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Abstract  

Background: A schwannoma is a benign peripheral nerve tumor. Predicting the 

involvement of a nerve on symptoms or MR findings is crucial to the diagnostic 

process.  

Purpose: To compare symptoms, MR findings, and histological findings between major 

nerve schwannomas and intramuscular schwannomas.  

Material and Methods: Thirty-four patients with 36 schwannomas (29 major nerve 

schwannomas and 7 intramuscular schwannomas) surgically excised and proven 

histologically were retrospectively reviewed.  

Results: Frequencies of the Tinel - like sign, split-fat sign, entering and exiting nerve, 

and low-signal margin indicate the presence of the nerve and were significantly higher 

in major nerve schwannomas than in intramuscular schwannomas. In tumor 

morphological patterns (the target sign, inhomogeneous pattern, and homogeneous 

pattern), there were no significant differences between major nerve schwannomas and 

intramuscular schwannomas. Schwannomas showing the target sign histologically 

tended to be less degenerative. All major nerve schwannomas and 5 intramuscular 

schwannomas produce some characteristic symptoms and/or MR findings, but two 

intramuscular schwannomas didn’t have any characteristic symptoms and findings.  



Conclusion: In major nerve schwannomas, the Tinel - like sign, split-fat sign, entering 

and exiting nerve, and low-signal margin are commonly observed and useful for 

diagnosis. In intramuscular schwannomas, these characteristic findings are less common, 

which makes diagnosis difficult. 



A schwannoma is a benign peripheral nerve tumor, usually formed in a peripheral nerve. 

The diagnosis of a schwannoma is often defined at surgery by its characteristic 

macroscopic appearance. A schwannoma should be separated from the affected nerve 

intraoperatively after incision of the epineurium to preserve the native nerve function. 

Partial resection can be performed to spare the nerve function, and recurrence is unusual. 

A preoperative correct diagnosis of a schwannoma is important for atraumatic 

management of the tumor.  

Holdsworth and Kehoe reported that diagnosis of a peripheral nerve tumor is 

difficult when based on clinical assessment alone (7, 10). However, Hems and Ogose 

reported that if a major nerve is involved, it is suspected on clinical grounds alone and 

the Tinel - like sign (paresthesia produced by percussing the tumor) is often observed (4, 

6, 16). On the other hand, Kwon reported that clinical symptoms are rare in 

intramuscular schwannomas (12). 

On MR images of schwannomas, the frequencies of characteristic findings such 

as the split-fat sign (fat tissue surrounding the involved nerve), entering and exiting 

nerve, low-signal margin (low signal rim surrounding the schwannoma), thin 

hyperintense rim (thin peripheral hyperintense rim on T2-weighted images), and the 

target sign (peripheral hyperintense rim and central low intensity on T2-weighted 
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images) have been reported variously (3, 8, 9, 15, 19). The morphologic features of 

tumors such as the target sign, inhomogeneous pattern, and homogeneous pattern have 

been generally indicated by T2-weighted images (11, 16). Little is known about the 

correlation between morphologic features and histological findings (18). 

Predicting the involvement of a nerve on symptoms or MR findings is crucial to 

the diagnostic process, but in intramuscular schwannomas, small nerves generally make 

the diagnosis difficult. The purpose of this study was to find useful diagnostic 

information from symptoms and MR findings, not only in major nerve schwannomas 

but also in intramuscular schwannomas. The findings between major nerve 

schwannomas and intramuscular schwannomas were compared, and the relationship 

between the MR morphologic findings and histological findings was also investigated.  

 

Material and Methods 

Between January 1994 and December 2003, a consecutive series of thirty-six patients 

with 38 schwannomas surgically excised and histologically proven were retrospectively 

reviewed by five observers who were blinded to the results. Two patients, each with a 

subcutaneous schwannoma, were excluded from this study. Our institution approved the 

human protocol for this investigation and all investigations were conducted in 
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conformity with the ethical principles of research. There were 17 males and 17 females 

ranging from 26 to 71 years of age (mean 51 years). Two patients had surgical excisions 

for two schwannomas. MR imaging was performed using a system with a field strength 

of 1.5 T (Signa Horizon; GE Yokogawa Medical, Tokyo, Japan). Conventional scanning 

sequences consisted of T1-weighted (350-700/ 15-35) and T2-weighted (1800-3200/ 

70-120) spin-echo sequences performed in at least two orthogonal planes. In all tumors, 

the contrast-enhanced T1-weighted spin-echo sequence was performed after 

administration of Gd-DTPA.  

The medical records, MR images, and histological reports were available for all 

patients. Preoperative symptoms such as pain at rest, tenderness, the Tinel - like sign, 

sensory disturbance, and motor weakness were reviewed from the medical records by 

two experienced oncologists (T.S., K.T.). The Split-fat sign, entering and exiting nerve, 

and low-signal margin on T1 and T2-weighted images, and the thin hyperintense rim 

and target sign on T2-weighted images were reviewed by two experienced oncologists 

(T.K., T.M.) and decisions were reached by consensus. The reviewers classified a target 

sign when the central hypointense focus comprised less than three quarters of the lesion, 

and they classified a thin hyperintense rim when the rim was less than one quarter of the 

lesion’s diameter (8). Additionally, central enhancement was necessary for classification 
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as a target sign. The correlation between the MR images and the histological findings 

were reviewed. The histological findings of all tumors were reviewed by an experienced 

pathologist (K.A.).  

Twenty-nine schwannomas arose from a major nerve trunk and seven were 

intramuscular schwannomas (Table 1). The intervals between the onset of symptoms 

and surgical treatment were between one and 156 months with a mean of 26 months. 

Tumor sizes ranged from 1.5×1 cm to 12×5.5 cm (average, 4.4×3.1cm.). Needle 

biopsies were performed in five schwannomas (two major and three intramuscular 

schwannomas) and open biopsies in two (one major nerve and one intramuscular 

schwannoma).  

Symptoms, MR findings, and histological findings between major nerve 

schwannomas and intramuscular schwannomas were compared. The morphologic 

features of the tumors on T-2 weighted images were correlated with the histological 

findings. Statistical analysis was performed using the chi-square test or 

Mann-Whitney’s U test. For all statistical comparisons, significance was defined as a p 

value of less than 0.05. 

 

Results 
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For the clinical symptoms, pain at rest was noted in 10 schwannomas, tenderness in 15, 

the Tinel - like sign in 25, sensory disturbance in 7, and motor weakness in 2. Between 

major nerve schwannomas and intramuscular schwannomas, there was a significant 

difference only in the Tinel - like sign (Table 2). Two major nerve schwannomas and 

four intramuscular schwannomas didn’t produce any characteristic symptoms. The 

average tumor size of the major nerve schwannomas was 4.1×2.9 cm and that of the 

intramuscular schwannomas was 5.6×3.9 cm. The average interval between the onset of 

symptoms and surgery in the major nerve schwannomas was 22± 6 months and that of 

intramuscular schwannomas was 44± 17 months. There were no significant differences 

in the size and the intervals.  

On the MR images, the split-fat sign was detected in 29 schwannomas, entering 

and exiting nerve in 27, low-signal margin in 25, and thin hyperintense rim in 7. The 

entering and exiting nerves were situated peripherally in 20 schwannomas and centrally 

in 7. In the split-fat sign, entering and exiting nerve, and low-signal margin, there were 

significant differences between the major nerve schwannomas and intramuscular 

schwannomas. The target sign was observed in 9 major nerve schwannomas (31%) and 

in 2 intramuscular schwannomas (29%). One major nerve schwannoma and two 

intramuscular schwannomas did not show any characteristic MR findings. The two 
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major nerve schwannomas with no characteristic symptoms showed the split-fat sign, 

entering and exiting nerve, and low-signal margin. In the four intramuscular 

schwannomas with no characteristic symptoms, one had the split-fat sign and low-signal 

margin (Fig. 1), one had the fasicular sign, and two had no characteristic MR findings. 

Ultimately, for symptoms and MR findings, some characteristic findings were observed 

in all major nerve schwannomas and in 5 intramuscular schwannomas, but no 

characteristic findings were observed in two intramuscular schwannomas.  

The morphological features on the T2-weighted MR images could be classified as 

the target sign (n= 11), inhomogeneous pattern (n= 17), and homogeneous pattern (n= 

8). The target sign corresponded to more cellular Antoni A regions centrally and more 

myxoid Antoni B areas peripherally in 6 of 11 schwannomas (Fig. 2) and was also 

observed by contrast between the central cellular area and the peripheral more loosely 

arranged tissue area, with water content in the other five schwannomas. The 

inhomogeneous pattern corresponded to irregular distribution of Antoni A and Antoni B 

combined with variable degrees of degenerative changes including cyst formation, 

hemorrhage, myxoid degeneration, and hyaline degeneration. The homogeneous pattern 

corresponded to inhomogeneous degenerative changes with various amounts of Antoni 

A and Antoni B components in 5 schwannomas and to homogeneous extensive myxoid, 
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hyaline degeneration, or marked peripheral myxoid degeneration with a large cystic 

space in the other three. The thin hyperintense rim corresponded to the peripheral 

myxoid Antoni B area or peripheral myxoid degeneration was observed in both 

inhomogeneous and homogeneous patterns. In the three patterns, there were no 

significant differences between the major nerve schwannomas and the intramuscular 

schwannomas. However, the interval from onset to surgery was significantly shorter 

with the target sign (10 ± 5 months) than with the other patterns (33 ± 8 months). The 

findings after Gd-DTPA could be classified as inhomogeneous enhancement (n= 16), 

homogeneous enhancement (n= 3), central enhancement (n=11), and marginal 

enhancement (n=6). The T2-weighted images had little correspondence with the 

findings of contrast medium enhancement (Table 3). 

 

Discussion  

The frequencies of symptoms caused by schwannomas have been reported variously (1, 

5, 6, 10, 16, 18). The frequency of the Tinel - like sign has been reported as being 

between 43.8 % and 94.5 % (1, 9, 14, 16). In our series, it was 69.4% which is 

significantly higher than that of the intramuscular schwannomas. Major nerve 

schwannomas usually produce some symptoms, because major nerves usually consist of 
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many bundles of sensory and motor nerve fibers, whereas intramuscular schwannomas 

seldom produce symptoms, because they usually consist of few bundles of motor nerve 

fibers. 

On MR findings, the major nerve schwannomas usually showed the split-fat sign, 

entering and exiting nerve, low-signal margin and occasionally showed the target sign 

and thin hyperintense rim. Identification of the entering and exiting nerve is the most 

useful finding for the diagnosis of a neural tumor (6, 9, 13, 17). It has been reported that 

the split-fat sign represents fat tissue surrounding the involved nerve (15) and that 

low-signal margin represents epineurium surrounding the schwannoma (3, 9). These 

findings denote the presence of the nerve and are more easily detectable in major nerves 

than in small nerves. On the other hand, the target sign and thin hyperintense rim 

represent characteristic findings of the tumor itself rather than of the nerve. 

Morphologically, three patterns could be identified on T2-weighted MR images. 

The frequencies of these three patterns in schwannomas have been reported as being 

between 4 % and 46.2 % for the target sign, between 45.5 % and 77.5 % for the 

inhomogeneous pattern, and between 13.3 % and 55.5 % for the homogeneous pattern 

(1, 8, 11, 16, 19). The correlation between the target sign and histological findings has 

been reported variously (2, 14, 19). In only six of 11 schwannomas, the target sign 
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corresponded to Antoni A regions centrally and Antoni B areas peripherally. The target 

sign tended to be observed in schwannomas which histologically showed less 

degeneration and had shorter intervals from onset to surgery. The schwannomas which 

show the target sign are never very old. Microscopic findings in tumors with irregular 

distribution of Antoni A and Antoni B with varying degrees degenerative changes 

commonly showed an inhomogeneous pattern and occasionally showed a homogeneous 

pattern on MR images. When moderate degenerative changes extended to a whole 

tumor, MR images showed a homogeneous pattern. 

Macroscopically, a schwannoma is a shiny and greyish smooth ovoid mass and is 

surrounded by a true capsule consisting of the epineurium, since it occurs within the 

nerve sheath. Because the diagnosis of a schwannoma can be easily defined at the time 

of surgery by its characteristic macroscopic appearance, a biopsy can be prevented if the 

preoperative diagnosis is a schwannoma. Although biopsies were performed in three 

major nerve schwannomas and in four intramuscular schwannomas, we could have 

avoided this by careful examination of the characteristic symptoms and of the MR 

findings (except for two intramuscular schwannomas which had no characteristic 

symptoms and MR findings). 

In conclusion, the Tinel - like sign, split-fat sign, entering and exiting nerve, and 
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low-signal margin are commonly observed in major nerve schwannomas and less 

commonly in intramuscular schwannomas. Although frequencies of target sign are only 

about 30% both in major nerve schwannomas and intramuscular schwannomas, the sign 

is useful for diagnosis because of a unique finding which denotes the tumor itself. In 

intramuscular schwannomas, these characteristic findings are less common, which 

makes diagnosis difficult. Biopsies could be avoided by careful examination of these 

findings in all major nerves schwannomas and in most intramuscular schwannomas. 
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Figure legends 

Figure 1 

T2-weighted MR images of an intramuscular schwannoma involving biceps femoris in a 

41-year-old female. A sagittal image shows an oval mass with low-signal margin (black 

arrow) and the surrounding fat (fat-split sign) (white arrow) (A). An axial image shows 

a round mass in the biceps femoris (B). 

 

Figure 2 

Sciatic nerve schwannoma in a 58-year-old male. An axial T2-weighted MR image 

shows the target sign with entering and exiting sciatic nerve (white arrows) (A). A 

sagittal T2-weighted image shows the target sign with low-signal margin (B). A 

photomicrograph (original magnification, ×50; hematoxylin- eosin stein) shows more 

cellular Antoni A regions centrally and more myxoid Antoni B areas peripherally (C). 
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Fig. 1 A 

 

Fig. 1 B 
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Fig. 2 A 

 

Fig. 2 B 
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Fig. 2 C 
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Table 1. Sites of 36 schwannomas  
 

Major nerve schwannoma 29 Intramuscular schwannoma 7 
Sciatic nerve 9 Gluteus maximum 2 
Brachial plexus 6 Infraspinatus   1 
Tibial nerve 5 Extensor carpi ulnaris 1 
Peroneal nerve 3 Longissimus thoracis 1 
Musculocutaneous nerve 2 Tensor fascia lata 1 
Median nerve 2 Biceps femoris short 1 
Ulnar nerve 2   

 
 
 
 
 
 
 
 

 
 
 
Table 2. Symptoms and MR findings of 36 schwannomas 
 

Symptoms and 
MR findings 

Major nerve 
(n= 29) 

Intramuscular 
(n= 7) 

P value 
 

Pain at rest 
Tenderness 
Tinel-like sign 
Sensory disturbance 
Motor weakness 

9 
14 

  24** 
7 
2 

1 
1 
1 
0 
0 

0.6518 
0.2003 
0.0014 
0.3029 
0.4746 

Split-fat sign 
Entering and exiting nerve 
Low-signal margin 

 26* 
  26** 

23* 
6 

3 
1 
2 
1 

0.0164 
0.0003 
0.0180 

Thin hyperintense rim 0.6924 
Target sign 9 2 
Inhomogeneous pattern 13 4 
Homogeneous pattern 7 1 

 
0.8031 

*P < 0.05, ** P < 0.01 
 
 
 
 
 
 



Table 3. Correlation between T2-weighted images and enhanced images 
 

          Enhancement 
T2-weighted images 

Inhomogeneous 
 

homogeneous  
 

Central 
 

Marginal 
 

Target sign (n=11) 2 0 8 1 
Inhomogeneous pattern (n=17) 11 0 2 4 
Homogeneous pattern (n=8) 3 3 1 1 
 


