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Abstract
Objective Diffusion-weighted imaging (DWI) provides es-
sential information regarding tumor composition, such as cel-
lularity and/or perfusion. DWI is helpful in distinguishing
between malignant and benign lesions. Malignant
intramuscular/soft tissue lesions consist of a wide spectrum
of tumors that have different cell counts and matrix. It is pre-
sumed that these different tumors have different DWI findings
and have different apparent diffusion coefficient (ADC)
values. The aim of this study was to analyze DWI findings
of different intramuscular malignancies in a multicentric study
by using a standardized DWI protocol, and to compare the
ADC values acquired.
Materials and methods The data banks of four radiology de-
partments were screened retrospectively for malignant

intramuscular tumors. Only lesions that were investigated by
MRI (with a 1.5-T scanner) using DWI (multishot EPI se-
quence with b values of 0 and 1,000 s/mm2) were included
in the study. Overall, 51 patients (28 women, 23 men; mean
age 58.8±16.1 years) with 57 different malignant intramuscu-
lar lesions were collected. In every case apparent diffusion
constant (ADC) maps were calculated. In 14 patients muscle
lymphoma, 11 patients intramuscular metastases from differ-
ent primary tumors, and in 26 cases several muscle sarcomas
were identified.
Results The mean ADC value of the estimated lesions was
1.24±0.53×10−3 mm2s−1, median value, 1.11×10−3

mm2s−1, range, 0.54–2.9×10−3 mm2s−1. The mean ADC val-
ue in muscle metastases was 1.28±0.24×10−3 mm2s−1, in
muscle lymphoma 0.76±0.14×10−3 mm2s−1, and in muscle
sarcomas 1.82±0.63×10−3 mm2s−1. Muscle lymphoma
showed statistically significant lower ADC values in compar-
ison to muscle metastases (p=0.01) and muscle sarcoma (p=
0.001). There was no significant differences between ADC
values in muscle metastases and sarcomas (p=0.48). ADC
values in muscle lymphoma were homogeneous with less
inter-patient variability and were within a relatively close
range. Muscle sarcomas had a broad range of ADC values.
Conclusion Intramuscular malignant lesions had different
ADC values on DWI. 22.8 % of the tumors analyzed had low
ADC values, 26.3 % moderate, and 50.9 % high ADC values.
Muscle lymphoma had statistically significantly lower ADC
values in comparison tomuscle metastases and sarcomas.Mus-
cle sarcomas presented with a broad range of ADC values.
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Introduction

Diffusion-weighted imaging (DWI) is an imaging technique
that provides essential information regarding tumor composi-
tion, such as cellularity and/or perfusion [1–4]. Several reports
showed significant correlation between DWI and cell count in
different malignancies [4, 5]. Furthermore, DWI is helpful in
distinguishing between malignant and benign lesions [1, 2, 6,
7]. According to the literature, malignant tumors have lower
apparent diffusion coefficient (ADC) values than benign le-
sions [1–3]. For example, it has been shown that benign breast
lesions had statistically significantly higher ADC values in
comparison to breast cancer [3]. In addition, DWI can differ-
entiate between metastatic and nonmetastatic lymph nodes [6].

Similar results were also reported in soft tissue/muscle neo-
plasms [1, 7].

However, malignant muscle/soft tissue lesions consist of a
wide spectrum of tumors that have different cell counts and
matrix. Therefore, it is presumed that these different tumors
have different DWI findings and different ADC values. In fact,
the reported data confirm this hypothesis (Table 1). As shown
in Table 1, malignant intramuscular lesions have a broad

spectrum of ADC values, ranging from 0.46×10−3 mm2/s in
lymphomas to 1.99×10−3 mm2/s in muscle metastases [1,
8–14]. In addition, the mean ADC values in sarcomas are also
different, varying from 0.88×10−3 mm2/s to 1.7×10−3 mm2/s
[1, 7–10]. In the reported studies, different MR protocols and
different DWI data acquisition were used. For example,
Einarsdóttir et al. used b values of 0 and 600 s/mm2 [8], Gen-
ovese et al. utilized b values of 50 and 800 s/mm2 [9], and in
another study b values were 0 and 701 s/mm2 [7].

Table 1 Comparison of apparent diffusion coefficient (ADC) values in
different soft-tissue malignancies reported in the literature

Authors,
year,
reference

Malignancies Number
of
lesions

Mean ADC,
×10−3 mm2/
s

Range ADC,
×10−3 mm2/
s

Van Rijswijk
et al., 2002 [7]

Different soft-tissue
sarcomas

10 1.08 0.25–2.20

Einarsdóttir
et al.,
2004 [8]

Different soft-tissue
sarcomas

13 1.7 0.9–2.3

Nagata et al.,
2008 [12]

Different soft-tissue
sarcomas, soft-tissue
lymphoma, and
soft-tissue metastases

36 1.19 Not reported

Surov et al.,
2011 [14]

Skeletal-muscle
metastases

91 1.99 0.99–4.00

Oka et al.,
2011 [13]

Different soft=tissue
sarcomas

74 0.88 n.r.

Genovese
et al., 2011 [9]

Different soft-tissue
sarcomas

12 1.28 0.77–2.10

Soft-tissue metastases 2 0.99 0.96–1.01

Soft-tissue lymphoma 2 0.46 0.41–0.51

Razek et al.,
2012 [10]

Soft-tissue sarcomas 23 1.02 0.75–1.99

Subhawong
et al., 2013 [1]

Different soft-tissue
sarcomas

9 1.18 0.78–1.69

Soft-tissue metastases 3 1.30 0.90–1.84

Surov et al.,
2014 [11]

Skeletal-muscle
lymphoma

10 0.76 0.60–0.90

Fig. 1 Imaging findings of a muscle metastasis (arrows) in known renal
cell carcinoma. a T2-weighted image shows a large mass within the right
erector spine muscle. b Apparent diffusion coefficient (ADC) map. The
calculated ADC value is 1.4×10−3 mm2s−1
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The aim of this study was to analyze the DWI findings of
different intramuscular malignancies in a multicentric study
by applying a standardized DWI protocol and to compare
the ADC values acquired.

Materials and methods

Patients and imaging

The data banks of five radiology departments (Department of
Radiology, Martin-Luther-University Halle-Wittenberg,

Germany; Department of Radiology, Kurume University
School of Medicine, Japan; Department of Diagnostic Radi-
ology, Mansoura Faculty of Medicine, Mansoura, Egypt; De-
partment of Imaging, Dana-Farber Cancer Institute and De-
partment of Radiology, Brigham and Women’s Hospital, Har-
vard Medical School, Boston, MA, USA) were screened ret-
rospectively for malignant muscle tumors. Approval of the

Fig. 3 Intramuscular malignant peripheral nerve sheath tumor (arrows) in the
right quadriceps muscle. a T2-weighted image of the tumor. b T1-weighted
imagewith fat saturation after intravenous administration of contrast medium. c
ADC map. The calculated ADC value is 1.94×10−3 mm2s−1

Fig. 2 Intramuscular manifestation of a large B cell lymphoma (arrows)
within the biceps brachii muscle. a T2-weighted image of the lesion. b
ADC map. The calculated ADC value is 0.9×10−3 mm2s−1
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institutional review board was obtained in all the contributing
institutions with a waiver for informed consent. Only lesions
that were investigated by MRI (1.5 T scanner) by using DWI
(multishot EPI sequence with b values of 0 and 1,000 s/mm2)
were included in the study. The technical parameters were as
follows: TR/TE: 2,200-10,000/61–120 ms; acquisition ma-
trix: 128–256×83–512 pixels; section thickness 5–6 mm.

Overall, 51 patients (28 women, 23 men; mean age
58.8±16.1 years, range, 22–86 years) with 57 different
malignant intramuscular lesions were collected. The his-
topathology of all the tumors was confirmed as part of
routine oncology care.

In every case apparent diffusion constant (ADC) maps
were calculated according to the following equation [7]:

ADC mm2s−1
� � ¼ ln S0=S1000

� �� �
=1000;

where S0 and S1000 represent the signal intensities of corre-
sponding pixels of the b=0 and b=1,000 images. The section
with the largest diameter of the investigated lesions was se-
lected for ADC calculation. The ADC value was classified in
to low, moderate, and high using the cutoffs of <0.8, 0.8–1.1,
and >1.1×10−3 mm2s−1 respectively.

Statistical analysis

For statistical analysis the SPSS statistical software package
was used (SPSS 17.0; SPSS, Chicago, IL, USA). Continuous
variables were expressed as mean±standard deviation (SD),
and categorical variables as absolute and relative frequencies.
Analyses of ADC values were performed by ANOVA and
subsequent post-hoc tests. P values were adjusted for multiple
testing (Bonferroni correction). The significance level was
chosen to be 0.05.

Table 2 The ADC values of intramuscular metastases

Patients number Diagnosis ADC values

1 Colonic cancer 1.05

2 Esophageal cancer 1.04

3 Cervical cancer 1.20

4 Colonic cancer 1.15

5 Renal cell carcinoma 1.40

6 Gastric cancer 1.20

7 Lung cancer Lesion 1 1.17

Lesion 2 1.27

8 Lung cancer Lesion 1 1.74

Lesion 2 1.46

9 Carcinoma of uterus Lesion 1 1.57

Lesion 2 1.42

10 Ovarian cancer 1.30

11 Malignant melanoma Lesion 1 1.07

Lesion 2 1.69

Lesion 3 0.99

Lesion 4 1.00

Table 3 The ADC values of muscle lymphoma

Patient number Diagnosis ADC values

1 T-cell rich B-cell lymphoma 0.85

2 Hodgkin’s disease 0.82

3 Lymphoblastic B-cell lymphoma 0.60

4 Marginal zone B-cell lymphoma 0.70

5 Diffuse large B-cell lymphoma 0.74

6 Diffuse large B-cell lymphoma 0.80

7 Diffuse large B-cell lymphoma 0.70

8 Diffuse large B-cell lymphoma 0.90

9 Marginal zone B-cell lymphoma 0.78

10 Diffuse large B-cell lymphoma 0.64

11 Diffuse large B-cell lymphoma 1.10

12 Diffuse large B-cell lymphoma 0.80

13 Diffuse large B-cell lymphoma 0.66

14 Diffuse large B-cell lymphoma 0.54

Table 4 The ADC values of different muscle sarcomas

Number Diagnosis ADC values

1 Ewing sarcoma 0.75

2 Fibrosarcoma 0.98

3 Hemangiopericytoma 0.94

4 Leiomyosarcoma 0.64

5 Malignant fibrous histiocytoma 1.11

6 Malignant fibrous histiocytoma 1.32

7 Malignant peripheral nerve sheath tumor 1.46

8 Myxofibrosarcoma 1.39

9 Myxoid liposarcoma 2.5

10 Myxoid liposarcoma 2.6

11 Myxoid liposarcoma 2.9

12 Rhabdomyosarcoma 0.76

13 Rhabdomyosarcoma 0.89

14 Rhabdomyosarcoma 0.81

15 Synovial sarcoma 0.83

16 Pleomorphic liposarcoma 1.7

17 Myxoid liposarcoma 2.3

18 Myxoid liposarcoma 1.7

19 Liposarcoma 1.9

20 Liposarcoma 1.4

21 Fibrosarcoma 1.77

22 Liposarcoma 1.32

23 Chondrosarcoma 1.46

24 Rhabdomyosarcoma 0.98

25 Malignant peripheral nerve sheath tumor 1.94

26 Malignant fibrous histiocytoma 2.1
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Results

In 14 patients muscle lymphoma, in 11 patients intramuscular
metastases from different primary tumors, and in 26 cases
several muscle sarcomas were identified. The mean ADC val-
ue of the estimated lesions was 1.24±0.53×10−3 mm2s−1,
median value, 1.11×10−3 mm2s−1, range, 0.54–2.9×10−3

mm2s−1 (Figs. 1–3). In 22.8 % the ADC values were low, in
26.3 % moderate, and in 50.9 % high.

The mean ADC value in muscle metastases was 1.28±
0.24×10−3 mm2s−1, median value, 1.20, range, 0.99–1.74×
10−3 mm2s−1 (Table 2).Muscle lymphoma had the mean value
of 0.76±0.14×10−3 mm2s−1, range, 0.54–1.1, median value,
0.76×10−3 mm2s−1 (Table 3). In muscle sarcoma the mean
ADC value was 1.82±0.63×10−3 mm2s−1 (median value,
1.40, range, 0.9–2.9×10−3 mm2s−1; Table 4).

Muscle lymphoma showed statistically significant lower
ADC values in comparison to muscle metastases (p=0.01)
and muscle sarcoma (p=0.001; Fig. 4). There was no signif-
icant differences between ADC values in muscle metastases
and sarcomas (p=0.48). Furthermore, ADC values in muscle
lymphoma were homogeneous with less inter-patient variabil-
ity and were within a relatively closely range. Muscle sarco-
mas had a broad range of ADC values (Fig. 4). Liposarcomas
showed statistically significantly higher ADC values than
rhabdomyosarcoma (2.04±0.56 vs 0.86±0.09×10−3

mm2s−1, p=0.001).

Discussion

Our study showed that malignant muscle tumors can have a
wide range of ADC values on DWI depending on the
histology.

As reported previously, ADC values can help to distinguish
malignant and benign muscle lesions [1, 7, 9, 10, 15–17]. For
example, van Rijswijk et al. showed that malignant soft-tissue
tumors had lower ADC values in comparison to benign masses
(1.08 vs 1.71×10−3 mm2s−1, p<0.05) [7]. Razek et al. had
similar results in their analysis [10]. Furthermore, the authors
postulated that the selection of 1.34×10−3 mm2s−1 as the
threshold ADC value had an accuracy of 91 %, sensitivity of
94 %, and specificity of 88 % in distinguishing between ma-
lignant and benign soft-tissue tumors [10]. In another study, a
threshold ADC value of 1.7×10−3 mm2s−1 was proposed [1].

However, Einarsdóttir et al. found no difference between
ADC values in benign soft-tissue tumors and sarcomas, which
were 1.8 and 1.7×10−3 mm2s−1 respectively [8]. In addition,
other authors also identified no significant difference in the
meanADC values among benign, intermediate, andmalignant
soft-tissue lesions [12]. Furthermore, according to Nagata
et al., malignant and benign myxoid tumors had similar
ADC values, namely 2.05 and 2.10×10−3 mm2s−1 respective-
ly [12]. This fact suggests that the balance between matrix
(and type of matrix) and cellularity determines diffusion, but
not the dignity of lesions.

Fig. 4 Comparison of ADC
values in different muscle tumors.
Muscle lymphoma shows lowest
ADC values (0.76±0.14×10−3

mm2s−1) in comparison to muscle
metastases (1.28±0.24×10−3

mm2s−1, p=0.01) and to muscle
sarcomas (1.82±0.63×10−3

mm2s−1, p=0.001). There is no
statistically significant difference
between the ADC values in
muscle sarcoma and metastases
(p=0.48)
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In the present analysis, the mean ADC value of all malig-
nancies was 1.24×10−3 mm2s−1. However, our study showed
that malignant muscle lesions, especially sarcomas, had a
broad spectrum of ADC values. Some lesions were obviously
above the previously reported threshold ADC values. For ex-
ample, 35.1 % of our tumors were above the value of 1.34×
10−3 mm2s−1. This discrepancy can be related to the different
proportion of several malignant lesions in the studies reported.
In fact, Razek et al. analyzed 23 solid sarcomas with a high
proportion of rhabdomyosarcomas and several benign lesions,
but not muscle metastases [10].

A unique feature of our studywas the comparison of theADC
values among different malignant histologies. Interestingly, we
observed that lymphomas had statistically significantly lower
ADC values than sarcomas and metastases. The reason for this
is uncertain, but can be related to the closely packed homoge-
neous architecture of lymphoma in contrast to sarcomas and
metastases, which tend to have a more heterogeneous cellularity.

Our study had several limitations, including the retrospective
study design. Different sarcomas were included in our analysis,
but their ADC values could not be compared because of small
groups. Likewise, ADC values of muscle metastases from dif-
ferent primary malignancies could also not be compared.

Clearly, further investigations using standardized MR pro-
tocols are needed to compare ADC values in several sarcomas
and muscle metastases in a large sample.

In conclusion, our study showed that intramuscular malig-
nant lesions had different ADC values on DWI. 22.8 % of the
tumors analyzed had low ADC values, 26.3 % moderate, and
50.9 % high ADC values. Muscle lymphoma had statistically
significantly lower ADC values in comparison to muscle me-
tastases and sarcomas. Muscle sarcomas presented with a
broad range of ADC values.
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