RapiorLoGy CASE REPORTS 17 (2022) 1614-1619

Available online at www.sciencedirect.com

ScienceDirect

RADIOLOGY

CASE
REPORTS

journal homepage: www.elsevier.com/locate/radcr

Case Report

Malignant granular cell tumor of the multifidus
muscle: Case report and review of the literature

Qun Wen, MD? Dongmei Wu, MD", Wenli Tan, PhD, MD%*, Jiaoyan Wang, MD*

@Radiology Department, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine, 528
Zhangheng Road, Pudong New Area District, Shanghai, China 201203

b pathology Department, Shuguang Hospital Affiliated to Shanghai University of Traditional Chinese Medicine,
Shanghai, China

ARTICLE INFO ABSTRACT

Article history:

Received 28 January 2022
Revised 9 February 2022
Accepted 11 February 2022

Keywords:
Granular cell tumors
Magnetic resonance imaging

Granular cell tumors (GCTs) are uncommon soft tissue tumors characterized by cytoplasmic
granular appearance of the neoplastic cells. Malignant GCTs comprise less than 2% of GCTs
and are mostly found in the subcutaneous soft tissues of the lower extremities, especially
the thighs. This report presents a case of malignant granular cell tumor in the right multi-
fidus muscle. A 69-year-old woman presented to the surgeon with a 3 month history of light
pain in the lumbar area and hip joint, with no particular history. CT and MRI revealed a soft
tissue tumor with a maximum diameter of 7.5 cm. There is patchy unenhanced hypointense
shadow in the mass. Widely excision was performed for the primary tumor, which was in-
terpreted as an malignant GCTs. GCTs should be considered in the differential diagnosis in

Computed Tomography a rapidly growing intramuscular tumors. We investigated the CT and MRI findings of malig-
nant granular cell tumor.
© 2022 The Authors. Published by Elsevier Inc. on behalf of University of Washington.
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- in the sacrococcygeal muscles has not been reported in the
Introduction

literature. Here we reported a case of malignant GCTs show-
ing an uncommon localization in the right multifidus muscle

Granular cell tumors (GCTs) were first described in 1926 by
Abrikossoff et al [1], GCTs is a rare tumor with the incidence
of 0.019%-0.03%. The presence of S100 protein, a Schwann-
cell marker, suggested its neurogenic origin [2]. Although most
GCTs had the excellent outcomes after surgical resection, less
than 2% of GCTs was malignant [3].

Malignant GCTs had a wide anatomic distribution and car-
ried a poor prognosis, with the recurrence or metastasis typi-
cally within one year after diagnosis. Malignant GCTs located
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with the complete imaging data and reviewed the literature.

Case presentation

A 69-year-old woman presented to the surgeon with a three-
month history of light pain in the lumbar area and hip joint,
with no particular history. There were not fever, chills or
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Fig. 1 - Axial CT demonstrating a homogeneous solid mass (arrow) in the right multifidus muscle (A), After the injection of
contrast, the mass was shown the obvious heterogeneous enhancement, and the low-density area with mild enhancement
was seen in the center of mass (B, C). There is no osseous involvement (D) .

weight loss. Specialized examination: proneness to 60 de-
grees, back stretch 10 degrees, 10 degrees on the left side of
the bend, the right side of the bending of 10 degrees, cervical
test (-), abdominal sign (-), the straight leg-raising test on the
left side of 45 degrees and on the right side of 50 degrees, 4
word test (-), femoral nerve pull test (-), mild tenderness near
the spinous process of lumbar 4, taps pain (+), the left lat-
eral crus hypoesthesia, muscle strength, normal bilateral knee
tendon reflex (+ +), achilles tendon reflex (+ +), pathological
reflex did not elicit . Tumor marker evaluation included, Car-
bohydrate antigen 242(CA 242), Carbohydrate antigen 50(CA
50), Carbohydrate antigen 72-4(CA 72-4), Carbohydrate antigen
15-3(CA 15-3), Carbohydrate antigen 19-9(CA 19-9), Carbohy-
drate antigen 125(CA 125), Cytokeratin 19 fragment (CYFRA21-
1), Neuron-specific enolase (NSE), Human epididymal protein
4(HE 4), Squamous cell carcinoma antigen (SCC), AFP, and Car-
cinoembryonic antigen (CEA), all of which were normal.
Computed Tomography (CT, Philips Brilliance iCT, Shang-
hai, China) scan showed a homogeneous solid mass with the
size of 3.2 cmX7.5 cm was shown in the right multifidus mus-
cle, with the clear demarcation. There was no calcification in
the mass and the CT value without contrast was 55 HU. After
the injection of contrast, the mass was shown the obvious het-
erogeneous enhancement, and the low-density area with mild

enhancement was seen in the center of mass. CT value after
enhancement were 61-85 HU in the arterial phase and 67-95
HU in the venous phase. The lesion compressed the surface
of the sacrum bone without infiltration and the sacrum bone
was compressive sclerosis. (Fig. 1).

Magnetic resonance imaging (MRI, Siemens Skyro, Shang-
hai, China) scan of the lumbosacral region was performed us-
ing the spine coil. The saggital TIWI, T2WI, STIR sequence,
and the axial fat-saturated T2WI sequence were acquired.
Then, the contrast-enhanced MRI was performed with an in-
travenous administration of 30 mL gadolinium (at a speed of
2.0 ml gadolinium per second). Finally, the axial and sagittal
T1WI sequences with fat suppression were carried out.

The lesion (Fig. 2) was located in the right multifidus mus-
cle at the level of lumbar 4 to sacral 3. On T1IWI, inhomoge-
neous isointense to the skeletal muscle were observed, and
patchy hypotense was observed. STIR shows inhomogeneous
and slightly high signal intensity, while low signal intensity
is patchy. After enhancement, the tumor showed obvious het-
erogeneous enhancement and lamellar unenhanced low sig-
nal.

The tumor was widely excised. At surgery, the lumbosacral
posterior midline incision was made at sacral 1 as the cen-
ter. The tumor was located behind the vertebral body of the
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Fig. 2 - (A-D). Sagittal MRI show the intramuscular location of the mass. (A) An saggtial TIWI image shows the tumor with a
signal isointense to the skeletal muscle (B) The mass shows a hyperintense heterogeneous signal intensity on T2-weighted
sequences, is (C) isointense to skeletal muscle on T1-weighted fat-saturated images, and (D) shows obvious heterogeneous

enhancement with contrast.

L4-S3 vertebrae, within the right multifidus muscle, with hard
texture and unclear boundary. The surrounding muscle tis-
sue was infiltrated, and no vertebral body and spinous pro-
cess bone destruction was observed. The tumor tissue had no
complete capsule and abundant blood supply.

On the frozen-section examination, the tumor was with
the greatest dimension of 7.5 cm, yellowish gray in section and
slightly tough. Histological study showed that the eosinophilic
tumor with large cell volume, heteromorphic, rich in cyto-
plasm, acidophilic, enlarged in nucleus, with obvious nucleoli,
and local nuclear division like 2 of 10 HPF. There was not def-
inite invasion of the nerves, vessels and adjacent bone tissue.
(Fig. 3). Immunohistochemical study showed positive in 5100
protein, SOX-10, MDM2 and Bcl-2, and negative in Desmin,
MyoD1, Myogenin, CD99, Syn, CK-pan, CD34, ERG and CD163.
Proliferative activity (Ki 67) was high as more than 10% (Fig. 4).

. @ ahe - ; * =
é Yo' 5 &
|\.) ] ‘, '..
gv o \ . # : *‘»‘
v ¥ [5s A -

Fig. 3 - High-power hematoxylin and eosin
stained-micrograph of tumor showing pleomorphic nuclei,
elevated nuclear and/or cytoplasmic ratio, and spindled
tumor cells (X400) .

Discussion

GCTs were first described in 1926 by Abrikossoff et al [1]. At
first, GCTs had been considered to arise from Schwann cells,
histiocytes, fibroblasts, myocytes or intestinal mesenchymal
cells. Lack et al were the first authors to use the term “granu-

lar cell tumor” [4]. Based on the positive results of S-100 pro-
tein in the tumors, it is believed that GCTs arise from Schwann
cells or neural tissue. On pathological examination they can
be identified by both microscopic and immunohistochemi-
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Fig. 4 - (A-B) A S100 positive. The neoplastic cells are strongly and diffusely immunore-active with S-100 protein, showing
nuclear and cytoplasmic staining (X100) . B Ki-67 stain showing an area of high proliferative activity manifested by nuclear

staining involving >10% of cells (X100) .

cal features. The cells of tumor had a distinctive granular
eosinophilic cytoplasm associated with typical nuclei [5].
GCTs are rare and have been reported in many different
locations, which are more common in the head and neck re-
gion, skin or subcutaneous tissue and less common in the
breast, thyroid, mediastinum, respiratory tract and gastroin-
testinal tract [5]. GCTs occurring in deep soft tissues are ex-
tremely rare, especially those in the intramuscular area [6,7].
Some reports described that the incidence of GCTs in females
were twice as high as in males [8], but a larger epidemiologi-
cal study of 263 patients showed that most GCTs occurred in
males (68 %) [9]. The lesion most frequently occured in the
fourth to sixth decades and was rare in children [10].
Malignant GCTs are rare, aggressive neural tumors that
were first reported by Ravich et al [11] in 1945. These tumors
were accounted for 0.5%-2% of all GCTs [3]. Malignant GCTs
were similar in epidemiology to their benign counterparts and
usually presented as painless masses [12]. The 2 distinct clin-
ical characteristics of malignant granular cell tumors were
larger average size as a median size of 4.0 to 5.0 cm and fre-
quent localization to the lower limbs [13-16]. Thus, the fol-
lowing factors in patients were highly indicative of the ma-
lignancy of tumor: a tumor that was large (the diameter more
than 5.0 cm), deep location (intramuscular) at the lower ex-
tremities and showed rapid recent growth, local recurrence
and distant metastasis, and the elder patients and female pa-
tients were another rich factors [13,17] Due to the difficulties
to diagnose malignant GCTs, Fanburg-Smith et al [17]. pro-
posed the following histological criteria in order to differen-
tiate the benign from malignant tumors: necrosis, spindling,
vesicular nuclei with large nucleoli, nuclear pleomorphism,
high nuclear to cytoplasmic ratio, and increased mitotic ac-
tivity (>2 mitoses/10 high-power fields). Neoplasms that met
three or more of these criteria were classified as malignant.
Although Fanburg-Smith criteria could be used to diagnose
malignant GCTs. However, it should be noted that these his-
tological features were subjective and might be pathologist-
dependent [15]. Malignant GCTs with distant metastases had
been reported. The common sites for metastasis were the
lungs, lymph nodes and bones [18]. Nasser et al [19] consid-
ered metastases as the only definitive criterion of malignancy
regardless of the histopathologic features. Thus, the diagno-

sis of a malignant GCTs required the evaluation of both the
clinical findings and histological results [20].

In the present case, the tumor cells showed large volume,
enlarged in nucleus, with obvious nucleoli, and local nuclear
division like 2 of 10 HPF. Staining for Ki-67 showed a high pro-
liferation index of more than 10%, so malignant GCTs was con-
firmed.

Preoperative imaging examination was helpful to distin-
guish this tumor from other soft tissue tumors based on some
characteristic findings [15,18,21-24] CT scan could offer impor-
tant information to reveal the regional involvement and iden-
tify the distant metastases [5]. But at present, only a few litera-
tures had described the CT manifestations of malignant GCTs.
JOHN et al [21] reported a case of malignant GCTs located in
the short head of the right biceps femoris muscle, and the le-
sion was demonstrated as a heterogenous soft tissue mass.
Positron emission tomography (PET)-CT demonstrated no ad-
ditional abnormal fludeoxyglucose up-take. In this case, the
enhanced CT presented an inhomogeneous soft-tissue mass
with patchy, unenhanced low-density areas in the center of
tumor. The lesion was close to the sacrum, which showed
the characters of compression and absorption and no involve-
ment. This was similar to the malignant GCTs performance
reported by JOHN et al [21]. Therefore, it was difficult to judge
benign and malignant lesions from CT appearances alone.

MRI played an important role in diagnosis and making pre-
operative plan for the treatment of this neoplasm [22] There
have been a few reports of MR images of benign and malig-
nant granular cell tumors of the extremities and the trunk
[15,16,24]. Mihir et al [18] reported a patient with a histo-
logically benign tumor in the left gluteal musculature which
metastasized to the lung later. The mass was heterogeneously
slightly high signal relative to skeletal muscle and the pos-
terior part of the mass showed a spoke-wheel fashion from
a central round area of intermediate signal on TIWI. T2WI
showed intermediate signal intensity and two concentric
rings of higher signal in the posterior part of the mass. They
also reported another malignant GCTs which showed hetero-
geneous hyperintense signal on T2WI, slightly hyperintense to
skeletal muscle on TIWI with fat-saturation and mild homo-
geneous enhancement with contrast. MRI description of some
of the neoplasms in the report by Marcia et al [15] states that
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masses often was either higher than or isointense to the adja-
cent muscle on T1WI, the single malignant lesion was deep in
location, frankly infiltrating the adjacent bone. Our case sub-
ject showed isointense to the skeletal muscle on T1IWI, con-
sistent with the above report. Toshihisa et al [23] presented a
case of malignant granular cell tumor in the deltoid muscle,
and the tumor showed heterogeneously low to intermediate
intensity on both TIWI and T2WI. After the administration,
the tumor demonstrated heterogeneous enhancement. Mean-
while, they emphasized the correlation between imaging and
pathological findings. They found the intermediate-intensity
areas on T2WI were obviously enhanced after gadolinium ad-
ministration, low-intensity areas on T2WI were shown no en-
hancement, which was histologically correlated with a cel-
lularity and abundant collagen. Our patient presented lower
signal intensity than fat tissue, but slightly higher than mus-
cle tissue on T2WI. Low-intensity areas on T2WI were non-
enhanced, which was accordant with the report of Toshihisa
et al [23].

The definitive features of malignant GCTs were not
present. On CT, this case presented as a homogeneous soft
tissue mass with well-defined boundaries and only a hypo-
dense area in the center of the enhanced lesion. Adjacent
bones showed compressive sclerosis without destruction. On
MRI, patchy low-signal areas can be seen at TIWI and T2 WI as
well as after enhancement, which corresponds to low-density
areas without enhancement after CT enhancement, and may
indicate that there are a lot of fibrous components in this area.
The boundary of the lesion was not clear on T2WI, but no ob-
vious infiltration was observed in the surrounding tissues and
bone. Therefore, no matter benign or malignant GCTs, CT and
MRI features had many overlaps, and malignant GCTs could
also show no invasion of adjacent bones. Therefore, it was
difficult to make a diagnosis of benign or malignant lesions
solely based on imaging manifestations. This would need the
combination of the histological manifestations and imaging
characters.

There were several other distinct conditions that demon-
strated the low signals on T2WI, including proliferative myosi-
tis, myositis ossificans, muscle sarcoidosis, desmoid tumor
and fibrous tumors. Most tumors with a low signal on T2WI
were benign, but we should still consider malignant granular
cell tumor as a differential diagnosis.

In all malign and benign GCTs, the best treatment was
complete resection of the mass. Although this was not always
possible because of lacking a surrounding capsule or proxim-
ity to the structures such as nerves or vessels, the surgical
excision with a safe and clean margin was the first choice of
treatment for this tumor [8,24]. If the resection margins were
involved, the wider local excision might be recommended
to decrease the risk of recurrence [7]. The role of adjuvant
chemotherapy and radiotherapy was uncertain, but should
be considered in patients with recurrent malignant GCTs or
metastatic disease [20]. So, long-term follow-up was necessary
for GCTs.

In conclusion, GCTs should be considered in the differen-
tial diagnosis in a rapidly growing intramuscular tumors. In
our case, we had complete radiological, morphological and
immunohystochemical data to understand this rare tumor.

Declaration of Interest

We declare that we have no financial and personal relation-
ships with other people or organizations that can inappropri-
ately influence our work. there is no professional or other per-
sonal interest of any nature or kind in any product, service
and/or company that could be construed as influencing the
position presented in, or the review of the manuscript enti-
tled.

Patient consent

The Institutional Review Board of Shuguang hospital has ap-
proved this retrospective case report, and we have obtained
informed consent from the patient for the publication of this
case report.

REFERENCE

[1] Abrikossoff A I. Uber Myome[J]. Virchows Archiv Fiir
Pathologische Anatomie Und Physiologie Und Fiir Klinische
Medizin 1926;260(1):215-33.

[2] Vigier S, Traverse-Glehen A, Durbec M, Tringali S, Dubreuil C,

Ceruse P, et al. Deep cervical granular cell tumor: An atypic

location suggestive of neurogenic origin[J]. European Annals

of Otorhinolaryngology, Head and Neck Diseases
2014;131(1):65-7.

Elkousy H, Harrelson J, Dodd L, Martinez S, Scully S. Granular

cell tumors of the extremities.[J]. Clinical Orthopaedics and

Related Research 2000;380:191-8.

Lack EE, Worsham GF, Callihan MD, Klappenbach S,

Rowden G, Chun B, et al. Granular cell tumor: a

clinicopathologic study of 110 patients. ] Surg Oncol

1980;13:301-16.

Machado I, Cruz J, Lavernia J, Llombart-Bosch A. Solitary,

multiple, benign, atypical, or malignant: the “Granular Cell

Tumor” puzzle. Virchows Archiv 2016;468:527-38.

[6] Arai E, Nishida Y, Tsukushi S, Sugiura H, Ishiguro N.
Intramuscular Granular Cell Tumor in the Lower Extremities.
Clinical Orthopaedics & Related Research 2010;468(5):1384-9.

[7] Deskoulidi P, Koufopoulos N, Diamantopoulos P,
Basagiannis E, Maltzaris N, Nikolaidou T, et al. Intramuscular
granular cell tumor of the gluteal region. ] Surg Case Rep
2018;2:1-3.

[8] Porta N, Mazzitelli R, Cacciotti J, Cirenza M, Labate A,
Schiavo M G L, et al. A case report of a rare intramuscular
granular cell tumor[J]. Diagnostic Pathology 2015;10(1):162.

[9] Lebranchu V B. [Granular cell tumor. Epidemiology of 263
cases|. Archives D Anatomie Et De Cytologie Pathologiques
1999;47(1):26-30.

[10] Loo S v d, Thunnissen E, Postmus P, Waal I. Granular cell
tumor of the oral cavity; a case series including a case of
metachronous occurrence in the tongue and the lung.
Medicina oral, patologia oral y cirugia bucal. Ed. inglesa,
2015;20(1):30-3.

[11] Ravich A, Stout AP, Ravich RA. Malignant granular cell
myoblastoma involving the urinary bladder. Ann Surg
1945;121(3):361-72.

[12] Berg] C, Tewari K S, Rosario R D, Berman M L. Unusual
presentation of a malignant granular cell tumor of the

[3

(4

[5


http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0001
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0001
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0002
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0003
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0003
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0003
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0003
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0003
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0003
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0004
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0005
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0005
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0005
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0005
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0005
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0006
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0006
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0006
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0006
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0006
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0006
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0007
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0008
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0009
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0009
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0010
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0010
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0010
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0010
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0010
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0011
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0011
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0011
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0011
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0012
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0012
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0012
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0012
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0012

RADIOLOGY CASE REPORTS 17 (2022) 1614-1619

1619

pelvis: case report and literature review. Gynecologic
Oncology 2003;90(1):224-30.

[13] Tsuchida T, Okada K, Itoi E, Sato T, Sato K. Intramuscular
malignant granular cell tumor. Skeletal Radiol
1997;26(2):116-21.

[14] Strong E W, Mcdivitt R W, Brasfield R D. Granular cell
myoblastoma. Cancer 1970;25(2):415-22.

[15] Blacksin MF, White LM, Hameed M, Kandel R, Patterson F R,
Affiliatio ], et al. Granular cell tumor of the extremity:
magnetic resonance imaging characteristics with pathologic
correlation [published online ahead of print July 8, 2005].
Skeletal Radiol 2005;34(10):625-31.

[16] Budifio-Carbonero S, Navarro-Vergara P, Rodriguez-Ruiz JA,
Modelo-Sanchez A, Torres-Garzén L, Rendén-Infante J I,
et al. Granular cell tumors: review of the parameters
determining possible malignancy. Med Oral 2003;8:294-8.

[17] Fanburg-Smith JC, Meis-Kindblom JM, Fante R, Kindblom LG.
Malignant granular cell tumor of soft tissue: diagnostic
criteria and clinicopathologic correlation. Am J Surg Pathol
1998;22:779-94.

[18] Thacker MM, Humble S D, Mounasamy V, Temple H T,
Scully S P. CASE REPORTS: Granular Cell Tumors of

Extremities: Comparison of Benign and Malignant Variants.
Clinical Orthopaedics and Related Research
2007;455(455):267-73.

[19] Nasser H, Danforth RD, Sunbuli M, Dimitrijevic O. Malignant
granular cell tumor: case report with a novel karyotype and
review of the literature. Ann Diagn Pathol 2010;14(4):273-8.

[20] Singh V, Gunasagaran J, Pailoor J. Granular cell tumour:
malignant or benign? Singapore medical journal
2015;56(09):513-17.

[21] Hwang ]S, Beebe KS, Rojas ], Peters S R. Malignant Granular
Cell Tumor of the Thigh. Orthopedics 2011;34(8):428-31.

[22] Behzatoglu K, Bahadir B. Malignant granular cell tumor with
unusual histological features. Pathol Int 2007;57(2):115-19.

[23] Osanai T, Ishikawa A, Ogino T, Yamakawa M.
Contrast-enhanced magnetic resonance imaging of
malignant granular cell tumor with pathological correlation:
a case report. Journal of Orthopaedic Science
2004;9(5):529-32.

[24] Park SJ, Chang YH, Yang NR, Seo E K. Granular cell tumor in
the pituitary stalk: a case report. Brain Tumor Res Treat
2015;3:60-3.


http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0012
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0013
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0013
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0013
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0013
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0013
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0013
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0014
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0014
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0014
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0014
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0015
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0016
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0017
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0017
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0017
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0017
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0017
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0018
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0019
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0019
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0019
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0019
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0019
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0020
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0020
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0020
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0020
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0021
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0021
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0021
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0021
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0021
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0022
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0022
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0022
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0023
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0023
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0023
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0023
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0023
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0024
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0024
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0024
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0024
http://refhub.elsevier.com/S1930-0433(22)00120-0/sbref0024

	Malignant granular cell tumor of the multifidus muscle: Case report and review of the literature
	 Introduction
	 Case presentation
	 Discussion
	 Declaration of Interest
	 Patient consent
	 Reference


