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Abstract The purpose was to evalu-
ate the potential of the multidimen-
sional adaptive filtering (MAF) tech-
nique by investigating its effects on
image noise and image quality in
multislice spiral CT (MSCT) exami-
nations of the head and neck region.
Fifty patients with head and neck 
tumors were examined using MSCT
with a high resolution protocol. Re-
constructions were performed using
dedicated reconstruction software
with a standard algorithm both with-
out and with MAF using different
modification. In all reconstructions,
we measured the noise in seven dif-
ferent anatomical structures. The 
image quality and image noise were
rated on a five-point scale. There
was a significant (P<0.05) reduction
in mean pixel noise in the recon-
structions using MAF in comparison
to the standard reconstructions, but
there was no significant difference
between the different modification
fractions. With MAF the mean re-
duction in noise level was 60%, de-

pending upon body shape and ana-
tomical region. Independently from
the used modification fraction, MAF
led to a significant (P<0.05) im-
provement of image quality. In direct
comparison of the different filter
strength, the optimal image quality
was achieved in the investigations
with 15% MAF. The use of MAF 
facilitates the distinction of anatomi-
cal and pathological structures from
artifacts in the supraclavicular 
fossae and the upper mediastinum,
whereas the image quality of the up-
per portions of the neck remained
unchanged. MAF improved image
quality by reducing the noise level
and removing noise structures with-
out loss of image sharpness. This
technique offers new perspectives to
reduce the patient dose.
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Improvement of image quality of multislice
spiral CT scans of the head and neck region
using a raw data-based multidimensional
adaptive filtering (MAF) technique

Introduction

Technical developments in CT, with increasingly shorter
scan times, shorter rotation times and thinner slices lead-
ing to higher image quality, led to a sharp increase in the
number of CT examinations during the 1990s [1]. As a
result of this development, the radiation exposure associ-
ated with CT increased as well. The effective dose expo-
sure of a typical CT examination is now between 0.5 and
10 mSv depending on the scan length and scan region,

thus in the same range as natural radiation exposure of
about 2.4 mSv per calendar year [2, 3]. While CT ac-
counts for only 3–5% of all radiological examinations, it
is responsible for about 35–45% of the collective effec-
tive dose exposure in diagnostic radiology [1, 4]. The
implementation of multislice technology not only in-
creased the performance of CT scanning, but also patient
dose exposure [5]. An important aim of the CT develop-
ment is to reduce the dose required [4–6], but low con-
trast resolution depends crucially on the tube current.
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Halving the tube current and thus dose exposure in-
creases the pixel noise by a factor of the square root of
two [3, 7], if all other parameters (e.g., rotation time,
tube voltage, slice width, etc.) are kept constant.

Apart from the tube current, the reconstruction algo-
rithm and the reconstruction parameters also affect pixel
noise and thus delineation of low contrast structures.
Pixel noise can be reduced by using a smoothing recon-
struction kernel, adequate windows and an appropriate
spiral interpolation algorithm (e.g., 360°LI) [8, 9]. Addi-
tionally, advanced sliding thin slab viewing techniques
reduce image noise in the viewing plane, while decreas-
ing spatial resolution perpendicular thereto. Using these
techniques some loss of image sharpness and spatial 
resolution is probably unavoidable [10]. A further possi-
bility for the reduction of non-directional and directional
noise is to use filters in image reconstruction. There are
reports in the literature of the application of linear, medi-
an and adaptive filters [11–15]. Some of these filters 
operate in the raw data domain, others try to improve the
image quality in the spatial domain. Operating in the
spatial domain is a postprocessing technique, which can-
not make use of the measured attenuation values and the
photon statistics. Better results are obtained when filter-
ing is performed in the raw data domain. Differences
also exist with regard to the nature of the methods and
the extent to which neighboring detectors are used. The
problem with any smoothing is the loss of image sharp-
ness. This problem can be minimized by restriction of
the filter to a small region of data. Kachelrieß et al. re-
ported on a multidimensional adaptive filtering (MAF),
which uses the information from the raw data in all spa-
tial planes, thus both in the detector plane, the projection
plane and along the long axis of the patient. This in-
creases its ability to suppress noise and, at the same
time, minimizes the possible loss in image sharpness
[16].

In regions of the body with high eccentricity (e.g.,
the shoulder or the pelvis), the noise from a small num-
ber of projections with high attenuation is dominant,
and in the case of the thoracic inlet this is usually the
lateral projection. MAF is particularly suitable for 
such images, because image sharpness, and thus spatial
discrimination, requires that only a small proportion of
the raw data points is changed through smoothing. In
phantom examinations and in the first patient examina-
tions, the MAF yielded promising results with noise re-
duction of up to 60%, especially in the shoulder region,
with no detectable loss of image sharpness [16]. This
suggests the need to apply this method to a larger num-
ber of patient raw data sets in the region of the thoracic
inlet.

The purpose of this study was to evaluate the clinical
value of this new MAF technique in a large patient group
and its effect on pixel noise, image quality and clinical
findings at the level of the thoracic inlet.

Materials and methods

Fifty patients with head and neck tumors and no contraindications
to contrast-enhanced CT were examined in the course of tumor
staging. The patients comprised 39 men and 11 women, with an
age range of 40 to 80 years. The unequal distribution between the
sexes is explained by the higher incidence of these tumors in men.

The examinations were performed using a multislice spiral CT
(SOMATOM Volume Zoom, Siemens Medical Solutions, Erlangen,
Germany) with a rotation time of 0.5 s, tube voltage of 120 kV and
tube current-time product of 160 mA s. The slice collimation was
4×1 mm, with table feed of 4 mm per rotation (Pitch 1). The scan
region included the region from the base of the skull to the aortic
arch. For all examinations, 120-ml non-ionic iodinated contrast me-
dium (Ultravist 300, Schering AG, Berlin) was administered intra-
venously at a flow rate of 2.5 ml/s and a start delay of 80 s.

The raw data sets were reconstructed on a separate workstation
using dedicated reconstruction software (Syngo Explorer, VAMP
GmbH, Möhrendorf, Germany) with the multidimensional stan-
dard reconstruction (180°MFI, multislice filtered interpolation)
without and in combination with the multidimensional adaptive
filter (180°MFI + MAF, which we briefly denote as 180°MAF).
The “strength” of the multidimensional adaptive filter was varied
by varying the modification fraction f. The modification fraction f
is a measure of the maximum proportion of data points modified
by the filter. Reconstructions of the data sets were performed us-
ing f=0%, f=5%, f=10%, f=15% and f=20%. These are designated
below as 0%MAF (=180°MFI), 5%MAF, 10%MAF, 15%MAF
and 20%MAF. The reconstructed slice width was 1.25 mm and the
reconstruction increment 0.5 mm.

To quantify the pixel noise, the standard deviation of the attenu-
ation (given in HU) of the pixels in a homogeneous region of inter-
est (ROI) was determined. Using axial reconstructions with
180°MFI, we determined visually the transverse plane with the
greatest noise artifacts (in all cases at the level of the head of the
humerus) and the plane at the level of the carotid bifurcation as a
reference for the fewest noise artifacts. Since 180°MAF modifies
only image regions with high attenuation, we used four ROIs in 
visually homogeneous structures that are strongly affected by pixel
noise (at the level of the head of the humerus, similar to Kachelrieß
et al. [16]). These were the subscapularis muscle, the deltoid mus-
cle, the supraclavicular fat tissue and the spinal canal. The carotid
artery and the thyroid gland cannot be delineated at this level in
some of the data sets. Both were measured because they are
anatomically and clinically very relevant structures in themselves.
As a reference point, we used the dorsal fat tissue, which should
not be significantly modified by 180°MAF because of its location.
The locations of the measurement points are shown in Fig. 1a. At
the level of the carotid bifurcation, as shown in Fig. 1b, the chosen
ROIs were in the carotid artery and the levator scapulae muscle.
The measurements in the five reconstructions (without and with the
four different modification fractions) were performed in identical
positions with identical ROIs. In addition, the transverse and sagit-
tal patient diameters were measured at both slice levels. The reduc-
tion in pixel noise was the difference in pixel noise with 180°MFI
and with 180°MAF.

Image quality was evaluated by consensus between three radiolo-
gists. The images were evaluated with constant windowing with a
center of 50 HU and a window of 400 HU on the monitor. Using 
interactive multiplanar reconstructions (iMPR) with a slice width of
1.25 mm in the axial, coronal and sagittal planes, the image quality
of various anatomic structures (muscle, fat, vessels, thyroid and 
spinal canal) was evaluated, the critical evaluation being that of the
worst region. In addition, the overall image quality was evaluated
with regard to clinical aims (lymph node detection, detection of small
lesions, stenosis evaluation and demonstration of plaque morpholo-
gy). If pathological changes were found, they were compared in the
different reconstructions with regard to detection and delineation.
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Fig. 1 Measurement points a on transverse image at the level of
humeral heads (1=subscapular muscle, 2=deltoid muscle, 3=supra-
clavicular fat tissue, 4=spinal canal, 5=carotid, 6=thyroid gland

and 7=dorsal fat tissue). b On transverse image at the level of the
carotid bifurcation (1=carotid, 2=levator scapulae muscle)

Fig. 2 Dependence of pixel noise. Mean value of pixel noise of
supraclavicular fat tissue, deltoid muscle and subscapular muscle,
measured as mean deviation of the pixel values of a ROI of an im-
age reconstructed at the level of the humeral heads in dependence
on a transverse diameter; b area product; c quotient of transverse
to sagittal diameter

The separate evaluation of the reconstructions with 0%MAF,
5%MAF, 10%MAF, 15%MAF and 20%MAF was performed at
intervals of 1 week. The quality of the five anatomical structures
and the overall image impression in the axial slices as well as the
MPR (coronal and sagittal) of a reconstruction was rated during a
single session using a five-point scale: 1=not evaluable, 2=inade-
quate, 3=adequate, 4=good/little artifact and 5=very good/artifact
free. Overall image impression was evaluated using a three-point
scale (−1=worse, 0=same and 1=better) once more independently
in the axial planes and in the coronal and sagittal MPR. At least
the images were compared directly.

Statistical analysis was performed using the software SPSS
11.0. The results were tested for normal distribution using the chi-
square test. The standard deviations of the mean of a ROI and the
image quality were compared using the one-way analysis of vari-
ance (ANOVA).

Results

Dependence of pixel noise on patient diameter 
(standard reconstruction)

With increasing transverse diameter, there was a signifi-
cant increase in pixel noise in the two muscles, in the su-



praclavicular fat and in the spinal canal. For the carotid
artery, the thyroid gland and the dorsal fat tissue, there
was no association between transverse diameter and 
pixel noise.

To simplify further considerations, the mean values of
the pixel noise were calculated in the structures princi-
pally affected, the two muscles and the supraclavicular
fat. Figure 2 shows the increase in pixel noise with in-
creasing transverse diameter. There was a similar rela-
tion considering the surface product that is simplified 
as the product of the transverse diameter and the sagittal
diameter. No association was found between the pixel
noise and the ratio of transverse to sagittal diameter for
any measurement point.

For both ROIs at the level of the carotid bifurcation
in the carotid artery and the levator scapulae muscle,
there was no association between pixel noise and trans-
verse diameter or the ratio of transverse to sagittal diam-
eter.

Reduction in pixel noise with various 
modification fractions

Table 1 summarizes the medium pixel noise of respec-
tive measurement points and the different filter strength
at predefined slice positions at the thoracic inlet (Ta-
ble 1) and the carotid bifurcation (Table 1). At the level
of the thoracic inlet, there was a significant (P<0.05) re-
duction in the mean pixel noise in the reconstructions
with MAF in comparison to the standard reconstructions
(Fig. 3), but there was no significant difference between
the different modification fractions from 5 to 20%. In the
slices with least noise in the mid-neck, use of the MAF
led to no significant change (P>0.05) either for the carot-
id artery or the levator scapulae muscle.

Figure 4 shows an example of the effect of filtering
with 15% MAF depending upon the transverse diameter
of the patient. The values for both curves were obtained
from the mean values of the measurements of pixel noise
in the subscapularis muscle, deltoid muscle and supracla-
vicular fat with 0%MAF and using 15%MAF. Pixel
noise remains below 40 using 15%MAF, whereas noise
increases above this level in the standard reconstructions
with 180°MFI in 43 out of 50 patients. Noise increases
to higher values than 40 HU with 15%MAF occur only
in very broad patients .

Effect of filtering on image quality

Independently from the used modification fraction, MAF
led to a significant (P<0.05) improvement of image qual-
ity of the muscles, the thyroid gland, the vessels and the
fat tissue on axial images and on MPR, whereas the im-
age quality of the spinal canal and the measurement
points at the level of the carotid bifurcation was not 
significantly (P<0.05) influenced by MAF.

The image quality of the thyroid gland and the vessels
could not be further improved by higher (10%, 15%,
20%) modification fractions. Image quality of the mus-
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Table 1 Mean pixel noise in HU. The standard deviation of attenuation measurements within a ROI was ascribed to image noise

Region 0% MAF 5% MAF 10% MAF 15% MAF 20% MAF

At the level of the humeral heads
Subscapular muscle 70 35 30 28 27
Deltoid muscle 56 25 20 19 19
Supraclavicular fat 67 36 29 27 27
Spinal canal 102 61 55 54 53
Carotid artery 53 34 29 27 26
Thyroid gland 56 37 32 30 30
Dorsal fat 28 28 27 25 23

At the level of the carotid bifurcations
Carotid artery 14 14 14 14 14
Levator scapule m. 10 11 11 11 11

Fig. 3 Mean pixel noise in muscle and fat with 0%MAF
(=180°MFI) and 15%MAF in dependence on the transverse diam-
eter



cles and the fat tissue was significantly better (P<0.05)
by using higher modification fractions, but there was no
significant difference of image quality between the re-
constructions with modification fractions of 10%, 15%
and 20%. The results for the individual anatomical struc-
tures are summarized in Table 2(axial, MPR).

The distribution of evaluations for all 50 patients is
exemplified by the overall image quality before and after
filtering with 15%MAF. While the image quality with
180°MFI was good or very good (rating 4 or 5) in only
1/2 (axial/MPR) patients, this rating was obtained in
34/40 (axial/MPR) patients with 15%MAF; in 29/31 (axial/
MPR) patients, image quality in the standard reconstruc-
tion with 180°MFI was not evaluable or inadequate
(evaluation 1 or 2), while these ratings were given with
15%MAF for only 3/1 (axial/MPR) data sets, respective-
ly (Fig. 5). Similar distributions were found for muscles,
fat, and vessels. The effects of 15%MAF on image quali-
ty in the thyroid gland were, as expected, much less pro-
nounced because of its eccentric location.

Figure 6 shows typical examples of MSCT scans in
the axial and coronal planes at the level of the head of
the humerus with 180°MFI (Fig. 6a,c,e,) and with
15%MAF (Fig. 6b,d,f,). The images of the patient in
Fig. 6 were of poor quality in the reconstruction with
0%MAF (Figs. 6a,c,e), and MAF led to an improvement
(Fig. 6b,d,f); by contrast, the image quality of another
patient’s data set improved only slightly. The image
quality in the upper and mid neck was similar for all
modification fractions.

In direct comparison of the reconstructions with dif-
ferent modification fractions, the best attainable image
quality was achieved with 5%MAF in 3 patients, with
10%MAF in 32 patients, with 15%MAF in 46 patients
and with 20%MAF in 44 patients. In none of the patients
was there further improvement in image quality with
20%MAF, but loss of definition of the musculature, ves-
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Fig. 4 Distribution of the grading of overall image quality with
0%MAF and 15%MAF. a On axial images; b) on MPR (1=not
evaluable, 2=inadequate, 3=adequate, 4=good/little artifact and
5=very good/artifact free)

Table 2 Mean image quality with 0%MAF (=180°MFI) und 15%MAF

Organ 0% MAF 5% MAF 10% MAF 15% MAF 20% MAF

Axial
Muscles 2.1 3.1 3.6 3.6 3.6
Vessels 2.2 3.3 3.7 3.7 3.7
Spinal canal 1.0 1.0 1.0 1.0 1.0
Fat 2.2 3.4 3.8 3.9 3.9
Thyroid gland 2.9 3.6 3.8 3.8 3.8
All 2.3 3.3 3.7 3.7 3.7

MPR
Muscles 2.1 3.3 3.8 3.9 3.9
Vessels 2.3 3.4 3.9 3.9 3.9
Spinal canal 1.0 1.0 1.0 1.0 1.0
Fat 2.1 3.5 4.0 4.1 4.1
Thyroid gland 2.7 3.5 3.8 3.9 3.9
All 2.2 3.4 3.8 3.9 3.9
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Fig. 5 Direct comparison of reconstruction 0%MAF (a, c, e) and with 15%MAF (b, d, f). Pixel noise reduction is seen on transverse
images (a, b) and on MPR (c–f), especially for the muscles and the fat tissue

Fig. 6 Direct comparison of reconstruction 0%MAF (a, c, e) and with 15%MAF (b, d, f). Pixel noise reduction is seen on transverse
images (a, b) and on MPR (c–f), especially for the muscles and the fat tissue



sels, fat lamellae and the bone margins was observed in
five patients with 20%MAF.

The reconstructions using high modification fractions
showed artifacts in the bone margins that were already
present in the reconstructions without adaptive filtering,
but initially (with 0%MAF) were hardly noticeable in the
reconstructions because of superimposed noise struc-
tures.

Effect of filtering on detection of abnormalities

Pathological findings were detected in a total of 20 pa-
tients at the level of the thoracic inlet or the supraclavic-
ular fossae (lymph nodes in 17 patients, thyroid changes
in 3 patients and plaque in the left carotid artery in 1 pa-
tient). The detection of the lesions was easier and less
time consuming in the filtered reconstructions, particu-
larly for lymph nodes, but only in two patients lymph
nodes that were not detected in the standard reconstruc-
tions were seen in the filtered images. The transversal 
diameter of the additionally detected lymph nodes was
less than 1 cm.

Discussion

Pixel noise is largely determined by projections with
high attenuation. In most non-cylindrical regions of the
human body this is typically the lateral projection [3,
14]. In the region of the thoracic inlet, the attenuation
due to lateral projection is particularly high if the upper
arm is in the scan region as is the case with computer 
tomographic examinations of the head and neck region.
Pixel noise is not homogeneously distributed throughout
the image, but is highest in the field between the humeral
heads [16].

Various attempts to reduce artifacts using filter tech-
niques have been described in the literature [10–15]. In
contrast to these techniques, the MAF technique uses a
three-dimensional approach. This permits directional
noise suppression proportional to the third power of the
filter width and allows improvements in image quality to
be achieved without impairing spatial resolution. This
has two benefits: first, in regions of high radiation ab-
sorption the image quality can be improved while hold-
ing dose exposure constant, and second, the dose expo-
sure can be reduced in slim patients without loss of im-
age quality.

In agreement with the data published in the literature,
there was an exponential relationship in our study be-
tween image noise and the transverse diameter of the ob-
ject being examined [17]. In examinations of the head
and neck region, this means increased noise particularly
in the supraclavicular region and the musculature of the
shoulder girdle. Depending upon the anatomical situation,

the carotid artery and especially the thyroid gland may 
lie partly in a region of high lateral attenuation only, and
pixel noise is thus less dependent upon patient diameter
and more on the individual anatomy. The dorsal subcuta-
neous fat tissue is usually located outside the zone with
high attenuation, and there is thus no correlation here be-
tween pixel noise and physical dimensions. In the mid-
neck region, the attenuation distribution is relatively 
symmetric and less than at the thoracic inlet so that no 
directional noise occurs. Correspondingly, the multidi-
mensional filter does not affect pixel noise in this region.
The ratio of transverse diameter to sagittal diameter has
no effect on pixel noise per se, since it affects eccen-
tricity, but does not affect attenuation itself. The trans-
verse diameter and the area product have similar correla-
tions to pixel noise. The best correlation was found with
measurement of attenuation in the lateral projection.

In evaluation of image quality, the dominant struc-
tures in the image impression and contrast were fat and
muscle tissue, and a large reduction in pixel noise in
these regions was extremely advantageous for detecting
pathological changes. The clear correlation between the
initial pixel noise and the maximum reduction achieved
was most marked in these structures, and shows that ap-
plying MAF takes effect only when a certain amount of
noise is present in the unfiltered image. This implies that
the dose should be reduced in patients in whom the pixel
noise is low with the use of 160 mA s in the standard re-
construction. The summary of measurement results and
evaluation of the image quality shows that, on the one
hand, in order to maintain diagnostic image quality using
standard reconstruction algorithms at the thoracic inlet,
the majority of patients would have required a dose
above 160 mA s, but on the other hand that the tube cur-
rent can be reduced for slim patients when MAF is used.
Additional dose reduction in the head and neck region by
new techniques, e.g., attenuation-based tube current
modulation [19–26] or automatic exposure control [3]
should also be pursued. The additive effect of MAF may
allow for further dose reduction [3, 27].

In general, before exploiting more sophisticated ways
to reduce dose exposure, first of all scan dose should be
adapted to the individual patient constitution—which
means a dose reduction in slim patients and an augmen-
tation of scan dose in obese individuals. Yet, so far, trials
concerning a patient-based optimization of scan dose in
the head-and-neck region are missing; these topics
should be addressed in future studies. In addition, CT
scanners generally should be equipped with tube current
modulation or, even better, automatic exposure control).
Adaptive filtering within the scope of image reconstruc-
tion, as shown in this trial, can contribute to additional
dose optimization and savings.

Image quality at the level of the thoracic inlet, particu-
larly in the MPR, was significantly improved. This is due
to the fact that the structures in the neck region (muscula-
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ture, vessels) are shown better over their entire course in
the coronal and sagittal MPR so that the reduction in pix-
el noise is more impressive. Streak artifacts caused by di-
rectional noise make evaluation of the supraclavicular
fossa particularly difficult [15, 30]. Coronal views (MPR)
are of particular value in lymph node detection in ad-
vanced head and neck tumors [31]. Coronal MPRs of the
supraclavicular region often contain massive artifacts
when a standard algorithm is used. The 180°MAF tech-
nique largely minimizes these artifacts and allows clear
morphological evaluation of the supra-aortic vessels and
lymph nodes. This allows better delineation and particu-
larly detection of pathological structures in the MAF re-
constructed images.

Even though overall image quality showed sustained
improvement at the thoracic inlet, tumor staging and ther-
apeutic strategies remained unchanged within our patient
group. The additionally detected lymphatic nodules with-
in the supraclavicular fossa in two of our patients were
classified as non-pathologic and thus had no impact on
tumor staging. If and to what extent the amelioration of
image quality might influence tumor staging in patients
with lymph node metastases, as for example in breast
cancer or malignant melanoma, with lymphoma or pan-
coast tumor, has to be demonstrated in additional studies.

As expected, there was a significant decrease in pixel
noise with increasing filter strength. At the same time, in

the blind image quality evaluation, the optimal image
noise and image sharpness were obtained using recon-
structions with 15%MAF in 46/50 examinations. On 
direct comparison, a lower modification fraction gave
comparable image quality in only a small proportion of
patients (12%), and in 16% of cases, there was some 
loss of sharpness and definition of the structures with
20%MAF. Thus, for the thoracic inlet, reconstructions
with 15%MAF gives excellent image quality with low
pixel noise, and this can be used routinely even although
stronger filtering may enable an improvement in image
quality in patients with a large transverse diameter.
Baum et al. reported comparable results for multislice
spiral CT scans of the pelvis in patients with rectal carci-
noma [32].

In conclusion, in contrast to other filter techniques,
the MAF technique does not cause any loss in detailed
information or resolution with modification fractions up
to 15%. For further dose reduction, the procedure can be
combined with tube current modulation or automatic ex-
posure control [3, 25]. A particularly interesting applica-
tion is the possibility of avoiding pinioning of the arm in
a “whole body scan” in polytrauma patients. Since the
MAF algorithm is conceived as a data pre-processing
step, corresponding improvements should be seen with
other scanners, such as the new 16-slice spiral CT scan-
ners and their reconstruction algorithms.
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