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Abstract
BACKGROUND 
Schwannoma is a benign, encapsulated and slowly growing tumor originating 
from Schwann cells and is rarely seen in the peripheral nerve system. Typical 
symptoms are soreness, radiating pain and sensory loss combined with a soft 
tissue mass.

AIM 
To evaluate pre- and postoperative symptoms in patients operated for 
schwannomas in the extremities and investigate the rate of malignant trans-
formation.

METHODS 
In this single center retrospective study design, all patients who had surgery for a 
benign schwannoma in the extremities from May 1997 to January 2018 were 
included. The location of the tumor in the extremities was divided into five 
groups; forearm, arm, shoulder, thigh and leg including foot. The locations of the 
tumor in the nerves were also categorized as either; proximal, distal, minor or 
major nerve. During the pre- and postoperative clinical evaluation, symptoms 
were classified as paresthesia, local pain, radiating pain, swelling, impairment of 
mobility/strength and asymptomatic tumors that were found incidentally (with 
magnetic resonance imaging). The patients were evaluated after surgery using the 
following categories: Asymptomatic or symptomatic patients (radiating and/or 
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local pain) and those with complications. The follow up period was from the time 
of surgery until last examination of the particular physician. Multivariate logistic 
regression analysis was performed to identify independent prognostic factors for 
postoperative significant symptoms at follow-up.

RESULTS 
We identified 858 cases from the institutional pathology register. We excluded 
cases with duplicate diagnoses (n = 407), pathology not including schwannomas (
n = 157), lesions involving the torso, spine and neck (n = 150) leaving 144 patients 
for further analysis. In this group 99 patients underwent surgery and there were 
five complications recorded: 2 infections (treated with antibiotics) and 3 nerve 
palsies (2 involving the radial nerve and one involving the median nerve) that 
recovered spontaneously. At the end of follow-up, 1.4 mo (range 0.5-76) postoper-
atively, we recorded a post-operative decrease in clinical symptoms: Local pain 
76% (6/25), radiating pain 97% (2/45), swelling 20% (8/10). Symptoms of 
paresthesia increased by 2.8% (37/36) and there was no change in motor 
weakness before and after surgery 1% (1/1). Multivariate analysis showed that 
tumors located within minor nerves had a significantly higher prevalence of 
postoperative symptoms compared with tumors in major nerves (odds ratio: 2.63; 
confidence intervals: 1.22-6.42, P = 0.029). One patient with schwannoma 
diagnosed by needle biopsy was diagnosed to have malignant transformation 
diagnosed in the surgically removed tumor. No local recurrences were reported.

CONCLUSION 
Surgery of schwannomas can be conducted with low risk of postoperative 
complications, acceptable decrease in clinical symptoms and risk of malignant 
transformation is low.

Key Words: Schwannoma; Extremities; Surgery; Removal; Symptoms; Outcome

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Schwannoma is a benign slowly growing tumor which is most common in the 
central nerve system. Peripheral schwannomas can give symptoms as numbness, local- 
and radiating pain. Recent studies proves surgical excision can be made with low 
expectations for complications and a high rate of remission. Never the less, some 
patients show up with consisting and significant symptoms after surgery. Our study 
showed that location of tumor on the nerve is of importance when evaluating patients’ 
clinical symptoms post-operatively.

Citation: Granlund AS, Sørensen MS, Jensen CL, Bech BH, Petersen MM. Clinical outcome 
after surgery on schwannomas in the extremities. World J Orthop 2021; 12(10): 760-767
URL: https://www.wjgnet.com/2218-5836/full/v12/i10/760.htm
DOI: https://dx.doi.org/10.5312/wjo.v12.i10.760

INTRODUCTION
Schwannomas are one of the most common benign tumors in the peripheral nervous 
system. They originate from Schwann cells and account for about 5% of all tumors in 
the upper extremity. The most common presentation of a schwannoma is as a slowly 
growing, non-invasive single mass with a diameter ranging from 10–250 mm[1]. 
Patients present most commonly in their third to fifth decades of life with no racial and 
gender difference[2-5]. Symptoms described in the literature are mainly sensory as 
radiating pain, local irritation and sensation of a heavy mass. Primary motor 
involvement has also been described leading to paresis and eventually paralysis[6].

Schwannomas is commonly diagnosed using magnetic resonance imaging (MRI) 
but ultrasound and clinical examination is also well described[7,8].

http://creativecommons.org/Licenses/by-nc/4.0/
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Malignant peripheral nerve sheath tumors are rarely reported to have arisen from a 
primary schwannomas but when this occurs the reason ought to be malignant 
transformation of Schwann cells[9]. There are few studies documenting the malignant 
transformation of schwannomas[10,11]. The aim of our study was to describe the pre- 
and postoperative symptoms in patients treated surgically for benign schwannomas 
and examine whether tumor size, anatomical location or specific nerve location had an 
impact on the clinical symptoms prior to and after surgery. We also investigated the 
rate of malignant transformation.

MATERIALS AND METHODS
In this single center retrospective study design, all patients who had surgery due to 
benign schwannoma from May 1997 to January 2018 were included in the study. 
Patient data were collected both from our institutional pathology database and patient 
files.

To make sure no schwannomas were missed in the patients’ data files for the study, 
we conducted a search in the pathology register that included all nerve sheath tumors. 
We found 858 cases including schwannoma, neurofibroma, neuroma and malignant 
schwannoma (ICD Codes D36.10; D36.11; D36.17; C47).

We excluded the following: Duplications of patients (n = 407), pathology other than 
solitary schwannoma (Schwannomatosis, Neuromas and Neurofibromas) (n = 157), 
surgery performed in the torso, spine, neck, pelvis and retroperitoneum (n = 150) and 
conservatively treated schwannomas (n = 45) thus leaving 99 patients treated 
surgically for further analyses (Figure 1).

By using data from patient files, we analyzed age, sex, data on nerve involvement 
including site and branch involved, pre- and postoperative symptoms and complic-
ations. We measured the size of the tumor by examining the patient’s pre-operative 
MRI. Post-operative symptoms and objective findings were recovered from patient 
records. Patients were not followed up further if they were symptom free at the first 
postoperative examination at two weeks. Symptoms were classified as either 
paresthesia, local pain, radiating pain, swelling, motor involvement and no symptoms 
(incidental MRI-finding).

The patients who were symptomatic at end of follow-up were followed up with a 
custom-made questionnaire January 2018 investigating symptoms before and after 
surgery.

Those patients who reported new symptoms, recurrence of a mass or unsatisfactory 
results were offered an MRI-scanning and a follow-up to rule out a recurrence or 
malign transformation of the schwannoma.

The location of the tumor in the extremities was divided into five groups; forearm, 
upper arm, shoulder, thigh and leg (including foot). The location of the tumor in the 
nerve was categorized as either proximal, distal, minor nerve or major nerve. Proximal 
locations were defined as upper arm, thigh and shoulder and distal locations as leg 
and forearm. Nerve branches were classified as follows: Minor nerve was defined as 
schwannoma on muscular or terminal branch and major nerve as tumors located on 
either ischial-, femoral-, peroneal- or tibia nerves in the lower limb and axillary-, 
radial, ulnar- or median nerves in the upper limb.

Surgical complications were categorized as infection (superficial or deep), transient 
paresis and reoperation (all causes). Symptoms categorized as significant were motor 
paresis and pain (both local and radiating).

The study was cleared by the National Patient Safety Authority (Case numbers 3-
3013-1550/1 and 3-3013-1550/2) and by the Data Protection Agency of the Capital 
Region of Denmark (number: RH-2016-144, I-Suite number.: 04677).

Surgical procedure
A preoperative MRI was used to plan excision and surgical approach. The affected 
nerve was exposed visualizing the tumor in the center with the proximal and distal 
healthy nerve ends. By using loupe magnification, nerve fascicles passing outside the 
tumor were identified and tested with a nerve stimulator and protected. The capsule 
of the tumor was incised away from nerve tissue. With a blunt dissector the tumor was 
loosened and removed when possible. If the tumor was attached to nerve tissue a 
swab was used to loosen the tumor under testing with the nerve stimulator. After 
removal, the tumor was sent to pathological examination. Hemostasis was secured 
and the wound closed with vicryl suture in fascia and subcutaneous layers and skin 
(intracutaneous). All patients were mobilized immediately and discharged from the 
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Figure 1 Flow chart for exclusion.

hospital within 24 h.

Statistics
All data are presented as median values together with total range.

Univariate logistic regression analysis was carried out in order to identify 
predictable factors for significant symptoms at follow-up. Patients with significant 
symptoms at follow up were compared with those without symptoms. Median values 
were defined as cut off for both size (24 mm) and age (53 years). The parameters 
compared were anatomical location and location on a minor or major nerve. A 
multivariate analysis was performed to identify independent prognostic factors for 
significant postoperative symptoms. In multivariate analysis no elimination of 
parameters was performed.

We assumed variables mentioned above were normally distributed. No substitution 
was made for missing data points. The results of the logistic regression analyses were 
presented as the odds ratio (OR) together with the 95% confidence intervals (CI) and P 
values below 0.05 are considered significant.

RESULTS
We included 99 patients with the baseline characteristics shown in Table 1. There were 
51 men and 49 women. Median age was 53 (17-89) years and median postoperative 
follow-up was 0.5 (0.5-76) mo.

Preoperative symptoms were observed in 86% (85/99) of the operated patients, the 
remaining tumors were found incidentally on an unrelated MRI.

We recorded 5 complications: 1 superficial infection (treated with oral antibiotics), 1 
reoperation (attempted arthroscopic excision was unsuccessful), and 3 transient nerve 
palsies (two involving radial and one involving median nerve).

At the end of follow-up, we registered a post-operative decrease in symptoms: local 
pain 76% (6/25), radiating pain 97% (2/45), swelling 20% (8/10). Symptoms of 
paresthesia increased by 3% (37/36) and there was no change in motor weakness 
before and after surgery 1% (1/1). One patient with schwannoma diagnosed by needle 
biopsy had malignant transformation to Neurofibrosarcoma verified after final 
surgery (Figure 2). No local recurrences were reported.

Univariate analysis showed a tendency (OR: 2.19; 95%CI: 0.97-5.09; P = 0.063) 
towards a higher degree of significant postoperative symptoms if a minor rather than 
a major nerve was involved. Multivariate analysis showed that tumor location on a 
minor nerve had a statistically significant higher risk of having significant symptoms 
after surgery (OR: 2.63; 95%CI: 1.22-6.42; P = 0.029) (Table 2).

Tumor location (proximal or distal), size (24 mm cut off) and age (53 years cut off) 
had no influence on the surgical outcomes.

Our letter with the questionnaire was sent out to 98% (97/99) of the patients and in 
total 44% (44/99) replied. Out of these 18 got a second MRI and one patient had an 
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Table 1 Baseline characteristics (n = 99)

Category

Age, median (range) 53 (17–89)

Male, n (%) 51

Tumor size (range) (mm) 24 (5–175)

Local pain 25%

Radiating pain 45%

Swelling 10%

Motor weakness 1%

Preoperative symptoms

Paresthesia 36%

Nerve branch Major 51 %

Anatomical localization of tumor Distal 44%

Table 2 Predictive factors for consisting symptoms after surgical removal of schwannomas

Univariate Multivariate Reference

OR (CI) P value OR (CI) P value

Localization 1.48 (0.65-3.40) 0.354 1.61 (0.69-3.85) 0.276 Proximal

Nerve 2.19 (0.97-5.09) 0.063 2.63 (1.22-6.42) 0.029 Minor

Size 0.84 (0.37-1.90) 0.680 0.91 (0.39-2.13) 0.828 < 24 mm

Age 0.65 (0.29-1.46) 0.301 0.57 (0.23-1.35) 0.205 < 53 yr

OR: Odds ratio; CI: Confidence interval.

Figure 2 Patient with needle biopsy first diagnosed with schwannoma and after final biopsy showed to have a neurofibrosarcoma.

ultrasound examination as she had contraindication against MRI (because of an ICD-
unit). None of the patients who had a second scan had local recurrence or malignant 
transformation. All the patients whom reported symptoms had scar tissue and 
adherence mass around the operative field on MR scanning.

DISCUSSION
Our report investigated symptoms and remission rate after surgical removal of 
peripheral benign schwannomas in the extremities. The most significant finding was 
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that surgical removal of tumors involving terminal nerve branches showed an 
increased risk of getting significant symptoms (local or radiating pain) compared to 
tumors originating from major nerve branches.

We decided to exclude those who had more than one schwannoma and Schwanno-
matosis as these patients often have many operations, larger operation area, multiple 
affected nerves and clinical results regarding symptoms after operation can be difficult 
to categorize. Gosk et al[12] included patients with more than one schwannoma[12]. 
Four of their patients had a total of 14 tumors removed and due to the reasons 
mentioned above, we believe this complicates analysis of the clinical outcome and 
could contribute to bias regarding the post-surgical evaluation.

Other articles have investigated complications after surgery of schwannomas and 
have reported numbers as high as 76.6%[13] and 42.7%[14] where they define loss of 
sensibility immediately after operation as a complication, even though it is often just 
transient.

We choose not to include loss of sensibility after surgery as a complication, as we do 
not consider it to be an adverse effect when studies showed that loss of sensibility had 
a remission rate of 73%-100%[6,13,15,16]. This difference in the definition made our 
rate of complications remarkably lower.

Several studies have shown an incidence of neurological deficits after surgery 
ranging between 1.5% and 80%[6,13,15,17-20]. One reason for this may be the vast 
variation in follow-up periods. Another contributing factor could be the differences in 
the definition of neurological deficits. We did not define neurological deficits as a 
combined group but instead divided it into either local pain, radiating pain, paresis 
and/or paresthesia. The first two subgroups (local pain and radiating pain) showed a 
decrease in symptoms with time but the last group (paresthesia) actually showed an 
increase after surgery. This highlights the importance of recording different 
components of preoperative deficits before comparing this to changes of neurological 
status after surgery. Combining sensory and motor deficits could compromise 
evaluation of outcomes.

Previous reports have shown that the incidence of postoperative complications was 
significantly higher in patients with larger tumors, tumors on the upper extremities[6,
13,15], younger age[6] and tumors originating from the ulnar nerve[21], but these 
features were not found to be risk factors in our study.

Other studies report that surgery for schwannomas originating from unidentified 
terminal branches in the muscle or in the skin does not cause postoperative 
neurological symptoms[22]. Our study proved that this might not be the case as many 
of our patients who had excisions of tumors involving terminal nerve branches had 
significant postoperative symptoms.

One possible reason for our finding of higher risk of symptoms after surgery in 
terminal branches, may be due to the lower soft tissue coverage distally than 
proximally. Adani et al[17] described this phenomenon but found that tumors lying 
distally and in the upper limb gave more symptoms after surgery, something we could 
not conclude in our report.

The limitations of our study are inherent in its retrospective design. Also data files 
show a vast number of surgeons operating schwannoma, and also a great discrepancy 
in the charts describing clinical symptoms at final exam. The follow-up period was 
varying among patients and most were relatively short.

CONCLUSION
The authors of this study found evidence for reduction of pre-operative symptoms 
especially regarding local pain and radiating pain after surgical excision of solitary 
schwannomas of the extremities and opine that this balances the risks of operative 
treatment.

ARTICLE HIGHLIGHTS
Research background
Schwannomas are one of the most common benign tumors in the peripheral nervous 
system and symptoms described in the literature are mainly sensory as radiating pain, 
local irritation, and sensation of a heavy mass, while primary motor involvement 
leading to paresis is uncommon.
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Research motivation
Surgical removal of schwannomas in the peripheral nervous system is by many 
surgeons considered a high risk procedure with surgery directly on peripheral nerves 
and since the literature regarding the clinical results that can be expected after this 
procedure is relatively sparse, we found it of interest to examine the postoperative 
results after this procedure.

Research objectives
To evaluate the pre- and postoperative symptoms in patients treated surgically for 
benign schwannomas and examine whether tumor size, anatomical location or specific 
nerve location had an impact on the clinical symptoms prior to and after surgery. 
Finally, we also aimed to investigate the rate of malignant transformation.

Research methods
All patients who had surgery due to benign schwannomas from May 1997 to January 
2018 at our institution were identified and included in the study. We registered 
preoperative baseline data and postoperative symptoms and objective findings were 
recovered from patient records and a questionnaire. Patients that reported new 
symptoms, recurrence of a mass, or unsatisfactory results were offered an magnetic 
resonance imaging-scanning and a follow-up to rule out a recurrence or malignant 
transformation of the tumor.

Research results
At the end of follow-up we recorded a significant post-operative decrease in clinical 
symptoms such as local pain and radiating pain. Multivariate analysis showed that 
tumors located within minor nerves had a significantly higher prevalence of 
postoperative symptoms compared with tumors in major nerves. One patient with 
schwannoma diagnosed initially by needle biopsy was diagnosed to have malignant 
transformation diagnosed in the surgically removed tumor. No local recurrences were 
reported.

Research conclusions
Surgery of schwannomas can be conducted with low risk of postoperative complic-
ations, acceptable decrease in clinical symptoms and risk of local recurrence and 
malignant transformation is low.

Research perspectives
Future studies should provide prospective data and especially give more detailed 
information for those few patients who got worsening of their pre-operative 
symptoms and give further information about the specific characteristics of the patient 
and the tumor that may affect the outcome of the surgical tumor removal.
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