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Abstract

Purpose The treatment of symptomatic Schwannoma is sur-
gical excision. However, in the case of major peripheral
nerves with motor function, there are concerns including
neurological complications following surgery. This study
was designed to evaluate the surgical outcome of Schwan-
nomas originating from major peripheral nerves of the lower
limb. Additionally, we sought to find out the predictable
factors for permanent neurological deficits.

Methods Between 2004 and 2008, 30 consecutive Schwan-
nomas underwent simple excision or enucleation. Surgical
outcomes after excision were evaluated with an emphasis on
neurological deficits and recurrence. Neurological compli-
cations were classified as major or minor neurological def-
icits and evaluated immediately after surgery and at final
follow-up. Risk factors for development of neurological
deficits were identified.

Results Twenty-three patients (23/30, 76.7 %) developed neu-
rological deficits immediately after surgery. After a mean of
58.8 months (32-79 months), 19 patients (19/30, 63.3 %)
showed no residual neurological deficits. Among the remaining
11 (11/30, 36.7 %), nine patients had tolerable symptoms and
two patients had major neurological deficits including signifi-
cant motor weakness and sensory impairments. Larger tumours
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tended to be at greater risk of neurological deficit after surgery.
One recurrence of the tumour was seen two years after surgery.
There were no cases of reoperation or malignant transformation
Conclusions In the majority of cases, Schwannomas in the
lower limb can be excised with acceptable risk for neurolog-
ical deficits. However, meticulous dissection is required in
large-sized Schwannomas because these tumours seem to
have a higher frequency of fascicular injury during dissection.

Introduction

Schwannoma is a benign peripheral nerve sheath tumour
which arises from Schwann cells which support the peripheral
nerve fibres. Malignant transformation is known to be excep-
tionally rare [1, 2]. The lesion is usually solitary, but multiple
tumours in a limb have been reported [3]. Schwannomas most
commonly occur in the head and neck involving the brachial
plexus and spinal nerves. The lower limbs are affected less
often [4]. Schwannomas usually grow slowly and present as a
painless swelling over several years without specific symp-
toms. The diagnosis of a Schwannoma in a lower limb is often
delayed for several years because it is frequently misdiagnosed
as a benign solitary mass such as a ganglion, fibroma or
myxoma [5, 6].

A Schwannoma is well encapsulated and eventually displa-
ces the fascicles of the nerve, whereas a neurofibroma envelops
them. For this reason, it is generally believed that a Schwan-
noma can easily be enucleated from the nerve without producing
a neurological deficit. However, even with meticulou s dissec-
tion, several Schwannomas may not be separated or enucleated
and this increases the risk of transient or permanent neurological
damage [7-9]. The threshold for iatrogenic injury during surgi-
cal dissection tends to be lower in the extremities than in the
trunk. In particular, a major neurological deficit such as motor
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weakness is critical in the lower limb. This study was conceived
to (1) evaluate surgical outcomes of histopathologically con-
firmed Schwannomas originating from major peripheral
nerves of the lower limb with motor function, focusing on
any temporary or permanent neurological deficits; and (2)
determine predictable factors for permanent neurological def-
icits following surgical excision.

Materials and methods

Before entering the study, informed consent and approval of the
Institutional Review Board was obtained. Between January
2004 and August 2008, surgical excision of a Schwannoma
of the lower limb was consecutively performed on 41 patients
(44 Schwannomas). We included only histopathologically con-
firmed Schwannomas of the major peripheral nerves of the
lower limb which had motor function. Those that were derived
from cutaneous nerves or unidentified branches were excluded.
Intramuscular Schwannomas or those that originated beneath
the ankle joint were also excluded. Patients who had Schwan-
nomas in multiple nerve sites were not included because of the
difficulty in interpreting their postoperative outcomes. Thus,
30 patients (30 Schwannomas) were included in this study.
There were 17 men and 13 women, with a mean age of
52.6 years (27-80 years). The mean postoperative follow-up
was 58.8 months (3279 years). No patients were lost during
follow-up and there were no cases of plexiform Schwannoma.

The location and distribution of these tumours are sum-
marised in Table 1. The initial complaint was of a palpable
mass in 16, an incidentally detected mass in one, pain in
two, paraesthesia in nine and hypoaesthesia in two cases.
The mean interval between the onset of symptoms and
excision was 41.1 months (2-360 months). Preoperative
symptoms and signs are summarised in Table 2.

At the initial presentation, a peripheral nerve sheath tumour
was diagnosed clinically when a mass in the line of a nerve
was accompanied by a positive Tinel’s sign or sensory distur-
bance in the distribution of that nerve. Magnetic resonance
imaging (MRI) was performed in 24 patients and an ultra-
sound in 14 patients. MRI correctly diagnosed a Schwannoma
in all cases, while ultrasound suggested a ganglion or neuro-
fibroma on four occasions. Although we did not perform a

Table 1 Location and nerves involved of 30 schwannomas

Locations Number Nerves involved Number
Buttock 5 Sciatic 8
Groin 2 Femoral 3
Thigh 4 Common peroneal 9
Popliteal fossa 9 Deep peroneal 1
Lower leg 10 Tibial 9
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Table 2 Preoperative

symptoms or signs of 30 Preoperative symptoms Number
Schwannomas or signs
Palpable mass 27 (90 %)
Incidentally 1 (3.3 %)
detected mass
Rapid increase 2 (6.7 %)
in size
Motor weakness 0 (0 %)
Spontaneous pain 5(16.7 %)
Paraesthesia 15 (50 %)
Hypaesthesia 3 (10 %)

Local tenderness 14 (46.7 %)

Tinel’s sign 22 (73.3 %)

biopsy routinely because of the risk of iatrogenic injury,
ultrasound-guided needle biopsy was carefully done in nine
patients. In seven of nine patients, a fine-needle biopsy was
performed in other departments of our hospital. Only two
patients, who had vague symptoms or signs, underwent biop-
sy in the orthopaedic department. A diagnosis was confirmed
in only five patients and was inconclusive in the rest. Four
patients had a previous history of unsuccessful excision of the
tumour at other hospitals.

Surgical technique

All operations were performed by a single surgeon under
loupe magnification using a microsurgical technique. Howev-
er, if there was an especially high possibility of fascicle injury
or need for neural repair, we used a microscope. After a linear
incision was centred over a tumour, the tumour and the nerve
around it were exposed. The tumour was usually enveloped by
a true capsule which consists of the perineurium of the nerve
bundle of origin surrounded by a condensation of the deepest
layers of the epineurium. The capsule was often covered by
tortuous blood vessels. We carefully made a longitudinal
incision in the epineurium and the uninvolved nerve fibres
that splayed around the tumour were dissected and retracted
extracapsularly. The onionskin-like epineurial tissue layers
were meticulously peeled out until the shiny surface of the
tumour was exposed. Gentle dissection along the plane of the
tumour capsule from the epineurial layers usually allowed the
tumour to be shelled out as a whole without disturbing the
nerve fascicles. If not, the tumour was removed after first
reducing its size. However, small fascicles entering either
the capsule or the substance of the tumour were sometimes
found as we approached the proximal and distal poles. We
tried to isolate these fascicles to minimise damage to the
nerve, but in some instances, it was impossible to divide the
tumour clearly from the original nervous tissue. In that case,
we tried not to damage the fascicles even though there might
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be the risk of incomplete removal. The mean maximum di-
ameter of the tumours was 4.2 cm (1.2-20 cm)

Evaluation of clinical outcome

Clinical follow-up started one week postoperatively and
continued at one, three and six months and then every
subsequent year after surgery. At each follow-up, clinical
outcomes were assessed for sensory disturbances such as
hypoaesthesia, paraesthesia or neuropathic pain, and muscle
power/weakness was tested according to the Medical Re-
search Council (MRC) muscle strength grading system [10]
by an independent investigator (JHL). Also, these values were
converted into sensory and motor evaluation scales which were
expressed as scores with a reference value of 100 points for
normal contralateral lower limb function.

Immediately after surgery and at final follow-up, the neuro-
logical status of each patient was classified as a major or a
minor deficit [11]. Major neurological deficits included marked
hypoaesthesia or paraesthesia, motor weakness of grade 3 or
less and neuropathic pain enough to lead to functional disability
which limited the ability to perform activities of daily living.
Minor deficits indicated tolerable symptoms which did not
affect daily living—mild hypoaesthesia or paraesthesia—and
mild motor weakness more than grade 4. Intraoperative find-
ings focused on whether or not surgical enucleation was
possible without nerve injury. Recurrence of the tumour, re-
operation and malignant transformation were also examined.

Statistical analysis

Univariate analysis was carried out to identify predictable
factors for permanent neurological deficits. Clinical and sur-
gical variables including age, sex, location and nerve of origin
as well as preoperative symptoms and intraoperative findings
were compared between patients with neurological deficits
and those who had no deficits at final follow-up. The two-
sample # test or Mann—Whitney test were used for quantitative
factors and Fisher’s exact test for categorical factors. In order
to identify independent predictors of the neurological deficit at
final follow-up and to correct for compounding factors, partial
Spearman’s correlation coefficient analysis was performed. In
addition, correlations between the permanent neurological
deficit and failure of surgical enucleation and between the
permanent neurological deficit and presence of axonal injury
were analysed using Spearman’s correlation test. Statistical
significance was set at a p value smaller than 0.05.

Results

Mean sensory and motor evaluation scales of all 30 patients at
postoperative week one then one, three and six months, one

year and final follow-up are shown to represent overall neuro-
logical recovery with time (Fig. 1). Twenty-three patients (23/
30, 76.7 %) developed neurological deficits immediately after
surgery, while 19 patients (19/30, 63.3 %) showed no residual
neurological deficit at final follow-up. Among the remaining 11
(11/30, 36.7 %) patients, nine had tolerable subjective symp-
toms and two patients had major neurological deficits including
severe motor weakness and sensory impairments at final
follow-up.

Among 23 patients who had neurological deficits immedi-
ately after surgery, seven patients complained of major neu-
rological deficits. There were two with severe motor
weakness, two with marked hypoaesthesia, two with marked
paraesthesia and one with severe neuropathic pain. Of the 16
patients who had minor deficits, eight patients recovered fully
within three months and two patients within one year. The
remaining six patients recovered to some extent, but had
persistent hypoaesthesia or paraesthesia which was tolerable
and did not require further treatment.

Of the seven patients with major deficits immediately
after surgery, five patients had improved gradually until
final follow-up. One patient with severe motor weakness
recovered gradually four months after surgery, with restora-
tion of muscle power to grade 4 or more at the final follow-
up. One patient with marked hypoaesthesia recovered to
near normal without further treatment one year after the
operation. One patient with marked hypoaesthesia and two
patients with marked paraesthesia needed medication and
nerve blocks. However, their symptoms gradually improved
and only mild tingling persisted at final follow-up.

Two patients with major neurological deficits immediate-
ly after surgery still had marked complaints at final follow-
up. Surgical enucleation failed in both patients and there
may have been damage to the nerve tissue during the oper-
ation. A 41-year-old woman with a Schwannoma of the
common peroneal nerve developed severe motor weakness
equal to grade 3 and neuropathic pain after surgery. During
her operation, nerve fascicles were found to enter into the
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Fig. 1 Overall neurological recovery with time of 30 Schwannomas
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mass of the tumour. She showed no evidence of recovery
one year later and refused further management. In another
case, a 27-year-old woman who underwent surgical excision
of the tumour originating from the common peroneal nerve
specified marked sensory deficits. Intraoperatively, two nerve
fascicles were damaged during dissection and they were
repaired primarily under a microscope. After surgery, she re-
ceived continuous medication and nerve block therapy. Though
her sensory impairments recovered gradually, mild paraesthesia
and marked hypoaesthesia of the lower leg persisted.

Subjective satisfaction of the patients included “excellent”
in 18 (18/30, 60 %), “good” in 8 (8/30, 26.6 %), “fair” in 2 (2/
30, 6.7 %) and “poor” in 2 (2/30, 6.7 %). None of the above
complications limited the daily activities of these patients
except two who had severe motor weakness and marked
hypoaesthesia. One recurrence of tumour was seen two years
after surgery, but revealed no symptoms except a palpable
mass. There were no cases of reoperation or malignant trans-
formation. Four cases of revisional excision were performed
successfully without complications or recurrence.

At final follow-up, the mean tumour size had been signif-
icantly larger in patients with neurological deficits than in
those without (p<0.01). Multivariate analysis demonstrated
that tumour size was an independent predictor of postopera-
tive neurological deficit following surgical excision of the
Schwannoma (p<0.01). Also, the mean diameter of the tu-
mour was significantly greater in those with nerve axonal
injury or failure of surgical enucleation (»p=0.0442 and p<
0.01, respectively). Neurological deficit was significantly cor-
related with the occurrence of nerve axonal injury and failure
of surgical enucleation (p<0.01 and p=0.039, respectively).

Discussion

Benign nerve tumours include neurofibromas and Schwan-
nomas. In contrast to a neurofibroma, in which complete
excision of the mass inevitably leads to some damage to the
parent nerve because the fascicles are embedded in the
tumour, the Schwannoma, which arises from the neural
sheath, is well encapsulated and surgical enucleation is
generally believed to be routinely possible, producing little
damage to the underlying nerve fascicles [3, 12, 13]. How-
ever, this is not completely true according to recent studies
[14-16]. Even if the Schwannoma is carefully dissected
from the involved nerve under magnification, neurological
deficits sometimes occur. Oberle et al. reported immediate
postoperative sensory deficits in six of 12 patients [8].
Donner et al. reported that 13 % of 85 Schwannomas in
their series developed muscle weakness after the surgery [7].
Our study also showed that an immediate neurological def-
icit was seen in 76.7 % of patients, which suggests a high
incidence of iatrogenic nerve injury during dissection. At
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final follow-up, 11 (36.7 %) of 30 patients had residual
neurological deficits.

Many authors have reported their own individual surgical
technique of excision for a Schwannoma [8, 15, 17, 18].
Some recommended extracapsular excision with good results
[7, 14], but this is likely to damage the fascicles in the capsular
layer during dissection. We believe that intracapsular enucle-
ation is essential to minimise the risk of nerve injury. Much
attention must be paid to meticulous dissection of the epineu-
rial layer down to the shiny surface of the tumour, which
allows the tumour to be shelled out safely while preserving
the fascicles within the layers. In some cases, despite meticu-
lous dissection, one or more fascicles were found to pass
through the body of the tumour. In these cases, we tried to
isolate tumour tissue from fascicles, but sometimes this was
not successful. There have been some suggestions that resec-
tion of affected nerve fascicles did not induce neurological
deficits because they usually had lost their function [7, 19].
However, the results of this study differ from these reports. In
our study, postoperative neurological deficits were closely
associated with failure of enucleation and intraoperative axo-
nal injury. The transection of fascicles that run through the
tumour is believed to be the major cause of postoperative
neurological deficits. Sawada et al. hypothesised that the
incision longitudinally in the sheath of the nerve may divide
small numbers of fascicles held taut over the tumour mass [9].
Takase et al. mentioned that one of the main causes of new
postoperative neurological deficits is damage to the fascicles
along the tumour during dissection [20].

In our study, both MRI and ultrasound were used as diag-
nostic tools. Ultrasound, computed tomography and MRI
have been used for preoperative assessment of Schwannomas
[15]. Ultrasound defines the fascicular structure of nerves and
allows the surgeon to define the site, size of the Schwannoma
as well as its relationship to surrounding structures and helps
to plan surgery [21]. Ultrasound is cheaper, does not expose
the patient to radiation and is widely available compared to
computed tomography and MRI.

It was found that the risk of developing neurological
deficits was more likely to be high in patients with larger
tumours. Some authors reported that tumour size may be a
risk factor for neurological deficits [8, 22]. Park et al.
observed that larger tumours tended to have more fascicles
entering the tumour substance and were at greater risk of
major neurological deficits after surgery [11]. On the basis
of these findings, it is recommended that large-sized
Schwannomas be managed meticulously with caution dur-
ing surgery. Also, it would be expected that early surgical
excision would have a better clinical outcome when a
Schwannoma is detected in the major peripheral nerve of
the lower limb. On the other hand, Oberle et al. reported that
postoperative neurological deficits were associated with
longer history [8]. In the study of Sawada et al., a positive
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preoperative Tinel’s sign showed a significant relationship
with neurological complications [9]. However, there were
no preoperative symptoms or signs which were predictable
factors for final neurological outcomes except tumour size
in our series. This may be due to the limited number of cases
of the study.

We acknowledge that our study had some limitations. First,
because of the rarity of this tumour, the number of cases was
small and therefore, it was difficult to draw definitive con-
clusions. Second, this study was performed as a retrospective
study of surgical excision of Schwannoma at different times.
Some confounding factors from the study design may have
affected the results. However, we believe that our results
suggest important information to surgeons who intend to
attempt surgical excision of Schwannomas derived from the
major peripheral nerve. Identification of predictable factors
related to neurological deficits may lead to strategies that can
minimise surgical complications.

About one third of the patients had residual symptoms or
signs at final follow-up. However, most patients had toler-
able symptoms, i.e. mild hypoaesthesia or paraesthesia,
none of which seemed to be troublesome or interfered with
activities of daily living. Only two patients showed compro-
mised clinical outcome including motor weakness and
marked sensory impairment. Despite the high incidence of
immediate neurological deficits, most showed improvement
with time. Our final results were comparable to those of other
studies [7, 14]. Kang et al. reported that of the 20 patients with
excised Schwannoma, only one patient had persistent sensory
loss [15]. Knight et al. mentioned that significant complica-
tions occurred in five of 198 patients available for follow-up
evaluation [1].

In our study, we focused on Schwannomas arising from a
major peripheral nerve having motor function. If motor func-
tion is damaged, significant functional disability including
walking difficulty can occur. We believe that it is meaningful
to investigate whether a Schwannoma arising from a major
peripheral nerve of the lower limb shows a higher possibility
of having neurological sequelae, compared to that arising
from a muscular nerve or digital nerve. In addition, we sought
to find independent risk factors of postoperative neurological
deficits using univariate and multivariate analysis.

To conclude, a Schwannoma arising from a major peripheral
nerve in the lower limb could be excised with an acceptable risk
of nerve injury, although a transient neurological deficit oc-
curred relatively often. However, new and/or permanent neu-
rological deficits can develop in some patients following
surgery. Therefore, all patients undergoing surgical excision
of a Schwannoma arising from a major peripheral nerve of
the lower limb must be informed about this complication.
Meticulous attention to detail is required for large-sized
Schwannomas because these tumours seem to have a higher
risk of fascicular injury during dissection.
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