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Abstract

Background: MRI has akey role in identification of MSK
masses, especially in depiction of their nature, borders, regional
involvement and their relation to the surrounding organs and
neurovascular bundle.

MRI aids clinicians in assessment of 0sseous tumors to
depict the extra-osseous component, and the regional location
aswell, since both parameters are crucia for the pre-operative
assessment.

Aimof Study: To evaluate the role of Diffusion Weighted
Imaging (DWI1) in differentiation of benign and malignant
osseus muscul oskeletal (M SK) tumors and its added value
clinically on patient's management.

Patients and Methods: The study included 100 patients;
65 males (65%), and 35 females (35%). Their ages ranged
from 3 to 69 years with mean age about 31 years. Patients
were selected based on clinical and X-ray image suspicion of
MSK tumors. Signal intensity of the lesion on DWI was
determined and Attenuation Diffusion Coefficient (ADC) map
was measured. The Region of Interest (ROI) for each lesion
was placed at least 3 times, and then the mean ADC value for
the lesion was calculated. Histopathological findings and
clinical follow-up were used as standard of reference.

Results: Twenty one 21 (21%) patients had benign tumors,
73 (73%) patients had malignant tumors and 6 (13.6%) patients
had tumoy, like|esion. The cut-off value for mean ADC was
<1X 10 mm /sec. The gold standard of this study was the
histopathological correlation and the imaging-clinical correl-
ative features for the benign lesions.

Conclusion: DWI MRI technique that is easily included
in aroutine MR study with short scanning time offering
valuable data about the cellularity of aMSK lesion and
properly differentiating benign and malignant lesions.
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Introduction

MASSES of the MSK are not uncommon and
variable. Osseous and cartilaginous sarcomas con-
stitute 0.5% of all human malignancies, yet they
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occur with a higher frequency in the pediatric
population. As regards soft tissue sarcomas, they
have 3 to 4 folds higher incidence than osseous
and cartilaginous sarcomas and occur in adults
after their fifth decade. Benign osseous and soft
tissue neoplasms are 100 times more frequent than
malignant ones with atotal incidence of 300/
100,000 [1] . Since the survival rate of cancer pa-
tients isincreasing, the incidence of bone osseous
depositswill alsoriseaswell [2].

MRI has akey rolein identification of MSK
masses, especially in depiction of their nature,
borders, regional involvement and their relation
to the surrounding organs and neurovascular bundle
(3.

MRI aids clinicians in assessment of 0sseous
tumors to depict the extra-osseous component, and
the regional location as well, since both parameters
are crucial for the pre-operative assessment [4].

Routine MRI depends mainly on aqualitative
interpretation of differenceinthe T1 and T2 relax-
ation parameters of normal and affected tissue.
Y et, there is asignificant overlap between the
signal characters of tumors (whether malignant or
benign) and non tumors infectious or inflammatory
processes. Moreover, it is usually hard to differen-
tiate neoplasms with high signal intensity from
reactionary adjacent oedema using fluid-sensitive
sequences [5].

The additional value of contrast material en-
hancement was a turning point for routine MRI in
evaluation of tumors as regards distinguishing solid
masses from cystic lesions, depiction of tumor
borders and determining the extent of tumor necro-
Sis [6].

Y et, contrast material intakeisinvasiveand is
relatively avoided in pregnancy and might be
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restricted by hypersensitivity to contrast material
or by poor kidney function because of the hazard
of nephrogenic system fibrosis [7].

DWI isafunctional rapid MRI technique which
can be easily included in the conventional MR
protocol. Itsideais based on the alterations in the
water molecules' Brownian movement made by
tissue microstructure. ADC is a quantitative meas-
urement of Brownian motion. The low ADC vaues
generally denotes high cellular packing where
diffusion is restricted by cell membranes, whereas
low cellular areas show facilitated diffusion and
lead to increased ADC values [g].

So, with the help of ADC mapping, we can
formulate helpful quantitative data about the cel-
lularity of aMSK mass without using a contrast
enhanced technique.

The purpose of this study isto assess the role
of DWI in characterization of MSK masses.

Patients and M ethods

Patients:

This study is prospective one and was conducted
in Radiology Department of governmental hospital
in collaboration with the Orthopedics and Oncology
Departments, from November 2018 till March
2019. It included 100 patients 65 males (65%) and
35 females (35%). Their ages ranged from 3 to 69
years with median age 31 years. The study was
approved by the Local Ethics Committee.

Aninformed consent was signed by all patients
or their guardians for the pediatric patients.

Patients' selection was based on clinical and
X-ray imaging suspicion of musculoskeletal tumors.

Inclusion criteria:

* Males and females.

* All age groups.

* Patients presented with MSK tumors.

Exclusion criteria;

» Contraindicationsto MRI examination, e.g. mag-
netic implants, pacemakers or claustrophobia.

Methods:

No special patient preparation was needed.
Detailed explanation of imaging procedure was
done. The patient was placed in a supine position.
Scan time was about 20 to 30 minutes. The proce-
dure was done using a 1.5-T unit (Achieva, Philips)

with a dedicated extremity coil and the following
spin echo sequences. Coronal T1, corona T2,
coronal STIR, axial T1, axial T2 and axia diffusion
(with diffusion sensitivities of b-value=0, 200 and
800s/mm?. Post contrast axial and coronal FAT
SAT sequences were also obtained. Signal intensity
of the lesion on DWIs (b800) was determined and
ADC map was aso measured using ROI for the
suspicious lesion. The ROI for each lesion was
placed at least 3 times, and then the mean ADC
value for the lesion was calculated. The MR scans
were reported by one general radiologist and one
MSK specialized radiologist.

Satistical analysis:

The results were analayzed using a Student t-
test. Statistical significance was put at p 0.05.
Results were evaluated as means of Standard De-
viation (SD).

Results

Among 100 patients, 21 (21%) patients had
benign tumors, 73 (73%) patients had malignant
tumors and 6 (6%) patients had tumor like lesion.

Nine females (9%) and 12 male (12%) patients
had benign MSK lesions. The average ADC value
of benign tumorswasabove 1 X 10 /sec asillus-
trated in (Table 1).

Benign MSK tymorshave ADC values ranging
from Jto 3, X 10 'mm /sec with amean of 2.14
X 10 mm /sec. The highest ADG valyeis seen
in unicameral bone cyst (2.8 X 10, mn} /sec) and
intraosseous lipoma (2.79 X 10 mm /sec) foly
lowed by aneurysmal bone cyst (2.37 X 10
mm?/sec) Fig. (1).

Thirty females (30%) and 43 male (43%) pa-
tients had malignant MSK lesions. The average
ADEC vaue of malignant lesions was below 1 X
10 mm /sec asillustrated in (Table 2).

Malignant MSK tugors have ADC values rang-
ing fromO0to 1 X 10, mm, /sec with amean ADC
value of 0.88 X 10 mm /sec. The lowest ADC
valueis seen inlymphomaFig. (2) (0.6 X,210 jnm/
sec) and Ewing sarcoma (0.63 X 10 mm /sec)
Fig. (3).

Three females (3%) and 3 males (3%) had
tumor like lesions Fig. (4). Their average ADC
was variable asillustrated in (Table 3).

The ADC values of benign and malignant M SK
tumors were analyzed. ROC analysis of both mean
ADC values of malignant and benign lesions yield-



Momena E. Elsadawy & Khaled A.A. Shehata

ed an area under the curve of 9.95§ and a cut-off
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Table (2): Spectrum of malignant MSK lesions and their mean

value of mean ADC <1X 10 mm’/sec Fig. (5). ADC values.
Sensitivity and specificity for malignancy in Diagnosis 'c\,lfucrggg Mxealr(l)és[r)n(r:n\//itzje
this study group was 96.4% and 90.48% respec-
tively. There was a highly significant statistical Osteosarcoma 2 0.68
difference between benign and malignant tumors ';'éﬁ%?er o coma é o1
in ADC values (p-value=0.000). Lymphoma ] 06
. . . . Melanoma 1 0.73
Table (1): i%ecc:t\r/ualrrlljg benign MSK lesions and their mean Ewing sarcoma > 063
Metastasis 1 0.83
Diagnosis Number Mean AQDC\//aIue . . _
of cases X10 mm/sec Table (3): Spectrum of tumor like MSK lesions and their mean
Aneurysmal bone cyst 5 2.37 ADC value.
Enhcondroma 1 1.97 . . Number Meag ADC
Epsi nophilic granuloma 1 21;;3 Diagnosis of cases X 10 -mmysec
ipoma .
Non ossifying fibroma 3 2.16 Chronic expanding hematoma 2 22
Unicameral bone cyst 1 2.8 Subacute hematoma 1 0.35
Osteochondroma 5 1.63 Chronic osteomyelitis 1 175

(A)

(€) (D)

(F) (G)

(B)

(E)

(H)

Fig. (1): Aneurysmal bone cyst (ABC): 15 year old male complaining of pain of the left hip: CT scan of the pelvic bones:
Showing an expansile bony lesion affecting the left acetabulum. Axial T1 WI showing intermediate Sl of the lesion which has
intra-pelvic extension, with mild compression of the urinary bladder and rectum. (C and D) Axial T2WI and coronal T2 fat
suppressed image: Showing mixed high Sl of the bony lesion with the presence of fluid-fluid levels. (E) Post contrast axial
T1WI with fat suppression showing the enhancing septae of the lesion. (F) Diffusion-weighted images at different b values (0
and 8Q0): Showing high signal at b 1000 diffusion weighted image. (H) ADC map showing the mean ADC value about (2.37

X 10 ) mm2/s,



5108 Quantitative DWI MRI in Benign Vs Malignant Osseous Tumors

(E) (F) (G) (H)

Fig. (2): Lymphoma: 17 year old male complaining of swelling and pain of the left knee: (A) Plain X-ray (AP view) of the
left tibia: Showing diffuse patchy sclerotic lesion mixed with osteolytic areas. (B and C) Sagittal and axial TIWIsintermediate
Sl of the lesion and the associated soft tissue component. (D and E) Axial T2WI and GRE images showing mixed high S| of
the bony lesion and the associated soft tissue mass. (F and G): Diffusion-weighted images at different b values (Q and 800):
Showing high signal at b 800 (restricted diffusion). (H) ADC map showing the mean ADC value about (0.6 X 10 ) mm?/s.

(A) (B) (€) (D)

(E) (F)

Fig. (3): Ewing's sarcoma: 21 year old female complaining of swelling and pain of the left radius: (A) Plain X-ray (AP and
lateral views) of the left radius: Showing diffuse sclerosis and periosteal reaction. (B and C) Sagittal and axial T1WIs showing
lesion of intermediate Sl and the cortical defect through which the lesion is passing outside the medullary cavity to form a soft
tissue mass. (D and E) Sagittal STIR and axial T2WI showing high Sl of the bony lesion and the associated soft tissue mass.
(F and G): Diffusion-weighted images at different b values (0 and 800): Showing high signal at b 800 (restricted diffusion).
(H) ADC map showing the mean ADC value about (0.63 X 10 ) mm2/s.
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Fig. (4): Osteomyelitis: Male patient aged 30 years old complaining of right lower thigh painful, swelling and fever: (A)
Plain X-ray (lateral view) of the left distal femur showing an ill defined osteolytic lesion. (B) Sagittal T1WI showing the low
Sl of the lesion and the surrounding bone marrow. (C) Sagittal T2WI, with fat suppression showing the high Sl of the lesion
and the surrounding bone marrow. (D and E) Axial CT scan (bone window) showing small bony sequestra. (F and G) diffusion
weighted images at b-values (0 and 800): Showing non restricted diffusion | the peripheral parts (bone marrow edema) and high
signal jn the central part of the lesion (restricted diffpsion). (H) ADC map showing the mean ADC value in the central part (0.9
X 10 *) mm?/s, whilein the solid part (1.75 X 10 ) mm2/s.
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Fig. (5): ROC analysis of ADC in malignant V'S benign lesions.

Discussion

Reliable differentiation of MSK osseous tumors
into benign and malignant entities by imaging
modalities alone is difficult since malignant sarco-
matous lesions may have well defined margins and
show a homogenous enhancement exactly like
benign tumors. The rationale that malignant lesions
should demonstrate alower ADC valueswasiillus-
trated in many reports with different outcomes [g].

In this study, a significant difference was found
in mean ADC value between benign and malignant
MSK tumors. Malignant tumors tend to have lower
ADC values than benjgn ones. With a cut off ADC
value1l X 10 mm /sec, this study had 96.4%
sensitivity and about 94% specificity, which can
readily differentiate between benign and malignant
tumors.

In 2012, Razek et al., reported that malignant
tumors have alower mean ADC value than benign
tumors and suggested to Lise athreshold mean ADC
valueof 1.34 X 10 mm /sec to differentiate benign
from malignant tumors. Thisyielded a sensitivity
of 94%, a specificity of 88%, and an overall accu-
racy of 91% [9]. Moreover, more aggressive sarco-
mas showed lower mean ADC values than less
aggressive ones and this is compatible with our
results where histopathol ogic findings were of
more aggressive nature in lower ADC values as
illustrated in (Table 2).

There are many parameters that influence ADC
values other than the lesion cellular content, such
as the nature of the lesion matrix, the existence of
necrotic tissue and variable imaging techniques
for DWI-ADC mapping. That'swhy thereisa
controversy in specifying the ADC cut off value
to differentiate benign from malignant tumorsin
the available literature [11].

In 2004, Einarsdéttir and his colleagues depicted
asignificant similarity between the ADC value o
13 sarcomatous lesions (mean ADC 1.7 X 10
mm?/sec) and thgat of 16 benign ones (mean ADC
=1.8X 10 mm /sec). They reported that a subject
presented with osseus liposarcoma had one of the
greatest ADC values for asarcoma. Thisis consist-
ent with our results where we encountered a case
of non myxoid soft tissue showing amean
ADC valueof (0.99 X 10 'mm /s) [10].

Drapé, 2013 noted that both malignant and
benign lesions have a greater ADC values than
those in non myxoid lesions. The ADC values are
high due to the high mucin content in these lesions
[12].

In this study, we had only one subject presenting
with benign myxogna with ahigh mean ADC value
(231 X 10 mm /sec), yet we didn't encounter
any myxoid malignant lesions.

Hayashida et a., [13] found that for a small
sample (n=20) of T2-hyperintense bone lesions
(bone cysts, fibrous dysplasia, and chondrosarco-
ma), ADC maps were not helpful in differentiating
malignant from benign lesions, since the Mmean
ADC for chondrosarcomas (2.29 X 10 'mm /sec)
was intermegliate between that of simple bone cysts
(2.57 X 10 "mm /sec) and that of fibrous dysplasia
(2X 10 mm /sec)

In another series, Y akushiji et al., [14] showed
that minimum ADC values allowed good discrim-
ination between chondroblastic osteosarcoma and
chondrosarcoma, despite their having similar chon-
droid-type matrix enhancement patterns.

The authors found that the minimum ADC
vaues,of chondroblastic osteosarcoma (1.24 £0.10
X 10 ‘mm /sec) were higher than thosg of gther
types of osteosarcoma (0.84+0.15 X 10 mm /sec)
and lower than those of gonvgntional chondrosar-
coma(1.64+0.20 X 10 mm /sec).

However, the literature says little about the
ability of DW imaging to ameliorate the ongoing
diagnostic dilemma of distinguishing low-grade
chondrosarcomas from enchondromas, sinceiit is
generally not helpful in characterizing bone lesions
as malignant. The same conclusion has been dlicited
in this study. This difference highlights the utility
of DW imaging as atechnique for tumor detection
against a background of normal marrow, although
the role of DW imaging in tumor characterization
remains unclear.
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Current study have confirmed that low ADC
values are related to malignancy and propose that
ADC values are mainly beneficial in differentiating
between solid and cystic lesions when contrast
media are contraindicated.

Thisoverlap in DWI parameters accentuates
the urgency for aglobal MR sequence selection
and the value of clinical datain evaluation of
different lesions. The use of intravenous contrast
material is till preferred for standard evaluation
of associated soft tissue lesions especially if there
isahigh possibility of an infectious process [15].

The analysis of DWI in bone masses varies
from that in soft tissues as ADC masses with high
cellularity. Thisis most probably because yellow
marrow has poor water content with minimal ex-
tracellular matrix. Moreover, big lipid laden cells
in yellow marrow hinder water mobility much
more than smaller cells of red marrow.

Fat itself is not hydrophilic and acts as an
obstacle to diffusion. In addition, the higher intra-
medullary blood outflow in red marrow augments
the perfusion-weighted parameter of the ADC
obtained from lower b-values. These rules are vital
when assessing the pediatric population, asthe
regular skeletal maturity will lead in a gradual
decreasing ADC value of marrow asit is gradually
replaced by fat.

Moreover, thisindicates that ADC values of
worrisome bone lesions will be greater than the
suggested cutoff values for discriminating tumor
from normal bone marrow [g].

In our study, we had two intraamedullary le-
sions, the first was non Hodgin's lygnphgma with
amean ADC value of 0.84 X 10 mm /sec and
the second one was fnetastatic with amean ADC
valueof 0.83 X 10 mm /sec.

Padhani et al., 2013 concluded that the 95 th
percentile ADC value in bone secondaries was
121X 10 m /sec, and applying a cutoff value
of 0.77 X 10 mm /sec led to specificity of 90%
and sensitivity of 85% and in discriminating ma-
lignant marrow infiltration from regular marrow
[16].

In this study, we found a highly significant
stetistical differencein ADC of benign and malig-
nant primary bone tumors.

Unfortunately, DWI has some drawbacks. First,
DWI has alow sensitivity for sclerotic osseous
deposits which are devoid of water leading to false
negative results. This dilemmais responsible for
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the debate in literature about the role of DWI in
evaluation of vertebral body deposits.

Moreover, false positive results can also occur
when there are incidental blood productsin the
lesion leading to low ADC values, equally, abscess
or infectious process with low ADC values can
pose the same problem and can be misinterpreted
as amalignant sarcoma.

Finally, since fat in normal bone marrow has a
diffusion coefficient much lower than water, so
any ROI contaminated with fatty marrow, false
negative low ADC values can be expected [g].

Conclusion:

DWI isanon contrast enhanced functional MRI
tool which can be smoothly integrated in the con-
ventional MRI procedure with minimal extra scan-
ning duration and can add beneficial value of
differentiation between benign and malignant le-
sions in special cases like those with renal impair-
ment.

It provides essential data about the cellular
content of musculoskeletal lesion and accurately
differentiates between benign and malignant lesions
and therefore minimizing the demand for unneeded
biopsies.
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