain SPECT images reconstructed with
ChangAC compared to those reconstructed with AC-CT. Thus,
compared with ChangAC, CTAC might reduce the influence of
the headrest. However, at present, ChangAC is still frequently
applied in the reconstruction of SPECT images because
SPECT/CT is not widely available. Furthermore, it has been
shown that a headrest can significantly influence cerebral blood
flow in the anterior and posterior regions of the brain corrected
by ChangAC (11).

To our knowledge, thus far no reports have evaluated the
effect of any type of AC with and without a headrest on the
evaluation of cerebral blood flow in the anterior and
posterior regions of the brain. The present study aimed to
clarify the influence of a headrest on reconstruction and AC
of brain SPECT images.

MATERIALS AND METHODS

The study protocol was approved by the Ethical Review Committee
of the Yamagata University Faculty of Medicine for epidemiologic
research. All subjects gave written informed consent.
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Subjects
We enrolled 17 healthy male volunteers (mean age, 41.2 6 11.38

y; range, 26–59 y) who had no medical history of brain disease. They
were assessed by brain 99mTc-ethyl cysteinate dimer (ECD) (12)
SPECT with and without a headrest from July 2016 to March 2018.

SPECT Acquisition
Images were acquired by 99mTc-ECD SPECT/CT using a Sym-

bia T2 with a rotating, dual-detector g-camera and a low-energy,
high-resolution collimator (Siemens Healthineers), with 360� of
continuous rotation during the acquisition (2.5 min/rotation · 6
rotations). For SPECT acquisitions without a headrest, the subjects
were positioned laterally to make the patients more comfortable and
reduce motion artifacts (Fig. 1). SPECT images were acquired for
15 min, followed by a CT acquisition. The subjects were intrave-
nously injected with 600 MBq of 99mTc-ECD while lying supine
with their eyes closed and their head on a headrest. Magnification
was 1.45; 128 · 128 matrices (3.3 mm/pixel) were used, the main
window was 140 6 10.5 keV, and the subwindow was 7%.

Image Analysis
Images were reconstructed by filtered backprojection (FBP) (13)

and ordered-subset expectation maximization (OSEM) (14) with
combined AC and scatter correction. The ChangAC used in FBP
and OSEM creates an attenuation coefficient distribution that does not
consider the headrest, as the correction applies only to intracranial tissue.
The CTAC used in OSEM creates an attenuation coefficient distribution
of CT data and corrects both the intracranial tissue and the headrest.
Scatter was corrected in SPECT using a multienergy window.

We analyzed 99mTc-ECD SPECT images using a 3-dimensional
stereotactic region-of-interest template (Fujifilm Toyama Chemical,
Co., Ltd.) (15) that groups the regions into 12 segments (A, calloso-
marginal; B, precentral; C, central; D, parietal; E, angular; F, temporal;
G, posterior; H, pericallosal; I, lentiform nuclear; J, thalamic; K, hip-
pocampal; and L, cerebellar) in each hemisphere (Fig. 2). Focusing on
the anterior region (segments A 1 B), the middle region (segments D
1 F), and the posterior region (segment G), we evaluated the influence
of 4 reconstruction and correction methods (FBP-ChangAC, OSEM-
ChangAC, OSEM-CTAC, and OSEM with no attenuation correction
[OSEM-NoAC]) on A 1 B/G count ratio and D 1 F/G count ratio.
The results with and without a headrest were compared.

All statistical analyses were performed using the SPSS software
program (version 26; SPSS Inc.). Differences in the A 1 B/G and
D 1 F/G ratios among the 4 methods with and without a headrest
were analyzed by unpaired t testing. P values of less than 0.05
were considered statistically significant.

RESULTS

Table 1 shows the average A1 B/G ratio for each group of
images. There were significant differences in this ratio be-

tween images with a headrest and those without using FBP-

ChangAC, OSEM-ChangAC, and OSEM-NoAC. On the

other hand, there were no significant differences in this ratio,

regardless of whether a headrest was used, for OSEM-CTAC.

Table 2 shows the average D 1 F/G ratio for each group of

images. There were significant differences in this ratio be-

tween images with a headrest and those without using FBP-

ChangAC and OSEM-NoAC. On the other hand, there were

no significant differences in this ratio, regardless of whether a

headrest was used, for OSEM-CTAC and OSEM-ChangAC.
Figure 3 shows representative images at the level of the

basal ganglia. For the anterior brain region (A 1 B), images

using FBP-ChangAC, OSEM-ChangAC, and OSEM-NoAC

with a headrest showed a higher count ratio than those without

a headrest, and images using OSEM-CTAC with a headrest

did not differ from those without a headrest. For the middle

brain region (F), images using FBP-ChangAC and OSEM-

NoAC with a headrest showed a higher count ratio than

those without a headrest, and images using OSEM-Chan-

gAC and OSEM-CTAC with a headrest did not differ from

those without a headrest.

FIGURE 2. A 3-dimensional stereotactic region-of-interest
template. Region A is callosomarginal territory, and region B
is precentral territory; these two are defined as anterior brain
region. Region D is parietal territory, and region F is temporal
territory; these two are defined as middle brain region. Region G
is posterior territory, which is defined as posterior brain region

TABLE 1
Comparison of A 1 B/G Ratio

A 1 B/G ratio (n 5 17)

Reconstruction

method

With

headrest

Without

headrest P

FBP-ChangAC* 0.97 0.91 0.008
OSEM-CTAC 0.91 0.92 0.35
OSEM-ChangAC† 0.98 0.92 0.03
OSEM-NoAC* 1.04 0.98 0.002

*P , 0.01.
†P , 0.05.

FIGURE 1. Subject positioned laterally to reduce discomfort
and motion artifacts for SPECT acquisition without headrest.
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Figure 4 shows representative images at the level of the
ventricular body. For the anterior brain region (A1 B), images
using FBP-ChangAC, OSEM-ChangAC, and OSEM-NoAC
with a headrest showed a higher count ratio than those without
a headrest, and images using OSEM-CTAC with a headrest
did not differ from those without a headrest. For the middle
brain region (D 1 F), images using FBP-ChangAC and
OSEM-NoAC with a headrest showed a higher count ratio
than those without a headrest, and images using OSEM-Chan-
gAC and OSEM-CTAC with a headrest did not differ from
those without a headrest.

DISCUSSION

This study revealed significant differences in A 1 B/G
ratio for FBP-ChangAC, OSEM-ChangAC, and OSEM-
NoAC between images obtained with a headrest and those
obtained without. In contrast, regardless of whether a head-
rest was used, there were significant differences in D1 F/G
ratio for FBP-ChangAC and OSEM-NoAC. Thus, the ante-
rior brain region is more affected by a headrest in image
reconstruction and AC. Ishii et al. reported that on SPECT
images reconstructed using FBP and ChangAC, cerebral
blood flow tended to be higher in the anterior brain than in
the posterior brain (11), as is in line with our results. They
suggested that a headrest made of carbon might influence
attenuation of the posterior brain when SPECT images are
reconstructed with FBP and ChangAC. Image reconstruction
methods should consider the progression of g-rays from the
intracranial tissue through the headrest to the detector.
According to our results, the only reconstruction method

that produced no significant difference in A 1 B/G ratio,
regardless of use of a headrest, was OSEM-CTAC. There-
fore, SPECT images of the anterior brain with a headrest
are more affected by ChangAC than by CTAC. The reason
for this difference is that the CTAC used in OSEM corrects
both the intracranial tissue and the headrest, whereas Chan-
gAC, which is based on the assumption of uniform attenu-
ation of g-rays by intracranial tissues, does not consider the
headrest—the correction applies only to intracranial tissue.
Because the brain parenchyma and skull are structurally
heterogeneous and attenuate g-rays considerably, attenua-

tion in intracranial tissue is unlikely to be uniform (16).
One previous report indicated that the region contacting
the headrest might also be overcorrected (11). Another pre-
vious report found that in SPECT reconstruction by OSEM-
CTAC, the influence of the headrest was minimal (10).

The principle of FBP is to obtain the SPECT image by
back-projecting and filtering the projection data (13). It is
well known that, compared with FBP, accuracy is higher for
OSEM (14), which obtains the image by using a statistical
method to estimate the image with the highest probability
from the projection data, based on the radioactive distribu-
tion in the body. However, according to our results, OSEM-
ChangAC is still affected by the presence of a headrest; if the

TABLE 2
Comparison of D 1 F/G Ratio

D 1 F/G ratio (n 5 17)

Reconstruction

method

With

headrest

Without

headrest P

FBP-ChangAC* 0.90 0.86 0.01
OSEM-CTAC 0.88 0.88 0.97
OSEM-ChangAC 0.90 0.87 0.06
OSEM-NoAC† 0.96 0.93 0.034

*P , 0.01.
†P , 0.05.

FIGURE 3. 99mTc-ECD SPECT images at level of basal ganglia.
Images of anterior brain region (A 1 B) obtained using FBP-
ChangAC, OSEM-ChangAC, and OSEM-NoAC with headrest
were higher than those without headrest. Images of anterior
brain region obtained using OSEM-CTAC with headrest did not
differ from those without headrest. Images of middle brain region
(F) obtained using FBP-ChangAC and OSEM-NoAC with headrest
were higher than those without headrest. Images of middle brain
region (F) obtained using OSEM-ChangAC and OSEM-CTAC with
headrest did not differ from those without headrest.
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image reconstruction method is OSEM and ChangAC is used,
the effect of the headrest should be taken into consideration.
At present, there is a high possibility that the presence of

a headrest will affect reconstruction and AC of SPECT
images for all methods other than OSEM-CTAC. Therefore,
OSEM-CTAC must be considered the desired method. If
other methods are used, the anterior brain region may have
a higher count ratio value than the posterior region.
Since the headrest is generally made of carbon, which

has a CT value of approximately 300 Hounsfield units, the
headrest might cause g-ray attenuation. A future possibility
might be to construct the headrest from a material with a
CT value close to that of air.

There are limitations to this study. First, SPECT acquisi-
tions with no headrest might result in such issues as motion
artifacts. Second, since we scanned only healthy volunteers,
extrapolation to patients in actual clinical practice is limited.

CONCLUSION

For FBP-ChangAC, OSEM-ChangAC, and OSEM-NoAC,
there were significant differences in A 1 B/G ratio between
images obtained with a headrest and those obtained without.
In contrast, for OSEM-CTAC, there were no significant dif-
ferences in A 1 B/G ratio regardless of whether a headrest
was used. Thus, the possible influence of a headrest on im-
age reconstruction and AC need not be considered when
OSEM-CTAC is used; other reconstruction methods may
produce a higher A 1 B/G ratio.
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FIGURE 4. 99mTc-ECD SPECT images at level of ventricular
body. Images of anterior brain region (A 1 B) obtained using
FBP-ChangAC, OSEM-ChangAC, and OSEM-NoAC with
headrest were higher than those without headrest. Images of
anterior brain region obtained using OSEM-CTAC with headrest
did not differ from those without headrest. Images of middle
brain region (D 1 F) obtained using FBP-ChangAC and OSEM-
NoAC with headrest were higher than those without headrest.
Images of middle brain region (D 1 F) obtained using OSEM-
ChangAC and OSEM-CTAC with headrest did not differ from
those without headrest.
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