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Zusammenfassung

v

Ziel: Das Ziel dieser klinischen Machbarkeits-
studie war die Untersuchung der Darstellbarkeit
periapikaler Osteolysen mittels der Magnetreso-
nanztomografie (MRT) im direkten Vergleich mit
der digitalen Volumentomografie (DVT).

Material und Methoden: In die Studie wurden 19
Patienten (Durchschnittsalter 43 + 13 Jahre) mit 34
periapikalen Osteolysen eingeschlossen. Die Lasio-
nen wurden radiologisch befundet als periapikale
Osteolysen (DVT) oder als knécherne Destruktion
in der Spongiosa (MRT), die eine Lagebeziehung
zum Apex des Wurzelkanals hatten und mindes-
tens eine Ausdehnung der zweifachen GroRe des
parodontalen Ligaments zeigten. Zur Auswertung
kamen die Lage der Ladsion und deren rdumliche
Ausdehnung im direkten Vergleich der Darstellung
mittels MRT und DVT.

Ergebnisse: Bei der Beschreibung der apikalen La-
sionen war die Darsellung mittels DVT technikbe-
dingt beschrankt auf die Zdhne und rein knécherne
Befunde. Mittels der MRT konnte zusdtzlich eine
Darstellung des Weichteilgewebes erreicht wer-
den. Die Darstellung im MRT erlaubte eine zufrie-
denstellende radiologische Diagnostik. Zusazlich
konnten Unterschiede im Aufbau der Mukosa und
auch von soliden Einschliissen differenziert wer-
den. Alle mittels DVT identifzierten periapikalen
Lasionen, wurden auch mittels MRT diagnostiziert.
Die Daten vom MRT und DVT zeigten eine gute
Korrelationen, wobei die Ausdehnung der Lisionen
in der MRT Darstellung leicht, aber statistisch sig-
nifikant vergroBert resultierte. Bei mehreren Pa-
tienten wurden in der T2w Darstellung heterogene
Ldsionen gefunden und bei vier Patienten zeigte
sich ein scharf begrenztes hyperintenses Signal in
der Néhe des apikalen Foramens.
Schlussfolgerung: Die Beurteilung des Weichge-
webes und eventueller Einschliisse mittels MRI
kénnen helfen die radiologische Diagnose einer
apikalen Aufhellung weiter zu differenzieren. Die

Abstract
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Purpose: The purpose of this clinical feasibility
study was to evaluate the applicability of magnet-
ic resonance imaging (MRI) for the assessment of
apical periodontitis in direct comparison with
cone beam CT (CBCT).

Materials and Methods: 19 consecutive patients
(average age 43 +13 years) with 34 lesions in total
(13 molars, 14 premolars and 7 front teeth) were
enrolled in this feasibility study. Periapical lesions
were defined as periapical radiolucencies (CBCT)
or structural changes in the spongy bone signal
(MRI), which were connected with the apical
part of a root and with at least twice the width of
the periodontal ligament space. The location and
dimension of the lesions were compared between
MRI and CBCT.

Results: While mainly mineralized tissue compo-
nents such as teeth and bone were visible with
CBCT, complimentary information of the soft tis-
sue components was assessable with MRI. The
MRI images provided sufficient diagnostic detail
for the assessment of the main structures of inter-
est. Heterogeneous contrast was observed within
the lesion, with often a clear enhancement close
to the apical foramen and the periodontal gap.
No difference for lesion visibility was observed
between MRI and CBCT. The lesion dimensions
corresponded well, but were slightly but signifi-
cantly overestimated with MRI. A heterogeneous
lesion appearance was observed in several pa-
tients. Four patients presented with a well cir-
cumscribed hyperintense signal in the vicinity of
the apical foramen.

Conclusion: The MRI capability of soft tissue char-
acterization may facilitate detailed analysis of
periapical lesions. This clinical study confirms
the applicability of multi-contrast MRI for the
identification of periapical lesions.
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Studie indiziert den sinnvollen Einsatz der multi-kontrast MRT

fiir die Identifizierung apikaler Osteolysen.

Kernaussagen:

» Die MRT erlaubt die Erkennung periapikaler Ldsionen ohne
Strahlenexposition.

» Der Mehrwert der MRT erscheint in der Moglichkeit prdopera-
tive apikale Osteolysen zu charakterisieren.

» Die MRT hat das Potential die Lasionsdimensionen genauer zu
identifizieren.

Key Points:

» MRI can be applied for the identification of periapical lesions
without ionizing radiation exposure

» MRI might facilitate more detailed characterization of periapi-
cal lesions

» MRI might provide more accurate lesion dimensions as X-ray-
based methods

Citation Format:

» Geibel MA.,, Schreiber ES, Bracher AK et al. Assessment of Apical
Periodontitis by MRI: A Feasibility Study. Fortschr Rontgenstr
2015; 187: 269-275

Introduction

v

Apical periodontitis (AP) is mainly caused by bacterial inflamma-
tion. Through an inflamed root canal (pulpitis) or a deep gingival
sulcus, bacteria can penetrate to the apical foramen and cause lo-
cal infections. Apical periodontitis can be classified as an acute
type with pain symptomatology and a chronic type without
pain. Several studies have evaluated the type and incidence of
periapical lesions in vivo [1, 2] and in vitro [3, 4] with different
diagnostic methods. Nair et al. investigated 256 extracted teeth
for identification of the incidence of abscess, granuloma, and ra-
dicular cyst. Their results showed an incidence of granuloma
(50%) and periapical abscess (35%) and a surprisingly low inci-
dence of cysts (15 %), which could be further categorized into a
true apical cyst (acute) and an apical pocket cyst (chronic) build-
ing up after healing. In a comparative study between radiograph-
ic assessment and histological findings [4], the same group ana-
lyzed 114 specimens and revealed an insufficient concurrence of
diagnosis between the two modalities, clearly indicating the
need for improved in vivo diagnostic tools. Simon et al. [2] inves-
tigated the use of CBCT for the classification of periapical lesions.
In direct comparison, the CBCT-derived diagnosis compared well
with the biopsy-based diagnosis in the majority of the cases
(75%). However, in about 25 % of the cases, CBCT failed to differ-
entiate between cyst and granuloma, indicating the need for ad-
vanced in vivo imaging techniques.

In the current clinical routine, X-ray-based imaging is still the
gold standard for the diagnosing and progression monitoring of
periapical lesions. Chronic apical periodontitis can be identified
in the X-ray image by the related root resorption, hypercemento-
sis and osteitis. Acute lesions, however, are difficult to assess by
X-ray before substantial bone degeneration occurs.

Some studies have shown that a periapical lesion from endodon-
tic infection might be present without being radiographically
visible. In order to be radiographically visible, a periapical radi-
olucency should reach nearly 30-50% of bone mineral loss [5,
6]. Furthermore, the size of periapical lesions is often underesti-
mated in periapical radiographs [7 - 9].

The radiographic image conforms to a 2-dimensional projection of
a 3-dimensional structure. The interpretation is known to be limi-
ted by complex background patterns such as overlapping roots and
anatomic structures like maxillary sinus.

As a first step towards improved in vivo imaging, the increasing
availability of cone beam computed tomography (CBCT) imaging
systems enables volumetric imaging [10, 11]. A few recent stud-
ies clearly indicate the potential improvement of the diagnosis of
periapical lesions by the introduction of CBCT. In a comparison to
conventional radiographs, Tsai et al. [12] and Liang et al. [13]
proved a higher sensitivity of CBCT especially for smaller lesions
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and an overall increase in diagnostic fidelity. Estrela et al. [14] re-
ported that only progressed periapical lesions were identified
correctly by conventional radiography. In contrast, Balasundaram
etal. [15] reported an only insignificant impact of CBCT diagnosis
for the treatment of a respective lesion.

Due to the underlying physical principle, all X-ray (XR)-based ima-
ging techniques have limited capabilities in soft tissue characteri-
zation and are supposed to be limited in the differentiation be-
tween chronic and acute periapical lesions that may have an
impact on the treatment strategy. Furthermore, the related ioniz-
ing radiation with its well-known risks [16] limits the application
of CBCT for longitudinal monitoring especially in young patients.
Magnetic resonance imaging (MRI) has shown excellent results
for soft-tissue visualization without any harmful radiation. Al-
ready in 1981, the versatile three-dimensional assessment of
morphology and function raised the interest of MRI as a generic
imaging tool in dental applications [17, 18].

However, up to now, only a few reports have been published on
the application of MRI in dentistry mainly due to the limited ac-
cess of dentists to MRI and limitations of MRI arising from metal
artifacts caused by dental fillings. Without being used widely, re-
ported applications of MRI in dentistry include the assessment of
extracranial tumors [18 - 21], the assessment of the morphology
and function of the temporomandibular joint [22 - 27], the plan-
ning of dental implantation procedures [28 - 32], planning and
evaluating orthodontics and orthognathic surgery [33], the as-
sessment of impacted teeth [34] and the mandibular and the tri-
geminal nerve channel [35-41], caries diagnosis [42-45], as-
sessment of dental pulp [46, 47], or for imaging of the mandible
and mandibular for other purposes [48 - 50]. With the introduc-
tion of faster imaging techniques that are less sensitive to dental
filling material and the advent of new compounds, the applica-
tion of MRI for periapical lesion diagnosis and characterization
appears increasingly attractive and should be reconsidered.

It is the aim of this study to clinically evaluate the applicability of
MRI for the assessment of apical periodontitis in direct compari-
son with CBCT.

Materials and Methods

v

19 consecutive patients (average age 43 +13 years) with 34 le-
sions in total (13 molars, 14 premolars and 7 front teeth) were
enrolled in this feasibility study. XR findings included minor to
severe periapical lesions. All patients had multiple dental fill-
ings (including amalgam, gold, ceramic and composite fillings),
crowns and bridges. As ferromagnetic materials containing al-
loys cause severe image artifacts in MRI, patients with retainers
or brackets were excluded from this study. All patients under-
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went a CBCT scan and an MRI investigation within 16+ 15 days.
Two patients had to be excluded during the MRI scan due to se-
vere claustrophobia.

The local ethics committee of the university approved the study
protocol, and written informed consent was obtained from all
patients before dental MRL

Imaging protocol

The CBCT data were obtained on a wide volume imaging system
(Galileos, Sirona Dental Systems, Germany) with an in-plane reso-
lution of 0.287 mm, a field of view of 150x150x150 mm? and an ef-
fective average dose of 16 - 90 uSv. All MRI data were acquired on a
3-Tesla whole-body system (Achieva 3 T, Philips Medical, Best, The
Netherlands) with a 16-element neurovascular receive coil.

All patients underwent a standardized MRI protocol. After a first
initial survey in axial, sagittal and coronal orientation, high-reso-
lution (HR) scans were acquired in parasagittal or paracoronal
orientation aligned with the central line of the teeth. The high-re-
solution diagnostic scans comprised a high-resolution multi-slice
TSE acquisition (HR-TSE) with T1- (T1w) and T2-weighted (T2w)
contrast. The scan time was 9:06 min (T1w) and 5:43 min (T2w).
Relevant acquisition parameters are listed in Tablel. Please note
that the rather long repetition time of TR =625 ms will not result
in pure T1-weighted images, but the final image contrast will also
be slightly impacted by the proton density. However, with aver-
age T1 values well above 1000 ms at a field strength of 3T, T1 re-
laxation will still govern the resulting image contrast.

Data analysis

For analysis, all data were transferred to a medical workstation
(ViewForum, Philips Healthcare, Best, The Netherlands). Periapi-
cal lesions were defined as periapical radiolucencies (CBCT) or
structural changes in the spongy bone signal (MRI), which were
connected with the apical part of a root and with at least twice
the width of the periodontal ligament space.

Location and dimension of the lesions were compared between
T1w, T2w images and CBCT. The isotropic CBCT data were refor-
matted in parasagittal direction similar to the MRI acquisition

Head/Neck

geometry. Lesion dimensions were independently quantified in
either modality by their height h, width w and area A in the slice
showing maximal extension of the lesion. All data were analyzed
in consensus by an experienced dental radiologist (MAG, more
than 20 years of dental radiology experience), a dental medical
doctorate student (ESS, 1 year after approbation), an oral and
maxillofacial surgeon (LKS, more than 10 years of experience),
and an experienced MR scientist (VR, more than 20 years of MRI
research experience). In this feasibility study, the data were not
blinded for evaluation.

The correlation of the dimension measurement between the dif-
ferent approaches was assessed applying a Spearman’s rho test
and the significance of differences between measurements was as-
sessed using the two-tailed paired student’s t-test. Normal distri-
bution of the data was tested by applying a Kolmogorov-Smirnov
test. P-values below 0.05 were considered significant. All statistical
analyses were performed with SPSS 21.0 (IBM Corp, Armonk, NY).
In the case of invasive treatment, the excised material was histo-
logically investigated for inflammation markers.

Results

v

The imaging protocol was successfully performed in all investigated
patients. The average MRI examination time for both sides includ-
ing patient preparation and scan planning was 50 minutes. Al-
though the patients presented with dental fillings, bridges and
crowns, all lesions could be visualized with sufficient image quality.
Even though a single acquisition took up to 9 minutes, no motion
artifacts introduced by swallowing were observed. A typical exam-
ple for the resulting image appearance with MRI in direct compari-
son with CBCT is presented in © Fig. 1. Where CBCT mainly shows
mineralized tissue components such as teeth and bone, MRI pro-
vides complimentary information of the soft tissue components.
The T1w images (© Fig. 1b) provide sufficient diagnostic detail
for the assessment of the main structures of interest. The large le-
sion visible on CBCT images (© Fig. 1a) can be clearly seen on the
MR image. According to the imaging physics, the contrast be-
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Fig.1 Cystic lesion (arrow) — CBCT a and T1- b and T2- weighted MRI images c.

Abb.1 Zystische Lasion (Pfeile) - DVT a und T1-b und T2 gewichteten MRT Daten c.

Geibel MA et al. Assessment of Apical... Fortschr Rontgenstr 2015; 187: 269-275
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Fig.2 Radicular cyst (arrow) - radiograph a, TTw MRI b, and T2w MRI ¢ showing a clear enhancement at the location of the apical foramen (dashed arrow) in

the T2w MRI images.

Abb.2 Radikuldre Zyste (Pfeil) - Zahnfilm a, TTw MRT (B) und T2w MRT c einer apikalen Osteolyse (Pfeil) mit deutlicher Aufhellung in der Region des apikalen

Foramens (gestrichelter Pfeil) in den T2w MRT Daten.

Fig.3 Simple fluid-filled cavity (arrow): — OPG a, orthogonal reformatted CBCT b, orthogonally acquired MRI located in the center of the lesion with T1- cand
T2-weighted d image contrast. Please note the close vicinity of the lesion to the root canal (open arrow), which can only be observed in the MR image.

Abb.3 Fliissigkeitsgefiillter Raum (Pfeil) - OPG a, orthogonal zum Kieferkamm orientierte Schicht zentral durch die Lasion im DVT b und orthogonal zum
Kiefer gemessene Schicht im MRT mit T1- ¢ und T2- Wichtung d. Nur in der MRT Darstellung kann die enge Langebeziehung zum Wurzelkanal (offener Pfeil)

eindeutig dargestellt werden.

tween the lesion and the surrounding mineralized material is in-
verted. Highly mineralized structures, appearing bright on CBCT
images, result as signal voids in the respective MRI representa-
tion. However, due to the surrounding soft tissue (gingiva, mus-
cle, salivary glands), and the bone marrow (high fat content), the
cortical bone and the teeth can be clearly identified. In direct
comparison, the lesion appears more homogeneous on the CBCT
image. No apparent artifacts from the dental fillings occur in MRI,
while some streaks caused by beam hardening can be observed
on the CBCT images. Root filling materials, however, are not visi-
ble on the MRI images and the apical foramen cannot be directly
assessed. The heterogeneous contrast within the lesion is even
more obvious in the T2w image (¢ Fig. 1c), with clear enhance-
ment close to the apical foramen and the periodontal gap.

All lesions identified with CBCT were clearly visible on T1w as well
as in T2w MR images. The lesion dimensions in T1w and T2w MRI
corresponded well (R2=0.98, p<0.01) to each other and did not
show any significant differences (py;_r,: w>0.82, h>0.87, A>0.84).
Compared with CBCT, the lesion dimensions were slightly but sig-
nificantly overestimated for T1w as well as T2w image contrast
(pr1-pvr: W <0.01, h <0.01, A <0.01; pppyr: W <0.01, h <0.01, A
<0.01). The correlation between MRI and CBCT data showed rea-
sonably good results with values ranging between R2=0.73 and

Geibel MA et al. Assessment of Apical... Fortschr Rdntgenstr 2015; 187: 269-275

0.89, all highly significant with p-values below 0.01. A heteroge-
neous lesion appearance on the T2w MR images was observed in
several patients and four patients presented with a well circum-
scribed hyperintense signal in the vicinity of the apical foramen
(o Fig.2). Only one of five clinically identified chronic lesions
(four cysts and one granuloma, all showing inflammation markers
in histology) showed a clear heterogeneous signal on T2w images.
The dimension of the remaining lesions was too small to allow as-
sessment of heterogeneous contrast.

In several cases, MRI could provide additional information not di-
rectly available from XR-based imaging. Exemplarily, Figs. 3 and
4 show two patients presenting with similar clinical symptoms
and lesion appearance on the CBCT and OPG images. From the re-
spective MR images, both cases could be clearly differentiated
into a simple fluid-filled cavity (© Fig.3) and an encapsulated
cyst (© Fig. 4), which was confirmed by histology. Multi-contrast
MRI especially helped with the identification of fluids (T1 hy-
pointense, T2 hyperintense) and fibrotic tissue (T1w and T2w
isointense). While the signal from fluids was hypointense on the
T1w image when compared to fibrotic tissue, the contrast is in-
verted on the respective T2w image, thus enabling identification
of the cyst core and wall.

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
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In oral and maxillofacial surgery, panoramic radiography is still
considered to be the gold standard for examination of the
dentomaxillofacial region. Although findings of apical osteolysis
or cysts, especially in advanced cases, can sometimes be detected
on radiographic images, superimposition of bony structures,
dental roots, and filling materials, misinterpretation of artifacts,
and the relatively low resolution capacity may cause pathological
changes to go undetected [51] and demand the use of additional
views. Furthermore, many radicular cysts remain asymptomatic
and are incidentally discovered on a panoramic radiography im-
age as possibly unsuspected disease. Using the conventional X-
ray techniques, it is not possible to distinguish a radicular cyst
from a chronic apical granuloma, which may have an impact on
the treatment regimen. Thus, the image quality of the panoramic
radiography is clearly limited in its expressiveness and its use can
only be justified by the low effective radiation dose [52].

To address these ambiguities, the investigators have moved along
to three-dimensional imaging with CBCT [13, 14]. Even on a CBCT
scan, summation effects particularly occurring in the anterior re-
gion of the spinal column and the area of the palatal vault, have
been shown to result in overlapping of root tips in the posterior
region of the maxilla, thus the abovementioned issues partly
come into play once more.

Even though magnetic resonance imaging (MRI) does not play a
major role in current dental imaging, its potential for soft tissue
characterization may raise interest especially in the imaging of
periapical lesions. Concerns may arise from artifacts induced by
dental fillings and also from limited assessment of the cortical
bone.

This clinical study proves the applicability of conventional MRI
sequences for the identification of periapical lesions. Comparing
MRI to the standard CBCT scan used in daily clinical practice re-
vealed a similar sensitivity in the diagnosis of periapical lesions.
In the 19 patients randomly included in the study, no periapical

Head/Neck

Fig.4 Encapsulated cyst (arrow) - OPG a, CBCT b,
MRI with T1- ¢ and T2-weighted d image contrast.

In the MRI image, the lesions appears as fibrotically
(open arrow, isointense in T1w and T2w) encapsu-

lated fluid-filled (hypointense in T1w, hyperintense
in T2w) space.

Abb.4 Umschlossene Zyste (Pfeil) - OPG a, DVT b
MRT T1-c und T2- gewichtetes MRT d der Ldsion. In
der MRT stellt sich die Zyste dar als fibrotisch (offe-
ner Pfeil, isointens in T1 und T2) umschlossener
flissigkeitsgeftillter Raum (hypointens im T1, hy-
perintens im T2) dar.

lesion was missed due to metal artifacts on MRI, which was an is-
sue for the authors in the beginning of the study.

However, significant differences in the lesion dimensions were
observed between CBCT and MRI. One explanation might be the
poorer spatial resolution of MRI compared to CBCT. However, we
believe it is more likely that the overestimation on MR images re-
sulted simply from the different physical principles behind these
two modalities, since no differences were observed between the
two investigated MRI sequences.

It has been shown [5, 6] that at least 30 % mineral loss is required
to detect a bony lesion on XR-based imaging methods. Instead,
MRI can show the signal changes before substantial mineral loss
occurs, due to its sensitivity to the changes in the number of wa-
ter molecules in a given lesion [43, 44].

From the clinical routine it is well known that the lesion extent is
often underestimated by XR-based methods, indicating only a
limited performance in definition of the accurate lesion border.
MRI may be able to assess the real extension of a lesion more ac-
curately and thus provides a better estimation of the relationship
of the lesion to the nearby critical structures such as the nerves
and the vessels.

Advantages of MRI may further help in the field of lesion charac-
terization. Due to its superior soft tissue contrast compared to
CBCT, the application of MRI may yield improved diagnostic infor-
mation and pre-interventionally characterize the underlying pa-
thology, which in turn affects the treatment regimen. This study
focused on the comparison between CBCT and MRI regarding sen-
sitivity and lesion dimensions. However even though destruction
of the tumor structure during resection has so far precluded direct
comparison between MRI appearance and histological tissue
characterization, the presented data revealed strong evidence for
the applicability of MRI for the delineation of different lesion types.
Fujita et al. recently described the diagnostic value of MRI for the
differentiation of certain odontogenic tumors [21]. Although the
results were promising, one limitation of MRI has been shown to
be its relatively low diagnostic ability for the assessment of the

Geibel MA et al. Assessment of Apical... Fortschr Rontgenstr 2015; 187: 269-275
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course of filled root canals. Where vital nerves in the root showed a
bright MRI signal and could easily be assessed by MRI, the general
nerve dehydration with aging and especially root canal fillings hin-
dered identification of the root canal and the apical foramen.
Whether this demands additional XR-based images remains to be
shown in further clinical studies.

Although this study shows the feasibility of applying MRI for the
imaging of periapical lesions, several obstacles have to be over-
come before its wide clinical application. A major limiting factor
is the intrinsically poor signal-to-noise ratio (SNR) of MRI. All
data presented in this study were acquired on a high-field (3T)
whole-body clinical MR system. The likely drop in SNR may be
addressed e.g. by usage of intraoral-coils [34], surface coils [37],
or even dedicated dental phased-array coils [53]. The high ima-
ging costs and long acquisition times still likely restrict the appli-
cation of MRI to clinical research. To overcome these obstacles,
dedicated dental systems enabling lower imaging costs, easier in-
stallation and maintenance, and more rapid data acquisition may
be employed. While complete coverage of the entire jaw with
high-definition T1 and T2 contrast was obtained in this study,
the overall acquisition time could be significantly reduced by re-
stricting the region of interest to the suspicious area. Rapid over-
view scans could be realized e.g. by applying fast T1-weighted
3D FLASH sequences enabling complete coverage of the jaw at
isotropic spatial resolution in the minute range at slightly coarser
spatial resolution, showing sufficient anatomic detail for the
identification of culprit areas and enabling anatomically ideal re-
formats. By combining rapid overview imaging with subsequent
high-definition local imaging of the culprit areas, substantial re-
duction of the overall scan time to the 15-minute range appears
feasible.

Whether the required SNR values will be met by these systems
and the quality of the images need to be further investigated.
Even though no severe limitations due to dental filling materials
were observed in the present study, metal artifacts and image de-
gradation cannot be completely excluded. Conductive materials
will experience eddy currents, and the related magnetic field dis-
tortions likely cause signal cancelation in the proximity of the
material, which may limit the application of the MRI e.g. in the
presence of titanium implants. Ferromagnetic materials such as
nickel and cobalt, which are frequently used in older alloys, den-
tal prostheses, retainers and brackets, may also cause severe im-
age degradation. However, compared to CBCT, MRI does not
show long ranging banding and streaking artifacts, but only local
image degradation, which is often restricted to the close proximi-
ty of the artifact source and does not impact neighboring teeth.
The rather long acquisition times with MRI are prone to result in
artifacts introduced by swallowing by the patient. Even though
artifacts were not observed in this study, additional use of navi-
gated MR sequences as used for high-resolution carotid imaging
[54] may be required during larger clinical studies.

In summary, the identification of periapical lesions by means of
MRI appears feasible. In comparison to the clinical standard, MRI
may enable pre-interventional tissue characterization or at least
an improved understanding of the lesion extent and pathology.
Whether its limited spatial resolution, the prolonged acquisition
time and the likely higher costs of imaging will prevent wide
clinical application of the suggested technique is still unclear.
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