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deletion of aCGRP partially, but not completely, inhibited
thermal hyperalgesia, suggesting the contribution of other
molecules to thermal hyperalgesia after CFA injection.

Because deletion of the TRPV1 gene completely abol-
ished CFA-induced thermal hyperalgesia,® it is proposed that
TRPV1 is primarily activated in the inflamed area, and then
excitatory amino acids and CGRP are released from TRPV1-
positive primary afferents in the spinal cord, resulting in ther-
mal hyperalgesia. However, CFA-induced guarding behavior
is not inhibited by a selective TRPV1 antagonist®® although
desensitization of TRPV1-positive afferents by resiniferatoxin
completely inhibits CFA-induced guarding behavior. These
findings suggest that CFA-induced spontancous pain depends
on TRPV1-positive fibers but not on TRPV1 itself, whereas it
is unknown what receptors or channels expressed in TRPV1-
positive afferents are responsible for such spontaneous pain.
Spinal release of CGRP after activation of TRPV1-positive
afferents would be one of the mechanisms underlying CFA-
induced spontaneous pain and thermal hyperalgesia.

Our results finally indicate that, although inflamma-
tory pain and postoperative pain share common behavioral
phenotypes, the mechanisms of inflammatory pain differ
in the involvement of aCGRP from those of postoperative
pain. Previous studies have shown different pharmacological
responses between the two types of pain.?®?” Thus, even if
the phenotypes of pain-related behavior are the same, the
effects of drugs depend on the etiology of pain.

Study Limitations ,

A previous study showed that the expression level of BCGRP
in DRG neurons is much lower than that of tCGRP? In
addition, because CGRP immunoreactivity in the SDH of
ACGRP knockout mice was below the detection level and
was not changed at 24 h after incision and CFA injection in
the current study, it is likely that BCGRP played litcle role
in CFA- and incision-induced pain in the spinal cord. How-
ever, we could not completely exclude the effects of BCGRP
in our results.
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* Interventional pain management for complex regional pain syndrome.
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Interventional pain management for complex regional pain syndrome.

Satoshi TANAKAY, Akiyuki SAKAMOTOY, Takumi NAGARO?
and Mikito KAWAMATAY :

UDepartment of Anesthesiology and Resuscitology, Shinshu University School of Medicine,
Nagano

& Department of Anesthesia and Perioperative Medicine, Ehime University Graduate School
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Complex regional pain syndrome (CRPS) is a painful debilitating condition characterized by
sensory, vasomotor, sudomotor, and trophic changes usually in the hand or foot, and it is a poten-
tial cause of disability. The pathophysiology of CRPS is unknown but is likely to be multifactorial.
The pain seen in patients with CRPS often becomes refractory to conservative treatments includ-
ing physical rehabilitation and pharmacological pain management.

If conservative therapies do not show sufficient analgesia, interventional technique, which
produce pain relief via different mechanisms from those of conservative therapies, need to be
considered. Sympathetic blocks such as stellate ganglion and lumbar sympathetic ganglion blocks
are the first choice for interventional treatment. Sympathetic blocks show different degrees of
analgesia in patients with CRPS. For patients with CRPS who do not respond to sympathetic blocks,
spinal cord stimulation (SCS) is another option for interventional therapy. SCS is a miniméﬂly in-
vasive procedure that applies mild electrical stimulation to the spinal cord using electrodes im-
planted in the epidural space. SCS has been validated for the treatment of CRPS type 1.

Evidence-based treatment guidelines for CRPS have not been established yet. Treatment for
CRPS should be flexible and individualized according to severity and progression of symptoms.
The decision to undertake interventional procedures is based on the balance between the inherent
risks and benefits. Interventional pain management such as sympathetic blocks and SCS could be
an alternative treatment to provide patients with pain relief and enhance functional restoration
when conservative therapies are not sufficiently efficacious.

Key Words: complex regional pain syndrome (CRPS), sympathetic block, spinal cord stimulation
(SCS)
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Abstract
Purpose The purpose of the study was to validate the
reliability of quantitative intraneural enhancement pat-

terns by using contrast-enhanced ultrasonography
(CEUS).
Methods Nine asymptomatic wrists underwent a total of

three CEUS examinations each conducted at l-month
intervals. The CEUS enhancement pattern of median
nerves was quantitatively evaluated. The area under the
time~intensity curve was calculated by placing the regions
of interest at the proximal, center, and distal regions of the
median nerve. An intra-class correlation coefficient for
intra-observer, inter-observer, and inter-examination
reproducibility was calculated.

Results The intra- and inter-observer reproducibility was
almost perfect. Inter-examination reproducibility of the
proximal, center, and distal regions was 0.891, 0.614, and
0.535, respectively. In this study, we found that the
reproducibility of the distal and center regions of the
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median nerve in the carpal tunnel was lower than that of
the proximal region.

Conclusion High intra-observer, inter-observer, and
inter-examination reproducibility of CEUS was obtained in
the evaluation of the intraneural enhancement pattern when
the region of interest was placed in the proximal region of
the median nerve.

Keywords Contrast-enhanced ultrasound - Median
nerve - Intraneural vascularity - Reproducibility

Introduction

Nerve entrapment syndrome is thought to be caused by
both local physical compression of the nerve and abnormal
microvascularization [1, 2]. However, the abnormal chan-
ges in microhemodynamics remain unproven. Several
studies have reported using color or power Doppler ultra-
sound (DUS) to evaluate intraneural blood flow in carpal
tunnel syndrome (CTS), one of the typical entrapment
neuropathies [3-6]. However, DUS is not sensitive or
reproducible enough to detect the microcirculation of the
median nerve. Establishing accurate and reproducible
methods for the clarification of pathological conditions
requires an evaluation of the intraneural microcirculation.

While contrast-enhanced ultrasonography (CEUS) has
been widely used to diagnose hepatic tumors [7, 8], it has
not been used commonly in the field of orthopedics. Only a
few studies have evaluated intratendinous vascularity [9,
10]. We attempted to evaluate the median nerve vascularity
quantitatively by performing CEUS. Sonazoid™ (Daiichi-
Sankyo, Tokyo, Japan; GE Healthcare, Milwaukee, WI,
USA) is an ultrasound contrast agent consisting of per-
fluorobutane microbubbles and lipid shells. It has been
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approved in Japan for diagnosing liver tumors since 2007
[11]. We can obtain stable real-time vascular imaging with
CEUS even for hypovascular tissue such as peripheral
nerves; however, the reliability and validation of CEUS
have not been reported. The purpose of this study was to
validate the reliability of intraneural vascularity of the
median nerve by using CEUS.

Materials and methods
Subjects

Nine patients (1 man, 8 women; age range, 49-80 years;
average age 63.7 years) with a diagnosis of CTS were
enrolled in this study. All of the patients underwent carpal
tunnel release, and the opposite asymptomatic wrists of
these patients underwent CEUS between July 2012 and
July 2013. In our study, we considered that there would be
almost no effect on the blood flow of the study side wrists
by the contralateral side that underwent carpal tunnel
release. Six out of the nine wrists had no surgical history,
and the rest had undergone carpal tunnel release more than
2 years prior to study enrollment. CTS was ruled out in all
the studied wrists by a board certified orthopedic surgeon
(M.M.) based on the absence of the following common
criteria for CTS: predominantly nocturnal hand numbness,
the presence of sensory and motor deficits of the median
nerve, and a positive Phalen test. Our institutional review
board approved the study design, and written informed
consent was obtained from all subjects.

Nerve conduction study

The patients initially underwent two nerve conduction
studies (NCS) with a Neuropack 230B (Nihon Kohden,
Tokyo, Japan) and later a CEUS examination. Four expe-
rienced medical technologists performed the electrophysi-
ological tests in the same room with the temperature
maintained at 25 °C with an air conditioner and the hand
skin temperature maintained between 31 and 34 °C, as
measured by using an infrared thermometer. The active
electrode was placed over the abductor pollicis brevis
muscle to record compound muscle action potentials
(CMAP). The reference electrode was placed just distal to
the first metacarpophalangeal joint. The median nerves
were stimulated supramaximally at the wrist at a distance
of 6 cm from the wrist to the active electrode. Median
nerve distal latency (MDL) and the amplitude of CMAP
were measured. Antidromic sensory responses were
obtained. Ring electrodes were used to obtain sensory
nerve action potentials (SNAP) and were placed over the
index finger. The surface electrode was placed 14 cm

&) Springer

proximal to the proximal ring electrode. Sensory nerve
conduction velocity (SCV) was calculated by dividing the
distance of 14 cm by the measured latency.

Contrast-enhanced ultrasound

The CEUS scans were conducted a total of three times at
monthly intervals. All of the CEUS scans were performed
by one sonographer (K.I.). The images were corrected by
using an ultrasound unit (AplioTM 500, 2012, Toshiba
Medical Systems Corp., Tochigi, Japan) with a linear
transducer, with a center frequency of 8.0 MHz (PLT-
805AT). The hand was positioned with the wrist in neutral
and with full forearm supination on an arm stand (Fig. 1a).
The scaphoid tubercle, pisiform, and hook of the hamate
were marked on the skin surface after palpation. Sagittal
views of the median nerve were obtained at the middle
point between the scaphoid tubercle-pisiform line and
hook of hamate (Fig. 1b, c). Contrast harmonic imaging
(commercially called advanced pulse subtraction) with a
reception frequency of 5.5 MHz was used. The micro-
bubble contrast agent, Sonazoid™, was injected as a
0.015 mL/kg/body bolus into an antecubital vein via a
22-gauge needle, followed by a 10-mL saline flush. The
focus point was set at the deeper end of the median nerve,
which was 1.25-1.50 cm below the skin surface, at a rate
of 17 frames per second and with a dynamic range of
50 dB. The mechanical index was set as 0.25-0.26. Ten
seconds after the injection of Sonazoid™, enhanced sig-
nals from the CTS were recorded continuously for 80 s as
raw data on the hard drive of the ultrasound unit.

Evaluation

The time—intensity curves using continuous raw data
(1,190 frames) were drawn with the help of software (time
curve analysis) equipped with an ultrasound unit (Fig. 1d).
Oval regions of interest (ROIs) with a fixed size of
2.26 x 1.41 mm were placed proximally (the scaphoid
tubercle and pisiform line), at the center (within the carpal
tunnel), and distally (the hook of hamate) to the median
nerve. The area under the time-intensity curves (AUCs)
was calculated (Fig. le). Normalized data were obtained
for each wrist relative to a baseline value by using an
average from the first 250 frames (about 15 s). The AUCs
were used for the statistical analysis and were expressed as
acoustic units.

Intra-observer reproducibility was evaluated by having
one investigator (K.I.) place the ROIs three different times
by using the first examination data from nine wrists; inter-
observer reproducibility was evaluated by having two
investigators (K.I. and M.M.) place ROIs using the first
examination data from nine wrists; and inter-examination
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Fig. 1 a Patient’s forearm position during the ultrasound study.
Scaphoid tubercle, pisiform, and hook of hamate were marked on the
skin surface by palpation. b The probe position was determined to be
at the center of the scaphoid tubercle-pisiform line and hook of
hamate, and a scan of the median nerve long axis view was
performed. H hook of hamate; P pisiform; S scaphoid tubercle. ¢ B-
mode ultrasonography of median nerve long axis view. ROIs are

reproducibility was evaluated by having one investigator
(K.I.) place ROIs on three different occasions. The analy-
ses were performed randomly and blinded to subject data.
All statistical analyses were performed using SPSS 20.0.
An intra-class correlation coefficient (ICC) and 95 %
confidence intervals (CI) were calculated.

Results

CEUS data were successfully acquired, and no side effects
occurred in any of the subjects. Table 1 shows the NCS
results. The mean MDL of all the subjects at the initial
examination was 4.2 & 0.6 ms. There was no major
change in the SCV and MDL values (<10 m/s and
<1.0 ms, respectively) between the initial and the final
examinations in eight subjects. The mean AUC values in

placed at the proximal (7), center (2), and distal (3) regions of the
median nerve. Me median nerve; T flexor tendon; B carpal bone.
d The time—intensity curves of the proximal (sky blue), center (violet),
and distal (yellow) regions of the median nerve obtained by CEUS.
The vertical line shows the intensity and horizontal axis time after
injection of Sonazid™. e The area under the time—intensity curve
calculated by the time~intensity curves

each of the three different CEUS studies are shown in
Table 2. The AUC values in the center region of the
median nerve in the carpal tunnel tended to be low. The
standard deviation of the proximal region was lower than
that of the center and the distal regions. Intra-observer
reproducibility of the proximal, center, and distal regions
of the median nerve was 0.974, 0.997, and 0.991, respec-
tively. The 95 % CI of the ICC for intra-observer repro-
ducibility at the proximal, center, and distal regions of the
median nerve was 0.923-0.994, 0.992-0.999, and
0.972-0.998, respectively. Inter-observer reproducibility of
the proximal, center, and distal regions of the median nerve
was 0.928, 0.920, and 0862, respectively. The 95 % CI of
the inter-observer reproducibility at the proximal, center,
and distal regions of the median nerve was 0.677-0.984,
0.661-0.982, and 0.366-0.969, respectively. Inter-exami-
nation reproducibility of the proximal, center, and distal
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Table 1 Patient characteristics and nerve conduction study data

No. Sex Age Surgical history First examination Last examination
(years before)

SNAP CMAP SNAP CMAP

Amp SCV Amp MDL Amp SCV Amp MDL

V) (m/s) (mV) (ms) ®v) (m/s) (mV) (ms)
1 F 80 - 12.3 46.9 45 5.0 147 49.7 38 45
2 F 62 30 279 51.6 10.5 35 30.0 54.4 11.1 34
3 M 60 - 20.6 575 125 35 28.2 58.9 9.6 38
4 F 49 - 26.1 54.1 11.1 3.8 27.3 58.5 11.9 3.9
5 F 63 3 6.7 426 8.6 47 7.7 46.5 8.8 4.6
6 F 59 - 24.0 48.6 84 4.8 30.3 50.8 11.2 44
7 F 74 - 143 50.2 114 3.7 NA NA
8 F 60 2 16.0 353 11.6 47 12.8 43.9 11.1 38
9 F 66 - 238 485 104 3.7 326 50.9 11.3 39

M male; F female; SNAP sensory nerve action potential; CMAP compound motor action potential; Amp amplitude; SCV sensory nerve

conduction velocity; MDL median nerve distal latency; NA not available

Table 2 The mean AUC of three contrast-enhanced ultrasounds

No. Mean AUC + SD
Proximal Center Distal

1 167.7 £2.0 1203 £ 65.5 152.0 4 68.9
2 1239 + 329 79.6 4 56.5 105.6 4 31.6
3 272 £ 76 23.6 +30.3 43.7 £ 35.1
4 108.7 £ 3.0 163 + 14.5 1127 £ 922
5 1106 £ 424 522 + 256 443 4-39.9
6 136.0 £ 28.7 53+63 86.5 + 64.6
7 719 £ 170 225 +54.8 10.6 £ 28.0
8 1152 £ 17.0 144 +£97 1200 £ 59.2
9 97.1 £ 122 66.0 &= 71.5 126.9 + 33.7

AUC area under the curve; SD standard deviation

regions of the median nerve was 0.891, 0.614, and 0.535,
respectively. The 95 % CI of the inter-examination repro-
ducibility at the proximal, center, and distal regions of the
median nerve was 0.670-0.973, 0.160-0.904, and
0.398-0.885, respectively. We found high reproducibility
at the proximal region of the median nerve, while ICC (1.3)
of the center and distal regions of the median nerve showed
a low value.

Discussion

Previous studies have reported that there was almost no
blood flow signaling in healthy nerves [4, 6]. In our study,
all quantitative evaluations of intraneural vascularity were
performed on the asymptomatic wrists. There were ade-
quate enhancement patterns in the median nerve in all
subjects. Ghasemi-Esfe et al. [4] reported that only 10 % of

@ Springer

the healthy controls had intraneural vascularity. CTS is
considered to have a tendency to be bilateral [12], and the
MDL was slightly prolonged in our subjects [4, 13].
According to these reports, it is suspected that these sub-
jects might have subclinical or early-stage CTS, even
though all subjects were asymptomatic. The aim of our
study was to validate the quantitative reliability of intra-
neural vascularity. There should be adequate intraneural
vascularity for the evaluation of reliability, and no changes
in clinical symptoms and NCS data during the 3-month
study periods were needed. There is only slight vascularity
in healthy wrists, and it would not be enough for evalua-
tion. While in CTS patients, unstable symptoms would be a
factor. Therefore, we thought that asymptomatic wrists,
i.e., the opposite side of the CTS wrists, would be suitable
as subjects in a reproducibility evaluation. Also, postop-
erative cases were included in this study. However, more
than 2 years had passed since the surgery, ensuring that
intraneural vascularity would be stable since symptoms
were absent and NCS values were stable [14].

We evaluated intra-observer, inter-observer, and inter-
examination reproducibility for intraneural vascularity of
the median nerve in each region. Several ultrasound studies
on the assessment of reproducibility of CTS by measuring
cross-sectional area and flattening ratio of the median nerve
have been reported [15, 16]. Evaluation of inter-examina-
tion reproducibility of quantitative values for intraneural
vascularity of the median nerve has not been reported. Both
intra-observer and inter-observer reproducibility were
almost perfect with the ICCs over 0.9. The size of the ROI
and median nerve thickness are factors in analyzing intra-
neural vascularity, because median nerve thickness is dif-
ferent in each wrist [17]. Also, the median nerve is swollen
in CTS wrists [18, 19]. In our study, the ROI was set as
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Fig. 2 Images of contrast mode
(a) and conventional B-mode
(b) in subject 9. Relatively
favorable contrast enhancement
patterns at the proximal and
distal regions of the median
nerve (white arrow) and a poor
enhancement pattern at the
center are shown. The poor
enhancement pattern is caused
by attenuation of ultrasound by
the flexor retinaculum (white
arrow head). Me median nerve;
Fle flexor retinaculum

Fig. 3 Images of contrast mode (a) and conventional B-mode (b) in subject 1. An artifact caused by the palmar arterial arch running parallel on
the anterior aspect of the median nerve in the distal region is shown in the contrast mode (white arrow). Me median nerve

smaller than the median nerve thickness in all cases. And
all subjects were evaluated using the same ROI size.
According to this method, high intra-observer and inter-
observer reproducibility were achieved in this study. This
way, a difference in the ratio of the ROI and the thickness
of the median nerve would not affect this result in a major
way. On the other hand, inter-examination reproducibility
of the center and distal regions of the median nerve in the
carpal tunnel was relatively low. There are several reasons
for the low reproducibility in the center region of the
median nerve in the carpal tunnel. One of the reasons was
attenuation of the ultrasound by the flexor retinaculum,
which was located ventral to the median nerve (Fig. 2). Itis
thought that subtle differences in the fixed angle of the
probe in each examination caused varying degrees of
ultrasound attenuation. Another reason was the difference
in the degrees of compression. The probe was raised by the
prominent flexor retinaculum and thenar muscle group in
some subjects; this difference in the physical anatomy
caused an unstable probe position. The reason for low
reproducibility at the distal region of the median nerve in
the carpal tunnel was thought to be signal contamination or

artifact due to its proximity to the palmar arterial arch
(Fig. 3). Therefore, we should remember that the repro-
ducibility in a nerve differs according to the region.

The high ICC value for inter-examination in this study
could be due to several reasons. The median nerve runs
along the body surface linearly and stays still. Placing the
regions of interest is easy in the thin median nerve.
Therefore, it is possible to achieve a high reproducibility.

Diagnosis of CTS by NCS, gray scale ultrasonography,
and DUS would be sufficient in most cases. However,
previous studies reported that ischemic changes in micro-
hemodynamics might be one of the causes of entrapment
neuropathy [20, 21]. DUS is not capable of detecting
microcirculation. Sugimoto et al. [2] reported that dynamic
magnetic resonance imaging (MRI) detects several
enhancement patterns in CTS wrists caused by ischemia or
collapse of blood—nerve barrier in the nerve vessels. CEUS
has a high spatial and temporal resolution. It would be
expected to provide enough information equivalent to or
greater than that of dynamic MRI. We expected that CEUS
would be helpful to diagnose early-stage CTS or assist
diagnosis when the NCS result is borderline. CEUS is also
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expected to be available to assess microhemodynamics in
various regions.

This study has some limitations. One of them is the
difficulty in distinguishing contrast enhancement signals
from the background tissue as the contrast effect is visu-
alized with gray scale. This problem can be resolved by
placing the ROI carefully before the contrast agent flows
into the nerve. In addition, the dual mode, which permits
simultaneous display of a conventional image on one side
and the contrast mode on the other side, might be effective
in placing the ROI in baseline images on the same exact
place as that on the contrast images. This will ensure that
the evaluation of the exact intraneural enhancement pattern
can be performed. The other limitation is a lack of evalu-
ation of inter-examination with inter-examiner reproduc-
ibility. Further investigation with a larger sample size will
solve this problem.

Conclusion

We demonstrated high intra-observer, inter-observer, and
inter-examination reproducibility for the evaluation of
median nerve vascularity using CEUS.
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ABSTRACT

INTRODUCTION: Neurilemmoma is a benign nerve sheath neoplasm commonly located in the soft tissue.
Intraosseous neurilemmorma is rare, constituting less than 1% of primary bone tumors.

PRESENTATION OF CASE: A 21 year-old woman was presented with left elbow pain of 1-month duration.
Plain radiographs showed a well-defined, lytic and expansile lesion of the proximal ulna. Computed tomo-
graphy revealed cortical destruction and soft tissue extension. Because the tissue of origin for the tumor
was uncertain, an open biopsy was performed. The specimens demonstrated a benign spindle cell tumor
suggestive of a neurilemmoma, similar to a soft tissue neurilemmoma. The diagnosis of intraosseous
neurilemmoma was established. Marginal excision of the soft tissue component and curettage of the
lesion in the bone were performed. After 3.5 years of follow up, there is no clinical or radiographic
finding to suggest any recurrence.

DISCUSSION: The major site of intraosseous neurilemmoma is the mandible. Occurrence in the long bone
is particularly rare. Only two cases of intraosseous neurilemmoma involving the bones around the elbow
have been reported to our knowledge; these cases arose in the distal humerus. We describe the first case
of intraosseous neurilemmoma of the proximal ulna of the left elbow. The recommended treatment is
conservative resection and bone grafting, as malignant change is extremely rare.

CONCLUSION: Although very rare, intraosseous neurilemmoma should be taken under consideration in
the differential diagnosis of painful, radiographically benign-appearing osseous tumor around the elbow.

© 2014 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/3.0/).

1. Introduction

Neurilemmoma (schwannoma) is a benign neoplasm that arises
from the myelinating schwann cells of the nerve sheath.! ® It is
a relatively common tumor, comprising approximately 5% of all
benign soft tissue tumors, and shows a predilection to affect the
sensory nerves.’ Intraosseous neurilemmoma, however, is very
rare, accounting for less than 1% of benign bone tumors,*> It shows
no sex-, race-, or age-dependant predilections.® The mandible is
the most frequently affected site, followed by the sacrum; this
tumor rarely arises in the bones of the extremities.>”® Only 2
cases of intraosseous neurilemmoma around the elbow have been
described in literature®?; these cases arose in the distal humerus.
We present the first case report of an intraosseous neurilemmoma
affecting the proximal ulna,

* Corresponding author. Tel.: +81 263 37 2659.
E-mail address: mune0527@yahoo.co.jp (M. Kito).

heep:fldx.dororg/ 10.1016/}.jscr.2014.10.062

2. Presentation of case

A 21-year-old woman was referred to our orthopedic unit with a
1-month history of pain in the left elbow., The initiating factor, such
as trauma, was not clear. On physical examination, the overlying
skin was intact, and there was no evidence of warmth, erythema,
or induration. No other masses were palpable. The elbows and
forearms had a normal range of motion (ROM). No evidence of
lymphadenopathy or neurovascular involvement was found.

Plain radiographs revealed a well-defined, lytic, and expan-
sile lesion, with thin marginal sclerosis and trabeculation in the
proximal ulna (Fig. 1). Computed tomography (CT) showed con-
siderable destruction of the cortex of the ulna, which connected
with a mass of soft tissue. At the edge of the destructed cortex
overhung a soft tissue mass (Fig, 2a), which had invaded into the
cortex, and no periosteal reaction was seen (Fig. 2b). Magnetic
resonance imaging (MRI) showed the well-defined and lobulated
lesion to be isointense to skeletal muscle on T1-weighted images,
and heterogeneous and hyperintense on T2-weighted images. The
lesion revealed uniform enhancement following Gd-DTPA admin-
istration.

2210-2612/© 2014 The Authors. Published by Elsevier Ltd. on behalf of Surgical Associates Ltd. This is an open access article under the CC BY-NC-ND license

(http: f{ereativecommons.orgflicenses/by-nc-nd/2.0¢).
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Fig. 1. Anteroposterior (a) and lateral (b) plain radiographs, showing a well-defined, lytic, and expansile lesion, with marginal thin sclerosis and trabeculation in the proximal

ulna.

Because of uncertainty regarding the histological origin of
the tumor, we performed an open biopsy. The pathologic spec-
imen consisted of hypercellular regions with palisading nuclei
(Antoni type A), and hypocellularity regions with myxoid back-
ground (Antoni type B). Almost all of the area was Antoni
type A (Fig. 3). We could not observe nuclear atypia, necro-
sis, or mitosis. Immunohistochemical studies showed strong,

diffuse reactivity for S-100 protein within the lesional cells.
Microscopic findings were consistent with a diagnosis of
neurilemmoma,

The diagnosis of intraosseous neurilemmoma was established.
We surgically excised the soft tissue component of the mass
by marginal resection. Curettage was performed on the bone
lesion, and the resulting deficit was grafted with beta-tricalcium

i
{
i
i
<
i

Fig. 2. Axial computed tomography scan (a) and sagittal reconstruction (b) of the ulna, demonstrating destruction of the cortex of the ulna, with extension into the adjacent
soft tissue. At the edge of the destructed cortex overhung a soft tissue mass (arrows), which had invaded into the cortex (arrowhead).
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Fig.3. Photomicrograph of the tumor specimen, showing the highly cellular Antoni
type A pattern of growth. Nuclear palisading is noted (arrows) (hematoxylin-eosin
staining; magnification, 200x).

phosphate (Fig. 4). The pathologic tissue that was removed was
yellow-to-brownish. After 3.5 years of follow up, the patient is
clinically asymptomatic, and the radiographs show complete graft
incorporation (Fig. 5). There is no clinical or radiographic finding to
suggest any recurrence.

The patient was informed that the case would be submitted for
publication and her consent was obtained.

3. Discussion

We present the case of an intraosseous neurilemmoma affect-
ing the proximal ulna. This tumor rarely arises in the bones of
the extremities.>” Only two cases have previously been reported
around the elbow. These cases arose in the distal humerus."” This
is the first report of its origin in the proximal ulna,

Neurilemmomas may involve bone tissue via 3 mechanisms:
(1) they may be intramedullary, producing rarefaction of the bone;
(2) they may be located within the nutrient canal, with the forma-
tion of a dumbbell-shaped tumor; or (3) they may be extraosseous,
eroding into the bone.>”.'? With regard to the comparatively high
incidence of intraosseous neurilemmoma in the mandible, it has
been speculated that the long intraosseous path of the mandibu-
lar nerve may predispose to metaplasia of the schwann cells in
its nerve sheath.” However, some authors have refuted this the-
ory, noting that the nerves innervating the long bones through the
nutrient foramina are longer than the mandibular nerve; never-
theless, the frequency of intraosseous neurilemmoma in the long
bonesis several times lower than that in the mandible.”® Neurilem-
moma shows a predilection to the myelinated nerves, especially
the sensory nerves, However, most intraosseous nerves are non-
myelinated and participate in vasomotor functions.'! de la Monte
and colleagues have suggested that the death of sensory nerve
fibers within bone tissue may account for the exceedingly rare
occurrence of intraosseous neurilemmoma.® We think that the high
frequency of neurilemmoma in the mandible is not because of the
long intraosseous course, but because the mandibular nerve con-
sists of sensary nerves of the trigeminal nerve origin.

The characteristic radiographic features of intraosseous
neurilemmoma include the following: (1) a well-defined lytic

Fig.4. (a) Intraoperative photograph shows that the tumor destructed the cortex of the ulna. (b) Curettage was performed on the bone lesion, and the defect was filled with

beta-tricalcium phosphate.
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Fig. 5. Anteroposterior (2) and lateral (b) plain radiographs after 3.5 years of surgery, showing complete graft incorporation and no recurrence.

lesion, (2) sclerotic margins, (3) lobulated or trabeculated contours,
{4) cortical expansion, and (5) absence of central calcification.” ?
However, the radiographic findings are non-specific. It is difficult
to differentiate intraosseous neurilemmoma from other benign
neoplasms of such osseous lesions, including solitary bone cyst,
aneurysmal bone cyst, giant cell tumor, non-ossifying fibroma,
benign fibrous histiocytoma, desmoplastic fibroma, fibrous dys-
plasia, chondromyxoid fibroma, and enchondroma. On CT, we can
confirm the origin of the tumor when there is soft tissue extension
of the tumor. If the origin is intraocsseous instead of periosteal,
no periosteal reaction is seen, and the edge of the destructed
cortex will be overhung by a soft tissue mass. Young and col-
leagues pointed out that the aspect of the overhanging edges of
cortical bone can assist in distinguishing between an intraosseous
desmoplastic fibroma versus a periosteal desmoplastic fibroma.!?
Similarly, intraosseous neurilemmoma is considered to originate
from intraosseous nerves rather than from periosteal nerves, if
CT shows overhanging edges of cortical bone. In our case and
in others,’’ > CT showed that the tumor had invaded into the
cortex. This may be the characteristic finding of intraosseous
neurilemmoma provided the tumor expands within the nutrient
canal of the cortex,

The final diagnosis of intraosseous neurilemmoma was not
made until after histologic examination of tissue obtained dur-
ing excision, The histologic features of intraosseous neurilemmoma
are similar to those of soft tissue neurilemmoma. Microscopically,
neurilemmoma has identifiable Antoni A and Antoni B regions.
The diffuse immunoreactivity for S-100 protein is indicative of a
Schwann cell origin, and helps distinguish this tumor from other
benign spindle cell lesions of similar histology.

The recommended treatment for intraosseous neurilemmoma
is conservative resection and bone grafting, as malignant change is
extremely rare. Recurrence also is rare following complete local
excision. In previous reports, after performing only curettage,
curettage and bone grafting, or en block resection, local recurrence
only occurred in 2 cases.'®!7 These authors did not refer to the

reason for local reference, but recurrence of the tumor is not
evidence of malignant transformation. In our case, there was no
evidence of recurrence.

4. Conclusion

Owing to the infrequency of an intraosseous neurilemmoma,
the diagnosis is often not even suspected until histologic evalua-
tionafter a biopsy. Although very rare, intraosseous neurilemmoma
should be taken under consideration in the differential diagnosis of
painful, radiographically benign-appearing osseous tumor around
the elbow.
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