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A B S T R A C T

Background: Subcutaneous fat may have variable signal intensity on T2w images depending on the choice of
imaging parameters. However, fatty components within tumors have a different degree of signal dependence on
the acquisition scheme. This study examined the use of T2, T2* relaxometry and spin coupling related signal
changes (Spin Coupling ratio, SCr) on two different imaging protocols as clinically relevant descriptors of benign
and malignant lipomatous tumors.
Materials and methods: 20 patients with benign lipomas or liposarcomas of variable histologic grade were ex-
amined at an 1.5 T scanner with Multi Echo Spin Echo (MESE) different echo spacing (ESP) in order to produce
bright fat T2w images (ESP: 13.4ms, 25 equidistant echoes) and dark fat images (ESP: 26.8ms with 10 equi-
distant echoes). T2* relaxometry acquisition comprises 4 sets of in-opposed echoes (2.4–19.2ms, ESP: 2.4ms)
Multi Echo Gradient Echo (MEGRE) sequence. All parametric maps were calculated on a pixel basis.
Results: Significant differences of SCr were found for five different types of lipomatous tumors (Pairwise t-test
with Bonferroni correction): lipomas, well differentiated liposarcomas, myxoid liposarcomas, pleomorphic li-
posarcomas and poorly differentiated liposarcomas. SCr surpassed the classification performance of T2 and T2*

relaxometry.
Data conclusion: A novel biomarker based on spin coupling related signal loss, SCr, is indicative of lipomatous
tumor histological grading. We concluded that T2, T2* and SCr can be used for the classification of fat containing
tumors, which may be important for biopsy guidance in heterogeneous masses and treatment planning.

1. Introduction

Fat containing tumors can be benign (lipomas) or malignant (lipo-
sarcomas). Liposarcomas which account for approximately 20% of all
sarcomas comprise different degrees of malignancy, including low (well
differentiated), intermediate (myxoid) and high (pleomorphic, ded-
ifferentiated) [1]. Histologic type and grade is important to predict the
clinical behavior of liposarcomas, i.e. rate of growth, possibility to
metastasize, risk of recurrence and survival rate.

Preoperative diagnosis of soft tissue tumor type and grade is es-
sential for treatment planning. In the case of a malignant soft tissue
tumor (sarcoma) wide excision of the tumor together with a rim of
adjacent structures is the surgical treatment of choice to reduce the risk

of involved margins and local recurrence, while in the case of a benign
tumor marginal resection is adequate. Marginal resection is preferred
where appropriate since it decreases the risk of short-term, functional
and cosmetic morbidity, which are frequently observed after wide
tumor excision. Moreover, depending on the exact tumor type and
grade preoperative radiotherapy or chemotherapy may be indicated.

While MRI is the imaging method of choice for soft tissue tumors,
unfortunately as yet reliable preoperative diagnosis is only accom-
plished by core needle or open biopsy. Since soft tissue tumors may be
heterogeneous and the area with the highest malignancy grade de-
termines its biological behavior, it is essential to harvest tissue samples
from this site of the tumor. MRI may determine this specific area and
consequently be helpful in directing the biopsy, either performed
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imaging-guided or by palpation. However, non-invasive achievement of
the correct assessment of soft tissue tumor type and grade would avoid
the potential complications of a biopsy, such as spillage of tumor cells,
wound breakdown with tumor growth through the wound, pain,
bleeding, wound infection and patient’s discomfort. Moreover, since the
vast majority of patients with a soft tissue tumor undergoes never-
theless MRI, additional costs of preoperative biopsy and histological
examination may be saved. Hence, it would be a great accomplishment
when type and grade of soft tissue tumors, including lipomatous tu-
mors, and their heterogeneous areas can be determined in a non-in-
vasive manner by MRI techniques.

Benign and malignant tumors of lipomatous origin can share a
number of overlapping imaging characteristics on conventional MRI.
Radiological diagnosis is based on lesion size, depth, presence of en-
hancing septa, etc. [2,3]. However tissue histopathological sample ex-
amination is needed to assess parameters as cell type, cellular atypia,
number of mitoses and presence of necrosis for definitive tumor char-
acterization.

However, apart from conventional MRI, quantitative biomarkers
derived from an extended protocol can non-invasively offer an insight
into tissue that can support radiological diagnosis. In this study we
examined 2 widely used biomarkers and we introduce a novel bio-
marker related to spin coupling (Spin Coupling ratio, SCr).

T2 relaxometry has been a robust and long standing method for
tissue or material characterization based on MRI, as T2 relaxation
constant can be considered as a definite signature of the inner structure
of the imaging object, used not only in medicine but in other fields such
as food science, geological studies, radiation dosimetry etc. [4–6]. As
opposed to water that resonates at a single frequency, lipid protons give
rise to at least 8 distinct resonance peaks [7]. Each lipid spectral peak
exhibits a different relaxation rate and consequently different T2 con-
stant [8]. Estimation of T2 depends on the relevant abundance of each
peak in the selected region and thus is indicative of the microscopic
inner structure of the sample.

Secondly, T2* can enhance the information obtained from standard

T2 relaxometry, by presenting a quantitative metric of local field in-
homogeneity which is indicative of the presence of paramagnetic mo-
lecules, i.e. blood products, iron rich structures, etc. [9]. The utility of
measuring T2* in combination with T2 lies on its ability to correlate
well with a number of semantic physiological parameters such as local
tissue oxygenation and iron concentration.

Lastly, the concept behind measuring spin coupling signal loss is
based mainly on the object of this study, which is fat containing tissue.
From the early days of MRI the bright appearance of fat on images with
short echo spacing was reported as opposed to other structures of si-
milar T2 relaxation constant and darker appearance [10]. Since this
phenomenon is selectively observed on fat, the purpose of this study is
to quantitatively evaluate signal changes for lipomatous tumors of
different degree of malignancy in order to examine the clinical re-
levance of a novel biomarker.

Unlike water that resonates at a single frequency, fat has a complex
spectrum because of its composition in different triglycerides. At clin-
ical field strengths six distinct spectral peaks are visible at different
resonant frequencies (5.3, 4.2, 2.7, 2.1, 1.3, 0.9 ppm) corresponding to
different spectral components/proton moieties that collectively re-
present the total fat signal. The interactions through chemical bonds in
the spectrum (spin coupling) result in the splitting of spectral peaks in
doublets or triplets that in turn lead to signal changes of the coupled
system. In particular, spin coupling evolution induces a sinusoidal
modulation in addition to the T2 exponential decay of the echo train,
resulting in a faster decay of the MR signal. Thus, when moving to
imaging scale, fat appearance on conventional T2w
Carr–Purcell–Meiboom-Gill (CPMG) images may vary significantly be-
tween different acquisition schemes, mainly depending on the time
distance between consecutive 180 refocusing pulses (different ESP).
Interaction between coupled spins present in fatty acid chain (hydrogen
in methyl and methylene) introduce field inhomogeneities at a very
local level, inducing thus an additional signal modulation to the ex-
ponential T2 decay. However, in the case of closely spaced radio-
frequency pulses-small ESP- spin coupling related signal modulation

Fig. 1. Surgical specimen (dediffer-
entiated liposarcoma of the thigh). The
central slice was divided into 26 or-
thogonal sections. Area of well differ-
entiated liposarcoma (asterisk) is ad-
jacent to area of poor differentiation
(pdls). Necrotic (N), hemorrhagic areas
and fat (f) were identified as well as
infiltrated muscle (im). Corresponding
axial and coronal T2/T1-w (trueFISP)
images are shown on the right.
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(dephasing) is affected, resulting in slower relaxation rate and conse-
quently brighter signal intensity of fat. [11]. An empirical threshold of
20ms [12] referring to the inter pulse interval is reported, above which
the fast rate of RF refocusing pulses decelerates spin coupling evolution
and leads to bright fat appearance. Explicit explanation regarding the
theory of multiple spin systems and the fat bi-phasic appearance can be
found in references [13–15].

A phantom study from our team showed different amount of spin
coupling related signal loss between oil samples of different botanical
origin and thus different spectral identity, indicating that the specific
inner structure of each oil sample relates to magnetic behavior of the fat
and its appearance on T2w MRI [16]. The aim of the present study is to
extend this research to the clinical field and examine the role of spin
coupling and T2 relaxometry in supplementing pathognomonic evi-
dence for the characterization of fat containing soft tissue masses.

2. Materials and Methods

2.1. Imaging protocol

All MRI exams were performed on a 1.5 T MR scanner (Vision/
Sonata hybrid System, Siemens, Erlangen, Germany). Conventional
imaging sequences presented lesion location (dual echo Proton density
and T2w TSE with fat suppression) in axial and coronal plane for lo-
calization of the lesion margins (TR/TE1/TE2/TI: 3360/14/83 msec,

5mm slice thickness/0.5mm gap, 19 slices) and functional imaging
sequences showed tumor cellularity (8-b values 2D EPI DWI TR/TE:
2900/100 msec, 5mm slice thickness/0mm gap, b values: 0/50/100/
150/200/500/800/1500, 19 axial slices) and vascularity (a dynamic
3D T1w fast low angle shot (FLASH) (TR/TE: 7.09/3.27msec, temporal
resolution 7.09 sec 5mm slice thickness/1.6mm gap, 14 axial slices).
Imaging planes were non-oblique for easier co-localization of imaging
slice and site of histological examination.

The T2 quantitative MRI protocol consists of two 2D multislice
MESE, PD-to-T2-weighted sequence were obtained with no interslice
delay time. For the first sequence: n=25 equidistant spin echoes with
TE1= 13.4ms, ESP=13.4ms and for the second n= 10,
TE1= 26.8ms, ESP= 26.8ms while TR was 2500ms for both se-
quences.. The latter sequence (10 echoes: 26.8, …, 80.4,…, 268ms) was
used for T2 relaxometry as it does not suffer from the bright fat ap-
pearance from spin coupling while the former sequence (25 TEs: 13.4,
26.8,..,80.4,..335) was used for subtraction of images between the two
relaxometry sequences at identical echo times. Fourteen axial slices of
5mm slice thickness and 5mm interslice distance were obtained. A
rectangular field of view (280×210mm) with a rectangular re-
construction matrix (256×192 pixels) was utilized. The final 3D spa-
tial resolution was therefore: 1.1× 1.1× 8mm3. The MESE sequence
was based on a 2D multiecho CPMG spin echo sequence with alter-
nating 180 degrees RF pulses under the phase-alternating-phase-shift
(PHAPS) scheme [17]. A selective refocusing RF pulse scheme was

Fig. 2. SCratio maps for three lipoma-
tous masses of variable degree of ma-
lignancy. Above: Dedifferentiated lipo-
sarcoma of the thigh: a) T2 MESE ESP:
26.8 ms, TE: 80.4ms, b) SCr map [−10,
50] %, c) T2MESE ESP:13.4 ms TE:
80.4 ms. Histopathologic examination
confirmed sites of well differentiation at
the tumor periphery at locations
6o’clock and 3o’ clock respectively at
the periphery (arrows) that should be
avoided for needle biopsy. Cystic com-
ponents (C) were also observed and also
sites of poor differentiation (asterisk).
Fig. 2 middle: Benign Lipoma a) T2
MESE ESP: 26.8ms, TE: 80.4ms, b) SCr
map [−10, 50, c) T2MESE ESP: 13.4 ms
TE: 80.4ms. Fig. 2 below: Myxoid Li-
posarcoma Lipoma a) T2 MESE ESP:
26.8 ms, TE: 80.4ms, b) SCr map [−10,
50], c) T2MESE ESP:13.4ms TE:
80.4 ms. All MR images are displayed at
[0,1000] a.u.
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utilized. Additionally, a multi echo T2* MEGRE with 4 in phase echoes
(4.77, 9.59, 14.41, 19.23) and 4 out of phase echoes (2.38, 7.18, 12,
16.82) was used for the calculation of T2* maps.

2.2. Data post processing

Pixel based parametric T2/T2* maps were produced after mono-
exponential fitting of the multi echo MESE/MEGRE data from in-house
built software platform [18]. Mean T2/T2* was calculated for each
Region of Interest (ROI) which was delineated by an expert radiologist
within the tumor central slice at a homogeneous region, excluding
necrosis and hemorrhage. In the case of dedifferentiated liposarcoma,
ROI delineation was performed after the pathologist suggested areas of
poor differentiation. Image based calculations (subtraction and division
of T2MESE images to calculate relative signal loss at identical TE) were
performed with Mango software (Mango Software, Research Imaging
Institute, UTHSCSA). Statistical analysis was performed using R. Each

examined biomarker was descriptively summarized and presented as
mean ± standard deviation (SD). Pairwise comparisons were assessed
quantitatively using Student’s T-test. Boxplots depicting the different
subject groups were displayed. For all tests, a p-value of less than 0.05
was considered to indicate statistical significance.

2.3. Patient population – histological correlation

Twenty patients with lipomatous tumors underwent MRI from July
2017 to May 2018 prior to the planned surgical excision. One patient
was excluded because of compromised cooperation resulting in severe
motion artifacts. All patients signed an informed consent for the use of
clinical and imaging data for research purposes. Surgeon marked the
specimen with sutures in predefined points in order to enable the actual
three-dimensional orientation of the specimen in relation with the pa-
tient’s body and to warrant the implementation of sections of the tumor
in its true axial plane. The intact surgical specimen was transported
promptly to the pathology department, were it was delivered to and
handled by a trained pathologist who performed the gross examination,
photographed and marked the specimen with permanent ink according
to the surgical markings and margins. Furthermore, after identifying
the upper and lower margins of the tumor, in the superior-inferior di-
rection, parallel sections perpendicular to the axial plane of 1 cm
thickness were taken. The central slice of the tumor, corresponding to
the lesion’s central imaging slice, was selected after measuring the
distances from the upper and lower margins, was divided in orthogonal
slabs (in a grid-manner), and placed into plastic cassettes (Fig. 1).
Tumor tissue sections were processed according to CAP guidelines and
recommendations for specimen handling [19]. In brief after 48 h’
fixation into 10% neutral buffered formalin, sections were embedded
into paraffin, dehydrated through a series of graded ethanol baths, in-
filtrated with wax and then embedded into wax blocks. 4 μm thick

Table 1
T2, T2*, Spin coupling percentage (SC) and Spin Coupling ratio (SCr) for 5 lipomas, 1 hibernoma (not included in further statistics), 4 well differentiated liposarcomas
(wdls), 3 myxoid liposarcomas (mls), 2 pleomorphic liposarcomas and 4 poorly differentiated liposarcomas (pdls). Subscripts l and sf declare lesion and subcutaneous
fat respectively. SCr is the ratio of spin coupling loss of the lesion over the same value of uninvolved healthy fat of the same acquisition. SD= Standard Deviation.

T2l (ms) T2sf (ms) T2*l (ms) T2*sf (ms) SCl (%) SCsf (%) SCr l

lipoma 1 104,9 102,8 31,4 29,8 39,9 40,4 0,99
lipoma 2 100,4 100,9 29,2 28,0 41,3 42,0 0,98
lipoma 3 103,6 96,9 30,8 30,6 37,8 36,9 1,02
lipoma 4 102,3 99,6 28,6 29,5 38,7 36,2 1,07
lipoma 5 103,5 98,0 30,4 30,6 40,1 39,8 1,01
Mean 102,9 99,6 30,1 29,7 39,6 39,1 1,01
SD 1,5 2,1 1,0 1,0 1,2 2,2 0,03

hibernoma 196,7 96,5 103.7 29,2 −0,4 35,2 −0,01
wdls 1 103,4 99,7 44,6 29,8 36,7 39,8 0,92
wdls 2 102,5 98,7 28,8 28,5 37,1 39,7 0,93
wdls 3 101,5 98,2 31,7 29,3 49,0 51,8 0,95
wdls 4 105,5 102,0 57,3 28,4 31,9 40,3 0,79
Mean 103,2 99,7 40,6 29,0 38,7 42,9 0,90
SD 1,7 1,5 11,3 0,6 6,3 5,1 0,1

mls 1 572,0 99,5 287,0 32,0 0,2 40,5 0,00
mls 2 535,1 99,4 370,7 29,6 0,1 36,9 0,00
mls 3 383,8 100,5 282,4 28,8 7,3 41,7 0,18
Mean 497,0 99,8 313,4 30,1 2,5 39,7 0,06
SD 99,7 0,6 49,7 1,7 4,1 2,5 0,1

pls 1 144,6 100,2 78,6 28,5 6,1 34,9 0,17
pls 2 135,4 104,7 90,1 29,0 0,0 34,1 0,00
Mean 140,0 102,5 84,4 28,8 3,1 34,5 0,09
SD 6,5 3,2 8,1 0,4 4,3 0,6 0,1

pdls 1 145,4 100,7 69,3 27,1 −20,1 32,1 −0,62
pdls 2 169,3 94,9 129,5 29,5 −6,2 41,4 −0,15
pdls 3 144,3 100,5 84,4 28,8 −12,6 45 −0,28
pdls 4 131,9 99,7 59,4 30,2 −7,1 41,8 −0,17
Mean 147,7 98,9 85,6 28,9 −11,5 40,1 −0,3
SD 15,6 2,7 31,0 1,3 6,4 5,6 0,2

Table 2
Classification performance for T2, T2*, SC and SCr between lipomatous tumors.
p-value is marked by “*”, “**”, “***”, and “ns” for values between [0.01–0.05),
[0.001–0.01), [0–0.001) and [0.05–1] respectively.

T2 lipoma wdls mls pls SC lipoma wdls mls pls

wdls ns wdls ns
mls *** *** mls *** ***

pls ns ns *** pls *** *** ns
pdls ns ns *** ns pdls *** *** * ns

T2* SCr
wdls ns wdls ns
mls *** *** mls *** ***

pls ns ns *** pls *** *** ns
pdls ns ns *** ns pdls *** *** * *
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sections of each tumor slab were cut, placed into glass slides, stained
with H/E and examined microscopically (Nikon Eclipse E-200) in order
to characterize each area of the central tumor slice in terms of differ-
entiation, cell type, cellular atypia, cellularity, mitotic activity,

vascularity and presence of necrosis.
The histopathologic topographic characterization guided the ima-

ging post-processing stage so as to recognize the histologically desig-
nated “benign”, “necrotic”, malignant areas and also to conclude on
differentiation grade on a very locally restricted area which could be
used for ROI measurements. The corresponding site was located on the
central imaging slice as distance from the center and angle in a virtual
axially located 360 degree cycle.

A case of hibernoma was included in the patient cohort because of
its interest but was not included in the statistical analysis as it cannot
constitute a category by itself. Data from patients diagnosed with
dedifferentiated liposarcoma were assigned as either well or poorly
differentiated tissue according to the result of histological examination
for the selected slice.

The relative signal loss percentage of the fatty tissue between two
T2 acquisitions of different echo spacing, 13.4 ms and 26.8ms respec-
tively was calculated (Spin Coupling, SC) for all image pixels (Eq. (1)).

=SC T T
T

2 2
2

1 2

1 (1)

SC value calculated for the tumor ROI was then divided by SC value
calculated for subcutaneous fat ROI of the same patient from the same
acquisition in order to produce a patient specific metric, Spin Coupling
ratio, (SCr) (Eq. (2)).

=SC SC
SCratio

tumor

fat (2)

3. Results

Resulting pixel based parametric maps of SCr are shown on Fig. 2,
complemented by original bright and dark fat T2w images, ROI based
mean apparent T2, mean apparent mean T2* were calculated for the
lesion as well as for uninvolved fat adjacent to the tumor volume to be
used as reference for protocol robustness (Table 1). Subcutaneous fat
sustains a relatively constant value for mean apparent T2/T2* within
the patient population, unlike fat containing tumors that exhibit an
extensive range of values. Similarly SCr remains relatively constant for
healthy fat among all patients while there is a significant range of
measured values between different types of fat containing neoplasms.

Statistical analysis (pairwise t-test with Bonferroni correction) was
performed to find significant differences in mean apparent T2, mean
apparent T2* and SCr between five distinct categories, i.e lipoma, well
differentiated liposarcoma, myxoid liposarcoma, pleomorphic lipo-
sarcomas and poorly differentiated liposarcoma. Difference was con-
sidered significant for p less than 0.05, and is marked by * for p between
[0.01–0.05), ** for p [0.001–0.01) and lastly marked with *** for p
between [0–0.001) as shown in Table 2. Non-significant differences are
noted as ns. Fig. 3 graphically represents SCr results, as this was proved
(from results shown on Table 2) the metric with the higher dis-
criminative power among all three.

It is of note that only SCratio succeeded in classification between
pleomorphic liposarcoma and poorly differentiated part of dediffer-
entiated liposarcoma, both of which are graded as highly malignant
(histologic specific grade: 3) and have similar imaging characteristics.

No metric could find significant differences between lipoma and
well differentiated liposarcoma in the 5-class problem. However, when
performing a 2-class classification between the two classes of low ma-
lignancy and very similar imaging characteristics, SCr shows significant
differences between lipoma and well differentiated liposarcoma while
all the other metrics fail (Fig. 4 left).

Furthermore a pairwise t-test was performed between an “extended”
class including two entities (lipoma and well differentiated lipo-
sarcoma) tested versus healthy subcutaneous fat visible in the same
acquisition based on T2 relaxation constant. Significant differences are
found between tumors and normal appearing adjacent fatty tissue

Fig. 3. Box plot graphically representing mean value and standard deviation for
each category based on SCr. for all lipomatous tumor types. p-value is marked
by “*”, “**”, “***”, and “ns” for values between [0.01–0.05), [0.001–0.01),
[0–0.001) and [0.05–1] respectively.

Fig. 4. Classification problem simplified to two categories. Left: Significant
difference is found between lipoma and well differentiated liposarcoma based
on SCr. Right: Lipoma or well differentiated liposarcoma have significant dif-
ferences in measured T2 value from uninvolved subcutaneous fat (sf).
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(Fig. 4 right).

4. Discussion

Fat quantification and fat content determination has been a long
standing target of quantitative MRI. To our knowledge, the first use of
spin coupling as contrast for clinical imaging was published in 1993
[20].

Currently, the most widely used NMR based method for the study of
tissue structure is in vivo MR spectroscopy. It offers direct recognition
of each spectral peak and its relative amplitude for a given sample, but
it is has many inherent constraints that prevent extensive use in a
routine basis. It requires special software and post processing, human
expertise, adequate sample homogeneity and main field homogeneity.
Ex-vivo 13C MRS has been used by S. Singer et al to differentiate be-
tween fat-containing tumors based on tissue biochemistry [21]. The
major findings of this study were significant differences in the fatty acyl
chain content (ratio between lipomas: wdls: pls or dediff. liposarcomas
is 1 : 3 : 0.01) probably attributed to the increase of the poly-un-
saturation degree of high grade sarcomas as compared to intermediate
or low grade. The latter suggests an increase in the number of double
bonds present in the fatty acyl chain which affects the motion and order
of the acyl chain and in turn affects membrane proteins. This can be an
important factor determining the invasive and metastatic capacity of
the high grade liposarcoma cell types. Moreover they remarked the
presence of free fatty acids and phospholipids in dedifferentiated/
pleomorphic sarcomas which were not detectable in normal fat, lipoma
or well differentiated liposarcoma.

The proposed method based on spin coupling ratio does not rely on
direct detection of tissue composition but taking into account the bio-
chemical differences observed in the spectrum, changes in lipid specific
imaging contrast are expected. Differences in the measured SCr show
variable degree of dependence on refocusing pulse spacing and may be
indicative of differences in the fat content of adipocytic neoplasms.
Subcutaneous fat exhibits a very narrow and specific range of all T2 and
Spin Coupling related metrics instead in the resulting changes of signal
produced. SCr calculation does not require special hardware or soft-
ware nor post processing expertise. It requires minimal acquisition time
and has excellent spatial resolution, exploiting rather than being wea-
kened by tissue heterogeneity as in the case of MR spectroscopy.

Results of the present study show that T2 relaxometry in conjunc-
tion with spin coupling ratio can achieve differentiation between any
pair of the five different adipocytic moieties. As seen in Fig. 3 SCr de-
creases with increased differentiation grade. Well differentiated lipo-
sarcomas lose a significant percentage (38.9%) of their signal due to
spin coupling at TE=80ms which is comparable to normal fat signal
loss (42.9%), myxoid have almost identical signal intensity between the
two acquisitions-probably because of the dominant long T2 component-
and, at the other end, pleomorphic and poorly differentiated tumors
have even lower SCr. In fact, the latter group exhibits negative values
which was unexpected as zero loss was considered to be the lower limit
by theory. However this finding was consistent among all examined
patients and requires more detailed study in a molecular and chemical
level.

In FSE each echo has a distinct phase encoding in order to represent
a different line of k-space within a given TR interval. The effect of spin
coupling in signal modulation cannot be decomposed and measured
separately to other concurrent spin dephasing phenomena during ac-
quisition, such as magnetization exchange effects, stimulated echoes or
diffusion of water molecules through a local field inhomogeneities [22].
However, the process of subtraction of images with identical para-
meters apart from ESP accentuates contrast mechanisms affected sig-
nificantly by pulse spacing. For this reason, we believe that, if not un-
iquely, the observed differences can be attributed mainly to spin
coupling.

A definite constrain of our study is the number of patients that

participated in the study but these preliminary results show that SCr
can be introduced into the clinical routine and to build a larger data-
base for use in the future. However it is promising that structures of
similar origin but different molecular inner structure or composition
have a different imaging identity and the proposed biomarker of spin
coupling ratio highlights the imaging spectrum of fat that remains
otherwise unperceivable.

In conclusion, the novel biomarker SCr can be introduced as a
quantitative adjunct for radiological assessment of lipomatous tissue
type and grade with minimal software and time prerequisites. Clinical
implications of this MRI technique may be biopsy guidance in hetero-
genous lipomatous tumors to assure for harvesting tissue with the
highest malignancy grade and non-invasive preoperative diagnosis of
tumor type and grade, which is essential for adequate treatment plan-
ning.
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