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Urinary calculi: improved detection
and characterization with thin-slice
multidetector CT

Abstract The aim of this study was to
assess the effect of reconstructed slice
thickness on the detection and char-
acterization of human urinary calculi
on a multidetector helical CT scanner.
Nineteen human urinary calculi of
various chemical composition mea-
suring 1.0–3.7 mm were embedded
into agar in a chamber of a nylon body
phantom. The phantom was imaged
with a four detector-row CT scanner.
The number of detected calculi in-
creased as the reconstructed slice

thickness decreased. Measured diam-
eters and density of the visible
calculi decreased as the slice thickness
increased. The results of the present
study support the use of thin recon-
structed slices to detect and charac-
terize urinary calculi.
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Introduction

Computed tomography (CT) has become the preferred di-
agnostic method for the detection of urinary calculi [1–3].
This method can reveal calculi more accurately than stan-
dard radiography [4–6], sonography [7], and excretory
urography [8]. Furthermore, the clinical outcome of renal
colic may be predicted by accurate determination of the
stone diameter [9, 10] and density measurements have been
suggested as a possible aid in the prediction of the com-
position of urolithiasis [11–13]. Finally, alternative urinary
or extra-urinary causes of acute flank pain can be detected
by helical CT [2, 14]. These advantages allow increased
diagnostic confidence and therapeutic efficacy in patients
with suspected renal colic.

However, experimental and clinical studies have shown
that some urinary calculi may be missed at helical CT
[15, 16]. A false-negative rate of up to 7% has been re-
ported and has been attributed to a combination of volume
averaging (small stone size relative to slice thickness) and
stone composition [16]. Despite the introduction of multi-
detector CT scanners, few attempts have been made in the
literature to modify the CT acquisition parameters for the

detection of urinary calculi since the description of the
method by Smith et al. in 1995 [6, 15–19]. In particular,
the effect of decreasing the reconstructed slice thickness
has not been explored systematically and the use of 5-mm-
thick slices is still being recommended for multidetector
CT scanners [20].

The aim of this study was to assess the effect of slice
thickness on the detection and characterization of human
urinary calculi in a body phantom by means of a multi-
detector CT scanner.

Materials and methods

Nineteen human urinary calculi were obtained from con-
secutive patients who underwent nephrolithotomy or had
spontaneous stone passage. The calculi were analyzed by
microscopic inspection, chemical reaction, and, when ap-
propriate, infrared spectroscopy. According to the main
stone constituent, the calculi were divided into the five
following groups: uric acid (n=4), cystine (n=3), calcium
hydrogen phosphate dihydrate (n=4), magnesium ammo-
nium phosphate hexahydrate (n=4), and calcium oxalate
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(n=4). The calculi had diameters ranging from 1.0 to 3.7
mm, as measured before implantation into the body phan-
tom. The calculi were individually embedded into 18 g/l
agar gel in a 30-mm-diameter chamber of a 300-mm-
diameter nylon cylinder (Fig. 1). The calculi were regularly
spaced in three distinct transverse layers according to their
size: 1.0–1.9 mm (n=9), 2.0–2.9 mm (n=5), and 3.0–3.7
mm (n=5). The layer of 1.0–1.9 mm contained two calculi
composed of uric acid, one of cystine, two of calcium
hydrogen phosphate dihydrate, two of magnesium ammo-
nium phosphate hexahydrate, and two of calcium oxalate.
The layer of 2–2.9 mm contained one calculus of each
composition, as did the layer of 3–3.7 mm (Table 1).

CT scanning was performed with a four detector-row
CTscanner (Mx8000 Quad, Philips Medical Systems, Best,
The Netherlands). All scans were obtained during the same
session with a peak kilovoltage of 120 kVp, a field-of-view
of 400 mm, and a matrix size of 512×512. A reference scan
was first obtained with a slice thickness of 0.5 mm and
1,000 mAs (Fig. 1). This scan was acquired to verify the
positioning of the calculi in the transverse plane. The next
scans were obtained with an effective current-time product
of 140 mAs and a pitch of 1.75. Helical pitch was defined
as the ratio of table movement per 360° rotation divided by
the total collimated X-ray width [21]. Effective current-

time product was defined as the product of the tube current
intensity and the gantry rotation time, divided by the pitch
[22]. The following slice thicknesses were used for recon-
struction: 0.5, 1.0, 2.5, 5.0, and 10.0 mm. All images were
reconstructed with a standard algorithm.

The CT series were visualized on a clinical worksta-
tion (MxView, Philips Medical Systems) with soft-tissue
windows identical to those used in our clinical practice
(width=360 H, center=60 H). Two investigators indepen-
dently recorded the number of calculi identified on each
series by using a scale from 0 to 2 (0=stone not detect-
able, 1=stone possibly present, 2=stone definitively pres-
ent). All calculi with discordant scores were re-evaluated,
with differences being resolved by consensus. An investi-
gator measured the transverse diameter and density of the
calculi detected at each slice thickness by using elec-
tronic calipers and manual delineation, respectively. For
density measurements, a region of interest was created
overlying the whole calculus on the slice in which it was
seen at its largest diameter [13]. The mean value with
standard deviation of transverse diameter and density of
the visible calculi were calculated for each slice thick-
ness. Image noise was measured as the standard devia-
tion of the density in a 50-mm2 region-of-interest in the
center of the chamber.

Inter-observer agreement for the detection of calculi was
calculated by using non-weighted binary kappa statistics.
Spearman’s correlation coefficient was calculated to deter-
mine the linearity of the data. The two-tailed Fisher’s exact
test was used to compare the proportion of calculi detected
with each of the modalities. For this purpose, the calculi
assigned a confidence level of 1 were considered not vis-
ible. A P value of less than 0.05 was considered statistical-
ly significant.

Results

The kappa coefficient for the two readers indicated ex-
cellent inter-observer agreement (κ=0.87). It was therefore
statistically acceptable to consider the consensus reading to
analyze the results. The number of calculi visualized at
each slice thickness is shown in Fig. 2. More calculi were

Table 1 Composition of urinary calculi according to their size

Composition 1–1.9
mm

2–2.9
mm

3–3.7
mm

Uric acid 2 1 1
Cystine 1 1 1
Calcium hydrogen phosphate dihydrate 2 1 1
Magnesium ammonium phosphate
hexahydrate

2 1 1

Calcium oxalate 2 1 1

Fig. 1 a Transverse CT scan of the 300-mm-diameter body
phantom. b–d Magnified reference CT scans of the 30-mm-diameter
chamber of the phantom obtained at 1,000 mAs with a slice
thickness of 0.5 mm. The calculi were regularly spaced in three
distinct transverse layers according to their size: 1.0–1.9 mm (b),
2.0–2.9 mm (c), and 3.0–3.7 mm (d)
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detected on the thinner slices and progressively fewer as
the slice thickness increased (P<0.001). Nineteen stones
(100%) were detected on the 0.5-mm-thick slices, 17
(89%) on the 1.0-mm slices, 13 (68%) on the 2.5-mm
slices, 11 (58%) on the 5.0-mm slices, and 7 (37%) on the
10.0-mm slices. All calculi with a diameter ≥2 mm were
visible on the 0.5-mm, 1.0-mm, and 2.5-mm slices. One
3.1-mm cystine stone was not seen on the 5.0-mm slices.
Three calculi of 2–2.9 mm (one of uric acid, one of cystine,
and one of magnesium ammonium phosphate hexahydrate)
and one calculus of 3–3.7 mm (cystine) were not seen on
the 10.0-mm slices. However, the proportion of calculi of

≥2 mm detected at each slice thickness did not statistically
differ (P=0.109). There was a significant correlation be-
tween the proportion of visible calculi <2 mm and the
collimation (P<0.001). Of the nine calculi of 1–1.9 mm,
nine (100%) were visible on the 0.5-mm slices, seven
(78%) on the 1.0-mm images, three (33%) on the 2.5-mm
images, and one (11%) on the 5.0-mm and 10.0-mm
images.

The mean transverse diameter and density of the vis-
ible calculi decreased as the slice thickness increased
(Figs. 3, 4). There was an inverse relationship between
noise and slice thickness (Fig. 5). The relationship be-
tween noise and the square root of slice thickness was
virtually linear (r=0.988; P<0.001).
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Fig. 2 Bar graph showing the effect of slice thickness on stone
detection. The number of detectable calculi decreased as the section
thickness increased (P<0.001). Scores: darkly shaded bars=2 (stone
definitively present), lightly shaded bars=1 (stone possibly present),
black bars=0 (stone not detectable)
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Fig. 3 Mean transverse diameter of urinary calculi with standard
deviation plotted against slice thickness. The measured transverse
diameter decreases as the slice thickness increases
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Fig. 4 Mean density of urinary calculi with standard deviation
plotted against slice thickness. The measured attenuation value de-
creases as the slice thickness increases

Slice Thickness (mm)

0,5 1 2,5 5 10

N
oi

se
 (

H
)

0

10

20

30

40

50

60

70

Fig. 5 Image noise plotted against slice thickness. Noise is in-
versely proportional to the square root of slice thickness (P<0.001)
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Discussion

The results of this study show that the detection of small
urinary calculi increases as the reconstructed slice thick-
ness decreases. Decreasing the slice thickness has two
opposing effects on the detection of small lesions. The
detection can be improved by a decrease of partial volume
effects, and it can be hampered by an increase in noise
[23, 24]. In our study, better stone detection was obtained
with thin slices at a constant dose, despite the increase of
noise, because urinary calculi have a high contrast with
the surrounding. High-contrast resolution is known to be
independent of dose and noise within a certain range,
whereas low-contrast resolution correlates with these two
parameters [25, 26].

Our results are in accordance with the results of other
high-contrast situations in the abdomen. Indeed, ex-vivo
studies of CT colonography have shown that the detection
of small polyps, which have a high contrast with the air in
the colon, is greatly improved when the slice thickness is
decreased, whereas the increase in dose has little effect
[27, 28].

In contrast, the findings obtained in prior investigations
of the utility of thin slices for the detection of low-contrast
objects are controversial. A dual-detector CT system has
shown that the use of 2.5-mm-thick slices yields greater
conspicuity of small liver lesions than 5-mm images and
improves lesion detection [29]. Conversely, more recent
studies performed with four detector-row CT equipments
have found little or no advantage in reducing slice thick-
ness to less than 5 mm for the detection of liver metastases
[30] or low-contrast structures in a phantom system [24]. In
clinical practice, the reconstructed slice thickness in the
abdomen usually remains 3–5 mm with 16-channel multi-
detector CT scanners [31].

In our study, the slice thickness affected not only the
detection of urinary calculi, but also their characterization.
We found that the average measured size and density of the
calculi decreased when the slice thickness increased. The
size of a urolithiasis is of critical importance in disease
management [9, 10], and the perfromance of density
measurements has been suggested for the prediction of the
composition of urinary calculi [11–13]. With thick slices,
errors in the determination of the size and composition of
urinary calculi may place patients into an inappropriate
treatment category. The effect of slice thickness on the
attenuation of urinary calculi has also been previously ob-
served by Saw et al. [32]. In addition, thin slices have
recently been shown to be useful in the differentiation of
urinary calculi from phleboliths [33].

Few attempts have been made to use slice thicknesses
thinner than 5 mm to assess patients with renal colic since

the introduction of CT for the detection of urinary calculi
by Smith et al. in 1995 [17], although the possibility of
overlooking small calculi has been recognized in the
helical CT literature [5, 15–19]. After the advent of multi-
detector CT scanners, some authors still recommend the
use of 5-mm-thick slices [20]. The proponents of this
proposal use two arguments. The first one concerns the
preservation of image quality. This argument is debatable
as the detection of small high-contrast objects is improved
when the slice thickness is decreased, as shown in our
study, and the detection of low-contrast objects can be
maintained by secondary thick reconstructions. The second
argument concerns the clinical value of detecting small
urinary calculi, as most of the calculi with a diameter of less
than 4 mm will pass spontaneously. However, even calculi
smaller than 2 mm may cause renal colic, have a delayed
passage, and need intervention [8]. In the study of Coll
et al., 13% of the ureteral calculi of 1 mm in diameter did
not pass spontaneously and required intervention [10].

Despite the finding that even small calculi may cause
symptoms, most of the clinical studies have been per-
formed with 5-mm-thick slices. In contrast to these studies,
we recommend the use of a thinner slice because this can
improve the detection and the characterization of urinary
calculi. We acknowledge that stone composition can also
affect the detection rate. In our study, even larger calculi
with low density (cystine, uric acid, and magnesium am-
monium phosphate hexahydrate stones) were missed on the
thick slices. However, stone composition did not bias our
results, as stones of each chemical composition were in-
cluded in each layer. In addition, density measurements
were performed only on stones that were seen.

A limitation of our study is that the calculi were regularly
spaced in the transverse plane. Therefore, the investigators
were aware of the localization of the calculi in the phantom,
and the false-positive rate could not be assessed. In ad-
dition, the study was conducted under nearly ideal condi-
tions in a homogeneous non-anthropomorphic phantom,
with fixed diameter and density. In clinical conditions,
noise may become a more important problem, especially in
the pelvis. However, secondary reconstructions of thicker
slices can always be performed. With these thick recon-
structed slices, the noise level is minimized and low-con-
trast information can be derived from the same raw data
without multiple exposures [34]. This is particularly im-
portant when alternative diagnoses are sought in patients
with suspected renal colic.

In conclusion, the results of the present study support the
use of thin reconstructed slices to detect and characterize
urinary calculi.
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