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Abstract
Objectives: Bone surface is supplied with ample numbers of both sensory and sympathetic nerves, despite this a very
few cases of Schwannoma had been reported to be originating from subperiosteal region. Our study aims at retrospectively analysing patients presenting with vague pain around the knee joint with inconclusive radiological features in
whom subperiosteal Schwannoma was being considered as a differential diagnosis.
Methods: Three patients presented with vague pain around knee joint to our OPD over a 10 years period. Two patients
had a painful mass around knee. Pain was temporarily relieved with NSAIDs. Two patients had lesion in proximal tibia
and one on distal femur. All patients were subjected to excisional biopsy and the results were analysed.
Results: X ray was unremarkable in all three patients. Hypoechoic lesion was found on ultrasonography suspected
to be benign neoplastic lesion. Histopathology study of all excisional biopsy specimens confirmed the diagnosis of
schwannoma. All patients recovered uneventfully and had complete relief of pain post excision. There has not been
any incidence of recurrence.
Conclusion: In patients with diffused pain around knee, subperiosteal schwannoma should be kept as one of the differential diagnosis. USG can help in diagnosis subperiostel schwannoma.
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T

he most common benign tumors of the peripheral
nerve are neurofibromas and schwannomas.[1] Of these,
schwannomas are relatively rare compared to neurofibromas.[2] The tumors develop from the Schwann cells that
cover most of axon in all peripheral nerves.[3] Schwann cells
originate from neural crest cells and are responsible for the
creation and perpetuation of the myelin sheath.[3] A typical schwannoma is a benign, solitary, encapsulated lesion
that can develop on any peripheral nerve of the body.[4]
Schwannomas rarely become malignant.[5,6] In neurofibromatosis type 2 disorder, schwannomas may involve multi-

ple peripheral nerves.[7] Schwannomas involving the bone
are infrequently encapsulated.[8]
Benign schwannomas are not common in the general population. They tend to develop on sensory nerves; this tendency has been attributed to the fact that sensory nerves
have the highest schwann cell to axon ratio.[8] Schwannomas often arise in the soft tissue of the head and neck which
have a dense network of sensory nerves.[9] Approximately
25%–40% of all cases of schwannomas involve the head
and neck.[10,11] However, these benign tumors can develop
on any bone; in fact, schwannomas account for <0.2% of all
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primary bone tumors.[8,12] The mandible is the most common site for schwannomas followed by the sacrum.[8,13]
The tendency of schwannomas to develop in these sites is
because of the sensory mandibular nerve passing through
the long osseous canal and the large number of sensory
nerves passing through multiple sacral foramina.[8]
Typically, schwannomas are slow growing, small (usually
<3 cm), tender, soft masses, mobile in the coronal plane.
[2,4]
However, intraosseous schwannomas do not often present with palpable mass and only cause vague pain due to
nerve irritation.[14] Schwannomas and neurofibromas have
almost similar clinical, radiological and histological features
with only subtle differences. Depending upon the site, size
and chronicity of the lesion, schwannomas may show no
change to mild periosteal reaction to scalloping of the cortex on a plain radiograph.[15-17] As has been mentioned earlier, Schwannomas can develop in any peripheral nerve in
any extremity; but for unknown reasons, they grow mostly
in the flexor aspect of upper limbs.[2,4,14] It is rare to find a
case of symptomatic schwannomas in the lower extremities.[18] In spite of the fact that the periosteum has a rich
supply of sensory nerves, schwannomas have been scarcely found on the surface of the bone. Knight et al.[4] reported
that only 4 schwannomas out of 234 occur in muscles or
the surface of the bone.
In the current review, we present three patients with chronic pain around the knee joint. All the three patients had
been typically managed for an extended period of time
with NSAIDS (nonsteroidal anti-inflammatory drugs) with
only temporary relief of symptoms. On further radiological
evaluation, we suspected the presence of juxtacortical lesions in all three cases. An excision biopsy taken from the
patients found the lesions to be neurilemmomas. With excision of the mass, pain completely subsided in all three

cases. There has been no recurrence of symptoms even after 3–5 years of follow-up.

Methods
Over a period of 10 years, we received three patients, all
male, with similar complaints of vague pain around the
knee. All the three patients had symptoms for more than a
year (Table 1). One patient had to quit his job due to pain
and constant discomfort. Medical examination and routine
blood investigations were unremarkable and none of the
patients had a history of any significant trauma. All had
been using NSAIDs, either oral or injectable, for a prolonged
period of time with only temporary relief of symptoms. The
knee range of motion was normal for all the three patients.
The patient with lesion on the tibia presented with painful
mass (n=2) and the patient with lesion on the thigh presented only with pain (n=1). On local examination, both
patients had a smooth regular mass with well-defined
margins on the anterior aspect of the leg. The mass, was
firm in consistency and slightly mobile; it did not adhere
to the skin and was tender on palpation. Radiograph of the
knee was unremarkable (Fig. 1a). Ultrasonography (USG)
showed a well-delineated 1.24 cm hypoechoic soft tissue
mass on the medial aspect of the thigh overlying the left
femur in the first patient (Fig. 1b) and a similar mass of size
2 cm and 1 cm respectively overlying the tibia in the other
two patients; there was no calcification, cystic change, increased vascularity or bony erosion. The USG features were
suggestive of a benign lesion; hence, we planned for an
excisional biopsy. Intraoperatively, we found a small glistening round to oval mass underlying the pesiosteum, free
from the bony cortex (Fig. 2a). The excised mass (Fig. 2b)
was sent for histopathological examination. Histopathology study revealed the mass to be schwannoma with classi-

Table 1. Characteristics of patients with regard to age, sex, presentation, radiograph, operation, complication and biopsy
Case no
Age
Sex
Site
Time since presentation (in months)
Presenting symptoms
Year of presentation
Imaging study
		
		
Size on USG (in mm)
Treatment
Recurrence or complication
Biopsy report

1

2

3

35
Male
Femur (left)
24
Pain
2008
Radiograph-normal
USG-well defined
hypoechoic lesion
1.24×0.64×0.5
Excision+send for biopsy
Nil
Neurilemmoma

30
Male
Tibia (left)
18
Painful lump
2015
Radiograph-normal
USG-well defined
hypoechoic lesion
2×1×0.6
Excision+send for biopsy
Nil
Neurilemmoma

45
Male
Tibia (Right)
14
Painful lump
2016
Radiograph-normal
USG-well defined
hypoechoic lesion
1×0.7×0.5
Excision+send for biopsy
Nil
Neurilemmoma
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a

b

Figure 1. (a) Plain photograph of the distal thigh with knee showing
no abnormality; (b) USG thigh Of review only patient 1 showing a
well differentiated hypoechoic lesion arising outside the bone cortex
elevating the periosteum.
a

b

Figure 2. (a) Intraoperative Photograph Showing Round Glistening
Whitish Mass Free From Cortex; (b) The Mass After Excision (Patient 2).

cal Antoni A and Antoni B areas and verocay bodies (Fig. 3a,
b). Immunohistochemistry with S100 (Fig. 3c) was strongly
positive which further reinforced the diagnosis. All three
patients had immediate relief of symptoms post excision
and no recurrence has been documented in either of them
till the latest follow-up.

Discussion
Schwannoma is a benign tumor of the nerve sheath.[1] In
1908, Verocay was the first to identify this distinct tumor;
a

b

he termed it neurinoma.[13] Since then, various terms, such
as neurilemomas, neurocytomas and peripheral gliomas,
have been used to describe neurinomas.[18] Schwannomas
are relatively uncommon soft tissue tumors and Kransdorf[19] reported that they constitute approximately 0.2%
of a total of 39.179 tumors. Distribution of schwannomas
in the lower extremities has a varied presentation among
large series (which include >100 cases) ranging from
13.5%–38.5%.[20,4,14] However, all of our patients had lesion
in the lower limb; considering that these were just three
cases, our percentage may be only a matter of chance.
Schwannomas rarely develop in or near the bone surface
and the suggested mechanisms of growth includes the
following:[11] (a) They may develop from nerves traversing
through the osseous canal; (b) They may develop from
small nerves accompanying the nutrient vessels; (c) They
may develop in soft tissues in the nearby vicinity and secondarily erode the bone or develop from nerves supplying
the periosteum. Among osseous schwannomas, periosteal
ones are the least common and have been described only
in a few case reports (Table 2).[16,17,21,22] To our knowledge,
the current series of three cases of subperisoteal schwannoma is the largest series to have been ever reported and
we believe we are the first to describe two such cases on
the tibial surface.
Age is an exception to schwannoma in the bone; there have
been reports of a child as young as 9 years[8] and an adult
as old as 56 years developing schwannoma in the bone.
[8]
However, schwannomas are more common in the third
and fourth decade of life.[18] Isolated reports of subperiosteal schwannoma have been reported in the age group of
18 years–34 years (Table 2). In our series, all three patients
were aged 30–45 years. Schwannomas affect either sex
equally without any clear sex predominance.[8,14,18,20] Incidentally, all the patients in our study were male. Soft tissue
schwannomas most commonly present as round to oval
masses with or without pain.[2,4,14,20]
c

Figure 3. (a) Photomicrograph (H & E study, 100X) showing Antoni A area (Red cross) and Antoni B (Black cross) and Nuclear Pallisading
pattern (Verocay bodies, Red Arrow); (b) Photomicrograph (H & E study, 400X) showing Verocay bodies; (c) Photomicrograph (S 100 staining,
400X) showing diffusely positive nuclear and cytoplasmic pattern.
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Table 2. Previous reports of subperiosteal schwanommas
Authors
Age
Sex
Location
					

Periosteal
reaction

Presenting
symptoms

Time since
presentation

18
Female
Femur
Present
Painless lump
Long duration
Lhedan FA[21]
							
(not mentioned)
38
Male
Femur
Absent
Pain with no
4 years
Verma RR et al.[16]
						
swelling		
28
Female
Ulna
Absent
Painful swelling
Long duration (duration
Singh V et al.[22]
							
not mentioned)
								
34
Male
Pelvis
Absent
Pain with
3 months
Lakhotia et al.[17]
						
no swelling

Occasionally, they are associated with weakness, paraesthesia and a positive Tinel’s sign.[4,14,18] Subperiosteal
schwannomas however have varied presentation such as
painless lump,[21] vague pain without any swelling[16,17] and
painful swelling.[22] A feature common to our cases were
that they all presented late to the physician, with duration
of symptoms ranging from 3 months to 4 years.[16,17,21,22] Two
of our patients presented with a painful lump on the tibia;
the patient with lesion on the femur had only pain. All presented to us after having symptoms for at least 14 months.
The spectrum of lesions that appear on the bone surface
are large and may pose a diagnostic challenge as they all
present with similar tumor and tumor-like symptoms.[23,24]
The most common tumors are neurofibroma, periosteal osteoid asteoma, periosteal osteosarcoma, osteochondroma,
periosteal chondroma, subperiosteal hematoma, reactive
periostitis, fibrous cortical defect, periosteal ganglion, lipoma, etc. Andrew et al. have also described a single case
of juxtacortical malignant schwannoma (malignant peripheral nerve sheath tumor, MPNST). Schwannoma is one of
the rarest lesions to appear on the bone surfaces.[25]
Plain radiograph of these lesions is usually unremarkable.
In some cases, focal bony scalloping may be seen indicating the benign nature of the lesion.[26] In our series, all three
patients had a normal radiograph. Ultrasonography (USG)
is the first line of investigation and we followed the same
line of investigation.[18] A schwannoma is characterized by
a well-defined hypoechoic, ovoid lesion in continuity with
the originating nerve and sometimes with increased vascularity and notable arterial flow;[26] these features are shared
by neurofibroma and MPNST. Due to this overlapping of
radiological features, it is not always possible to differentiate between neurofibroma, schwannoma and MPNST[29]
without a histological study. Thus, USG cannot reliably
differentiate between neurofibroma and schwannoma of
the extremities.[27] On magnetic resonance imaging, PNST
exhibits low signal intensity on T1W images and high sig-

Imaging study
Benign bone tumor
Smooth scalloping
of the cortex
Cystic lesion with
well-defined sclerotic
margin
Ill-defined lytic lesion

nal intensity on T2W images.[28] The so-called “target sign,”
which is a non-enhancing focus seen commonly in T2W images, and the “split fat sign,” which shows the presence of
fat surrounding the lesion in T1W images, is present in both
neurofibroma and schwannoma but absent in MPNST.[29]
Though compared to USG, MRI has a better tissue characterization, USG is more accurate than MRI in detecting
lesions in the peripheral nerve.[30] It is also relatively safe,
inexpensive and a widely available investigation. Considering the fact that MPNST on the bone surface is extraordinarily rare and that the clinical and radiological picture in
all three of our patients were benign, we did not feel the
need of MRI in any of our cases and directly went for excision of the lesion. Moreover, MRI would not have changed
the further course of management i.e excision and biopsy.
Symptomatic schwannoma are surgically excised and recurrence after complete surgical excision is unknown.[7,18] The
microscopic features of a schwannoma are fairly consistent
and consist of two kind of tissues, Antoni A and Antoni B.
Antoni A areas are characterized by closely packed spindle
shaped cells with prominent nuclear palisading (verocay
bodies) and Antoni B areas are composed of loosely packed
schwann cells with intervening myxoid stroma.[4,8,14,31] Traditional haematoxylin and eosin (H&E) staining can differentiate between schwannoma, neurofibroma and MPNST[14] but
in doubtful cases, immunohistochemistry markers can be
tested. In particular, immunostaining for S100 and collagen
type IV is strongly positive for schwannoma but weakly positive and sometimes negative for neurofibroma and MPNST.
[8,14,31]
In all three of our cases, conventional H&E staining
demonstrated classical features of schwannoma and S100
staining was positive in all three cases. Table 3 demonstrates
the important demographic, radiological and histological
features of schwannoma, neurofibroma and MPNST.

Conclusion
Subperiosteal schwannoma is a very rare entity and diffi-
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Table 3. Typical demographic, radiological and histological features of peripheral nerve sheath tumors
Feature

Schwannoma

Neurofibroma

Malignant peripheral nerve

Sheath Tumor
Demographic[32]			
Prevalence
5% of all benign soft tissue tumors 5% of all benign soft tissue tumors
6% of all soft tissue sarcoma
Multiplicity and association
Usually solitary, 5%–18%
Typically solitary; multiple
Solitary and 50% of lesions
with neurofibromatosis
multiple lesions have NF 1
lesions in NF1
appear in patients with NF1
type 1( NF 1) Site
Mostly in head and neck and
Usually head and neck region
Major nerve trunk (commonly
		
upper extremity
and lower extremity
in proximal extremities)
Malignant change
Extremely rare
Extremely rare except in NF1
Not applicable
Radiographic			
Eccentric
Central
Central
RelationMRI[29] to nerve
Target sign
Present
Present (more often)
Absent
Split fat sign
Present
Present
Absent
Intra-tumoral cyst
Common
Rare
Occasional
Bone destruction
May be present
May be present
Usual
Perilesional edema
Absent
Absent
Present
Post contrast enhancement
Peripheral and
Central
Peripheral and heterogenous
Heterogenous
Echogenicity USG[26]
		
Hypoechoic (more often)
Hypoechoic
Hypo to mix echogenicity
Internal homogeneity
Homogeneous (more often)
Homogeneous and
Homogeneous and
			
Heterogeneous
Heterogeneous
Continuity with involved nerve
Present
Present
Present
Well circumscribed
Well circumscribed
More often well
Margins[32]
				
circumscribed than irregular
Pathological and Immunophenotypic			
++
+
++/+++
NuclearFeatures[31] Size
Nuclear hyperchromasia
++
+
+++
Capsule
+++
Mitotic activity
-/+
-/+
+++
Necrosis
-/+
+++
“Shredded carrot” type Collagen
-/+
+++
-/+
IHC marker			
S100
+++
++/+++
+/++
Collagen type IV
+++
++/+++
+/++

cult to diagnose due to non-specific symptoms. In some
cases, due to the absence of a defined mass and a normal radiograph, diagnosis is difficult. An inexpensive and
readily available USG can reliably demonstrate PNST. Early
diagnosis with ultrasonography can spare the patient a
prolonged and ineffective course of NSAID. Though PNST
is rare, it must be considered as a differential diagnosis for
surface lesion of the bone.
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