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Abstract

Background The aim of the study was to evaluate whether ultra-low-dose computed tomography (ULD-CT) could replace
conventional-dose CT (CD-CT) for diagnosis of acute wrist, ankle, knee, and shoulder fractures in emergency departments
(ED).

Methods We developed CD-CT and ULD-CT scanning schemes for the various joints of the four limbs and scanned emer-
gency patients prospectively. When performing CD-CT, a conventional bone reconstruction algorithm was used, while
ULD-CT used both soft tissue and bone algorithms. A five-point scale was used to evaluate whether ULD-CT image quality
affected surgical planning. The image quality and diagnostic performance of different types of scanned and reconstructed
images for diagnosing fractures were evaluated and compared. Effective radiation dose of each group was calculated.
Results Our study included 56 normal cases and 185 fracture cases. The combination of bone and soft tissue algorithms on
ULD-CT can improve diagnostic performance, such that on ULD-CT, the sensitivity improved from 96.7% to 98.9%, specific-
ity from 98.2% to 100%, positive predictive value from 99.4% to 100%, negative predictive value from 90.2% to 96.6% and
diagnostic accuracy ranged from 97.5% to 99.1%. There were no statistically significant differences between ULD-CT and
CD-CT on diagnostic performance (p values, 0.40-1.00). The radiation doses for ULD-CT protocols were only 3.0-7.7% of
those for CD-CT protocols (all p<0.01).

Conclusions In the emergency department, the 320-row detector ULD-CT could replace CD-CT in the diagnosis of limb
joint fractures. The combination of bone algorithm with soft tissue algorithm reconstruction can further improve the image
quality and diagnostic performance.
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Abbreviations DLP Dose-length product
CT Computed tomography SD Standard deviation
DR Digital radiography ROI Region of interest
ULD-CT Ultra-low-dose CT CNR Contrast-to-noise
CD-CT  Conventional dose CT SNR Signal-to-noise
ED Emergency department PPV Positive predictive value
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NPV Negative predictive value while maintaining the same diagnostic performance as the
ICC Intra-class correlation coefficient CD-CT in emergency department.

Background Methods

Missed fractures have been found to account forup to 79.7%  Study population

of missed diagnosis in an emergency department (ED) [1].
Although digital radiography (DR) is the first-line diagnostic
tool in suspected traumatic injury, computed tomography
(CT) is superior for examining axial skeleton and extrem-
ity components, as well as detecting subtle fractures [2—4].
Furthermore, in circumstances when conventional radiog-
raphy observations of callus production are less clear, com-
puted tomography may be particularly useful in monitoring
metaphyseal and periarticular fracture-healing [5]. As doc-
tors expect accurate diagnostic tests and detailed images to
depict injuries and diseases before deciding on future ther-
apy, the need for “high-end” diagnostic imaging, notably CT,
has expanded tremendously. Between 1993 and 2007, the
number of CT scans performed in ED in the United States
climbed by 300%, reaching 71.7 million [6].

The advantages of using CT must, however, be balanced
against the risk of increased ionizing radiation exposure,
which is the primary safety concern while having a CT scan
or working in an emergency department [7]. Unfortunately,
as CT is utilized more extensively in emergency medicine in
the pursuit of more accurate diagnostic images, the radiation
dose received by emergency department patients is increas-
ing, potentially may raising the lifetime cancer risk to one in
seventeen [8]. Patients with acute fractures are more likely
to have CT at the first visit and follow-up. It is essential to
minimize the radiation dose of emergency department CT
examinations while maintaining the benefits of performing
CT. Several studies have recently revealed that low-dose
and ultra-low-dose CT approaches for the diagnosis of frac-
tures or traumas have radiation doses that are significantly
decreased or even comparable to DR [9-11]. However, cur-
rent low-dose trials have only demonstrated superiority over
DR in fracture diagnosis, and there is a lack of data compar-
ing the diagnostic performance of conventional-dose CT in
emergency departments.

Therefore, in this study, we developed and assessed vari-
ous ULD-CT schemes for the shoulder, knee, wrist, and
ankle joints in the emergency medical practice. Moreover,
we seek to increase the diagnostic performance of ULD-
CT by incorporating soft tissue algorithm reconstruction, as
prior research solely applied a bone algorithm reconstruction
to evaluate bone health and orthopedic diseases. It is the
first report that an extra soft tissue algorithm reconstruction
images were used for limb fractures diagnosis in an emer-
gency department. We assume that this ULD-CT protocol
can reduce the radiation dose to a level comparable to DR,
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This prospective study was approved by the Ethics Com-
mittee of our hospital (BF2019-030-01). All patients gave
written informed consent for the acquisition of ultra-low-
dose CT (ULD-CT) after a clinically indicated conventional-
dose CT (CD-CT). From November 30, 2019 to October 25,
2020, we consecutively enrolled 247 patients who under-
went CT scans (CD-CT and ULD-CT) with musculoskeletal
complaints after trauma in the emergency department (ED).
Six patients were excluded who had pain due to other causes,
such as systemic diseases involving the musculoskeletal sys-
tem, tumorous conditions or infectious diseases. Finally, our
study was consisted of 241 patients with 62 shoulder cases,
48 knee cases, 65 ankle cases and 66 wrist cases. There were
96 males and 145 females ranging in age from 20 to 86 years
(mean age, 52.99 +15.11 years) enrolled in the study. The
study included 56 normal cases and 185 fractures cases, with
107 patients receiving surgical treatment and 78 patients
receiving conservative treatment. The final diagnosis was
made through surgical findings for the surgical patients and
comparing preliminary reports between CD-CT and ULD-
CT for the non-operative fracture patients.

Scanning methods

All scans were performed using a Canon 320-row detector
CT device (Aquilion One Vision Edition; Canon Medical
Systems, Otawara, Japan). All the patients were examined
in a supine position. For ankle assessments, the affected
leg was extended into the gantry while the contralateral leg
remained outside of the gantry. For the knee examinations,
patients were situated in the middle of CT table with feet
together. For the wrist assessments, the affected arm was
extended above the head into the gantry. For the shoulder
examinations, patients were situated in the middle of CT
table with arms hanging naturally. For the shoulder, knee,
ankle, and wrist, the CD-CT scanning parameters were
120 kV tube voltage and 150, 120, 120, and 50 mAs tube
currents, respectively; while the ULD-CT scanning param-
eters were 80 kV tube voltage and 52, 11, 11, and 4 mAs
tube currents, respectively. Table 2 shows the scanning
conditions for each group. The scanner software automati-
cally calculated the volume CT dose index (mGy) and dose-
length product (DLP; mGy X cm) for all CT protocols. The
DLP was then multiplied by & (a conversion coefficient) to
obtain the effective dose (i.e., effective dose = DLP X k) for
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each patient. The k values for the ankle and wrist were both
0.0002, and the k value for the knee was 0.0004. At tube
voltages of 80 and 120 kV, the k values for the shoulder were
0.0091 and 0.0113, respectively [12].

Image processing and analysis

Bone algorithm (kernel FC35) iterative reconstruction
(AIDR 3D, Canon Medical Systems) was performed on
CD-CT, while both bone algorithm and soft tissue algorithm
(kernel FC08) were performed on ULD-CT (Table 2).

To quantify the CT values and standard deviation (SD) in
the Hounsfield unit, a region of interest (ROI) was created
within the medullary section of the muscle. The ROI was
1 cm in diameter. On a coronal image, the ROIs were located
at the humeral head of the shoulder joint, the metaphysis of
the distal femur of knee the metaphysis of the distal tibia
of the ankle joint, the metaphysis of the distal radius of the
wrist joint and muscle at the thickest cortex of each joint.
The CT values and SD were calculated by two radiologists
in consensus. The contrast-to-noise (CNR) and signal-to-
noise (SNR) ratios were calculated as follows: SNR = CTj
mean/SDj,;,, mean, CNR = (CTj;,, mean — CT
SD;jyip mean.

The subjective image quality was evaluated by two expe-
rienced musculoskeletal radiologists who were blinded to
the scan and reconstruction parameters; the quality was rated
on a five-point system from 1 to 5: 5 =excellent (excellent
images quality without any artifacts); 4 =good (good images
quality with slight artifacts and noise); 3 = adequate (ade-
quate images quality with comparative artifacts and noise,
but not interfering with diagnostic quality); 2 =poor (poor
images quality, interfering with diagnostic quality by severe
artifacts and noise); 1 =very poor (unclear images; impos-
sible to diagnose). In addition, the two experienced were
responsible for reporting location of the fracture and number
of fracture fragments (Table 1) and the ULD-CT reports
description were based on the combination of bone and soft
tissue algorithms reconstruction images.

To assess the impact of ULD-CT on treatment choices,
one independent experienced orthopedic surgeon retro-
spectively reviewed the reports from the cases compared to
CD-CT. For the patients scheduled for surgery, two expe-
rienced orthopedic surgeons who were blinded to the scan
and reconstruction parameters, evaluated the effects of three-
dimensional reconstruction images on preoperative plan, and
rated using a five-point scale from 1 to 5: 5=excellent (very
good visualization of the fracture line and fragments loca-
tions; excellent definition of fracture types; appropriate for
preoperative assessment); 4 = good (good visualization of
the fracture line and fragments locations with slight arti-
facts and noise; good definition of fracture types; appro-
priate for preoperative assessment); 3 = adequate (adequate

oint

mucle Mean)/

Table 1 CT parameters and baseline demographic data for each protocol according to anatomic location

Effective dose (pSv)?

Number of
scan cases

Male/female

Scan length Age (y)
(mm)

Thickness

(mm)

Rotation

Tube cur- D-FOV (mm)
time (s)

Tube volt-

Dose group

Locations

rents (mAs)

ages (kV)

228.91 + 26.25

2252.64 + 126.73

62

25/37

55778 £ 15.17

160

0.5

400
400
320
320
240
240
240
240

120 150

CD-CT

Shoulder

160

0.5

0.75
0.75
0.75
0.75

0.4

80 52
120

ULD-CT
CD-CT

213 £0.18
35.68 + 3.64

72.82 +3.21

21727 48

51.50 £ 15.65

140

0.5

120

Knee

140

0.5

80 11
120

ULD-CT
CD-CT

65

25/40

.+ 14.07

49.02

140
100
100
100

0.5

120

Ankle

1.06 £ 0.11
10.53 £2.28

0.5

80 11
50

ULD-CT
CD-CT

66

25/41

54.79 + 13.73

0.5

0.5

120

Wrist

0.29 + 0.07

0.5

0.4

80

ULD-CT

Data are presented as means + SDs

All p<0.01

#Effective dose significantly decreased in ULD-CT, when compared to CD-CT in each joint
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Table 2 Patient-based analysis of diagnostic performance of each group

Dose protocol and reconstruction algorithms Reader Sensitivity specificity PPV NPV Accuracy
CD-CT bone algorithm 1 99.5% 100.0% 100.0% 98.2% 99.6%

2 99.5% 100.0% 100.0% 98.2% 99.6%
ULD-CT soft tissue algorithm 1 96.7% 100.0% 100.0% 90.3% 97.5%

2 97.3% 98.2% 99.4% 91.7% 97.5%
ULD-CT bone algorithm 1 97.3% 100.0% 100.0% 90.2% 97.9%

2 96.7% 100.0% 100.0% 90.3% 97.5%
ULD-CT soft tissue + bone algorithms 1 98.9% 100.0% 100.0% 96.6% 99.1%

2 98.9% 100.0% 100.0% 96.6% 99.1%

PPV positive predictive value; NPV negative predictive value (all p>0.05).There were no statistically significant differences among each group

on diagnostic performance

visualization of the fracture line and fragments locations,
slightly affected by comparative artifacts and noise; adequate
definition of fracture types without influence from images
noise; adequate for preoperative assessment, slightly affected
by comparative artifacts and noise); 2 =poor (poor images
quality; interfering with visualization of the fracture line,
fragments locations, definition of fracture types and preop-
erative assessment by severe artifacts and noise; 1 =very
poor (unclear images; not appropriate for preoperative
assessment).

Statistical analysis

Statistical analyses were performed using IBM SPSS Sta-
tistics, version 26.0 (IBM Corp., Armonk, NY, USA). The
sensitivity, specificity, positive predictive value (PPV),
negative predictive value (NPV) and diagnostic accuracy
for diagnosing fracture were calculated. The Chi-square test
and ANOVA were employed to compare the scores of image
quality. The intra-class correlation coefficient (ICC)was used
to analyze the inter-observer agreement in the qualitative
evaluation, such that ICC values < 0.4 was poor, 0.41-0.6
was moderate, 0.61-0.8 was substantial, and 0.81-1.00 was
near-perfect agreement. Differences with p values <0.05
were considered statistically significant.

Results

The study included 56 normal cases and 185 fractures
cases (including 43 simple fractures and 142 comminuted
fractures, with one simple avulsion fracture of the wrist,
five simple avulsion fractures of the ankle, one simple
avulsion fracture of the shoulder, and two simple avulsion
fractures of the knee) with 107 patients receiving surgi-
cal treatment and 78 patients receiving conservative treat-
ment. In summary, there were total 347 fractures were
found in 185 patients, with 70 shoulder fractures in 62
patients, 50 knee fractures in 48 patients, 104 ankle frac-
tures in 65 patients, and 123 wrist fractures in 66 patients.

The CT value of the bones were significantly higher in
the ULD-CT group than in the CD-CT group (p <0.05)
(Table 2); notably, the noise was lowest with soft tissue
algorithm reconstruction, accompanied by highest values
of SNR and CNR in the ultra-low-dose group (Table 3).
Subjective image scores were significant higher on
CD-CT protocol which was rated five points in all scanned
cases by two readers. Six cases were rated two points on
ULD-CT bone algorithm reconstruction images by two
readers and the remaining bone algorithm reconstruction
images were > 3 points (2.99 +0.26). All ULD-CT soft

Table 3 Overall image quality and preoperative evaluation score of each group

Dose protocol and reconstruc- ~ Noise CT values (HU) CNR SNR Subjective image score  Preoperative
tion algorithms evaluation

score
CD-CT bone algorithm 48.18+15.72  2008.93+£602.52 46.60+19.33  2.13+0.95 5.00+0.00 5.00£0.00
ULD-CT bone tissue algorithm  156.93+45.09 2571.53+459.74 16.44+3.86 0.63+0.22 2.99+0.89 4.98+0.14
ULD-CT soft tissue 21.74+8.00 2198.40+553.70 112.39+44.05 3.12+1.51 3.73+0.46 4.96+0.21
p value <0.01 <0.01 <0.01 <0.01 <0.01 0.63

Data are presented as means + SDs
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tissue algorithm images were assigned > 3 points that met
the clinical diagnosis criteria (3.74 +0.46).

Both reader 1 and reader 2 missed one same ankle
fractures on CD-CT (Fig. 2). Reader 1 missed two ankle
fractures, one shoulder fracture and two wrist fractures
on bone algorithm ULD-CT, while missed two ankle frac-
tures, one shoulder fracture and three wrist fractures on
soft tissue algorithm. However, when the two algorithms
reconstruction methods were combined, the diagnostic
performance improved. Reader 1 only missed two ankle
fractures when using both bone and soft tissue algorithms
reconstruction images. Reader 2 presented a similar sce-
nario: he missed two ankle fractures, one shoulder frac-
ture and three wrist fractures on bone algorithm ULD-CT,
while missed two ankle fractures, one shoulder fracture
and two wrist fractures on soft tissue algorithm ULD-CT.
Combining both bone and soft tissue algorithms ULD-
CT, he only missed two ankle fractures. In addition,
reader 2 misdiagnosed one wrist fractures on soft tissue
algorithm ULD-CT.

When compared to the bone algorithm or the soft tis-
sue algorithm alone, the combination of bone and soft tis-
sue algorithms on ULD-CT can improve diagnostic per-
formance, such that on ULD-CT, the sensitivity improved
from 96.7% to 98.9%, specificity from 98.2% to 100%,
positive predictive value from 99.4% to 100%, negative
predictive value from 90.2% to 96.6% and diagnostic
accuracy ranged from 97.5% to 99.1%. On CD-CT, the
sensitivity, specificity, PPV, NPV and diagnostic accu-
racy were 99.5%, 100%, 100%, 98.2% and 99.6%, respec-
tively (Table 2). There were no statistically significant
differences between ULD-CT and CD-CT in terms of
sensitivity, specificity, PPV, NPV or diagnostic accuracy
(p values, 0.40-1.00).

ULD-CT did not change any treatment option from the
CD-CT. Furthermore, there was no significant difference
of preoperative plan scores among CD-CT, ULD-CT bone
algorithm and ULD-CT soft tissue algorithm (5.00 + 0.00,
4.98+0.12, 4.96 +0.19, respectively, all p<0.01). The
ICCs showed near-perfect agreement between readers for
evaluating subjective image quality and preoperative plan
for all joints (ICCs, 0.81-0.99).

The radiation doses for ULD-CT protocols were only
3.0-7.7% of those for CD-CT protocols, which were sig-
nificantly lower than CD-CT and were listed as follows:
on ULD-CT, the effective radiation doses for shoul-
der, knee, ankle, and wrist were 228.91 +£26.25 pSyv,
2.13+0.1 pSv, 1.06 £0.11 pSv and 0.29 +0.07 pSyv,
respectively; on CD-CT, the effective radiation
doses were 2252.64 +126.73 pSv, 72.82 +3.21 pSyv,
35.68 £3.64 pSv, 10.53 £2.28 pSv, respectively
(Table 1).

Discussion

Radiation exposure to patients has received more attention
for the past few years, as excess cancer risks are closely
associated to radiation dose [13, 14]. However, the quality
of image diagnosis is considered generally in emergency
department therapy, which presents a challenge to imaging
equipment. Recent studies have looked investigating ways
to lower CT radiation exposure while maintaining image
quality. According to Yi et al. [15], a 50% reduction in
radiation dose did not influence image quality or fracture
detection performance by utilizing a 64 row multi-detector
CT scanner, when compared to standard-dose CT. Pre-
vious studies have revealed that while examining tissues
surrounding bone fractures with “high-end” CT equip-
ment, the average low-dose CT radiation exposure was
0.53-800 pSv for various single joints, which is compara-
ble or slightly more than that of DR [9, 16, 17].

We have already had the experience of using a 320-row
detector CT scanner to diagnose distal radial fractures at
ultra-low-dose protocol (80 kV, 4 mAs) that the radiation
dose was less than DR [18]. Following previous experi-
ence, we set the scanning scheme of 80 kV tube voltages
and corresponding appropriate low tube currents to the
limb joints in accordance with the “ALARA” radiation
safety guiding concept, which stands for “as low as reason-
ably achievable” (Table 1). In this study, the effective radi-
ation doses to the shoulder, knee, ankle, and wrist joints
on ULD-CT were 228.91 +26.25 pSv, 2.13 +0.18 pSy,
1.06 £0.11 pSv and 0.29 +0.07 pSv, respectively; and
equivalent to only 7.68%, 4.41%, 2.97%, and 2.73% of
the conventional radiation doses (p < 0.001). Furthermore,
except for shoulder imaging, the abovementioned ULD-CT
has a comparable or even lower (wrist imaging) radiation
dose than the matching site DR [9, 19].

In emergency practice, image quality and radiation
dose must be considered, which not only protects patients
and radiologists, but also improves the accuracy of future
clinical decisions. CT scan image quality is likely to be
altered not just by mechanical parameters such as kVp or
mAs, but also by biological factors such as bone density
or soft tissue thickness [9]. In general, the bone algorithm
image is employed for bone disease detection and has a
higher image contrast. The soft tissue algorithm focuses
on soft tissue presentation, consequently image noise is
reduced. Therefore, we are working to improve the diag-
nostic performance of ULD-CT by integrating bone algo-
rithm and soft tissue algorithm reconstruction to mitigate
the effect of high images noise generated by low dose. In
the study, the image noise increased and objective image
values decreased at each joint as the radiation dose was
reduced significantly of ULD-CT with the conventional
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bone algorithm reconstruction, when compared to CD-CT
group. Soft algorithm reconstruction, on the other hand,
improved the objective image quality (Table 3), and when
combining soft tissue algorithm, all ULD-CT images
were assigned >3 points (3.74 +0.46), indicating that
they satisfied the clinical diagnosis requirements, whereas
six cases received a score of two points based on ULD-
CT bone algorithm reconstruction images alone. There
was no significant difference of preoperative plan scores
among CD-CT, ULD-CT bone algorithm and ULD-CT
soft tissue algorithm (5.00 £ 0.00, 4.98+0.12, 4.96+0.19,
respectively, all p <0.01). The ICCs showed near-perfect
agreement between readers for evaluating subjective
image quality and preoperative plan for all joints (ICCs,
0.81-0.99).

Previous research comparing the diagnostic perfor-
mance of ultra-low-dose and conventional-dose emergency
department CT in the diagnosis of extremity fractures has
been lacking. Our results showed that reader 1 and reader 2

Fig.1 A 32-year-old man had sprained his right ankle 10 h before
and presented to the emergency department with swelling and lim-
ited movement. CD-CT images showed the displacement fracture of
the lateral malleolus (white arrow). However, reader 1 and reader 2

@ Springer

missed five and six fractures on ULD-CT bone algorithm,
respectively; while they missed six and five fractures on
ULD-CT soft tissue algorithm, respectively. However, the
cases missed by the bone algorithm and the soft tissue
algorithm; on the other hand, do not overlap (Figs. 1, 2
and 3). The combination of bone algorithm and soft tissue
algorithm improved the diagnostic performance on ULD-
CT, when compared to bone algorithm and soft algorithm
alone; and the diagnostic performance was comparable to
the CD-CT (Table 2). Furthermore, our ULD-CT reports
description were generated from the combination of bone
and soft tissue algorithms reconstruction images. Consid-
ering that we reviewed the reports retrospectively, there-
fore, we did not focus on the impact of the separate report
generated from each algorithm on treatment selection.
However, in our case, if an individual algorithm of ULD-
CT is employed to generate a report, clinical decision-
making is likely to change (Figs. 2 and 3). The missed
fractures of the actual ULD-CT reports, on the other hand,

TEETHE

O',

both missed the avulsion fracture of lateral margin of the talus (red
arrows), which were confirmed by the subsequent surgery. (A-1)
Coronal image of CD-CT. (A-2) Partial enlargement image of A-1. B
Axial image of CD-CT
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Fig.2 A 42-year-old woman fell from a great height, landing on his
right hand and hip, developing pain in his lower back and right wrist,
as well as limited movement, and presenting 3 days later to the emer-
gency department. Reader 1 missed the avulsion fracture of scaphoid

of wrist (white arrows) on ULD-CT soft tissue algorithm reconstruc-
tion images (A). However, he did not miss the diagnosis on ULD-CT
bone algorithm reconstruction images (B) and the CD-CT images (C)

Fig.3 After a fall, a 54-year-old male reported to the emergency
department with right shoulder joint pain and limited mobility for
1 day. On ULD-CT bone reconstruction images (A) reader 2 missed

were subtle fractures that were accompanied by other frac-
tures in the same case in our study. A change in treatment
strategy is unlikely as a result of this missed diagnosis.
Therefore, based on our experience, ULD-CT combined
with the two reconstruction algorithms may have a high
chance of avoiding treatment options changes, when
CD-CT reports were regarded as reference standard.

the avulsion fracture of the humeral head (white arrows), but not on
ULD-CT soft tissue reconstruction images (B) or the CD-CT images
©

Both algorithms have benefits and drawbacks. Soft tis-
sue algorithms have poor spatial resolution but benefit
from reduced noise, whereas bone algorithm offers high
spatial resolution but suffers from more noise. The use of
both techniques together can expand the range of low-dose
scans, optimize image quality, and benefit both patients and
radiologists. This is the only study that we are aware of that

@ Springer
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uses a soft tissue algorithm for emergency department to
diagnosis fracture at a lower radiation CT dosage than pre-
vious research [2, 9-11, 18-22]. The excellent diagnostic
performance of this study provides clinical evidence for the
use of ultra-low-dose protocol on 320-row detector CT in the
ED for the diagnosis of limb joint fractures.

There were certain limitations to our research. First, we
did not compare CT to DR in this study. The certain flaw in
this research methodology is that the examination cost is
larger than DR. Second, we did not compare the operative
quality and postoperative recovery condition of CD-CT and
ULD-CT surgical patients, and the impact of ULD-CT on
the quality and flow of surgery are unknown. Third, visual
assessment was not performed in the real ER scenario due to
the retrospective analysis. Results may have been biased by
the current readers in the "peaceful’ environment. At last, the
reading time was not recorded and compared in this study.
The time it takes to diagnose a patient with an ultra-low-dose
CT with different reconstruction algorithms may be affected.

Conclusions

In conclusion, the ultra-low-dose protocol can successfully
minimize the radiation dose, which is comparable to DR,
while maintaining diagnostic image quality for limb joint
fracture detection. Furthermore, by combining the bone
and soft tissue algorithms on ULD-CT, the diagnostic per-
formance of CD-CT can be achieved. This ultra-low-dose
imaging technique using a 320-row detector CT may be able
to substitute CD-CT in the emergency department for the
diagnosis of limb joint fractures.
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