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Objectives: Our goal was to assess MR image uniformity by investigating aspects influencing said
uniformity via a method laid out by the National Electrical Manufacturers Association (NEMA).
Methods: Six metallic materials embedded in a glass phantom were scanned (i.e. Au, Ag, Al,
Au-Ag—Pd alloy, Ti and Co-Cr alloy) as well as a reference image. Sequences included spin
echo (SE) and gradient echo (GRE) scanned in three planes (i.e. axial, coronal, and sagittal).
Moreover, three surface coil types (i.e. head and neck, Brain, and temporomandibular joint
coils) and two image correction methods (i.e. surface coil intensity correction or SCIC, phased
array uniformity enhancement or PURE) were employed to evaluate their effectiveness on
image uniformity. Image uniformity was assessed using the National Electrical Manufacturers
Association peak-deviation non-uniformity method.

Results: Results showed that temporomandibular joint coils elicited the least uniform image
and brain coils outperformed head and neck coils when metallic materials were present.
Additionally, when metallic materials were present, spin echo outperformed gradient echo
especially for Co—Cr (particularly in the axial plane). Furthermore, both SCIC and PURE
improved image uniformity compared to uncorrected images, and SCIC slightly surpassed
PURE when metallic metals were present. Lastly, Co—Cr elicited the least uniform image while
other metallic materials generally showed similar patterns (i.e. no significant deviation from
images without metallic metals).

Conclusions: Overall, a quantitative understanding of the factors influencing MR image
uniformity (e.g coil type, imaging method, metal susceptibility, and post-hoc correction
method) is advantageous to optimize image quality, assists clinical interpretation, and may
result in improved medical and dental care.
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Introduction

MRI is a technique widely applied to investigate oral  joint (TMJ) disorder, malignant tumours, inflamma-
and maxillofacial disorders, such as temporomandibular ~ tion, anatomical measuring purposes, and recently, as

a diagnostic tool prior to dental implant insertion.!
Correspondence to: Dr Rinus G Verdonschot, E-mail: rinusverdonschot@ MRI has several advantages over other methods (SUCh
gmail.com as computed tomography, henceforth CT); e.g it elicits
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to ionizing radiation, and allows for the selection of
optional tomographic planes.®® However, compared to
CT the scanning time is considerably longer (thereby
prolonging patient exam times) and importantly, the
spatial resolution of MRI is usually lower than CT.

Nowadays, to enhance the relatively lower spatial
resolution, MRI is performed using arrays of (small)
surface coils placed near the body.!” The advantage
of using surface coils (over whole body/volume coils)
is that they provide higher radiofrequency sensitivity
over small, specifically selected, portions of the body.
Consequently, they obtain a much higher signal-
to-noise ratio within the target area than would be
possible from larger, usually more distant, coils (i.e.
whole body/volume coils).!” The size and configuration
of the surface coil (i.e. consisting of one of more coils
forming a specific configuration) is often optimized for
a specific region of interest. For example, in the oral
and maxillofacial region (OMR), the TMJ and the
head and neck (HN) coil are often used to improve the
spatial resolution at these respective locations.!! Many
surface coils (including the HN and brain coils) are of
the phased array coil type. These are a type of surface
coil containing several surface coil elements or chan-
nels (each having its own receiver) allowing for parallel
imaging, thereby covering a larger area and speeding
up scanning time, as well as providing enhanced signal-
to-noise ratio.'® However, when using surface coils
(particularly phased array coils), overall signal unifor-
mity may become severely impaired.!®!?

The nature of the surface coil configuration for any
clinical investigation may have a significant impact on
the diagnostic outcome.'* For example, if the target of
investigation is a structure in the centre of the OMR (such
as the tongue), using an inappropriate phased array coil
might lead to a misdiagnosis of non-targeted tissues
due to the influence of the surface coil on the overall
uniformity of the MR image. This occurs as the penetra-
tion depth of the radio frequency signal depends on the
coil’s specifications and may lead to the situation that
signals emanating from the body that are close to the
coil are heightened while those originating more deeply
in the body are reduced (as the coil receives less signal
outside its target area).'’ Therefore, when investigating
the tongue using an inappropriate surface coil; signals
from the parotid glands (located closer to the surface on
either side of the mouth) might become very bright due
to their proximity to the coil. This might lead a physi-
cian to inaccurately diagnose, for example, a lesion in
the parotid gland (where, in fact, none exists) due to
inappropriate coil selection.

The notion that the MR image uniformity indeed
constitutes an important factor is illustrated by the fact
that MRI scanner manufacturers have devised several
methods to improve the non-uniformity of the image.'
These methods are routinely used when imaging the
body (although some of these measures are in specific
cases not recommended, for instance when performing
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fMRI). Image correction methods can be classified in
two groups, (1) applying filters after scanning (post-hoc
filters) and (2) pre-scan calibration mapping. The
post-hoc filters are also called surface coil intensity
correction (SCIC) filters and typically apply a low-pass
filter after MR scanning is completed.”® Consequently,
rough image contrasts can be derived from this filter
and brighter areas will be darkened and darker areas
will be brightened using contrast mapping to achieve
more optimal image uniformity. The second method
(e.g called “phased array uniformity enhancement” or
PURE for GE scanners, or “pre-scan normalize” for
Siemens scanners) performs specific initial sensitivity
calibration scans before the actual imaging starts that
will be used to optimize the actual diagnostic MR images.
Notably, it has been speculated that methods like PURE
or “pre-scan normalize” might not be optimal when
metallic materials are present in the to-be-scanned area
as these materials may hamper coil calibration thereby
even worsening the resulting images in some cases.'

To avoid mishaps in clinical diagnosis as a result
from non-optimal images, it is sensible to investigate the
effects that different types of surface coils elicit on the
uniformity of the magnetic field in combination with the
presence of metallic materials, but, as far as we know,
little attention has been focused on this topic. Yet, one
recent study focused on the effects dental metals have
on MR image quality.'® This study quantitatively stan-
dardized artefact volume and configurations (according
to ASTM guidelines) and found significant differences
between material composition, scanning sequences and
scanning plane.'®"” However, they did not consider any
effects on field uniformity depending on surface coil
configuration as well as the effect of available methods
for correcting the inhomogeneity. Therefore, the main
aims of the current study were fourfold: (1) assess-
ment of MR image uniformity depending on three
distinctive, often used, surface coil types, (2) assess-
ment of MR image uniformity depending on the tomo-
graphic plane, (3) assessment of MR image uniformity
depending on the imaging sequence, and (4) assessment
of the effectiveness of the coil intensity correction tech-
niques (i.e. SCIC and PURE). All these four aims are
important specifically in relation to whether (frequently
encountered) metallic materials were present in the to-
be-scanned area or not.

We investigate this matter further by means of the
non-uniformity index (NUI) which has been advanced
by the National Electrical Manufacturers Association
(NEMA) as a suitable standardized measure to inves-
tigate magnetic field uniformity.!® This study, therefore,
provides a comprehensive quantitative assessment of
various important variables (i.e. scanning sequence,
imaging plane, coil correction method, and presence
of metallic material), which can influence MR image
uniformity. The information contained in this article
can, therefore, meaningfully inform clinicians and avoid
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Table 1  Composition of the used materials and their magnetic

susceptibility

Pure metal Element Magnetic susceptibility (1107
symbol cn® mol™)

Gold Au -28.0

Silver Ag -19.5

Aluminium Al 16.5

Titanium Ti 151.0

Chromium Cr 167.0

Cobalt Co ferro.

Copper Cu -5.5

Palladium Pd 540.0

Molybdenum Mb 72.0

Alloy composition
Au-Ag-Pd alloy
Co—Cr alloy

Au (12%), Ag (51%), Pd (20%), Cu (15%)
Co (63%), Cr (30%), Mo (5%)

Ferro, ferromagnetic.

misinterpretation due to inappropriate coil, sequence or
correction method selection.

Methods and materials

Samples and phantom

To evaluate the effect of metallic materials on MR
image uniformity, six commonly used dental metallic
materials were employed, specifically: gold (Au), silver
(Ag), aluminium (Al), gold-silver—palladium (Au-Ag-
Pd) alloy, titanium (Ti) and cobalt—chromium (Co—Cr)
alloy. See Table 1 for the characteristics of the sample
materials used. In line with ASTM standards each
sample involved a 1 cm? cube which was suspended by
a nylon rod inside a cubic phantom (20 cm?®) made of
glass (Si0,) and filled with 5% copper sulphate (CuSO,)
solution.'®!” All cubic metals were made in Kojundo
Chemical Laboratory Co., Ltd (Saitama, Japan). For

J 8.0cm
| B 20.0 cm cube
(5]
1.0 cm cube
coronal
S.0cem 10.0cm
i 8.0cm
L L
axial sagittal
Figure 1  Position of the sample inside the phantom.
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standardized 17-point measurement (when no

Left:
metallic material is present) method based on NEMA. " Right: stand-
ardized 11-point (when metallic material, in this case Co—Cr, was
present) measurement method based on NEMA."* NEMA, National
Electrical Manufacturers Association.

Figure 2

anatomical accuracy, the position of the sample in the
phantom (i.e. x = 5cm, y = 8 cm, z = 10 cm; Figure 1)
roughly mimicked a position in the molar area in a
typical human subject (Figure 1).

MRI

The phantom was subsequently scanned five times
(average + standard error is reported) using the following
coils (1) HN coil; 8-channel neurovascular MRI coil
by GE (Milwaukee, WI) (GE: 800121), (2) brain coil;
8-channel high-resolution coil by GE (GE: 2317112-2),
and (3) TMIJ coil; 2-channel phased array coil by GE
(GE: 46-307144 G6) on the cradle of a 1.5 T supercon-
ducting magnet scanner (GE Signa® HDxt 1.5 T MR;
General Electric, Milwaukee, WI). Imaging parameters
were selected according to ASTM-F2119 standards.!”
The number of slices was 26, each slice thickness was
5 mm, and the interval between slices was 1 mm. For
each examination, the phantom was scanned in the axial
(vertical to the main magnetic field), coronal (parallel to
floor), and sagittal planes (vertical to axial and coronal
planes), using spin echo (SE) and gradient echo (GRE)
sequences, with the following parameters: field of view:
20 cm by 20 cm, matrix size: 256 by 256 (i.e. pixel size;
0.8 mm), time to repetition: 500 ms, time to echo: 10
ms, number of excitations: 1, flip angle in GRE: 30°
(according to ASTM-F2119 standards)."”

Coil correction method

We evaluated the images under three different condi-
tions, (1) no coil correction, henceforth: uncorrected, (2)
using the post-hoc SCIC method (GE electronics) and
(3) using the pre-scan PURE method (GE electronics).

Uniformity evaluation

To evaluate the uniformity of the images, we measured
the signal intensity (SI) at 17 sample points according
to the standardized sample method laid out by NEMA
(Figure 2, left side) which allows for successive calcu-
lation of a NUI for each image (see Equation 1).'
The 17-point measurement was used when no metallic
material was present in the phantom, when a metallic
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Figure 3 NUIs (in %; lower means more uniform) based on 17

sampling points without metallic materials by coil type and scan-
ning plane. Legend indicates the specific correction method (uncor-
rected, PURE or SCIC). Note: there is no SCIC correction for
the TMJ coil. NUI, non-uniformity index; PURE, phased array
uniformity enhancement; SCIC, surfacecoil intensity correction; TMJ,
temporo mandibular joint.

material was present we used an adjusted 11 sample
point measurement (Figure 2, right side) to avoid influ-
encing the uniformity assessment due to the strong
presence of the artefact. For NUI comparisons for two
groups, such as between SE and GRE sequences, we
employed a Mann—Whitney U test with the null hypoth-
esis that there were no significant differences between the
groups (significance levels set at p < 0.01). Similarly, for
the NUIs amongst more than two groups we used the
Kruskal-Wallis test similarly assuming no significant
difference between the groups to be the null hypothesis
(significance: p < 0.01). Furthermore, we used Wilcoxon
signed-ranks tests to evaluate the multiple comparisons
amongst conditions (significance: p < 0.01)

_ SImax—SImin
NUI = STmax+SImin 100

(M

Equation used in deriving the NUI based on SI, whereby
100% 1is extremely non-uniform and 0% is extremely
uniform.'®

Results

Results without metallic materials

First, we evaluated the results without the presence of
metallic materials. As can be seen in Figure 3 below,
the patterns were similar amongst the two scanning
sequences (SE vs GRE) and were not significantly
different (W = 291.5, p = 0.95) from each other. There
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was an effect of coil type, y* (2) = 22.6, p < 0.001; pair-
wise comparisons showed that the TMJ coil elicited
the least uniformity across the board (i.e. significantly
different from the Brain and HN coils, all p’s < 0.001),
however, HN coils showed a similar pattern to Brain coils
(p=0.16). A Kruskal-Wallis rank sum test indicated that
the scanning plane showed similar uniformity patterns
across conditions, y* (2) = 2.1, p = 0.35. There was a
significant effect of correction method, y* (2) = 26.1,
p < 0.001. Pairwise comparisons showed that both
SCIC (p < 0.001) and PURE (p < 0.001) elicited greater
uniformity compared to uncorrected images, although,
according to our conservative p < 0.01 threshold, PURE
and SCIC themselves did not significantly differ from
each other (p = 0.02).

Results with metallic materials

As can be seen in Figure 4, contrasting the earlier results
without metallic materials, scanning sequences (SE,
GRE) did show significant differences from each other
(W = 12,580, p < 0.01) with SE being less influenced
by metallic artefacts and eliciting more uniformity.
Judging from Figure 4, this pattern might originate
from the diverging effects of the two sequences in the
Co—Cr and Ti metals. There was an effect of coil type,
x* (2) =957, p < 0.001; pairwise comparisons showed
that TMJ coils elicited the least uniformity across the
board (being significantly different from brain and HN
coils, all p’s < 0.001). Additionally, HN coils on average
also showed slightly better uniformity over brain coils
(p < 0.01) which, judging from Figure 4, might to some
extent depend on the correction method used (i.e. SCIC
vs PURE). Consequently, we found that HN coils were
least susceptible to metallic artefacts, closely followed
by brain coils and TMJ coils were most susceptible to
metallic artefacts. A Kruskal-Wallis rank sum test indi-
cated that the scanning plane showed similar unifor-
mity patterns across conditions, > (2) = 3.4, p = 0.19.
There was a significant effect of the correction method,
12 (2) = 108.6, p < 0.001. Pairwise comparisons showed
that both SCIC (p < 0.001) and PURE (p < 0.001) on the
whole elicited greater uniformity compared to uncor-
rected images; although on two occasions (i.e. Figure 4
top row Au-Ag-Pd and Co-Cr) uncorrected was close
to PURE (which may represent a ceiling effect). Overall
(Figure 4), SCIC elicited greater uniformity compared
to PURE (p < 0.001) although for the TMJ coil no SCIC
measurement was possible (i.e. limiting this outcome to
the brain and HN coils). There was an effect of which
metallic metal was present in the phantom, > (5) = 40.5,
p < 0.001. Pairwise comparisons showed that Co-Cr
differed from all the other metals (all p’s <0.001). Partic-
ularly, Co—Cr elicited the /east uniformity amongst all
tested materials, which was especially evident in the
GRE sequence and showed similar patterns for coil type
as well as correction method." The other metals (i.e. Ag/
Al/Au/Au—-Ag—Pd/Ti) did not elicit statistically different
effects on image uniformity (i.e. lowest p = 0.39).
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ular joint.

Discussion

This study investigated the effects of three surface coils
(HN, brain, TMJ) on image uniformity in three orthog-
onal scanning planes using two MR sequences (SE,
GRE) in combination with a phantom which contained
six various, widely used in dental field, metallic materials
(Au, Ag, Al, Au-Ag—Pd, Ti, and Co—Cr). Additionally,
we investigated the effects of two frequently used image
uniformity correction measures (i.e. SCIC, PURE) on
the homogeneity of the MR images.

We found that when there was no metallic material
present in the phantom the exact scanning sequence
(SE, GRE) did not affect image uniformity in any
combination of plane, coil type or image correction
method, although SE elicited more uniformity when
metallic materials (especially, Ti and Co-Cr) were
present. When investigating the effect of coil type,
we found that the TMJ coil always elicited the lowest
uniformity whether or not metallic metals were present.
When no metals were present, both HN and brain coils

did not differ greatly, although the HN coil elicited a
larger uniformity when metals were present compared
to the brain coil (which was most pronounced when
applying SCIC). The scanning plane itself did not have
any effect on uniformity measures in any condition. The
two image correction methods (PURE, SCIC) typically
showed improved uniformity compared to uncorrected
images, however, SCIC generally outperformed PURE
when metallic metals were present. Lastly, Co—Cr typi-
cally elicited the least uniform image quality while all
the other metallic materials generally showed similar
patterns across the board.

NUI assessment method

Itis worth mentioning why this method to calculate image
uniformity was chosen as there are several other calcu-
lation methods available. For example, the American
College of Radiology provides another precise calcula-
tion method.” Also, the NEMA, besides the 17-point
calculation method we employed (using peak-deviation
non-uniformity), also offers ways to produce greyscale

birpublications.org/dmfr
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uniformity maps and/or determining the absolute aver-
aged deviation uniformity. Although each method has
its specific advantages and disadvantages, we opted to
use the peak deviation non-uniformity method (using 17
or 11 points) as the NEMA guidelines specify this to be
especially suitable to assess image intensity uniformity
when using surface coils.'®

Surface coil selection

Another point worth discussing concerns the selection
of specific MR surface coils. Looking at our results,
we found that HN coils show slightly better uniformity
compared to brain coils (when metals are present) and
this is especially noticeable when SCIC is applied within
the sagittal plane (but not when Co—Cr is present). In
absolute terms, image uniformity is still relatively high,
even for the brain coil, which is significant for axial and
sagittal slices which are often used in brain imaging.?
Additionally, the HN coil aims for a wide range coverage
from top of the head to upper chest area. Consequently,
due to its relatively high uniformity it seems very suit-
able to get a uniform image in three planes for this larger
region. Lastly, both HN and brain coils show better
uniformity compared to TMJ coils irrespective of condi-
tion. However, since the TMJ coil is not used to image
the whole HN region, its low uniformity should not
become a significant problem for clinical investigation
when focusing on the TMJ.?! However, in some special
diagnostic cases, when administration of contrast media
and examination with HN coil is required, the TMJ coil
alone can achieve good results.?!

Scanning sequence selection

We employed two often used sequences in this study (i.e.
SE and GRE). One disadvantage of GRE (compared to
SE) is that it is more susceptible to the inhomogeneity
of the magnetic field especially when metallic mate-
rials are present (especially those with high magnetic
susceptibility, Table 1).?2 In this study, when there was
no metallic material in the phantom, NUIs using GRE
were not different from those using SE. However, when
a metal with larger magnetic susceptibility was set (e.g
Co-Cr), NUIs using GRE were significantly higher
than those using SE. Therefore, for clinical diagnostic
imaging, our data indicate that it is necessary to assess
which metal is set in the body, determine its magnetic
susceptibility, and then select the appropriate sequence
to obtain minimal MR image uniformity disturbance.

Image correction method

As stated in the “Introduction”, when applying a surface
coil, overall image uniformity becomes affected. This
is evidenced by the existence of various methods (e.g
SCIC, PURE) provided by MR scanner manufacturers
to alleviate this problem. Our study shows that both
SCIC and PURE significantly improved image unifor-
mity; although SCIC generally outperformed PURE
when metallic metals were present in the phantom.
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One word of caution concerning these results is that
SCIC uses low-pass filters to correct image uniformity,
therefore, occasionally, truly significant high intensity
areas may also be filtered out as a result. For example,
on T, weighted images, most malignant tumours elicit
strong intensity areas, so the possibility exists that true
lesions could go unnoticed through the filtering process,
thereby resulting in a non-optimal diagnosis. Addi-
tionally, an MRI image uniformity analysis of the liver
showed an improvement in the image uniformity by
using SCIC and PURE. However, they depended on a
visual, subjective evaluation in the assessment of unifor-
mity.? Yet, another phantom study,* showed that SCIC
attained high in-plan uniformity values; while, on the
other hand, PURE portrayed better cross slice unifor-
mity. However, this study employed the ACR guidelines
across different slices, and without standardized metal
cube utilization.

Metallic materials

In daily practice, a patient’s body (e.g especially in the
OMR) may contain metals and/or alloys. Therefore,
it is necessary to assess the effects of commonly used
metallic materials on image uniformity. In this study,
gold (Au) and silver (Ag) were examined as noble metals
(and Au-Ag-Pd alloy as a noble metal alloy). Titanium
(and occasionally aluminium) base metals were also
examined as they are often used in medical and dental
procedures (e.g. pins, screws and implants).? Lastly,
cobalt (Co) chromium (Cr) alloy was also examined as it
is often used in medical and dental prosthetics (such as
artificial joints and dental implants).?* When any metallic
material is set in a strong magnetic field, the material
will be magnetized. The exact degree of the magnetiza-
tion is called the magnetic susceptibility (Table 1 for an
overview). As previous research indicated, large metallic
artefacts appear on MRI images resulting from the
presence of metallic materials the question is whether
they would also impair overall image uniformity.”’
However, when we combined the data when no metal
was present (i.e. 17-point method) with the data when
metallic metals were present (11-point method) pair-
wise comparisons using the Wilcoxon ranked sum test
showed that this was the case only for Co—Cr (p < 0.001)
but not for any of the other materials (all p’s > 0.43) even
when the TMJ coil was not included in the analysis. This
indicates that local non-uniformity originating from the
metals position in the phantom (i.e. at the excluded 6
points), except for Co-Cr, did not significantly affect
the overall uniformity in our phantom study. What is
obvious, although, is that the GRE sequence should be
avoided when Co—Cr is present.

Study limitations

This study used a 20 cm? cubic phantom made of glass
(Si0,) filled with 5% copper sulphate (CuSO,) solution
following ASTM recommendations (i.e. T,/T, relax-
ation times for CuSO, are well known, and glass does
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not produce any artefacts or distortions).* The phantom
size approximated a human head and the size (ie
20 cm?®) and position of the metallic material (which
was 1 cm?® in size) was comparable to a commonly
encountered clinical situation (e.g a tooth crown in
the molar area). However, a phantom based approach
does not correct for any patient-induced inhomogeneity,
which is a clear limitation of this study. However, as it
is important to first establish an unbiased measure of
image uniformity this would be difficult to achieve other-
wise. Nevertheless, patient specific situations may evoke
different patterns compared to this study, e.g more fill-
ings (of varying types) are usually present in patients,
and although the current results therefore are informa-
tive, they only serve as a guideline. Future research will
be needed, involving a larger mixture of different kinds
of metals, to more accurately reflect clinical situations.

Implications for the dentistry field

Our results showed that image uniformity was always
degraded (although the extent varied) for areas which
were near the coils. Therefore, paying attention to
non-uniformity is especially important when performing
diagnoses at lateral sites (such as the parotid gland and
the TMJ). For example, when inflammatory diseases
are investigated (e.g mumps, sialoadenitis, Sjogren
sydrome) around the parotid gland, the application
of SCIC or PURE is recommended to improve image
uniformity (although for other conditions, such as: pleo-
morphic adenomas or Warthin's tumour; it is usually
more important to focus on the existence and configura-
tion of the condition without a specific need for image
correction). Similarly, for quantitative diagnoses at the
TMJ (i.e. dislocation and deformity of the articular disk)
image correction is not a major factor, however, when
diagnosing joint effusion or change in bone structure at
the TMJ condylar head, SCIC or PURE in combination
with adequate sequence selection is recommended as this
may correct for any non-uniformity (i.e. as SI is used as
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an indicator to make an accurate diagnosis). Similarly,
our study shows that non-uniformity was particularly
high for areas which were close to metallic materials for
which the magnetic susceptibility is high (e.g Co—Cr).
Although we can reasonably neglect this non-unifor-
mity when configuration diagnosis is performed in the
OMR (i.e. tumour existence, tumour extension), when
diagnosing inflammatory conditions (e.g osteomyelitis
or mucositis), however, the appropriate sequence and
coil selection may matter a great deal as SI plays an
important part as a diagnostic indicator.

Conclusion

This study assessed MR image uniformity by inves-
tigating several aspects expected to influence image
uniformity during MR scanning (i.e. coil type, image
correction method, scanning plane and sequence, and
metallic material). We found that the TMJ coil typically
elicited the least uniform image compared to brain and
HN coils. When metallic materials were present, the
HN coil slightly outperformed the brain coil. Addition-
ally, when metallic materials were set, the SE sequence
slightly outdid GRE especially for Co—Cr (and perhaps
also Ti) most noticeably in the axial plane. Next, both
SCIC and PURE improved image uniformity compared
to uncorrected images, and SCIC slightly outperformed
PURE when metallic metals were present. Lastly, Co—
Cr elicited the least uniform image while all the other
metallic materials generally showed similar patterns
across the board (which did not deviate significantly
from images without metallic metals present).

We conclude that a quantitative understanding of
the various factors influencing image uniformity repre-
sent an important addition in optimizing image quality
and clinical interpretation. This may potentially lead
to the avoidance of image misinterpretation (due to for
instance coil flaring), and consequently may advance
overall medical and dental care.
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