Acta Med. Okayama, 2024
Vol. 78, No. 3, pp. 215225

Copyright© 2024 by Okayama University Medical School.

Acta Medica
Okayama

Original Article

http:/escholarship.lib.okayama-u.ac.jp/amo/

Assessment of a New Elbow Joint Positioning Method
Using Area Detector Computed Tomography

Takuya Akagawa®?*, Ryohei Fukui¢, Katsuhiro Kida‘, Ryutaro Matsuura®,
Makoto Shimada?, Mitsuhiro Kinoshita®, Yoko Akagawa®, and Sachiko Goto®

Departments of “Radiological Technology, ‘Radiology, Tokushima Red Cross Hospital, Komatsushima, Tokushima 773-8502, Japan,
®Department of Radiological Technology, Graduate School of Health Sciences,
‘Department of Radiological Technology, Faculty of Health Sciences, Okayama University, Okayama 700-8558, Japan,
Department of Radiology, Osaka International Cancer Institute, Osaka 541-8567, Japan

We propose a sitting position that achieves both high image quality and a reduced radiation dose in elbow joint
imaging by area detector computed tomography (ADCT), and we compared it with the ‘superman’ and supine
positions. The volumetric CT dose index (CTDIvol) for the sitting, superman, and supine positions were 2.7,
8.0, and 20.0 mGy and the dose length products (DLPs) were 43.4, 204.7, and 584.8 mGy «cm, respectively. In
the task-based transfer function (TTF), the highest value was obtained for the sitting position in both bone and
soft tissue images. The noise power spectrum (NPS) of bone images showed that the superman position had the
lowest value up to approx. 1.1 cycles/mm or lower, whereas the sitting position had the lowest value when the
NPS was greater than approx. 1.1 cycles/mm. The overall image quality in an observer study resulted in the
following median Likert scores for Readers 1 and 2: 5.0 and 5.0 for the sitting position, 4.0 and 3.5 for the
superman position, and 4.0 and 2.0 for the supine position. These results indicate that our proposed sitting
position with ADCT of the elbow joint can provide superior image quality and allow lower radiation doses com-
pared to the superman and supine positions.
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B one and joint computed tomography (CT) scans
are commonly performed for various primary
objectives including multiple trauma screening,
detailed fracture investigation, surgery indications,
surgical support imaging, and postoperative assess-
ments [1,2]. Cone-beam CT (CBCT) has been used in
this field, and specific CBCT has been developed for
bone and joint diagnostic imaging and dentistry [3-5].
Although CBCT is a conventional technique, with the
advent of area detector computed tomography (ADCT)
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in 2007 which provides 160 mm in the Z-axis direction
imaging in the single-rotation non-helical mode, it
became possible to obtain highly detailed data in a
shorter time. This enabled the imaging of a single
organs in one rotation using ADCT, and various types
of imaging particularly in the head and cardiac regions
are now being performed [6,7]. The selectability of
non-helical and helical imaging modes in ADCT
enables the optimal use in accord with the imaging
range and purpose [8].

Helical-method CT (helical CT) has traditionally
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been used for imaging multiple bone and joint areas.
The application of ADCT has been reported for the
dynamic imaging of the lower limbs [9], with limited
applications in the elbow region (which is evaluated
primarily with helical CT and CBCT) [10]. After
trauma, elbow dislocations and fractures are common,
particularly in children [11]. The diagnostic procedure
for elbow dislocations and fractures involves perform-
ing simple radiographic imaging to diagnose bone frac-
tures. In cases of fracture patterns with a high degree of
displacement, and when an occult fracture or radial
head fracture is suspected, helical CT scans must be
added for further assessment and surgical planning [12].

The greatest problem in elbow joint imaging, which
is thought to present the most difficult positioning
among CT examinations of bone and joint areas, is the
overlapping of the elbow with other areas. The super-
man position (in which the affected upper limb is raised
in a prone position) is performed in imaging of the
elbow joint by helical CT to avoid overlap with other
regions and to realize both high image quality and a low
radiation dose, in the same manner as wrist imaging
[13]. However, we have encountered patients with
elbow injuries and impaired shoulder mobility, as well
as many older individuals who have difficulty maintain-
ing the superman position. The partial overlap of the
elbow joint with the head worsens the image quality
during imaging with the upper limb raised in a supine
position. In the supine position with the upper limb
hanging down, the elbow joint will be completely over-
lapped by the torso, increasing the patient’s radiation
exposure and degrading the image quality. A helical CT
evaluation of the elbow joint thus has numerous disad-
vantages, including poor image quality despite the con-
siderable exposure of the patient, and unnecessary
exposure to other areas.

Limb-specific CBCT permits a comfortable position
for patients with physical disability or pain [10].
However, it does have drawbacks as the field of view
(FOV) is limited, motion artifacts are produced due to
the prolonged imaging time, and a qualitative assess-
ment of soft tissue lesions is not possible due to the
inability to measure CT values [14,15]. In the present
study, we propose a sitting position that easily achieves
both high image quality and low exposure in imaging of
the elbow joint by ADCT. We evaluated the use of this
position and compared it with the conventional super-
man and supine positions.
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Patients and Methods

Current positioning.  The currently used position
for imaging the elbow joint is the superman position.
This method is used for patients who can raise their
arms but have difficulty maintaining a seated position.
The superman position involves extending the elbow
joint of the examined side in the prone position, which
minimizes head overlap. However, fracture pain might
make this pose difficult to maintain in the prone posi-
tion. In this study, we defined the superman position as
the position in which the arm of the examined side is
raised in the prone or supine position (Fig. 1A).

We used the supine position as a comparison. The
supine position is employed for patients who have diffi-
culty raising the arm due to pain or difficulty maintain-
ing a position with the arm raised. In the supine posi-
tion, the extended arm with the elbow joint is fixed to
the side of the torso and imaged simultaneously with the
torso while instructing the patient to hold their breath
(Fig. 1B).

Proposed positioning. ~ We propose the use of the
sitting position, which is designed for patients who can
maintain a seated position with their arms raised. For
the evaluation of the utility of the sitting position, three
lines were set at 80-mm intervals in the center of the top
of a cardboard box measuring 280 mm wide x 330 mm
high %380 mm deep. The cardboard box was set inside
the gantry of the ADCT system described below, and a
laser pointer was aligned with the center line. Imaging
was performed with the patient sitting on the examina-
tion table with the elbow arranged on the cardboard
box, palm facing upward to the extent possible (Fig. 1C).
The sitting position enables imaging of the elbow joint
at the isocenter, without overlap with other body parts.

Patients. A total of 54 consecutive patients who
underwent elbow joint CT in one of these positions
between October 2012 and February 2023 at Tokushima
Red Cross Hospital (Tokushima, Japan) were included
in the study. There were 18 patients for each of the three
positions (sitting, superman, and supine), and consec-
utive cases were collected within the study period. All
patients also had either a dislocation and fracture sus-
pected based on radiographs or a close examination and
follow-up of fractures.

Table 1 shows the breakdown of the patients exam-
ined in each position. This study was approved by the
Tokushima Red Cross Hospital Ethics Committee
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(Approval no.461).

CT scanner and scan parameters.  For all 54
patients, imaging was performed using the Aquilion
ONE V4.74 JR016 (Canon Medical Systems, Tochigi,
Japan). This system has an ADCT apparatus in which
0.5-mm detectors are mounted in 320 rows. Table 2
shows the scan parameters for each position. We used
the volumetric CT dose index (CTDIvol) and dose
length product (DLP) as indicators of radiation expo-
sure at each position. These were accessed from the
console associated with the CT.

For the recon-

Image reconstruction parameters.

Fig. 1
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struction technique, we used AIDR3D, an adaptive
iterative dose reduction technique. Outputs for the
observational study described below were in the form of
bone and soft tissue conditions. For the bone kernels,
the “weak” dose reduction level was used for FC31 and
AIDR3D, while for the soft tissue kernels, the “mild”
dose reduction level was used for FC04 and AIDR3D,
respectively. The matrix size was 512 x 512 pixels, and
the slice thickness and interval were 0.5 mm.

We considered the forearm to the upper arm of the
imaging area centered on the elbow joint to be the min-
imum display field of view (DFOV). Multiplanar

S~

The positions for image acquisition using area detector computed tomography (ADCT): A, the superman position in a prone

position with the examined arm raised; B, the supine position with the elbow joint at the side of the torso, and C, the proposed sitting

position.

Table 1 Cases in each of the imaging positions

Position Sitting position (n=18) Superman position (n=18) Supine position (n=18)
Age (mean £+ SD* y/0) 53.2+28.6 62.8 +28.2 71.2+26.0

Sex (men/women) 9/9 7/1 9/9

*Standard deviation.

Table 2  Scan parameters for each position in 18 patients

Position Sitting position Superman position Supine position
Scan mode Non-helical Helical Helical
Collimation [mm] 320 X 0.5 80 x0.5 80 % 0.5
Tube voltage [kVp] 100 120 120

Tube current [mA)] 40 10 to 550 * 10 to 550°*
Rotation time [s] 0.5 0.5 0.5

Pitch factor - 0.638 0.638

* Auto exposure control (AEC) setting parameters were slice thickness 3 mm, standard devi-

ation range of 8.0~11.0 HU with CT-AEC.
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reconstruction (MPR) images were created on the con-
sole associated with the CT system, creating axial, cor-
onal, and sagittal images with a slice thickness of 2 mm
for the bone images and axial images with a slice thick-
ness of 3 mm for the soft tissue images.

Task-based image quality analysis.  The images
corresponding to the elbow joint at each position were
physically assessed using the task-based transfer func-
tion (TTF) and the noise power spectrum (NPS).
Figure 2 shows an overview of the handmade phantom.
We affixed a cylindrical phantom of CT values modeling
bone at the center of an 80-mm cylindrical plastic con-
tainer, approximating an elbow joint. The cylindrical
phantom was the 1456 HE Inner Bone (Electron Density

Fig. 2 CT images of the image-quality assessment phantom.
These are the measurement ranges in the slices used in this study
for (A) the task-based transfer function (TTF) and (B) the noise
power spectrum (NPS).

80 mm;

(A)
Fig. 3

: Isocenter

/
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Relative to Water 1.16, 120 kV, and approx. 450 HU)
solid insert associated with the Advanced Electron
Density Phantom (Sun Nuclear Corp., Melbourne, FL,
USA). We filled the inside of a plastic container with
water and used this as the phantom for the image qual-
ity assessment. Figure 3 shows the arrangement of the
phantom for the image quality assessment, which mod-
eled each position.

The sitting position was considered the state in
which the phantom was arranged on the cardboard box
so that the center of the phantom matched the isocenter
(Fig.3A). When modeling the superman position, we
arranged the phantom on the examination table so that
the center of the phantom was 100 mm off-center from
the isocenter (Fig.3B). In the case of the supine posi-
tion, we filled both the inner and outer tubs of a WAC
thoracic/abdominal X-ray water phantom (300 mm
wide x 450 mm high %200 deep, Kyoto Kagaku, Kyoto,
Japan), arranged the phantom center so that it matched
the isocenter, and arranged the image quality assess-
ment phantom adjacent to it (Fig.3C). Table 3 shows
the respective scan parameters.

The CTDIvol was used to calculate the radiation
dose for imaging in each position. The image quality
assessment phantom was determined with reference to
the CTDIvol when imaging cases in each position. The
CTDIvol values for the sitting and supine positions were
chosen to match the mean CTDIvol of 18 patients in
each respective group in which elbow joint imaging was

v

300mm

(C)

Arrangement of the image-quality assessment with phantom modeling for each of the three positions: A, the sitting position

where the center of the phantom was arranged to match the isocenter; B, the superman position, in which the center of the phantom was
arranged at 100 mm off-center of the isocenter, and C, the supine position where a thoracic/abdominal X-ray phantom filled with water in
both the inner and outer tubs was arranged to match the isocenter of the X-ray water phantom, and the image quality assessment phantom

was arranged adjoining it.
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Table 3  Scan parameters of the task-based image quality analysis for each position
Position Sitting position Superman position Supine position
Scan mode Non-helical Helical Helical
Collimation [mm] 320X 0.5 80 % 0.5 80 x 0.5
Tube voltage [kVp] 100 120 120

Tube current [mA] 40 70 260
Rotation time [s] 0.5 0.5 0.5

Pitch factor - 0.638 0.638
CTDlIvol [mGy] 2.7 (16 cm)* 5.2 (32 cm)* 20.2 (32 cm)*

*CTDIvol for 16 cm and 32 cm diameter PMMA dosimetry phantom.

performed at each respective position. The superman
position CTDIvol was treated as an imaging condition,
and we used the mean CTDIvol of 11 of the 18 patients
who underwent elbow joint imaging in the superman
position for whom the head did not overlap the imaging
area. The image reconstruction conditions were matched
with the clinical imaging, and all of the images had a
160-mm DFOV.

In the image quality assessment using the phantom,
the imaging was repeated 20 times under the same con-
ditions to obtain images of the same slice position. The
software program CTmeasureBasic ver.0.97b2 (Japanese
Society of CT Technology, Hiroshima, Japan) was used
to calculate the TTF and NPS values. The circular edge
method was used for the TTF, and the radial frequency
method was used for the NPS. The TTF was calculated
by arithmetically averaging the 20 slice images of the
same cylindrical phantom. The NPS was calculated for
each of the images of the same slice obtained from
20 scans of the water-only position where there was no
cylindrical phantom. These individual NPS values were
averaged and used as the final NPS.

Observer study.  We conducted an observer study
to assess the elbow joint at each position objectively.
The observers were two radiologists (Reading experi-
ence: Reader 1: 15 years, Reader 2: 16 years). The
assessment for the observations was performed using a
RadiForce RX660 diagnostic monitor (EIZO, Ishikawa,
Japan). First, to identify assessment criteria for the
observers, we performed a practice observer study with
a dataset different from that used for the assessment.
The cases were displayed one by one on the monitor,
and the observers assessed whether the image quality of
each case was sufficient for diagnosis. No limits were set
for the observation time or the distance from the mon-
itor. the observers were allowed to change the window

width (WW) and window level (WL) freely. The
images’ overall quality was assessed using a 5-point
Likert scale (5=excellent, 4=very good, 3=good,
2=fair, 1=poor). Bone and soft tissue artifacts and
image noise were further assessed using a 5-point
Likert scale (5=minimal artifacts or noise, 4=little
artifacts or noise, 3=moderate artifacts or noise,
2=considerable artifacts or noise, 1=strong artifacts or
noise).

Statistical analyses.  The CTDIvol and DLP val-
ues at each position were analyzed, and the observer
study results were evaluated by an analysis of variance
(ANOVA) and multiple comparisons. The Tukey
method was adopted for the multiple comparisons. The
significance level was set at p<0.05. SPSS Statistics
(ver.21.0 for Windows, IBM, Armonk, NY, USA) was
used for the statistical analyses.

Results

Radiation dose.  Figure 4 shows the CTDIvol and
DLP values for each imaging position in the patient
study. The CTDIvol values for the sitting, superman,
and supine positions were 2.7 + 0.0 mGy (phantom dia.
for the CTDI measurement: 16 cm, same below),
8.0+4.3 mGy (32cm), and 20.0+7.2 mGy (32 cm),
and the DLP values were 43.4+0.0 mGyecm,
204.7£116.6 mGyecm, and 584.8+315.8 mGyecm,
respectively. The mean CTDIvol and DLP values for 11
of the 18 patients who underwent elbow imaging in the
superman position, in which the head did not overlap
the imaging area, were 5.2+1.9 mGy (32 cm) and
139.9+86.6 mGyecm, and the corresponding values
for 7 of the 18 patients who underwent elbow imaging
in the overlapping superman position were
12.3£3.0 mGy (32 cm) and 306.5+78.9mGyecm,



220 Akagawa et al.

respectively.

The sitting position exhibited significantly lower
CTDIvol and DLP values compared to the superman
and supine positions.

Task-based image quality analysis.  The TTF and
NPS values for the bone and soft tissue images obtained
using the handmade phantom are depicted in Fig. 5 and
6. Regarding the TTE the sitting position exhibited the
highest values in both bone and soft tissue images. The
superman position resulted in a lower TTF for both,
and the supine position provided the lowest values. The
TTF peak for bone images shifted to a low frequency
with the change from the sitting position to the super-
man position and supine position. Concerning the
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NPS, the supine position exhibited a relatively high
value in the frequency components except around
0.5-1.1 cycles/mm. Although the superman position
exhibited the lowest bone-image NPS values up to about
<1.1 cycles/mm, the sitting position had the lowest at
approx. 21.1 cycles/mm. The sitting position had the
highest value (approx. 0.6-0.95 cycles/mm). For the
soft tissue images, the NPS was lowest in the sitting
position at approx. >1.1 cycles/mm.

Observer study.  In the observer study of overall
image quality, no case with a score of 1 was observed,
representing the lowest assessment. Reader 1 and
Reader 2 determined that 5.6% and 55.5% of the images
obtained with the patients in the supine position were
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The CTDIvol and the dose length product (DLP) for each imaging position in 18 patients. (A) The CTDIvol and (B) the DLP for

each position. “X” indicates the mean value. The superman position is the mean value of the cases with and without head overlap.
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Comparison of the task-based transfer function (TTF) in each position with the use of the handmade phantom. (A) Bone images
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insufficient for diagnostic use (Score 2). The two read-
ers determined the overall image quality to be excellent
or very good (score 5 or 4) for 100% and 100% of cases
in the sitting position, 72.2% and 50.0% in the super-
man position, and 61.1% and 27.8% in the supine posi-
tion. The median Likert scores for Readers 1 and 2
were 5.0 and 5.0 in the sitting position, 4.0 and 3.5 in
the superman position, and 4.0 and 2.0 in the supine
position. The results of our analyses demonstrated that
the image quality of the sitting position was signifi-
cantly superior to those of the other positions.

Figure 7 shows typical axial, coronal, and sagittal
MPR images for the sitting, superman, and supine
positions, and Table 4 provides the detailed results of
the observer study. MPR images with Reader 1 and
Reader 2 in the sitting position (with an overall image
quality ratings at 4.0 and 4.0) are presented in Fig. 8.

The observer study’s image noise and artifacts results
are summarized in Table 5. The results of our analyses
demonstrated that the image noise and artifacts of the
sitting position was significantly superior to those of the
other positions.

Discussion

We have introduced a sitting position for elbow joint
CT evaluations using non-helical ADCT imaging. We
used this approach to compare the radiation doses and
image quality with the superman and supine positions
during helical ADCT imaging. In the sitting position,
the mean values of CTDIvol and DLP were 1/3 and
1/4.7 those of the superman position and 1/7.4 and
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Comparison of the noise power spectrum (NPS) in each position with the use of the handmade phantom. (A) Bone images and

1/13.5 those of the supine position. An observer study
by two radiologists revealed that the sitting position
produced better images than the superman and supine
positions. In the TTF assessments of bone and soft tis-
sue images, the sitting position had the highest values
across all frequencies. The sitting position exhibited the
lowest values when the NPS of bone images was approx.
>1.1 cycles/mm. In the observation of fine bone struc-
tures, the sitting position exhibited little noise while
maintaining high resolution. This result indicates that
the sitting position had less bone and soft tissue noise
and fewer artifacts compared to the superman and
supine positions.

Although trauma imaging of the elbow joint focuses
mainly on bone imaging, for fracture identification, it
is also important to have minimal noise and artifacts in
soft tissue, especially in cases of occult fractures with
hematoma [16]. In addition, CT examinations require
that the patient’s body posture be maintained during
imaging, and body movement will cause blurring in the
image. Position stability is thus required to reduce the
patient’s pain and to help the patient maintain a body
position. Encouraging the patients’ cooperation while
considering their pain and obtaining the best maintain-
able body position enable a reduction of motion artifact
in imaging. Moreover, the existence of objects of high
X-ray absorbency should be avoided within the imaging
range. High-absorbency objects are associated with
increased streak artifacts and radiation doses [17]. Fine
structural observations also require sufficient spatial
resolution.

To the greatest degree possible, elbow joint imaging
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Fig. 7  Axial, coronal, and sagittal images in each position. (A-C) sitting position, (D-F) superman position, and (G-1) supine position.
The CTDIvol values for the sitting, superman, and supine positions were 2.7 mGy (16 cm), 9.7 mGy (32 cm), and 23.3 mGy (32 cm) and
the DLP values were 43.4 mGy-cm, 331.1 mGy+-cm, and 584.4 mGy-cm, respectively. The overall image quality scores for Reader 1 and
Reader 2 were 5.0 and 5.0 in the sitting position, 4.0 and 3.0 in the superman position, and 4.0 and 3.0 in the supine position.

Table 4  Results of the observer study in which two radiologists participated, using patient images

Sitting position Superman position Supine position
Score (No. of case [%]) (No. of case [%]) (No. of case [%])

Reader1 Reader2 Reader1 Reader2 Reader1 Reader2

Overall image quality 5 17 (94.4) 11 (61.1) 7 (38.9) 2(11.1) 5 (27.8) -
4 1(5.6) 7(38.9) 6 (33.3) 7(38.9) 6 (33.3) 5(27.8)
3 - - 5(27.8) 8 (44.4) 6 (33.3) 3(16.7)
2 - - - 1 (5.6) 1 (5.6) 10 (55.5)

1 - - — - - -

Median 5.0 5.0 4.0 35 4.0 2.0

Image quality ordinal score: 5=excellent, 4 =very good, 3=good, 2="fair, 1=poor.
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Fig. 8  Sitting position images in which the elbow joint extension was insufficient. (A) axial, (B) coronal, and (C) sagittal views. The
CTDlvol was 2.7 mGy (16 cm) and the DLP was 43.4 mGy+cm. The overall image quality scores for Reader 1 and Reader 2 were 4.0 and
4.0.

Table 5  Assessment of image noise and artifacts in the bone and soft tissue evaluated in the observer study using patient

images
Sitting position Superman position Supine position
Score (No. of case [%]) (No. of case [%]) (No. of case [%])
Reader1 Reader2 Reader1 Reader2 Reader1 Reader2
Noise in bone 5 16 (88.9) 14 (77.8) 6 (33.3) 4(22.2) 4(22.2) -
4 2 (11.1) 4(22.2) 6 (33.3) 5(27.8) 6 (33.3) 5(27.8)
3 - - 6 (33.3) 8 (44.4) 8 (44.4) 3(16.7)
2 - - - 1(5.6) - 10 (55.5)
1 — — — — - —
Median 5.0 5.0 4.0 35 4.0 2.0
Noise in soft tissue 5 4(22.2) - - - - -
4 13 (72.2) 15 (83.3) 8 (44.4) 7 (38.9) 2(11.1) 1 (5.6)
3 1(5.6) 3(16.7) 8 (44.4) 7 (38.9) 13 (72.2) 7 (38.9)
2 - - 2 (11.1) 4(22.2) 3(16.7) 9 (50.0)
1 - - - - - 1(5.6)
Median 4.0 4.0 3.0 3.0 3.0 2.0
Artifacts in bone 5 11 (61.1) 15 (83.3) 3(16.7) 5 (27.8) - 3(16.7)
4 7 (38.9) 3 (16.7) 10 (55.5) 7 (38.9) 10 (55.5) 4(22.2)
3 - - 5(27.8) 4(22.2) 8 (44.4) 7 (38.9)
2 - - - 2 (11.1) - 4(22.2)
1 - - - - - —
Median 5.0 5.0 4.0 4.0 4.0 3.0
Artitacts in soft tissue 5 1(5.6) 2 (11.1) - 1(5.6) - -
4 14 (77.8) 12 (66.7) 8 (44.4) 8 (44.4) 1(5.6) 2 (11.1)
3 2 (11.1) 3(16.7) 6 (33.3) 2 (11.1) 11 (61.1) 5(27.8)
2 1(5.6) 1(5.6) 4(22.2) 7 (38.9) 6 (33.3) 10 (55.5)
1 - - - - - 1(5.6)
Median 4.0 4.0 3.0 3.5 3.0 2.0

Image quality ordinal score: 5=minimal artifacts or noise, 4=little artifacts or noise, 3=moderate artifacts or noise,
2 =considerable artifacts or noise, 1=strong artifacts or noise.
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should be performed at the isocenter because the TTF
decreases in bone and soft tissue imaging in the super-
man position compared to the sitting position [18]. Our
present findings demonstrated that the supine position
further reduced the TTF much more than the superman
position. In addition to the supine position reaching
190 mm off-center, the greater increase in the tube cur-
rent and the enlargement of the X-ray tube focal spot
due to the high absorption of X-rays by the trunk in the
X-Y plane may have reduced the TTF [19]. The TTF
may have been influenced by AIDR3D noise reduction
processing, an iterative reconstruction technique that
increases with streak artifacts and noise [20, 21].

The sitting position we have proposed achieves all of
the conditions demanded by the elbow joint imaging
described above. A further advantage of the sitting
position is the high reproducibility of the MPR images
created. Accurate MPR creation is required in both the
determination of surgical indications and temporal
observations [16]. MPR reproducibility is important
because the differences in the MPR angle between
image creators affects both the diagnosis and treatment
efficacy. As with plain radiographic imaging, mid-po-
sition imaging maximizes reproducibility. Sitting with
the elbow joint supported by a cardboard box makes
imaging in the mid-position simple and reproducible,
similar to plain radiographic imaging.

Because imaging in the sitting position using ADCT
omits the need for localizer radiographs taken first in
conventional CT imaging, it is possible to further
reduce patients’ exposure and shorten the imaging time
[22]. Although the CT-auto exposure control (AEC)
that is used in general CT imaging modulates the tube
current in the Z-axis direction matched to the image
quality set after calculating the thickness from the local-
izer radiographs, it is not possible to use CT-AEC for
imaging with the sitting position [23]. Therefore, even
though it is necessary to set the scan parameters on the
user side, the elbow joint thickness is more uniform,
and even with a fixed tube current, the image quality is
similar at the upper arm and forearm. In the superman
position, non-helical imaging works; however, if the
patient’s head partially overlaps the elbow joint, the
imaging dose must be considerably increased, resulting
in an excessive radiation dose at the locations not over-
lapped by the head. Helical CT imaging is thus suitable
for the superman position, where the head might over-

lap.
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Our present results showed that the DLP reduction
rate was greater in the sitting position than the CTDIvol
reduction rate, and we speculated that this is due to the
different methods of determining the imaging area in
non-helical and helical imaging. The maximum range
of non-helical imaging in which ADCT is used is
160 mm. However, as helical CT imaging may be set at
any imaging range, the maximum range will always be
longer. This is thought to be because the imaging tech-
nicians subconsciously tend to include a longer imaging
area that encompasses the entire affected part of the
patient. The present observers observed longer imaging
areas in patients for whom the scores were particularly
low. When the imaging range is longer or the Z-axis
direction is longer, shrinking the image to display the
entire affected area during the creation of coronal and
sagittal image may reduce the scores.

Although there were multiple cases in which the
sitting position had lower scores than the other posi-
tions in this study, in those cases the extension of the
elbow joint was insufficient (Fig.8). When the exten-
sion of the elbow joint is insufficient, the subject thick-
ness in the X-Y plane will become thicker due to the
forearm maintaining an angle in the Z-axis direction,
resulting in an inadequate dose exposure. In cases in
which a patient cannot fully extend the elbow joint due
to it being fixed by a splint or due to pain, it is neces-
sary to adjust the scan parameters.

We also found that due to the omission of localizer
radiographs, the workflow was greatly improved, and
the positioning time was significantly reduced for
ambulatory patients of all ages. We believe that sitting is
the best position for elbow joint imaging because the
scanning time was very short (0.5 sec). This position-
ing is also applicable to pediatric patients with small
bodies who have difficulty maintaining their body posi-
tion and can be held by their guardians.

Limitations of this study include the measured TTF
and NPS values exhibiting characteristics of axial imag-
ing in the basic assessment method, which was limited
to the X-Y plane, with no assessment made in the
Z-axis direction. Position assignments may be biased
due to the severity of a patient’s injury and the patient’s
body size at the time of the scan. However, our observer
study did not assess the severity of the patients’ injuries,
and there was thus no influence of the severity.
Additional study limitations are that there were only two
radiologists serving as observers, no orthopedists were
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included, and the study was a single-center, retrospec-
tive investigation.

The sitting position that we propose, using ADCT
for elbow joint imaging, produced superior image qual-
ity compared to both the superman and supine posi-
tions, in which helical imaging was used. Because the
localizer radiographs were omitted, the exposure and
examination times were also substantially shortened. In
addition to achieving dose reductions of 79% compared
to the superman position and 93% compared to the
supine position, the use of the sitting position made it
possible to eliminate direct X-ray exposure to areas
other than the elbow joint.

In conclusion, our proposed sitting position with
ADCT of the elbow joint will provide superior image
quality and enable lower radiation doses compared to
the superman and supine positions. The elbow joint
imaging technique proposed in this study thus merits
future consideration as the standard for elbow joint
imaging.
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