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Abstract

Peripheral nerve sheath tumors are categorized into benign and malignant forms, comprising of neurofibroma and schwannoma in 
the benign category and malignant peripheral nerve sheath tumors in the malignant category. Magnetic resonance imaging plays 
an important role in the diagnosis of these lesions. The various imaging features and signs that help to identify and characterize 
a nerve sheath tumor are, distribution of the tumor along a major nerve, an entering or exiting nerve sign, target sign, a fascicular 
sign and a split‑fat sign.
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Introduction

Peripheral nerve sheath tumors account for nearly 12% of the 
benign and 7‑8% of the malignant soft tissue neoplasms.[1] 
Neurofibromas and schwannomas constitute the benign 
category, while the malignant peripheral nerve sheath 
tumor  (MPNST) comes under the malignant category.[2,3] 
Magnetic resonance imaging (MRI) plays a pivotal role in 
the identification, characterization, and differentiation of 
benign versus malignant nerve sheath tumors. On MRI, these 
tumors are seen as fusiform lesions, with low to intermediate 
signal intensity on T1W images and high‑signal intensity on 
T2W images.[4] The differentiation of benign and malignant 
nerve sheath tumors is an imaging challenge, hence, a few 
imaging signs serve as problem‑solving tools. In this pictorial 
review, there is an attempt to emphasize on the various 
MRI signs described in literature that aid in the diagnosis 
of peripheral nerve sheath tumors.

Discussion

Neural distribution
Distribution of the lesion along the course of the nerve 
is a feature of prime importance for the diagnosis of a 
nerve sheath tumor  [Figure  1]. The benign lesions may 
be located along the cutaneous or deep nerves, however, 
their malignant counterparts are seen most commonly 
along the major nerve trunk [Figure 2]. Neurofibromas are 
seen most commonly in the head and neck regions, while 
schwannomas are more common in the lower extremity. 
The dumbbell shape [Figure 3] is characteristically seen in 
paraspinal neurofibromas, in which intraspinal extension 
of the tumor causes widening of the neural canal.[5‑7]

Entering or exiting nerve sign
Neurofibromas are pathologically characterized by fusiform 
enlargement of the nerve, with the tapered ends of the 
lesion toward the parent nerve [Figure 4]. Schwannomas 
can also have a fusiform shape, but they are located 
eccentrically in relation to the nerve, in contradistinction 
to neurofibroma, which is central and inseparable from 
the parent nerve [Figure 5]. On account of this feature, the 
surgical management of neurofibromas requires excision 
of the lesion along with the parent nerve, however, in 
schwannomas, the parent nerve can be spared. The 
plexiform variant of the neurofibroma causes a diffuse 
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expansion and enlargement of the parent nerve resulting 
in a ‘bag of worms’ [Figure 6] appearance on imaging as 
well as on gross pathological examination.[4,5,7]

Target sign
The target sign is portrayed on axial T2W images 
as a central area of hypointensity with a peripheral 
hyperintensity. This sign is most often seen with 
neurofibromas  [Figure  7]. Postcontrast, there is central 
enhancement with peripheral hypointensity seen in 
these lesions [Figure 8]. Pathologically, there is a central 

Figure 1 (A and B): Schwannoma along the sciatic Nerve: Sagittal 
T1W and T2W fat-saturated images show a well-defined round lesion 
(asterisk), which is isointense on T1 and heterogeneously hyperintense 
on T2, along the course of the sciatic nerve (arrowhead)

A B
Figure 2 (A and B): Known case of Neurofibromatosis type I: Coronal 
T1W and T2W images show diffuse enlargement of the sciatic nerves 
(arrowheads) bilaterally, suggestive of plexiform neurofibromas, with 
a focally enlarged and heterogeneous mass (arrows). Resection and 
histopathology revealed neurofibrosarcoma

Figure 3 (A and B): Paraspinal schwannoma: Axial T1 and T2W 
images show an oblongated lesion (arrows), which is isointense on T1 
and heterogeneously hyperintense on T2 in the cervical spine, causing 
widening of the neural canal (dotted arrows) and extending into the 
soft tissues of the neck 

A B

Figure 4 (A and B): Neurofibroma along the posterior tibial nerve: 
Sagittal T1W and T2W fat-saturated images show a well-defined 
fusiform lesion (asterisk), which is isointense on T1 and hyperintense 
on T2, along the distribution of the posterior tibial nerve (arrowhead) 

A B

Figure 5 (A and B): Schwannoma along the sciatic nerve: (A) An 
axial T2W fat-saturated image shows an eccentric hyperintense lesion 
with peripherally displaced and compressed sciatic nerve (arrowhead) 
(B) T2 sagittal image demonstrates a lesion with fluid level and its 
relationship with the sciatic nerve (arrows) 

A B

Figure 6: Known case of neurofibromatosis type I: An axial T2W 
image shows nodular thickening of the pelvic nerves in the case of 
plexiform neurofibromatosis giving a ‘bag of worms’ appearance, which 
corresponds to its appearance on gross examination

A B
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fibrocollagenous core and a surrounding myxomatous 
tissue, which accounts for this imaging pattern. However, 
the target sign may be seen in schwannomas also, but 
the pathological basis of the target sign is different from 
the neurofibroma. In these lesions, it is accounted for by 
a central distribution of the more cellular Antoni type A 
cells, with a surrounding rim of hypocellular Antoni type B 
cells. The presence of this sign in a malignant peripheral 
nerve sheath tumor is indicative of benign tissue within 
the lesion, however, the absence of this sign in a lesion is 
indicative of a malignant transformation of the primary 
benign lesion.[8]

Figure 7: Known case of neurofibromatosis type I: Axial T2W fat-
saturated images show multiple hyperintense lesions in the pelvis, 
with a few of them showing central hypointensity (arrow) suggestive 
of a ‘Target sign’

Figure 8 (A-C): Plexiform neurofibroma of the tibial nerve with target 
sign: (A and B) Axial and sagittal T2W images show multiple lesions 
with peripheral hyperintensity and central hypointensity (black arrow) 
(C) Post-contrast, there is enhancement of the central core (white arrow)

A B

C

Figure 9: Fascicular sign: An axial T2W, fat-saturated image mass 
shows multiple, small, circular, low-signal intensity areas surrounded 
by a background of mild hyperintensity representing a ‘fascicular sign’ 
(arrows)

Figure 10 (A and B): Fascicular sign in a lipofibromatous hamartoma of 
the median nerve: An axial T1W and T2W image reveals thickening of 
the median nerve (arrow) lying superficial to the flexor tendons (asterisk). 
Multiple small foci that are isointense on T1 and hypointense on T2 (dotted 
arrows) are seen on a heterogeneously hyperintense background on T2W 
images, representing the nerve fascicles

A

B
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Fascicular sign
The ‘fascicular sign’ for the neurogenic lesions is 
represented by multiple ring‑like structures, which 
appear as hypointense foci within the hyperintense 
area on T2W images, possibly reflecting the fascicular 
bundles seen histologically [Figures 9 and 10]. This sign 
is often seen in benign nerve sheath tumors and can 
occasionally be seen in tumors with focal malignant 
transformation.[4,7,9]

Split fat sign
A ‘split fat sign’ refers to the presence of fat at the 
upper and lower poles of a lesion on T1W images, 
which is suggestive of the intermuscular location of the 
lesion  [Figure  11]. This sign is most commonly seen in 
neurogenic tumors, although it is not specific to them, as it 
may occasionally be seen in other soft tissue tumors arising 
in the intermuscular location. It is a feature of benignity, as 

malignant lesions [Figure 12] tend to be more infiltrative 
in nature, resulting in the obliteration of fat at the ends 
of the lesion.[4,9]

Muscular atrophy
The presence of a lesion with associated regional muscular 
atrophy in the neural distribution is indicative of 
a nerve sheath tumor. On imaging, it is best seen 

Figure 11 (A and B): Schwannoma with a split fat sign: T1W and 
T2W sagittal images show an oblongated encapsulated lesion, which 
is isointense on T1 and hyperintense on T2 on the posterior aspect 
of the arm in the intermuscular plane, with preserved fat at the upper 
and lower ends (arrowheads)

A B

Figure 12 (A and B): Benign versus malignant: (A) Sagittal T1W image 
shows preserved fat at the ends of the lesion (arrows). Final diagnosis: 
Schwannoma (B) Sagittal T1W image shows an elongated lesion on 
the flexor aspect of the arm, with lack of intermuscular fat at its ends 
(arrow) secondary to infiltration. Final diagnosis: Malignant peripheral 
nerve sheath tumor

A B

Figure 14: Schwannoma with hyperintense rim: Sagittal T2W 
image shows an elongated lesion in the intermuscular plane on the 
flexor aspect of the forearm with a split fat sign (arrows) and a thin 
hyperintense rim (arrowheads)

Figure 13: (A-C) Known case of neurofibromatosis with plexiform 
neurofibroma: Axial and coronal T1W and axial T2W images show 
plexiform neurofibromas in the pelvis and left gluteal region (black 
arrows). There is atrophy of the glutei muscles on the left side (arrows), 
seen as T1 and T2 hyperintense areas within the muscle fibers

A B

C
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on T1W images as hyperintense areas, secondary to 
fatty replacement  [Figure  13], interspersed within 
normal‑appearing muscles.[4,5,9,10]

T2 hyperintense rim
A thin rim of T2 hyperintensity has been observed more 
commonly in cases of schwannomas, as compared to 
neurofibromas [Figure 14].[7]

Intra‑tumoral cysts
Intra‑tumoral cystic degeneration is a more common 
feature of schwannomas, as compared to neurofibromas. 
Long‑standing tumors that are relatively large, can undergo 
cystic degeneration with calcification and hemorrhage, 
and are described as ancient schwannomas [Figure 15]. 
On imaging, it may not be always possible to differentiate 
these benign variants of schwannomas from malignant 
nerve sheath tumors or other malignant soft tissue 
tumors.[4,7,11]

Signs of malignant peripheral nerve sheath tumors
Benign lesions seldom achieve a size larger than 5 cm, and 
an increase in size of these lesions is highly suggestive of a 
malignant transformation that requires histopathological 
confirmation. Malignant lesions tend to be more 
heterogeneous on T1W and T2W images  [Figure  16A], 
as compared to their benign counterparts, secondary to 
the necrotic and hemorrhagic areas within. However, a 
similar heterogeneity can be seen in cases of long‑standing 
cases of schwannomas that have undergone degeneration. 
Another sign that favors the malignant nature of the 
lesion is the presence of perilesional edema that is seen 
as an area of increased signal intensity on T2W images, 
adjacent to the primary lesion, which is suggestive of 
perilesional infiltration or edema [Figure 17]. This feature 
is usually absent in benign neurogenic lesions.[12] Malignant 
tumors may show solid or peripheral enhancement, which 
differentiates them from neurofibromas that show focal 
central enhancement (Target sign). However, enhancement 
patterns similar to malignant peripheral nerve tumors 
can be seen in schwannomas, secondary to the areas of 
degeneration in them. Bony involvement [Figure 16B] in the 
form of destruction of the bone goes in favor of a malignant 
lesion.[4,5,10] The salient imaging features of neurogenic 
tumors are summarized in Table 1.

In recent years, Positron emission tomography‑Computed 
tomography   (FDG PET/CT)  has  shown some 
promising results in the differentiation between benign 
and malignant lesions based on the difference in the 
fluorodeoxygenase  (FDG) uptake by the benign and 
malignant lesions. The quantitative analysis of the FDG 
uptake reveals that malignant lesions have significantly 
higher specific uptake values  (SUVs) as compared to 
the neurofibromas, thus increasing the confidence in 
differentiating this subset of lesions. The SUVs in cases of 

Figure 15 (A and B): Ancient Schwannoma with cystic degeneration: 
(A) Sagittal T2W mage shows a heterogeneously hyperintense 
lesion in the presacral location, arising from the lower lumbar root 
(arrow), with central cystic changes and a large peritumoral cyst 
(asterisk) (B) Postcontrast, the superior aspect of the lesion shows 
heterogeneous enhancement with a peripherally enhancing peritumoral 
cyst (asterisk)

A B

Figure 16 (A and B): Known case of neurofibromatosis type I with a 
malignant peripheral nerve sheath tumor: (A) Axial T2W fat-saturated 
images show multiple neurofibromas (arrow) with a large, markedly 
heterogeneous mass, in the pelvis, causing enlargement of the 
right greater sciatic foramen and extending into the gluteal region 
(B) Inferiorly, there is destruction of the pubic ramus with associated 
marrow infiltration (asterisk)

A B

Figure 17 (A and B): Malignant peripheral nerve sheath tumor with 
peritumoral edema: Sagittal T2W and short tau inversion recovery 
(STIR) images show an ill-defined hyperintense lesion along the 
flexor aspect of the arm, with an ill-defined perilesional hyperintensity 
in the superior aspect (arrowhead), suggestive of peritumoral edema 
secondary to infiltration

A B
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schwannomas are higher as compared to the neurofibromas 
and may sometimes have an overlapping pattern, as in 
malignant peripheral nerve sheath tumors.[13]

Conclusion

In summary, MRI plays an important role in the management 
of peripheral nerve sheath tumors. Imaging signs, such as, 
entering or exiting nerve sign, target sign, fascicular sign, 
and split fat sign, when used in combination, may be 
helpful in identifying a neurogenic lesion and may, to an 
extent, differentiate between their benign and malignant 
counterparts. However, it may not be always possible, 
preoperatively, to differentiate between neurofibromas and 
schwannomas, as well as benign lesions and their malignant 
counterparts, due to the overlap of the imaging features 
between these lesions.
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Table 1: Salient imaging features of neurogenic lesions

Imaging feature Neurofibroma Schwannoma Malignant 
peripheral nerve 
sheath tumor

Nerve relation to the mass Central Eccentric Central 

Target sign Present, seen 
more often

Present Absent

Fascicular sign Present Present Occasional

Split fat sign Present Present Absent

Thin T2 Hyperintense rim Rare Present Absent

Intra‑tumoral cysts Rare Common Occasional

Bony destruction Absent Absent Present

Peri‑lesional edema Absent Absent Present 

Post‑contrast 
enhancement

Central Peripheral and 
heterogeneous

Solid, peripheral, 
and heterogeneous

PET\CT Low SUVs Low to 
intermediate 
SUVs

High SUVs

SUVs: Specific uptake values, PET\CT: Positron emission tomography-Computed tomography
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