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Abstract

Background: Tumors that arise from the chest wall (including bone structures such as the sternum, clavicle,
scapula, and ribs) or from adjacent soft tissues are less common than other parts of the body, and so the resulting
unfamiliarity can make it difficult to limit the number of possible diagnoses. These tumors have a wide range of
possibilities, including primary chest wall tumors arising from the bone or soft tissue, which are subdivided into
malignant and benign tumors, and the secondary metastatic deposits. The aim of the study is to investigate the
ability of MRI with diffusion sequence in differentiation between benign and malignant chest wall masses, which is
subsequently reflected in the management of chest wall masses patients.

Main body: MRI has superior soft-tissue resolution and value for local assessment of primary tumors and accurate
tissue characterization and plays a key role in preoperative staging to assess for multi-spatial and multi-compartment
involvement. ADC values were obtained in 31 patients, and the mean ADC values of benign (13 patients) chest wall
masses were 1.31 ± 0.50 × 10−3 mm2/s while the mean ADC values of the malignant (18 patients) chest wall masses
were 0.98 ± 0.36 × 10−3 mm2/s. There was a statistically significant difference between the ADC values obtained from
the malignant and benign chest wall masses (P < 0.001).

Conclusion: This study demonstrates that diffusion-weighted MR imaging is a growing imaging modality to predict
the histopathological differentiation of malignant from benign chest wall masses.
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Background
Tumors that arise from the chest wall (including bone
structures such as the sternum, clavicle, scapula, and
ribs) or from adjacent soft tissues are less common than
other parts of the body, and so the resulting unfamiliar-
ity can make it difficult to limit the number of possible
diagnoses. These tumors have a wide range of possibil-
ities, including primary chest wall tumors arising from
bone or soft tissue, which are subdivided into malignant
and benign tumors, and the secondary metastatic de-
posits. The aim of the study is to investigate the ability

of MRI with diffusion sequence in differentiation be-
tween benign and malignant chest wall masses, which is
subsequently reflected in the management of chest wall
masses patients Figs. 1, 2, 3, 4 and 5.

Main text
Background
Chest wall tumors constitute 5% of thoracic tumors and
less than 1% of all primary tumors; between 40 and 60%
are malignant. Tumors may originate primarily in the
chest wall, may metastasize to it, or extend to it via local
invasion from adjacent structures [1].
Benign chest wall tumors are less common than malig-

nant lesions and arise from nerve, blood vessel, osseous,
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cartilaginous, or fatty tissue origin. They include, for ex-
ample, skeletal benign masses like osteochondroma and
fibrous dysplasia, soft tissue masses like hemangioma
and elastofibroma dorsi, and neurogenic tumors like
neurofibroma [1].
The malignant chest wall masses can be divided into

primary or metastatic with further subdivision according
to the cell of origin. For example, but not limited to, os-
seous lesions like metastasis, chondrosarcoma, and plas-
macytoma and soft tissue lesions like liposarcoma,
angiosarcoma, and neurofibrosarcoma [1].
The degree of restriction to water diffusion in biologic tis-

sue is inversely correlated to the tissue cellularity [2]. In solid
malignant lesions, the extravascular extracellular space is
relatively diminished compared with the intracellular space
due to an increased number of cells, large cell volume, and
neovascularization. Therefore, this microstructural density
will restrict random water molecule movement [3]. In con-
trast, a less-cellular environment provides a larger extravas-
cular extracellular space for diffusion of water molecules
facilitating random water molecule movement [3].

Methods
This prospective observation study was conducted on 31
patients (15 males and 16 females) with chest wall
masses with their age ranging from 3 to 72 years.
Cases were referred to the radiology department for

MRI study assessment after obtaining required consents
and were approved by the ethical committee in our
department.
The complaints varied between chest wall disfigure-

ment, chest pain, and chest wall swelling.

Inclusion criteria
Patients with chest wall masses identified on CT.

Exclusion criteria
Patients with contraindication to MRI including pace-
maker, cochlear implants, cerebral aneurysm clips, ocu-
lar metallic foreign body, and bullets or shrapnel near
great vessels or vital organs.
All cases were subjected to the following:

Fig. 1 A 64-year-old female patient presented with progressive pain and swelling at the left lower chest wall. MRI chest wall shows an ill-defined
soft tissue mass lesion at the lower left lateral chest wall infiltrating the chest wall, eliciting low signal intensity in T1WI (a), intermediate to low
signal intensity in T2 WI (b), and restricted diffusion in the form of high signal in diffusion (c) and low signal in ADC map (d). The ADC value was
0.5 ± 0.02 × 10−3 mm2/s, and the mass was pathologically proven to be a large B cell non-Hodgkin lymphoma
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▪ Written consent and explanation of the technique
and its aim
▪ Clinical examination
▪ Obtaining history of their relevant labs and imaging
studies

Protocol for MRI study
MRI of the chest with diffusion was done for all patients
with a 1.5-T unit (Achieva; Philips Medical System, Best,
The Netherlands).
A 16-channel-phased array torso coil was used to ac-

quire multiplanar sequences with respiratory triggering
used. MR imaging was performed in axial T1 weighted
image (WI) turbo spin-echo (TSE) (10 ms/4.6 ms; sec-
tion thickness: 9 mm; gap: 2 mm; field of view: 420 ×
325 × 306 mm; matrix: 212 × 179), coronal T1 WI TSE
(10 ms/4.6 ms; section thickness: 9mm; gap: 1.5 mm;
field of view: 425 × 425 × 208 mm; matrix: 284 × 246),
axial T2 WI TSE (738 ms/100 ms; section thickness: 9
mm; gap: 2 mm; field of view: 420 × 325 × 306 mm;
matrix: 248 × 167), coronal T2 WI (738 ms/100 ms; sec-
tion thickness: 9 mm; gap: 2 mm; field of view: 420 ×

325 × 306 mm; matrix: 284 × 246); sagittal T2 WI (738
ms/100 ms; section thickness: 8.5 mm; gap: 1mm; field
of view: 400 × 299 × 284 mm; matrix: 268 × 195), short
T1 inversion recovery (STIR) WI (1788.3 ms/100 ms;
section thickness: 10 mm; gap: 2 mm; field of view: 450
× 333 × 334 mm; matrix: 216 × 161), and diffusion
weight images (using 3 b values: low (0–50 s/mm2),
intermediate (500 s/mm2), and high (1000 s/mm2) b
values; 1407 ms/66.5 ms; section thickness: 9 mm; inter-
slice gap: 2 mm; field of view: 420 × 324 × 306 mm:
matrix 140 × 107).
The apparent diffusion coefficient (ADC) maps were

calculated by the MR system via linear regression ana-
lysis of the natural log of signal intensity using all three
b values (0, 500, 1000 s/mm2).

Image evaluation
MR images were qualitatively analyzed by means of vis-
ual assessment of the different pulse sequences and
quantitatively assessed by measuring ADC values of the
depicted chest wall lesions.

Fig. 2 A 20-year-old male patient presented with right axillary progressive swelling. MRI chest wall shows an ill-defined soft tissue mass lesion at
the lower right lateral chest wall with no chest wall infiltration, eliciting isointense signal intensity in T1WI (a), high signal intensity in T2 WI (b),
and restricted diffusion in the form of high signal in diffusion (c) and low signal in ADC map (d). The ADC value was 0.4 ± 0.03 × 10−3 mm2/s,
and the mass was pathologically proven to be a primitive neuro-ectodermal tumor
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Fig. 3 A 29-year-old male patient presented with left lateral chest wall mass. MRI chest wall shows well-defined soft tissue mass compression the
left lateral chest wall with no infiltration of the surrounding structures. The mass exhibits hypointense signal intensity in T1WI (a), heterogeneous
signal intensity in T2 WI (b), and restricted diffusion in the form of high signal in diffusion (c) and low signal in ADC map (d). The ADC value was
0.9 ± 0.04 × 10−3 mm2/s, and the mass was pathologically proven to be a malignant peripheral nerve sheath tumor (spindle cell sarcoma)

Fig. 4 A 10-year-old male patient presented with anterior midline pre-sternal chest wall mass. MRI chest wall shows a well-defined oval shaped
soft tissue mass with related dilated vascular channels and no intra-thoracic extension, eliciting hypointense signal intensity in T1WI (a) and high
signal intensity in T2 WI (b) with facilitated diffusion pattern in diffusion WI (c) and ADC map (d). The ADC value was 2.08 ± 0.05 × 10−3 mm2/s,
and the mass was pathologically proven to be hemangioma
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Qualitative assessment Chest wall lesions were reviewed
for morphological changes (shape and margins) and ex-
tent as well as infiltration of the chest wall and lymph
nodes association. The signal intensity of each lesion was
evaluated on the T1, T2, and STIR WI relative to that of
the muscles in the same pulse sequences. Lesions were
qualitatively assessed on diffusion-weighted image (DWI)
and ADC maps by reviewing their signal intensity on the
high b value (b = 1000 s/mm2) DWI and comparing it to
that on the corresponding ADC map.

Quantitative assessment ADC values were measured
by placing a ROI within the lesion on the trace ADC
maps. ROIs were positioned within areas visually judged
to be the most restricted (excluding obviously cystic/
necrotic areas).

Histopathological diagnosis
After MR imaging, patients were scheduled for biopsy
and histopathological diagnosis. Taking both lesion ac-
cessibility and patient’s general condition into account,
patients underwent US- or CT-guided biopsies.

Statistical analysis
Data were collected, coded, revised, and entered to the
Statistical Package for Social Science (SPSS) version 20.
The data were presented as number and percentages for
the qualitative data, mean, standard deviations, and
ranges for the quantitative data with parametric distribu-
tion and median with inter quartile range for the quanti-
tative data with non-parametric distribution. Chi-square
test was used in the comparison between two groups
with qualitative data, and Fisher exact test was used in-
stead of the chi-square test when the expected count in
any cell found was less than 5. Independent t test was
used in the comparison between two groups with quan-
titative data and parametric distribution, and Mann-
Whitney test was used in the comparison between two
groups with quantitative data and non-parametric distri-
bution. P value is considered significant if ⩽ 0.05 at con-
fidence interval 95%.

Results
This study was conducted on 31 patients with chest wall
masses with the following results:

Fig. 5 A 72-year-old female patient presented with postoperative right mastectomy bed swelling. MRI chest wall shows a rather well-defined soft
tissue mass at the operative bed with no intra-thoracic extension, eliciting isointense signal intensity in T1WI (a) and intermediate to high signal
intensity in T2 WI (b) with intermediate to high signal in diffusion WI (c) and intermediate to low signal in ADC map (d). The ADC value was 1.3
± 0.03 × 10−3 mm2/s, and the mass was pathologically proven to be a non-neoplastic lesion (cicatricial fibrosis)
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Among these patients, histopathological assessment
confirmed benign nature of the lesions in 13 patients,
while malignant lesions were detected in 18 others.
There was a statistically significant result (P value less

than 0.05) regarding the lesion infiltration to the sur-
rounding structures, intra-thoracic extension, and pres-
ence of associated lymphadenopathy between the benign
and malignant masses. All the benign lesions showed no
signs of local invasiveness or metastatic lymphadenop-
athy in contrast to the malignant lesions where associ-
ated local invasion of the surrounding structures and
accompanying metastatic lymph nodes were encoun-
tered (Table 1).
A statistically significant result (P value less than

0.001) was observed between the benign and malignant
lesions regarding the diffusion signal characteristics,
where benign lesions showed facilitated diffusion pattern
of low signal in diffusion-weighted images and high sig-
nal on ADC map, in contrast to the malignant lesions
where they restricted diffusion pattern on diffusion-
weighted images and ADC map (Table 2).
This table shows that there was highly statistically sig-

nificant difference in ADC regarding pathological results
and statistically significant decrease in malignant in
comparison to benign with ADC value (Table 3).
We found that an ADC mean value of 1.2 × 10−3

mm2/s as a cutoff value can differentiate malignant from
benign chest wall masses with sensitivity 96%, specificity
72%, positive predictive value 77%, negative predictive
value 83%, and accuracy 88%.

Discussion
DWI was previously encountered for evaluating intra-
cranial lesions, but nowadays, it is increasingly used for
evaluation extra-cranial diseases, including chest wall tu-
mors. The utility of DWI in different MRI studies is
largely based on its correlation to histopathology and its
added information when intravenous contrast cannot be
administered [4].
Diffusion-weighted MR imaging has the potential to

improve tissue characterization when findings are inter-
preted in conjunction with findings obtained with other
conventional MR imaging sequences [5].

The ADC value is estimated to be lower in viable
tumor tissue with densely packed diffusion-hindering
obstacles than in tissue with less densely packed obsta-
cles, such as tumor necrosis and benign tissue. Hence,
the ADC values in malignant lesions are lower than
those in benign lesions [6].
Low ADC in biological systems is believed to reflect

reduced mean-squared displacement of water molecules
due to high cell density and proliferation as well as cell
swelling in the tissue (restricted diffusion) [7].
This is agreeing with our study, as the mean ADC

value of malignant chest wall tumors was low. Moreover,
we found that the more malignant tumors as metastasis
had lower ADC values than other malignant tumors as
Ewing’s sarcoma. This coincides with Matoba et al. [8],
who found that the ADCs of well-differentiated adeno-
carcinoma appear to be higher than those of other histo-
logic chest wall types.
DWI differentiates benign from malignant lesions in

the breast, liver, and prostate. We are agreeing with
these studies as the mean ADC value of malignant chest
wall tumors was significantly lower than that of benign
masses (P value < 0.001) [4, 9, 10].
In our study, 13 patients with benign masses showed

low signal intensity in DWI and corresponding high sig-
nal on ADC maps (facilitated diffusion), whereas all
other patients with malignant diseases appeared hyper-
intense on diffusion images and with low signal intensity
on ADC maps (restricted diffusion). The mean ADC
value of malignant tumors was 0.98 × 10−3 mm2/s, and
the mean value of benign masses was 1.3 × 10−3 mm2/s;
thus, the difference was statistically significant (P < 0.001).
These results are in line with the study carried out by
El-Badrawy et al. [11].

Table 1 Comparison between pathological results as regards
MRI findings: infiltration, intra-thoracic, and lymph node

Benign Malignant

No % No %

Infiltration No 13 100.0% 9 50.0% 0.002

Yes 0 0.0% 9 50.0%

Intra-thoracic No 13 100.0% 9 50.0% 0.002

Yes 0 0.0% 9 50.0%

Lymph node No 13 100.0% 13 72.2% 0.038

Table 2 Comparison between the two studied groups
according to the duration of different parameters

Pathological results p value

Benign Malignant

No % No %

Diffusion Low 13 100.0% 0 0.0% 31.000 < 0.001

High 0 0.0% 18 100.0%

Table 3 Comparison between pathological results as regards
MRI findings: ADC and ADC value

Pathological results p value

Benign Malignant

No % No %

ADC Facilitation 13 100.0% 0 0.0% < 0.001

Restriction 0 0.0% 18 100.0%

ADC value Mean ± SD 1.31 ± 0.50 0.98 ± 0.36
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There was significant difference in ADC value between
benign and malignant tumors (P < 0.01) as shown in a
study performed by Li et al. [12]. This result appears
matching with our study result which shows significant
difference between benign and malignant chest wall
masses (P < 0.001).
We found that using an ADC mean value of 1.2 ×

10−3 mm2/s as a cutoff value can differentiate malignant
from benign chest wall masses with sensitivity 96%, spe-
cificity 72%, positive predictive value 77%, negative pre-
dictive value 83%, and accuracy 88%.
In addition to the ADC value of the lesions, we found

that there are some other characteristics of the lesions
that may affect the results such as the following.
Intra-thoracic infiltration, there was a statistically sig-

nificant difference in intra-thoracic infiltration between
benign and malignant lesions (P < 0.002).
Associated lymph nodes, also there was statistically

significant difference in lymph node association between
benign and malignant lesions (P < 0.038).
Being non-invasive, no requirement of contrast injec-

tion and absence of exposure to ionizing radiation are
examples of the advantages of diffusion WI.
In our study, we found that the differences in ADC

values might reflect differences in histopathologic re-
sults. Primary or metastatic chest wall diseases had high
tumor cellularity leading to lower ADC values compared
to the benign lesions. Therefore, DWI can be used as an
imaging tool to differentiate metastasis and primary ma-
lignancies from benign lesions.
But as many studies, this study encompasses some

limitations. First of them is the susceptibility artifacts
despite the usage of phase array coil with cardiac gating
and respiratory compensation techniques to improve
image quality and speed. However, these artifacts were
not severe enough to interfere with the diagnostic infor-
mation gained by different MR sequences.
The second limitation is claustrophobia found with

some patients, which require anesthesia to perform the
examination. This comes in addition to relative lengthy
MRI examination time, which may make some patients
discomfort and not very well cooperative.

Conclusion
Diffusion-weighted MR imaging is a valuable imaging
tool to predict differences between malignant and be-
nign chest wall lesions, and further studies would be rec-
ommended to add more information to this growing
field and in improving image quality.
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