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ABSTRACT
BACKGROUND AND PURPOSE: The image quality of neck CT is frequently disturbed by streak artifact from the shoulder girdles. Our aim
was to determine the effects of an arm traction device on image quality and radiation exposure in neck CT.
MATERIALS AND METHODS: Patients with lymphoma with complete remission who were scheduled to undergo 2 consecutive follow-up
neck CT scans for surveillance within a 1-year interval were enrolled in this prospective study. They underwent 2 consecutive neck CT scans
(intervention protocol: patients with an arm traction device; standard protocol: no positioning optimization) on the same CT system. The
primary outcome measures were image noise in the lower neck and dose-length product. Secondary outcomes were streak artifacts in the
supraclavicular fossa, volume CT dose index, and the extent of the biacromial line shift.
RESULTS: Seventy-three patients were enrolled and underwent 2 consecutive CT scans with a mean interval of 155 days. In the intervention protocol, a mean noise reduction in the lower neck of 25.2%–28.5% (P ⬍ .001) was achieved, and a signiﬁcant decrease in dose-length
product (413 versus 397, P ⬍ .001) was observed. The intervention protocol signiﬁcantly decreased streak artifacts (P ⬍ .001) and volume CT
dose index (13.9 versus 13.4, P ⬍ .001) and could lower the biacromial line an average of 2.1 cm.
CONCLUSIONS: An arm traction device can improve image quality and reduce radiation exposure during neck CT. The device can be
simply applied in cooperative patients with suspected lower neck lesions, and the approach offers distinct advantages over the conventional imaging protocol.
ABBREVIATIONS: CTDIvol ⫽ volume CT dose index; DLP ⫽ dose-length product

T

he image quality of CT in the lower neck is frequently disturbed by streak artifacts from the shoulder girdles and
iodinated contrast media remaining in the subclavian vein. CT
image-quality improvement strategies can involve trade-offs,
including factors that increase the radiation exposure or the
manufacturing cost related to CT hardware or software improvement.1-7 Previous studies have tried to improve image
quality by optimization of the shoulder position without the
need for increased radiation exposure or the additional cost
requirements of complex data processing.8-11 One such study
demonstrated that an arm traction device combined with au-
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tomatic tube current modulation reduced the image noise and
streak artifacts in the lower neck, while also decreasing the
radiation exposure level.9 Although the authors suggested the
potential utility of an arm traction device that worked by lowering the shoulder level, the patient characteristics demonstrated considerable heterogeneity and the CT machines varied
between the control and intervention groups; it is possible that
these may have influenced the study results. Therefore, the
purpose of this study was to prospectively determine any additive effects of an arm traction device and automatic tube
current modulation on the image quality and radiation exposure of CT of the neck region. This was performed by imaging
the same subjects in both the intervention protocol (using the
arm traction device) and the standard protocol and performing all acquisitions on the same CT scanner.

MATERIALS AND METHODS
The prospective study protocol was reviewed and approved by the
hospital review board, and the requirement for informed consent
for data evaluation was waived. Written informed consent to unAJNR Am J Neuroradiol 39:151–55
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was applied to the patients. This device
was placed and secured by a radiologic
technologist (Fig 1).
All patients underwent CT examinations on the same 128-channel multidetector CT system (Somatom Definition
Edge; Siemens, Erlangen, Germany).
Imaging variables were as follows: 120
kV; 200 effective mAs; axial scan mode;
display FOV, 22 cm; large-body scan
FOV, 50 cm; pitch, 1; gantry rotation
time, 0.5 seconds; detector collimation,
128 ⫻ 0.6 mm; and 3-mm axial reconstructed section thickness with a soft-tissue algorithm. Real-time automatic tube
current modulation software (CARE
Dose 4D; Siemens) was used to regulate
FIG 1. Patient position for neck CT imaging. Patients in the intervention CT protocol were exam- the tube current, depending on the pained with the arm traction device (A). Patients in the standard CT protocol were examined in a tient’s anatomy. Images were obtained
relaxed supine position (B). Reprinted with permission from Choi et al.9
from the upper margin of the frontal sinus to the top of the aortic arch, either
with or without an IV injection of contrast media. Contrast-enhanced CT scans were acquired after 70
dergo the CT protocol was obtained from all patients before each
seconds following the administration of 150 mL of intravenous
examination.
ioversol (Optiray-320; Mallinckrodt, St. Louis, Missouri) at a rate
of 2.5 mL/s via the right antecubital vein. Radiologic images were
Study Patients
Patients were eligible if they met the following criteria: older than
reviewed with a PACS.
One neuroradiologist with 7 years of dedicated head and neck
18 years of age; able to follow commands and cooperate with the
experience assessed the image noise by calculating the SD of the
use of the arm traction device; and patients with lymphoma with
CT values in Hounsfield units for pixels within an ROI fitted
complete remission who were scheduled to undergo 2 consecutive
within the relevant structures (as outlined below). CT values were
follow-up neck CT scans within a 1-year interval for surveillance
measured at the mid- and lower neck levels contralateral to the
purposes. Complete remission of lymphoma was defined as no
side used for the intravenous contrast media administration. The
evidence of disease, as indicated by radiologic imaging, such as CT
ROIs were placed on the internal jugular vein and sternocleidoor [18F]fluorodeoxyglucose positron-emission tomography. Pamastoid muscle at the level of the cricoid cartilage (midneck) and
tients were excluded from the study if they met any of the followthe thyroid gland and internal jugular vein at the level of the first
ing criteria: a previous history of surgery or radiation therapy to
costovertebral joint (lower neck).
the neck; vascular or bone-related medical implants such as a
For the evaluation of streak artifacts, 2 board-certified neurocentral line or a metallic plate in the neck, upper arms, or shoulradiologists with 15 and 8 years of experience independently ander; suspicious disease progression on follow-up CT; or an interalyzed the axial CT images on a PACS screen, with the scanning
val of ⬎1 year between the 2 consecutive CT scans.
parameters removed from the screen to blind the reviewers to
whether the arm traction device was being used. All image assessOutcome Measures
ment was performed with a standard soft-tissue setting (window
This study had 2 primary outcomes: the image quality and radiawidth: 300/window level: 35). The degree of streak artifacts in the
tion exposure from the CT scan. CT image quality was measured
supraclavicular fossa was evaluated and scored as follows: 1, no or
by image noise at the level of the lower neck, while radiation
minimal artifacts with no image obscuration; 2, mild artifacts
exposure was measured by the dose-length product (DLP). Seccausing partial obscuration of subcutaneous fat or skin without
ondary outcomes were streak artifacts in the supraclavicular fossa,
diagnostic interference; and 3, severe artifacts causing obscuraimage noise in the midneck, volume CT dose index (CTDIvol),
tion of deep cervical structures with diagnostic interference.9 The
effective diameter, and the extent of shoulder level lowering measupraclavicular fossa was defined on each axial scan when any
sured by the extent of the biacromial line shift.
portion of the clavicle was identified on 1 side of the neck.12
Radiation exposure was evaluated with DLP and CTDIvol. PoCT Protocol and Analysis
Patients underwent 2 consecutive neck CT scans (intervention
tential confounds, including the effective diameter of the neck
and standard protocol). In the standard protocol, patients were
and the z-axis scan range, were also assessed. The effective diampositioned on the CT table with the shoulders lowered as much as
eter of the neck was calculated from an axial CT image at the level
possible and told to maintain the position throughout the scan. In
of the lower margin of the cricoid cartilage using the following
the intervention protocol, a custom-made arm traction device
equation: Effective Diameter ⫽ 公Anteroposterior Diameter ⫻
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FIG 2. Representative neck CT images obtained with the intervention (A–D) and standard (E–H) protocols. The images demonstrate
the measurements for image noise at the lower neck (ﬁrst costovertebral joint level, A and E) and midneck (cricoid cartilage level, B and F), and
the effective diameter measurement at the midneck (C and G). The C7-biacromial line distance was determined as illustrated on images D and
H. The white line indicates the biacromial line; arrow, the C7-biacromial line distance; SCM, sternocleidomastoid; IJV, internal jugular vein; HU,
Hounsﬁeld units.

Transverse Diameter.13 The total scan length was assessed for each
patient by multiplying the total number of axial images acquired
by the section thickness. To measure the degree of shoulder-level
shift, we determined the C7-biacromial line distance. Two
straight lines were drawn on the anteroposterior scout image: One
was the line connecting the upper margin of the shoulder acromion bilaterally (biacromial line),14 while the other line was parallel to the middle of the upper endplate of C7. The C7-biacromial
line distance was defined as the distance between the 2 straight
lines (Fig 2). The measurement was expressed as negative if the
biacromial line was located caudal to the upper margin of C7 and
positive if the line was located cranial to the upper margin of C7.
After the CT scans with the intervention protocol, the patients
were asked to fill in a questionnaire and rate the discomfort on a
10-cm visual analog scale (grades 0 –10), with 0 representing “no
discomfort” and 10 representing “the worst discomfort imaginable.” Patients were also asked if they would be willing to accept
the arm traction device at the next CT follow-up.

Statistical Analysis
A sample size of 59 would achieve 80% power to detect a mean of
paired differences of ⫺9.0 with an estimated SD of differences of
20.0 and a significance level (␣) of .0125 using a 2-sided paired t
test (ie, the paired difference of DLP between the standard and intervention protocols). This sample size would achieve 89% power to
detect a mean of paired differences of ⫺3.5 with an estimated SD of
differences of 7.0 and a significance level (␣) of .0125 using a 2-sided
paired t test (ie, the paired difference between the standard and intervention protocols of the image noise on the thyroid gland at the
position of the lower neck). Therefore, with consideration of a 15%
follow-up loss, we planned to collect data from 70 patients to estimate the double primary end points (DLP and image noise on the
thyroid gland at the lower neck) in each subject from application of
the intervention and standard CT protocols.
Data for continuous variables were presented as means and
SDs, and for categoric variables, as the number of subjects. Paired
t tests were used to analyze the differences between the 2 protocols
with respect to image noise, DLP, CTDIvol, effective diameter,
C7-biacromial line distance, and z-axis scan range. A marginal

FIG 3. Study ﬂow diagram.

homogeneity test and visual grade characteristics method were
used to compare the streak artifact levels between the 2 protocols.
The interobserver agreement for subjective evaluation of streak
artifacts was calculated with  statistics, and estimation of the
overall  was as follows: slight agreement (0 – 0.20), fair agreement (0.21– 0.40), moderate agreement (0.41– 0.60), substantial
agreement (0.61– 0.80), and almost perfect agreement (0.81–
1.00). All statistical analyses were performed with MedCalc for
Windows, Version 15.0 (MedCalc Software, Mariakerke, Belgium) and SPSS, Version 23.0 for Windows (SPSS, Armonk, New
York), with a P value of .05 considered statistically significant.

RESULTS
From March 2015 to April 2016, we screened 123 patients, of
whom 84 were eligible. After we excluded 4 patients who declined
to use the arm traction device, 80 patients were included and
underwent CT with the intervention protocol. Seven of these patients (8.8%) who were nonadherent to the study protocol for
measurement of study outcomes were excluded. Finally, 73 patients (mean age, 50.6 years; age range, 19 –76 years) were enrolled
and underwent consecutive CT scans with the standard protocol
(Fig 3). The baseline characteristics of the patients enrolled in this
AJNR Am J Neuroradiol 39:151–55
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study are summarized in Table 1. Among 73 patients, 4 patients
(5.5%) underwent nonenhanced CT, with a mean interval between the intervention and standard CT protocol of 155 days.

Primary and Secondary Outcomes
Image-quality measures based on the assessment of image noise
showed that the intervention protocol resulted in statistically significant improvement in CT image quality in the lower neck in
comparison with the standard protocol (P ⬍ .001). A mean noise
reduction of 28.5% (from 17.2 to 12.3 HU; group mean SD of the
values within the ROI) was measured at the thyroid gland and
25.2% (from 14.3 to 10.7 HU) at the internal jugular vein in the
lower neck. A statistically significant decrease in the DLP was also
measured in the intervention protocol compared with the standard protocol (P ⬍ .001, Table 2).
The evaluation of the streak artifacts in the supraclavicular
fossa showed a significant decrease in the intervention protocol in
comparison with the standard protocol (a mean score of 1.6 versus 1.9; test of marginal homogeneity, P ⬍ .001). The area under
the visual grade characteristics curve was determined as 0.61 (95%
Table 1: Baseline characteristics of the patients enrolled in the
study
Parameter
Value
Age (yr)
Mean
50.6
Range
19–76
Sex (No.) (%)
Men
39 (53.4)
Women
34 (46.6)
Body weight (kg)
Mean
64.7
Range
35.7–98.1
Interval of CT scans (days)
Mean
155
Range
58–355

confidence interval, 0.519 – 0.702) and was statistically significant
(P ⫽ .02). The interobserver agreement for streak artifacts was
substantial ( value ⫽ 0.66; 95% confidence interval, 0.537–
0.794). CTDIvol and effective diameter were also significantly
lower in the intervention protocol than in the standard protocol
(for both, P ⬍ .001; Table 2). The intervention protocol could
lower the biacromial line by an average of 2.1 cm in comparison
with the standard protocol (P ⬍ .001). There was no statistical
difference in the z-axis scan range between the 2 protocols (intervention versus standard, 27.2 ⫾ 3.1 cm versus 26.8 ⫾ 2.7 cm; P ⫽
.14; Table 2). A representative case is illustrated in Fig 2.

Questionnaire on Intervention Protocol
All 80 patients filled out the questionnaire given after the neck CT
that used the intervention protocol. The mean score on the visual
analog scale was 0.6 (range, 0 – 8). Sixty-two patients (77.5%)
showed no discomfort (score 0), while 3 patients (3.8%) rated discomfort as ⬎3. Seventy-seven patients (96.2%) responded that they
would be willing to accept the intervention CT protocol again.

DISCUSSION

We prospectively assessed the effect of an arm traction device
combined with automatic tube current modulation on the image
quality and radiation exposure level of neck CT. Application of
the arm traction device lowered the shoulder level and reduced
both the dimension of the volume of tissue of imaging interest and
the radiation attenuation from the shoulder and upper thorax. As
a result, we could reduce not only the image noise and streak
artifacts in the mid- and lower neck but also the radiation exposure level. Our current results suggest that the use of an arm traction device in routine practice could easily improve neck CT image quality while, at the same time, reducing radiation exposure.
In the present study, the main eligibility criterion was patients
with lymphoma with complete remission who were scheduled to undergo
a
Table 2: Clinical outcomes in the intervention and standard CT protocols
consecutive neck CT scans within a
Intervention CT
Standard CT
1-year interval. The National CompreOutcome
Protocol (n = 73)
Protocol (n = 73)
P Value
hensive Cancer Network guidelines for
Primary end points
patients with lymphoma recommend
Image noise, lower neckb
Thyroid gland
12.3 ⫾ 5.1
17.2 ⫾ 5.5
⬍.001
surveillance CT scans every 6 or 12
Internal jugular vein
10.7 ⫾ 4.4
14.3 ⫾ 5.1
⬍.001
months for 2 years after completion of
DLP (mGy ⫻ cm)
397.6 ⫾ 52.8
413.9 ⫾ 56.3
⬍.001
treatment.15 We therefore considered
Secondary end points
these patients ideal for our study de1.6 ⫾ 0.5
1.9 ⫾ 0.4
⬍.001
Streak artifactsc
sign—that is, the same patients would
1
26 (35.6%)
11 (15.1%)
2
46 (63.0%)
59 (80.8%)
be eligible for both intervention and
3
1 (1.4%)
3 (4.1%)
standard CT protocols. Even though the
Image noise, midneckb
main eligibility criterion in this study
Internal jugular vein
7.1 ⫾ 3.7
9.1 ⫾ 5.8
.009
was patients with lymphoma with comSCM muscle
5.6 ⫾ 2.4
7.3 ⫾ 4.0
⬍.001
plete remission, the arm traction device
13.4 ⫾ 0.9
13.9 ⫾ 0.9
⬍.001
CTDIvol (mGy)
16.2 ⫾ 4.4
19.6 ⫾ 4.9
⬍.001
Effective diameter (cm)d
could be applied to any patient who
⫺2.4 ⫾ 1.1
⫺0.3 ⫾ 1.1
⬍.001
C7-biacromial line distance (cm)e
would be cooperative in routine pracNote:—SCM indicates sternocleidomastoid.
tice because this device is easy to use
a
Data are expressed as mean ⫾ SD.
and causes little discomfort for most
b
Based on the evaluation of image noise, by measurement of the SD of the CT values in Hounsﬁeld units.
c
patients.
Streak artifacts at the supraclavicular fossa (1, none or minimal; 2, mild; and 3, severe).
d
Effective diameter of the neck at the level of the lower margin of the cricoid cartilage.
Previous studies have investigated
e
The C7-biacromial line distance was deﬁned as the distance from the intersection of a line connecting the acromion
several
techniques to prevent image degprocesses to the upper endplate of C7. Negative values indicate that the biacromial line was located caudal to the
radation in the lower neck and supraclaupper margin of C7, and positive values, that it was located cranial of the upper margin of C7.
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vicular fossa. Some of the studies suggested the potential utility of
lowering the shoulder level to reduce image degradation. However, the subjects or CT machines used in the studies demonstrated considerable heterogeneity between the control and intervention groups,8-10 which may have greatly influenced the study
results. We therefore designed a prospective study that used the
same CT scanner for all acquisitions and enrolled the identical
study subjects in both the intervention and control groups, to test
the exact effect of the arm traction device on CT image quality and
radiation exposure. This study revealed that the arm traction device we designed lowered the biacromial line an average of 2.1 cm,
which lessened image degradation from the bony shoulder girdles
and the abrupt size increase from the circular neck to the broadened chest in the mid- and lower neck scan sections. Given that
the automatic tube current modulation technique allows maintenance of constant image quality within a maximum radiation
exposure level by rapidly responding to large variations in beam
attenuation, reducing the dimensions of the tissue of interest to be
scanned (ie, effective diameter) should be a basic step toward the
reduction of radiation exposure, as demonstrated in this study.
This study has several limitations. First, our subjects underwent imaging with a single CT machine to reduce any influence
on the results related to the intrinsic properties of different CT
systems. To generalize the study results, further studies on different CT machines are required, even though we speculate that
future study results will be similar to ours, because the basic principle is similar across CT machines. Second, we did not consider
the possibility of thyroiditis in the measurement of the ROIs. Any
chronologic changes in thyroiditis could have influenced the image noise in the thyroid gland. However, we believe that any effects from thyroiditis must be extremely small because the image
noise of both the thyroid gland and the internal jugular vein in the
lower neck showed similar tendencies (reductions of 25.2%–
28.5% in the intervention protocol). Third, we could not assess
the size-specific dose estimate, which is the estimate of the absorbed radiation dose in an individual patient. A recent recommendation for studies evaluating the CT dose level suggested that
the following 4 parameters be assessed to provide an accurate
estimation of the dose absorbed by an individual patient: 1)
CTDIvol, 2) DLP, 3) effective diameter, and 4) size-specific dose
estimates.13 However, we did not report the size-specific dose
estimates in the present investigation because conversion factors
for this calculation are currently available for only the torso
(chest-abdomen and/or pelvis), not for the neck region.16,17 Finally, the clinical applicability of the arm traction device is limited
to cooperative patients with no physical disability in either arm.

CONCLUSIONS
An arm traction device improves the image quality and reduces
radiation exposure during neck CT. This arm traction device can
be simply applied in cooperative patients with suspected lower
neck lesions, and the approach offers distinct advantages over the
conventional imaging protocol.
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